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DEVIATION STRESS
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Figure 7-24 Triaxial Shear Test Result (UU)-example {A-2 Area, Test Number A2,204-d)
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Tabie 7-6 Standard of Rock Classification for Drilting Core

Weathering -

Hardness

Intervél of
Cracks

Very fresh.,
No ‘weathering of
mineral component.

Very hard. Broken into
knifeedged pleces by
strong hammer blow.

Over 30 cm

Fresh., Some minerals

are weathered slightly.
Usually ne brown crack.

Hard. Broken into pieces
by strong hammer blow.

10 ~ 30 cm

Fairly fresh.. Some

‘minerals are weathered.

Qracks are stained and
with weathered
material.

Somewhat brittle. Broken
into pieces by medium
hammer blow.

3~ 10 cm

Weathered. Fresh
portions still remain
partially.

Very brittle. Easily
broken into pieces by
medium hammer blow.

1~ 3 cm

‘Strongly weathered.
Most minerals are
weathered and altered
to second minerals,

Soft. Able to dig with
hammer .

Under 1 cm
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Table 7-7 . Gro_up'ing"of "Rock Classification”

" Remarks

Symbol Mark of Rock Classification” for
Grouping Drifling Core
U Wl
(@) H=1
g W=l e~ 2
O) He2~73
o C=1~2
o lw=1+~3
(0 H=2~3
7 C=1m~4
L Woe 2~
@  |aiil
C=3~35
' W=14~5
O} Ho= g~ 5
B C =4 ~5

W : Weathering degreé' _

| ' : Hardness

¢ : Interval of cracks

Note: * Detailed

Table 7-8,

7 -« 104

breakdown of "wn, "H* and "C" afé'showh in
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Chapter 8 SEISMIC ANALYSIS

8.1 Structural Geology of Turkey
8144 Geoiogical Outline

The A_natol_l_an Penlnsula region has been ._-ubjected to the repeated
organlc movements since the beginning of Paleozolc age, and
presents a complex geology. Concerning the structural geology
of Turkey, it can be classified into. four east-west orlented
© tectonic zones. Namely, they are in order from the north, the
POXltJ.dS, _Anatollds, Taurids, and Border Folds as shown in Figure
8-1.

In the Po"nltids, Cretaceous to Paleogene rhyol:itics-basaltic
volcanic rocks are predominant, while there is par'tial
dlstrlbutlon of Jurassu: to Cretaceous ophiolite. In the
Anatoll.ds, strongly defomed Eocene to Miocene marine clastic
rocks and Quaternary volcanic rocks are distributed on the
basement _rocks of Jurassic to Cretaceous ophiolite and slightly
metamorphosed rock. The continental deposits of Pliocene to
'Quaternary are distributed at the mountainland basins. The
_basement of the Taurids consists mainly of Precambrian to
Mesozo:.c strata and’ ophiolite, while Eocambrian to Pliocene

- nerltlc_ sedimentary rocks are predominant in the Border Folds.
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Figure 8-1 Tectonic Zone of Turkey (after Hirand, 1981)

- 8.1.2 Neolectonics of Turkey

Various piate'tectonics models around Turkey have been proposed
by McKenzie (1973), Alptekin' (173), Papazachos (1974),_Deweyjs
Sengor (1979), and others.

Turkey is surrounded by three macro-plates, i.e. “Eurasian Piate,
Arabian Plate and African Plate, as shown. in Figure : 8-2.
Basically, Arabian and African Plates are drifting toward north
relatively against - Furasian Plate causing the tