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7.42 Concrete Aggregate

The thlcknesses of the river-bed deposmts at the Olur dam s1te
and the Ayvali dam site are very large, being approx1mately 44 m
and approximately 60 m, respectlvely ‘When constructing rockflll
dams at the two SLtes it  is thought amply p0551ble for these
rlver-bed deposits. to be excavated and used for fine filter
material and for concrete aggregates. Large quantities of river-
bed de9081ts also exist upstream and downstream of the two dam
sites, and it will be qulte possmble for these to be collected,

classified, and used as concrete aggregates.

InveStigations-conderning concrete aggregates. wexre made with 7
pits for “Olur Dam: aggregates . and 8 pits for Ayvali Dam
aggregates. The locations of these-pits are shown in Figs. 7-19
and 7—21.. | |

The - rlver—bed sand—gravel to: become these concrete aggregates
mainly consist of gravel and sand from.volcanlc rocks and granlte
"of ‘maximum dlameters 10 to 20 cm, but dependlng on the locatlon,
there are cases of ;ntercalatlons of fine sand and silt in

thicknesses of several meters. .

o Gradation, SpeciiiC_Gravity, Abgorption, Other

Teét;fesults and ASTM'staﬁdards for coarse and fine aggrégates
are_givénfin:Téblés.?QB and 7-9. Gradation curves are shown
in Figs. 7-20 and 7-22.

.. Of: ﬁﬁé'aggregaﬁés.fo be used in thé'Olur Pioject ‘those from
. 0-2 are especlally high:in flne~part1cle content,. but there

:are no problems in partlcular regardlng fines collected from
'", pits at the other locatlons. Regardlnq coarse aggregates,-lt
is. thought there will be no specxal problems in- uSLng except
: for (\2 2

Y



of aggregates to be used in the Ayvaly Prbject, the material
‘from A-~4 is high in fine-particle content, but there are no
problems in paitidular regarding fines from the other pits.
There is no ‘problem at all concerning coarse aggrégates.
However, values of soundness tests'among the tests on fines:
for the Ayvali Project are in excess of standaxrd values.

Alkali-Aggregate Reaction Tests

The results of tests accordlnq to ASTM C 289 are shown in Flg
7-23 and Fig. 7~ 24

Acéording to these resultst the va:ious samples'are harmless
with regard to a;kali-aggrégate reaction. All samples were

collected from river-bed sand-gravel.

of aggregates for Llur, FM 5 and FM-? are at the borderllne,_
but are not inside the deleterious range, and it is thought
there will be no problem. - However, if a concrete dam is to be
conét:ucted; it is'thought-necessaiy for loag-term tests'to-be‘f

. earried out using cement and aggregates.
Soft Partiéle'Tests of Coarse Aggregates

Scfaﬁgh hardness tests haﬁe- been carried out on:.coérse
aggregatés for Olur and Ayvélx;iacdordihg to which; because
gravels'beldnging to the Oltu Formation are contained, there
" is a comparatively high content Of”soft'gravéls._ However,
unit weight and specific graﬁity are high, while abrasioﬁ'loss
is not very great, and it is thought there will be no problem'
in partlcular when using-as concrete aggregate ' :

As for “ASTHM C 851-76, Scratch Hardness Test, " iﬁ-ﬁas deleted
from concrete tests in 1984 Lt '

7 .98



7.4.3 Rock Material

Rock materials for the Olur dam are planned to be colledted from
the right bank immediately:downstréam of the dam as shown in Fig.
7-19. The rock is granite porphyry and adequate quantities are

available.

Rock materials forfthe_Ayvall dam are planned to be collected
from the left bank immediately upstream of the dam as shown in
Fig. 7-21. The rocks axre tuff and andesite and it is considered

there are adequate_quantities;

7 - 99
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~_Fig. 7-23  Alkali-Aggregate Reaction of Oluf Prpjéci

“Table 7-10  Alkali-Aggregate Reaction of Olur Project

Sample Alkall Di_.sso'};v‘ed -
Nummber Reactivity " gilicate .
{m mol/L) (m mol/L)
0-1 210 123
0-2 150 139
0-3 190 100
-4 180 13 "
0-5 150 .'17.9:. —
0-6 190 ™ -  11-?’? '
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Fig. 7-24 Alka'fi-Aggfegate Reaction of Ayvah Project

Table 7-11 Atkaii~A§gregate Reaction of Ayvali Project

sample R.Alk§1§ | Dpissolved
Number _ -Reactivity silicate
- {(m mol{L) (m niolfL)
0-1 220 ] 97
A2 o 180 | 100
oA e | 94
A4 | 180 T 131
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Chapter 8 SEISMIC ANALYSIS

8.4  Structhural Geology of Turkey
8.1.1 Geolbgicai Outline

The Anatollan Penlnsula reg:.on has been subjected to the repeated .
organic movements since the beglnnlng of Paleozoic age, and -
' presents a complex geology C.onc,ernlng the structural geology_
'iof Turkey, it can be classified -into four east-west oriented.
; 'tectonlc zZones. Némely,__they are in order from the_nOrth, the
- Pontlds, Anat_:ollds, .Téurids, and Border Folds as shown in Fig.
8~1. '

In the Pontids, Cretaceous to Paleogene rhyolitics-basaltic
volcanic = rocks “are predominant, while there is partial
distribution of Y Jurassic rt:o'_'_Cretaceous ophiolite. In the
Anatolids, strongly defbrmed_ Eocene to Miocene ma’rine clastic
-rocks -and- Qua.t'.ernary volcanic rocks are distributed .on the.
baéexﬁéht’ rocks of Jurassic to Cretaceous ophiolite and slightly
‘metamorphoseci rock .The continental dep051ts of Pllocene to
-Quaternary are dlstrlbuted at ‘the | mountaluland basins. The
basement _of the Taurids con51sts malnly of - Precambrian to
Mesozoic 's_‘_trata_.. and -6phiollte, while Eocambrian to Pliocene
neritic séd:_i'mentary rocks are- px_:édominant in the Border Folds.
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- Fig. 8-1 - Tectonic Zone of Turkey (attér Hirano, 1981)
8.1.2 Neolecionics of Turkey

various plate tectonics models around Turkey have been proposed'
by McKenzie (1973), Alptekln (173), papazachos (1974), Dewey &
Sengor (1979), and others. : : L

Turkey is surrOunded by three macro- plates, i.e. Eurasum Plate,-:
Arablan Plate and African Plate, as shown in Fig. - 8-2,

'Basaucally, Arabian and Afrlcan Plates are drlftlng toward north
relatively against Eurasian Plate causing “the tectonlc

compressive stress field.

Moreover, many mlcro—plates such as Aegean Plate,'lran Plate,V
Anatolian Plate (Turkey Plate) and Black ‘Sea Plate are located
in Republic of Turkey surrounded by the three macro-plates whlch

are mentioned above.



20
EURASTAN J

ANATOLIAN
(TURK I SH

#% EXTENS[ONAL PLATE BOUNDARIES
/ _“""commasswnm PLATE BOUNDARIES

PLA’T‘E TECTONIC MODEL . == TRANSFORM FAULTS .
~( after McKenzie, 1972} - Y ~ruaTe MoTIONS

AR

AFRICAN PLATE'

Fig. 8-2 Typical Plate Tectonics Model .
8.1.3 North Anatolian Fauit and Eas_t Anatolian Fault

' The Anatollan Penlnsula region:is dJ.VJ.ded by two transform fault.,

named North Anatollan Fault and East Anatollan Fault, which make
up - the plate boundarles - - Particularly, these two transform
.faulta prominently divide the previously-mentioned tectonlc
‘zones. :

Therﬁértthdatolian:Faﬂit_extends.east—wesr,-presenting a gentle
arc'bulging northward at the northérn'part'of'Turkey-and'its
~ total length is’ in excess of approx;mately 1,000 km. It is a

'morphologlcally dlSLlnCt and: selsmlcally actlve rxght lateral.
_:strlke slip fault ‘The accumulated horlzontal dlsplacement of
'_1t was consxdered to be . 70 ‘to 80 km in the past but recently,'
' some researcher says that it should be 20 to 30 km, and - thls

"subject .requires . further study . The: occurrence of the North

Anatolian Fault is sald to have been 10 to 12 million years ago,



but the direction  of displacement has not always been
con51stently right- ~handed horizontal . and it appears there was.a
time in the middle of Pl;ocene Epock  when 'a _left ~handed
horizontal displacement was indicated. Many actiue-fauits;
eérthquake faults and mountainland basins are dietributed élong.
this fault, whlle there have been also volcanlc act1v1t1es, and'
it may be seen that this is a first- c]ass structure of the'

Quaternary Period.

The East Anatolian Fault'divides‘the Taurids; and'on land it has
a length of approx1mately 560 K Wlth a strike of N60°E - SEO°W.
It shows a thrust-fault nature at the southwestern part but a -
left handed lateral dlsplacement is promlnent“on the whole. - It
is covered by Quaternary volcanic rocks and the displacemeut.
topography is not always dlStlnCt while the degree of. act1v1ty
is. sllghtly lower compared with the North Anatollan Fault, but
this. is also a paxamount structure of thlS reglcn.: The fault .
intersects the North Anatolian Fault east of Karliova to comprise
a trlple junction.- “As a consequence, ' the Anatolian Plate
sandﬁiched by the two faults would apparently shift westward.

As described_in the foregoing, the neotectonics of‘Turkey are
made_complex'refleetingnthe mutual_movements-between the plates
in the field of tectonic stress from north-south compression
caused by the northward;drifting'Arabian.Plate,since_theiiaté

Miocene Epoch.

8.2 General Seismicity of Turkey

8.2.1 Seismological Outline

It is well known that ‘many earthquakes have occurred in Turkey,_“

which is located ln.Alphlne-Hlmalayan selsmlc zone. ' As. explalned'
before, three macro- plates, i.e. Eurasian Plate, Arablan Plate
and Afrlcan pPlate, develop the mutual movements around Turkey{
And ‘moreover, Micro- Plates such_as Aegeaanlate,-Iran Plate,f



Anatolian Plate and Black Sea Plate develop the mutual
complicated movements, in Turkey.

These micro-plates are small,” but move rapidly. The cause of the
local increase in Sé_ismic activity of this region is _attributed
to the existence of these small but rapidly moving micro-plates.

Fig. 8-3 clearly shows the distribution of the major fault
systems -in Turkey. - It can be understood that the major faults
are. ruhning along the border zone of the micro~-plates which are

mentioned above. -

Shortly speaking, ‘earthquakes .inr T_urkey occuy .as a result of
relative movements among' the_ | many macro/micro plates i.e.
Eura's_iah P'l:dt'._'é;. African Plate, Arabian Plate, Aegean Plate, Iran
‘Plate, Rnatolian Plate (Turkey Plate) and Black Sea Plate.
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Fig. 6-3 Major Fault Systems in Tu_rkéy |



8.2.2 Seismic Activities -

Epicenters of 5,980 earthquakes'which occur in Turkey dﬁring_the
period 1901 - 1985 are indicated in Fig. 8<4. The location map
of the larger earthquakes (Ms 2 6) of the period 1899 - 1983 -is

~also.given in Fig. 8~5.

By the way, the seismic active zone for Turkey can be classified
into four groups as follows, taking plate tectonics model;
distribution of active faults, and occurrence of historical

earthquakes into consideration.
(1) North Anatolian Fault Region |

The HNorth Ahatolian Fault is a transform fault which is
srtuated in the boundary between the Black Sea Plate and
the Anatollan plate (Turkey . Plate} " The number of
ecarthquakes .larger than magnitude 5.5 (M 2 5, 5) in the
North Anatolian Fault reglon has exceeded 60 since 1900-
They are the shallow—focal depth earthquakes conforming to
the right-lateral fault.

Meanwhile, the earthquake which occurred at ErZanan in
1939 at the eastern part of the North. Anatollan. Fault
'reglstered M 7.9, which is the strongest in thls century in:
Turkey. Slnce then, earthquakes . in. this reglon have
occurred every so many years, and it is well- known that the
hypocenters of these earthquakes have shlfted westward in

a remarkably orderly manner.

According to the'inveetigatiOns thus . far, the edrthquake
faults which were produced as results of ‘these earthquakes'

do not strlctly coincide in cases, but approxrmately, they."

are produoed by repeated cycles of motlon of the actlve
faults running roughly parallel in the v101n1ty of the
North Anatolian Fault. In view of the cumulatlve vertlcai
displacement of the ' active faults and the vertical



2y

(3)

displacements of the individual earthquake faults the

return period can be estimated to be of the order of

~ several hundred or several thousand years (<u5,000 yr).

The earthquake faults are in a number of multiple echelon

- arrangements composed of segments made of echelon fissures,

the small'est of which are ten and several centimeters.
Small-scale echelon arrangements with segment lengths of
less  than several hundred meters are = arrayed in
correspondence with the lateral displacement of related

transform faults. On the other hand, large-scale echelon

arrangements of Segment_lengths ten and several'kiiometers
do not necessarily correspond with related transform
faults, This is because ﬁhey are affected by geclogieal
aﬂiSotropieé near the 'ground surface such as existing

fissures and volcanic rock mass.
East Anatolian Fault Region
The'East'Anetblian'Fault'is a transform fault which is

situated in the boundary between the Anatolian Plate
(Turkey Plate) and the Arabian Plate. Shallow earthquakes

-conformlnq to the left- lateral fault are predominant in the_

East Anatollan Fault reglon Most of them have occurred
lesss. than 25 km. in focal depth. The recurrence of the
earthquakes larger than magnitude 5.5 (m = 5.5) in this

‘region is around 12 years.

West Anetolian'Region

=Rather deeper earthquakes conformlng to ‘the normal faults
along the east~west graben are predomlnant in the West

Anatollan region.



(4) Other Regions

. They have relatively low seismic activities in the area
except for the regions (1), (2) and (3) in Turkey. '
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8.3 Design Seisimic Coeffigient
8.3.1 Design Seismic Coefticient for Existing Dams

To determine the designgseiSmic coefficient for the Project, the
correlation between seismic risk and adopted design 'seismic
coefficient for the existing and'planned'dams in_TurkeY was
Studled The design seismic coefficients'(hdfiéontal ‘ground
level seismic coeffLCLents) for the 184 dam sites were in “hand
out of 74 dam sites (Dams. and Hydroelectrlc Power Plant in

Turkey, 1990).

Avallable selsmic risk map for Turkey'was prepared in 1972 by the
Government of Turkey (IMAR-ve ISKAN BAKANLIGI).  Then, the
correlatidn between seismic risk and the design seismic
coeffLC1ent was studled by comparlng the selsmlc IlSk map thh 
the dam location. The seismic risk map for Turkey which shows'
the 5 zones relatlng to the degree ‘of risk covering the whole of
Turkey is given in Fig. 8-6. The result of the survey is

also given in Fig. 8-7.
Consequeﬁtly, the reSults can be summarized by item as follows;

¢« The maximum value of adopted'design Seismijcoeffieient was
0.18, ’ -

+ The minimum value of adopted design seismic cbeffibient was
0.05, B

e The value of 0.18 as design seismie:coeffiéient ﬁas'adopted'

~for 1 site out of 45 sites, sxmllarly 0.15 for 18 &ites, 0. 12 o

for 4 sites, 0.10 for 16 SlteS and 0 05 for 6. 81tes,

» The coefficient 0.15 is noticeable in lst degree zone giveh'ih_'
Fig. 8-6, ' ' S '

. The coefficient 0.12 or 0.10 is noticeable in 2nd degree zone;

8 - 10



« The coefficient 0.15 or 0.10 is noticeable in 3rd degree zone,

and

~+ The coefficient N.05 is noticeable in 4th degree zone.

BLACK SEA ., USSR

(s
“

Z S e nYr s

5 1 I SR v ) Bt [.5) 3rd degree
é Fo TN _ F M 15t ceoree [7] atn degree

MED.I_TE-RRANEAN SEA uotm 2nd degree {_ | MO DANGER

Fig. 8-6 Seismic Risk Map for Turkey (1972)

Seismig - o Design Merizontal Ground Seismié Coefficient
D Risk e : '
Tome | . . 0.05 ' 0,19 : 0.15 7
' 0.12 0.18

5

7
L]

- - Fig. 2.8.2-7 'Design S'ei_sm"ic Coefticient used for Dams in Turkey
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In this study, the reasonable results are obtained, that is the
high coefflCLent was adopted for the hazardous zone, and ‘on the

contrary the low coefficient for the safer zone.

Considering above-mentiocned tendency,'it can be standardized as

follows from the viewpoint of earthquake-resistant design for

dams in-Turkey,

s The design seismic coeffiéient‘O)lS can beiappiied for the 1st

degree zone.

+ 'The coefficient 0.15 - 0.12 for the 2nd degree zone

. The coefficient 0.12 - 0.10 for the 3rd degree zone .

. The coefficient 0.10 - 0.05 for the 4th degree zone

8.3.2 Esii{nation of Maximum Acceleration 'a_t the Sites

(1)

Analysis Method

The]estimafion of the maximum grouﬁd aCCeleration at the
Ayvali and -the Olur dam site by statlstlcal probablllty
analysis was performed to determlne the de51gn selsmlc

'coefficient The selsm101ty data uSed 1n this. study are

those compiled by 'NOAA (Natlonal Oceanic and Atmospherlc

:Admlnlstratlon Env1ronmental Data Serv1ce) The number ‘of

earthquakes which occurred W1th1n the radlus of 200 km from_
the site durlng the perlod from 1900 to 1987 is 3, 402 for'
the Ayvali dam site, and 3,742 for the Olur dam site. Of

preVLously proposed attenuatlon- models Wthh fexpress_:y

maximum ground acceleratlon ¥\ (gal), in terms of- earthquake
magnltude M and hypocentral dlstance R (km), four models
shown below are used in this study :

Log A = 3.090 + 0.347 M - 2 Log (R+25) a1y
proposed by C. Ollvelra e e .

8 --12



(2)

_(3)

Log A = 2.674 + 0.278 M - 1.301 Log (R+25)  2)

proposed by R.K. MCGUlIem

Log A = 2.041 + 0.347 M - 1'.6;L_ogr{ 3
- proposed by L. Esteva and E. Rosenblueth’

‘Log A = 2,308 + 0.411 M - 1.637 Log (R+30) -4)
' proposed=by T.'Katayama“

A probabilistic model based on the "Theory of Extreme
Valuesﬂ can be established by tékihg an equal time interval

of one year. Although a probability function of “the
‘maximum . ground acceleration expected at a certain

particular dam site is not known, it is’ reasdnable to
suppose -that the function should be associated with the
third-type asymptoEiC'distribution.

Results of Seismic Risk Analysis at the Ayvali Dam Site

. Théidistributions of_magnitudes and'epicentral-diStances

régarding- seismélogiéal data 'used in the seismic risk
analysis 'at the”hyval;=dam‘site (21°55" east longitude,
'0°46' north latitude) are given in Table 8-1. “The number

< of earthquakes yearly from 1990 to 1987 are given in Table

-8 2, whlle the estlmated values of max1mum acceleratlons in

the earthquakes thh the greatest ‘effects on the sxte in

' each of the years are glven in Table 8-3.

The: seismic risk analysxs results based on the statlstlca]
 probab111ty theory technlque concernlng the Ayvall dam site
“are shown 1n Flgs ‘8~8 to 8-11.

Results'éfQSeismic Risk'ﬁﬁalysis at the Olur Dam Site

_The dlstrlbutlons of magnltudes and eplcentral distances

regardlng selsmologlcal data used in the geismic risk

analy51s at the Olur danl site (42~11' _east longitude,

'8 - 13



(4)

40°45¢ nérth'latitude) are given in Table 8-4, The numbexn
of earthquakes yearly from 1990 to 1987 are glﬁen in Table
8- 5 while the estimated values of maximum accelerations in
the ‘earthquakes with the greatest effects on the site in

each of the years are given in Table 8-6.

The seismic risk analysis results based on the. statistical

probability theory technigue conéeining the Olux dam site

are shown in Figs. 8-12 to 8-15.

Maximum Accelerations Assumed for the Ayvalyi and;the Olur

Dam Sites

The maximum accelerations at the grbund surface assumed for
+the Ayvali and the Olur dam sites can be put tOgether in

Tables 8-7 and 8 g8 from the prev1ously—mentloned selsmlc

risk analysis.

"As can be cowmprehended fyrom the tables, the results of

estimation of maximum acceleration vary greatly depending

on the attenuatlon equation applied. - Since such
uncertainties ex1st in the seismic Ilsk analySLS, and as
evaluations are on the jconservatlve side, a value
enveloplng Table 8~7 or ‘Table 8-8 is to be considered as

the assumed maximum acceleratlon for- each Slte.

In effect, 180 gal is to be taken as the maximum
acceleratlon at the ground surface durlng earthquake for 
the Ayvall dam site, and 150 gal for the Olhr dam Slte. '

‘Further, the 180 gal for the Ayvali dam site and thé 150

gal for the Olur dam site approx1mately correspond to a

return period of 10,000 years,

8 -« 14



Table 8.1 Distribution of Magnitude and Eplcentral Distance of

Seismicity Data Used for the Ayvah Dam Site

0<=D<50

<200

g <100 Total
0<M<3.0 58 245 2691 2094
<3.5 0 S0 0 0

<h.0 0 . 1 1 2.
<4.5. 8 5 13 26
<5.0 D 12 62 83
<5,5 12" 12 111 135
<6.0 1 16 96 113
<6.5 1, 10 32 43
<7.0 0 = g 12
<7.5 0 0 1 1
<8.0 0 L0 0 0
‘8.0<= 0 0 0 -0
UNKNOWN 0 0 0 0
TOTAL " - 89 304 . 3016 3409

D: - Epicentral distance (km)

M:

Magnitude
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Number of Earthguakes in a Year during the Period

Table g-2 :
from 1901 to 1987 for the Ayval Dam Site
YEAR N SUM OF N YEAR N SUM:OF N
1901 - 1 1 1948 13 . 250
1902 1 2 1949 17 267
1903 6 .8 1950 7 274
1904 - 3 a1 .l 1es1 4 278
1905 7 18 - Ji 1952 11 289
+1906 6 24 1953 10 299
1907 4 98 1954 11 310
1908 4 a2 1955 1 311
1909 3 35 1956 3 314
1931 2 37 1957 T 11 .325:
1912 5 42 N 1958 16 341
11913 6 48 1959 14 355
1914 2 50 il 1960 e 360
1915 2 52 1961 8 368
1916 1 53 Ml 1962 551 | 919
1917 2 55 1963 | 423 1342
1918 1 56 || 1964 | 400 1742
1923 2 58. 1965 .| 360 2102
1924 20 78, 1966 | 454 2556
1925 12 90 1967 | 78 - 2634
1926 16 106 || 1968 75 2709
1927 2 108 1969 74 2783
1928 ° 5 113 1970 82 2865
.1929 6 119 S 1971 53 2918
1030 4 123 1972 | s6 2974
1931 3 126 - 1973 37 3011
11932 8 134 1974 42 3053
1933 1 135 1975° 62 3115
1934, 4 139 1976 134 - 3249
1935 18 157 1977 34 3283
1936 8 165 11978 73 3356
1937 5 170 1979 3 3359
1938 | 10 180 1980 )0 3 . 3362
1939 7 187 1981 1 3363
1940 23 210 1982 7 3370
1941 j - 15 225  f 1983 | 14 3384
1943 1 226 1984 | 12 3396
1944 1 227 1985 4 3400
1946 4 231 - || 1986 £ 7 3407
1947 6. 237 11987 3 3409
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Table 8-3 (a) Maximum Accelerations of the Year at the Awall Dam Site
during the Persod from 1900 to 1967

(gal)

: _ Atterivation Equation
YR | o iveira's £, | McGuire's Fa. | Roseriiathnt Eq. | Katayama's £q.
Nk ueﬂEg.s q.- | Mc QRE%F q. osen Agi. s Eq. a ayﬂ?%.s q.
1990 00 0.0 0.0 0.0

-1901 8.97 40,29 7.91 20.60
1902: 2,68 17,56 2.50 7.03_ -
1903 1453 . 55.15 12.88 3012
1904 _ 3.91 71,96 . 3,51 8.97
1905 13.01 58,44 11.73 38,80
1906 1 - 38,05 194,77 37.73 . 56,17 -
1007 -} 4.73 _.27.83 4,43 13.95
1908 - 5.5 27,88 4,87 _11,76

11809, 2.13 14.78 2:00 5.51

1910 0.0 0.0 0.9 0:0
1911 0.21 - 2.16 0,19 0.29
1912 0.18_ 1.97 0,17 0.27.
23 1 3.7 22.47 3.45 9.90

1014 . 1.78 12.30 1.64 - 4.02.

1916 _1.56 _10.36" 1.41 3.21
Wmbe 043 1,56 0,12 0,20 ;

0917 - 0,75 2.37 0.22_. - 0.33

1918 | 0.9 0.0 0.0 0.0

1919 1.22 6,76 1,18 1.18

1920 0.0 0.0 0.0 9.0

19214 . 0.0 0.0 - 0.0 0.0
1922 4. 0.0 0.0 0.0 0.9
1923 0.20 2,08 0.18 - 0.28 -
1924 2156 _ 11,56 18,01 51,34

1925 . 12,56 43.08 11.13 25.35

1926 5,06 28.21 1.63 13,63 _
1927 -] 0.23 2.37 - 0.21 0,31
1928 8.44 35,38 - 7,50 15,46

{1999 3,59 19.66 _3.18 7.29"
13930 f 2,600 16,19 235 5.86
125Vl %% U N 2403 379 - 10.75
11932, 3.0 _21.96 _3.51 . 8.97

[..2933 0,13 __1.57 0.12 .. 0.20

1934 12.30° _56.84 16,65 27.50
1935 L. 793 '38.38 - 7:09 20,29

36 8.12 23,95 307 110,71
1937 _2.62 16,64 2,39 6.25 -

. 1938 3,29 19.46 2.97 1.6¢
1939 . 2.14 14.58 1,99 5.41
940 [ . 6.88. 34.43 6,07 18.32
1843 ] - 1.86 27,46 4,45 “13.18

1942 0,0 0.0 0.0 0.0
1943 - 5.5 . .27.48_ .87 1176 .

1943 4,74 28,30 4,18 9,82

11945 0.0 - 0.0 . 0.0 : 0.0
1046 12.50 _ 50,79 1101 27.90
1947 7.60 _35.41 671 17,09

1948 2.75 12.05. L 2.49 . 6,38
1949 2.53 39.41 6.95 22.73

1950 2.75 217,45 2,52 _6,76

8:81. 39.13 7.81 19.29

1951
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Table 8-3 (b) Maximum Accelerations of the Year a
during the Period from 1900 t0 1987

t the Ayvah Dam Site |

. (gal}
_ _ __Attenvation Equation i
_ — ‘ b  Esteva : v
Yea:r Otiveﬁi&'_s [-_.’_q. Hcﬁui‘{"&'_.s Eg. Rosenbsi{%t‘h% Eg. Kataygg%:'s Eq. 1
1952 13.32 52,93 11,74 29,32
11953 3,05 19,85 2,85 8.6 4
1954 1,18 24,91 3.80 170 |
1954 0.14 1.65 013 0.211-
1956 0,78 4.99 0,71 0.81
1957 2.57° _16.83 2.83 _6.80
1958 2,22 17,34 2,53 6,61
1959 5.56 28.45 4,94 12.81
1950 12,39 1574 2,21 589
1961 2.8l 17.04 2,53 6.38
1962 2.4} 13,78 _2,13 4,12
1963 2.79 16.94 2.51 . 6.19
1964 5.98 28.07.. 5.27 11.58
1965 3.4¢ 21.50° _3.28 2,38
1966 6,86 _ 36.80 6,35 20.70.
1967 4.43 26.26 4,13 - 1274,
1968, 35.39 85.64 80.95 _42.6]
1969 713 30.50 6,37 _12.23
1970 13.34 46.24 12,81 20,32 1.
1971 6.52. £ 79.45 5,76 122
1972 13.47 46,25 13,06 20,13
11973 10.68 39.40 10,08 16.40
1974 _d.a5 10.65 . 1,41 3.3
1975 18.09 _59.88 172,36 30.32
1976 12,87 44,12 - 1t 20,89
1972 6.40 26.52° 5,93 10.42
1978 ~ 3.78 19.30 ‘3.3 _.8.15
1979 1.14 -8.76 1.06 [ 2.48
198D 578 24,22 5,39 _8.05
1981 1.55 10.55 1:39 ~3:06
1982 2.21 15.36 2.39 R
1983 . 25.17 78.37 23.60° 45,390 [ -
11984, 45,23 98.11 118.40 44,62 - 1
1985 .20 33.50 _1.40 S 13.74
1986 18,09 50,28 27,96 18.41
1987 3.52 17,27

3.12

8 - 18
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Table 8-4 Distributlon of Magnitude and Epicentral Distance of
Seismicily Data Used for the Olur Dam Site

0<=D<50 | <00 - <200 Total

0<M<3.0 g2 | 275 2928 3285
<3.5 0 ' 0 0 0
<40 0. 1 11 | 12
<4.5 | 8 : 4 28 40

25,0 11 14 . 62 .87
<5.5" 11 ] 0 13 117 141
<6.0 G 21 101 122
<6.5 2 8 31 41
<7.0 0. 3 9 12

27,5 LR 0 1 1
<8.0 0 0 0 0.
8, 0<= 0 0 1 1
UNKNOWN 0 0 0 0
TOTAL {114 339 3289 3742

D:- Epicentral distance- (km)
- M: Magnitude
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Table 8-5

8 - 24

‘Number of Earthwuakes in a Year during the Period
from 1900 to 1987 for the Olur Dam Site
YEAR | N SUM OF N ({ YEAR :| ~. N SUM OF N
- 1901 2 2 1948 | - 13 © 288
1903 7 9 1949 | 19 307
1904 3 12 1950 7 314
1905 7 19 1951 4 318’
1906 7 26 1952 11 320
1907 4 30 1953 .9 338
1908 4 34 I 1954 6 344
1909 4 38 1955 1 345
1910 2 40 1956 3 348
1911 3 43 1957 .9 357
1912 .8 " 51 1958 16 373 .
1913 6 . .57 1959 15 388
1914 3 60 1960 5 393
1915 4 64 1961 | 9 402
1916 3 72 196271 - 646 . 1048
..1917 1 75 1963 | 1450 1498
S 1919 2 76 1964 421 1919
1923 3 78 . 1965 392 2311
1924 20 101 1966 | 491 2802
1925 | 12 113 1967 81 2883
1926 19 . 132 1968 80 2963
1927 2 134 1969 7.9 3042
1928 6 140 11970 85 3127
1929 6 146 1971 53 .3180
1030 4 150 1972 60 3240
1931, 4 154 | 1973 42 3282
1932 9 163 L1974 51 3333
1933 1 164 - 1975:] 65 3398
1934 4 168 - 1976 | 140 | 3538
1935 17 185 || 1977 54 3592
11936 8 193 11978 95 3687
1937 12 - 205 1979 4 - 3691
1938 - 10 215 1980 3 3694 .
1939 7 222 1981 1 3695
1940 25 . 2647 || 1982 10 3705
1941 15 262 I 1983 14 3719
1943 1 263 1984 12 3731
1944 1 264 1985 g 3735
1946 5 269 1986 6 3741
1947 6 275 1987 1.

3742,




Table 8-6 '(a') Maximum Accelertions of the Year at the Olur Dam Site
during the Period from 1200 to 1987

(gal)
: : Attenvation Equation '
: Yegr- _OIWEAE%.S Eq.. HéGuire's Eqg. Roser%ﬁ?gfh% Eq. Katayama's Eq.
T A I ___ACC. ALE. : ALC,
1900 8. 0.0 . . 00 0.0.- 0.0
1901 770 - 36,49 6.83 18,27
1902 00| 0.0 - 0.0 _ 0.0
1903 | 20,51 . 67.50 19,12 38,36
21909 1 o 3.80 21,55 3.4 8.16
1005 L 12,67 [ 57.45 1146 38,00
. 1908 3708 . - Q. 103,03 . 1 . 3654 -l - 6a.87
{1807 5,02 28,92 8,67, 14,62
1908 1 496 24,96 423 b 1048
1909 | . - 2.52 ) 1649 ]~ 2.33 : 6.31
1910 207 L1495 : 2,03 __5.59
) 0.7 . 249" - 0.24 0.35
1912 311 L 19,80 RN ) BRI § B.40
1913 4,63 ' 25.82 A0 11,74
918 . 2,25 14,32 2.03 : 4,84
4918 L 2.47 16.66 S 2% S 6,59
1916 1 2.7 11,73 T 7.03
1917 029 - .4 289 i . 9.25 0.36
1018 1. 0.0 : 0.0 0.0 0.0
1919 f° - - 14z Lo zagc L7 o143 132
19201 o0 ) o 00 o | 0,0 0.0
dozy o 2930 17.77 2.54 a 72:13
39221 0.9 00 o} 0.0 . 0.0 .
1923 | 0,257 o 2:40° 0,22 . 20,33
1924 | - 21,81 843 ) 1924 - 51.80
19257 1 1714 60,09 MRRPIES | N.7 S M /2% ) |
1926 | . 646 | 33,06 _ 5,80 _ 16,54
19271 - 0.3 2.73 L1027 [ 0.30
| 1928 ) 12,37 ). 4538 - ) 11,37 20,83
19291 459 2300 | - 4084 | 9.02
203000 337 L 0916 T 3,00 7,20
93 4 3.3 ol 120,87 302 - 9.07 -
A 380§ 2156 3. 8,76
193370 0.4 | 1.62 _ 013 I 020
1034} 1183 44,40 : 1095 285
1938 [ o5 46,10 - 929 ] . 25.3
1936 80 - 76.44 &3 12,08
_ 1937 . 2.46 _ 16.59 2.3t 6,55
038 | 425 22.98 - 3.78_ 9.3
1939 2,66 16.82° . _2.43 6,33
1940 8,05 _ 36,72 : 7.09 ) 19.83
1941 | - 5.58 29,05 - 5,04 14.67
19z L 0.0 0.0 _ 0.0 0.0
1943 | 476 24,96 423 _10.48
hi94s | - 409 -} - 22,10 . 3.63 5 S
1945 4 0.0 0.0 0.0 0.0
1946 1 . 10,86 - L 46,36 __9.57 28,98
1947 | . 8.78 38.89 1 . 19.15
1948 4. 3.9 19,92 i 32 _ 1.1
1949 8,77 . . 75 ¥ B U Iy SRR 26,48
1950 2,58 16,75 4 2,38 . 6.43
1951 9.2 40,23 -] . 815 19.93
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Table 8-6 (b) Maximum Accelertions of the Year at the Olur Dam. Site
during the Period from: 1800 o 1987

{gal)
. . Attenvation Equation :
Year | Oliveira's Eq. [~ .~ - s, . Esteva |& Co . - :
ACC, HcGuhrCeC -s £q. RqsenblAuceC_t-hi s Eqg. ‘:Kataygré:%‘s Eq.
1952 1218, 49.75 10,73 2L
1953 2.92 19.01 | 2.75 . _7.99.
1954 3.66 21,22 ' 3.2 1 914
1955 0.17 ; 1.84 ¢ _.D.15 ' 0.24
1956 1,07 6.17 o102 0,03,
1957 2.62 12,19 - 243 - . 6.98
1958 § - 3.51 ‘ 20,23 3.15 7,98
1959 5,28  27.55 %) RN 12,52
1960 .} . 2,42 15.83 | 223 .. 5.88
1961 °  3.10 19,00 283 A 158
- 1962 3.19 . 18.20 | 2.82 7.42
1963 3,43 19.40 : 3.:06_- 7.31
1964 | - 4.5¢ 23:49 : 4.01 : 9.33
1965 3.14 20.06 2.9 8.61
1966 6.63 . 36.03 6.16 . - 20,16
1967 3.16 - 19,85 2,94 . . 8.33
1968 | 51,06 112,35 94,23 .} ' 57,93
1969 5.55 26.42 490 - 10.06 "
1970 1431 __48.40 ' 13.94 2L
1971 .09 |- 2818 5.3 11,50
_1972 S 17.66 5426 19.10 23,10
1973 .41 52.21 1748 L 22.88
1974 ! L.76 L. 12,10 ' 1.99. 3,90
1975 ¢ 15.79 51,15 16,28 2515
1976 18.75 . 60.93 17,997 30.66 -
1977 5.7 - 1 o . 26,63 5.04 10,50
1978 1357 | . 71,45 14,38 56,21 -
1579} 1.2 _10.08 1.29 AN R
1989 870 _Bli68 - 888 - 1102
1981 1.29 9.3 . 117 2.64
1982 _2.98 IR 1S VA I . - 5.30
1983 _ 30,07 87.98 - ; 50,30 52,03 -
1084 ~45.37 104,41 7286 -} . B3.02
1985 12.21 40,36 . 13.19 1 18,07
1986 11.32 37.08 13.19 13,00 -

| 1987 2.9 14,00 i 2.15 - §:25
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8 - 31

Table 8-7 Maximum Accelerations Expected at the Ayvah Dam Site
for Six Return Periods

Attenuation - Return Period (Year)

- 'Equation o : :

. 50 100 200 500 1000 10000
Oliveira 41,1 45.4 48.4 51.0 52.3 56.2
Equation ) . o
McGuire 100.2. 105.2 108.5 111.0 112.1 113.5
Equation ) .

Esteva & 96.5 117.4 1135.1 153.3 163.5 182.4
Rosenblueth : .

Equation
Katayama 63.2 66.6 68.6 70.2 70.8 71.5
Equation s I
Probability 0.98 0.99 0.995 - ¢.998 0.999 0.9999

Table 8-8 Maximum Accelerations Expected at the Olur Dam Site
~ .. .for Six-Return Periods '
_'Atteﬂhatioh. ‘ Return Period (Year)
- Equation - '} SEaY . )

T 50 100 200 - 500 1000 1.0000
oliveira 45.4 51.0 55.2 59.0 61:0 64.3
Equation R - ' _ I '
McGuire | 106.9 | 112.7 | 116.5 119.5 * 1 120.8 122.7
Eguation . ~ L C B

| Esteva & 75,7 | 92.5 107.3 123.2 132.6 ' 151.5
‘Rosenblueth ' : ' :

Eguation .

- | Ratayama 62.1 65.2 67.1 68.5 69.1 . 69.8

Egquation oo : ' ‘

| Probability. 0.98 0.99 0.995 0,998 0.999 0.9999




Table 8-9 Supgosed Maximum Acceleration for
the Ayvali Dam Site and the Olur Dam Site

. 1 Maximum Acceleration at
Dam_81t.e. Ground Surface (gal)
Ayvali 180 gal
olur . ' 150 gal
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8.3.3

(1)

Design Horizontal Seismic Coeflicient Used in Earthquake-resistant Design
Design Horizontal Seismic Coefficient of Ground

Regarding the relationship between the maximum horizontal

- acceleration of earthquake motion and the design horizontal
" seismic coefficient, the following equation will generally

be valid:

. . Amﬂx : . . . . e . a . . - . :- » a . - 5\
Kh = Re —ggg— S - '

whefe;: Kh: Desigh'horizontal seismic coefficient
R: Conversion factor
A Haximum.horizbntal acceleration of earthquake

motion (gal)

The design horizontal seismic coefficient of the above
equation is what is called effective seismic'coeffiCient or

equlvalent seismic coefficient, and the following pxoposals

S have been made in research in Japan

1) Kh =

(0 35 ~ 0. 42) Agax /980 (effectlve value of

) steady sine wave) '-6)

2) Kh = !0733er@;2980)”3'(Noda”, 1975) . . . ,'; .
'7'3)e.xﬁ =.:b1072 + é;jé;-(héf(gao).(Matsgo“,'1984) E 8)
'1'45”'Khi= f@o%fé - d;§4)-Amu/9aq.(Hakgno”,elgsé)i“. .9y
5) "Kh';='(6f$b'~*0;éo)_é%;xsso';watanAbé“,'1954) , | 105

?In the Technlcal Guldellne of ASElSmlC De31gn of Nuclear
_Power Plants published in 1987, the folIOW1ng equation is

'proposed as a result of overall evaluatlon and taklng into

account these cases of study

8- 33 .



Kh = (0.40 ~ 0.60) A,7980 . + v 4 & o « . 11y

The concept of effectlve selsmlc coefficient (equlvalent

seismic CO@fflClent) was derived so that the -largeness of-
stresses produced in ground and structures by earthquake

motions will be - equivalent - for Caseq"qf handllng'
dynamically ' (dynamic analysis by input. .of - earthquake -
motion) and for cases of handling statically (static

analysis using d951gn seismic coefficient). The conversion
factor which will be required for Calculating effective
seismic coefficient (équiﬁalent-Seismic coefficient) is

thought to be largely dependent on the frequency
characteristics ‘of design input earthquake motlons.;_That.
is, for an earthquake molion with long- perlod component.s
predominant, a large value (for example; 0.6) should be
taken fqr the conversion factor. And for'an earthquake
-motion with short-period componeﬁts predominant, a small
Value'(for example; 0.4) can be taken for the ccnfersion"

factor.

As desCribéd-before, the maximum_acceléﬁation ésspméd at
the-Ayvdll dam site and the Olur dam site is to be.iéOngal'
and 150 gal, respectlvely _ Cénsequently; applying Eqg:
(11), the design horizontal seismic coefflcient of ground
at the Ayvalili dam site and the Olur_dam 51te will be 0:07
~ 0.11 and 0.06 ~ 0.10, respectively. | '

Since the frequency characterlstlcs of earthquake motlons
during earthquakes at the sites cannot necessarlly- be
estimated dlstlnctly at . the present tlme, it is judged to -

be reasonable to take the d951gn horlzontal seismic ..

coefficient of ground at the dam site as 0 15 for an’

evaluatlon on the conservatlve Slde.

8 - 34



(2)

(3) .

Design Horizontal Seismic Coefficient for Dam’

Regardlng the deSLgn horlzontal SelSmlC coefficients for

‘dam, as shown in Table 8- 10 " the same value as the design

horizontal seismic coefficient of ground is to be adopted
for fill dam and gravity dam. For arch dam, a value twice

‘the' deslgn horlzontal seismic coefficient of grouna is to
be adopted ' ' '

Téble 8-10 Besign Horizontal Se;sn“ic Coemcaent

for Dam’
bam Tyf..)e_. _ : Design Horizontal Seismic
' . Coefficient
Fill Dam s
Gravity Dam : 0.15
Arch Dam - e 0.30

Afterward

The ‘detefminetion of optimuam configuration and cross
section of a dam, and the ba51c stablllty evaluation of the

dam . during earthquake axre’ normally made aCCOrdlng to the
':selsm1n coeff1c1ent method  The design selsmlc coefflclent
“to be used in the selsmlc coefficient wmethod, is evaluated'
_.conSLderlng a conver51on factor for the maXLmum
acceleratlon of earthquake motién - assumed for the ‘site.
: The value of the conversion factor can be though_t to depend
‘:70nethe'freqoencyecharacﬁeristics of_the:earthgueke motions
‘qssoﬂedf-and the dynamic characteristics of the dam and
"foundatioh_ fock to be considered in the :éarthquake—

resistant design. Therefore, it is desirable to ascertain

" the seismic stability of the dam by dynamic analysis. The
" ‘appropriateness ‘of the design seismic coefficient can be

verified by comparison of dynamic ‘and static analysis.
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- Chapter 8 DEVELOPMENT PLANS

‘9.1~ Review of Existing Development Scheme
9.1.1  Outline of Oltu River Development Project.

In the Master Plan concerning the Coruh River Hydroelectric Power
Development Project formulated by EIE in 1982, it is planned for
the’ goruh River mainstream to be developed in stepped form at 11
development ‘sites, whlle numerous development sites Were planned
for the.varlous trlbutarles_also. Regardlng the Oltu River,
which is one 'of thepnmjor-tributaries, there were the three
development sites of Olur, Ayvali, and Sakartepe planned in
cascade form in the stretch from the midstream 'vicinity' of
EL. 1,100 m to near the end of the backwater of - the Yusufell

Reserv01r

Upstream of EL 1,100 m, the ba51n is finely divided by
"~ tributaries such as the Penek Rlver, with thelr Sultablllty as
lhydroelectrlc development sites abruptly'dlmlnlshed.and.thele are
‘no development sites planned.

In 1990, EiE newly'set'up a Master Plan for the Oltu River Basin.
In thlS Master Plan, there were the four prOjected development
sxtes of Olur, Ormana§21 ‘Ayvali, and Sakartepe selected between
‘the vicinity of EL. 1,100 m and ‘the end of the backwater of
Yﬁsufeli Reservoir, and - four dlfferent alternatlve development-
"schemes of two- stepped development, three stepped development
and four~stepped development accordlng to the combinations of
n_these development sites as shown in’ Fig. 9-1, and upon comparison
_studles, the two- stepped development plan con51st1ng of the Olur
and Ayvall projects was selected as the hydroelectrlc power
development plan for the Oltu River.

Regarding.prdject”features of altérnative'development_schemee,
the Master Plan Report mentions only two alternatives including



the two-stepped devélopment'which is the optimum'plan:as shown

in Table 9-1.

As for Oltu River tributaries, the payasan project site has been
selected on the Tortum River for a run- ~of-river prOJect

9 -2



Alternative | Alternative 11|

Ayvall Project

Olur Project

Ayval Project

Olur Project

Sakartepe Project

57 1100.00 _y U05.00

v 110000 ¥ [105.00

¥ _1025.00

0iur Dam

' 945.00
40.00 _y 945.00
Z f

o

¥ 94500

0lur H.P.P;;

Olur H.P.P.

A_wah'Dam

' ' 710.00
_Sakartepe Dam
Sakartepe H.P.P.

Alternative i ' Yusufeli Reservoir,

Ayvali H.P.P.

. Yusufeli Reservoir,
‘Alternative 1V : !

Ayvalt Project

.OIur Pr‘bj_ec_t
m‘

Ormanagzi Projé_ct

Olur Project Ayval Project

fakartepe Project

Ormanafizi Project

e 2 e

2 1i00.00

Nl wl05.00

_Otur Dam

L 2 710.00 |

Sakartepe Dam ./ NQ_gHIQO0 T . 0 o ' At e.r. /
sakart_épe-u.i_:m. . Fig.9-1- -Existing Alternative Development Scheme o -
Yusifeli Reservoir, s — o

Yusufeli Reservoir
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9.1.2

(1)

(2)

Review of Existing Development Schemes
Basic Principles of Reexamination

Since 1990, EIE has beén carrying out field inVestigatiohs
of topography, gedlogy, etc. concentrating on the two

“projects of Olur and Ayvall, and as mentioned in 9.1.1, in
‘the Master Plan Report, other than. mentlonlng about the

Ormana§21 Project, the rlver depOSLtS are thick at the dam
foundation- portlon so that it would not be’ economlcal
There are no descrlptlons in concrete terms, while EiE

states there is a neCGSSltY for the approprlateness of

 abandonment of the Sakartepe Pro;ect to be reconf;rmed.

Because of thls, a review was made of the appropxlateness
of abandonlng the two prOjeCtS of Ormana§21 and Sakartepe.

The reexaminations were made by comparisons of the two

-aspects ~of power generating’ capabllltles and powér

qeneratlon costs in alternatlve schemes; but for runoffs of

the proiected sites, the rev;ewed runoffs glven in 6.2. 3

were used, while ‘unlt prlces of 1991 were used for

estimating'cohstructionacosts.
Review of Existing Development Schemes
1) Development Area

The Oltu River at its most upstream part: has éﬁeep'
river gradients, but the basin is finelY'divided by
numefous tributaries, and at the upstreamhﬁart,{doWn
to the'vicinity of EL. 1, 100 m where ﬁhe'fight;bank
trlbutary Penek Rivex 301ns it, the catchment area 1s='
small at approx1mate1y 1, 900 ]qn, while the .rlver :
gradlent is around 1/150 and gentle, o that it is not
suitable for a dévélmeent'projectl"- |



- 2).2 '

Dovmstream o©of where the Oltu River merges with the
Penek River, the catchment area increases to 3,500 km®,

while the river gradient down to the end of the

backwater of Yusufeli Reservoir becomes steep at about

“g1/90 when  shortcuts. by waterways are considered.

There are sites such as Olur and Ayvali whlch are

'fsultable for ‘reservoirs and are suited to power

" generation projects.

Of the’ trlbutarles JOlnlng Lhe Oltu River downstream

. of the confluence with the: Penek Rlver, the main ones
‘are the_three Qf Olur, Tavusker, and Anzav, but all

are small-scale rivers having catchment areas under
500 km’, and are not suitable for power generation

projects.

Therefore, it is judged reasonable for the section for

development of power generation projects in the Oltu

" River Basin to have been limited to ‘the Olut River
-mainstream from the vicinity of EL. 1,100 m to' the end
- of the backwater of - Yusufell Reserv01r

_Comparisdn:Studies of Alternative Development Schemes

(2) ‘Ofmanaﬁzl Project

“Alternatlve v 1nclud1ng the OrmanaQZL Pro;ect
_-as shown in. Flg 9-2, alm for improvement in the
: economlcs .of -the pro;ects through reduction in
"_dam 51ze by leldlng the Ayvala pro;ect in
-iAlternatlve IIT with the Ormanadzi Project for
k-twé—Stepped. devélopment consisting of the two
- projects .of Ormanadzi and Ayvala.



According to this élterﬁative, as shown in Table
9-2, the height of Ormandﬁz; Dam would be 56 m
from the river bked and 108 -m from the dam
foundation rock, and the dam volume would be as
~much as 2,500 x'1o’;€.- Ayvali Dam“wbuld have a
high water level 6f 850 m, and if made a blanket
type, the height would be 43 m and:tﬁe'dam volume
1,500 x 10° mw’. The accumulated volume of the
‘Ormanagzi and Ayvallldams would be reduced to 65%
:'of'the volume of Ayvali Dam with high'wafer_level:
of”940.m;-but’cohstructibn costs such as for
cofferdams, diversion tunnels, spillways, etc.
would-be greatly increased because there would be

-two dams.

The headlaces in this alternative plan would be
-reduced in cross section to approx1mately 33%
compared with the case. of high water level ‘of
Ayval: Dam of 94O_m._4But tunnel length would be
. increased approximatelyf78%. Because of this,

the reduction in.COﬁst:uctionicoSt inthe_entire.
.alternative_plan.would be held to around 10%. On
the other hand; the effective storage capacities
of the two reservoirs of Ormanayzi and ﬁyvall,
when the sedimentation capacities are. con31dered '
are no more than daily regulatlng capa01t1es and'
the power generation capability of the two
'prOJects of Ormanagdzi and  Ayvali ﬁould be_f?
-decreased _21% from the. - power genéiatibh
capability of the Ayvaly Project having. high_
water level of 940 m.  In this way, even if the

_project:SCéle were to be~reduéed~by3the Qrmanagz;"'
Project  in this alternati¢e, improvément“infthe” 
economics of the plan would not be achieved, and’

therefore, the abandonment of the 0rmana§z1:7
PrOJect is reasonable '



(b)

Sakartepe Project

-.Immedlately upstream of the end of the backwater
of Yusufeli Reeervoxr, there are the Anzav Valley

and the Bulanik Valley flow1ng in from the left

‘and right banks. ' In the Master Plan, Ayvali

Power Station is planned as a surface type, and
unless a large detour is made of these rivers by
the headrace, it would be unavoidable for the
'10¢etions_'of the powerhouse and the tailrace

outlet to be selected upstream of the confluences

_of these rivers with the Qltu River. Because of

this, the tail water .level of Ayvali_ Power

- Station would be set at an elevation more than

15 m higher than the high water level of Yusufeli
Reservoir, and = idle head ' would result.
Therefore, in the Master Plan, the sakartepe

.Pro;ect con51st1ng of constructlon of Sakartepe
i Dam in the wvicinity of the end of the Yusufeli

Reeervoi: backwater is being ‘centempiéted as

.Alternativeei as shown in Fig. 9-2 aiming for
. elimination. of the idle head at Ayvals Power
‘Station and shortening of waterway length.

- 8ince the river deposits of the Oltu River in the

-generel-aree of the Sakartepe dam site are very

- :thick at}more-than'sosm, the dam would be of

"blanket*type,hanqlfer waterway shortening effect

of the'AyvalliProject-tO-be expected, it would be
necessary for ‘the 'high. water ‘level of the

-sakartepe Pro;ect to be nade about 760 m. Hence,
_the ﬁakartepe dam $1te would be selected upstream
‘- of - the . Anzav. - Rlver confluence because of the
'elevatlon of the rlver bed at. the Sakartepe dam

site.. Therefore, as lﬂdlcatEd 1n Tahle -2, the

~idle head.ahove.Yusufell ‘Reservoir would not be

eliminated even with the Sakartepe Project;'the



result being eimply'that of the Ayvali Project of
Alternative IIT being divided into the two
projects of '‘Ayvali and Sakartepe, and the

increase in power generation capability would be

no more than ~about  0.6% gained from the
utilization ‘of the 'remaining catchment area
between Ayvali Dam and Sakartepe Dam.  On the
other hand, the construction ‘cost would be
rlncreased 12% or more with the economic demerit
of. mlnute subdivision of the project offsettlng
 the effect of shortening of the waterway.

In the Master Plan, even in' Alternative III,
which is the two-stepped development -plah
accordlng to the two projects of Olur and Ayvala,
Ayvall Power Station 1s p]anned to- be a surface_

i Ztype, and it would be unavoidable for the

powerhouse locatlon to be selected upstream of
‘the Anzav Valley confluence. - However, since the
BAnzav Valley is very steep 'with a riverbed
gradient ﬁnder 1/20, if an'uhderground powerhouse
were to be: prov1ded upstream of the Anzav Valley
confluence with the Anzav Valley crossed by a
tallrdCE, the tallrace tunnel at the Anzav Valley
site would: be.prov1ded in the’ foundatlon rock
without ‘the increase'in waterway length which
would have resulted. from the- great upstream
detour, so that- ‘the " tallrace outlet can he
prOVlded 1n31de Yusufell Reserv01r, and the
complete utilization of the remalnlng ‘head would

become possible.

In this way, improvement“in:theleconomicsfofhthe

‘project;.cannot be achieved-‘by lmeans. of the
gakartepe Project, ‘and abandonment -of the . -
Sakartepe Pro;ect is reasonable. o

9 - 10



(c)

Conclusion of Review

The concluéion of the review'was that, as stated
in (a) and (b), Alternative III for two--stepped
development with the two projects of Olur and

~ Ayvali would be optimum for the hydroelectric

power development project ‘of the Oltu Rivexr as
Judged from the two aspects of power generatlng

Capablllty and power generation cost.

9 . 11
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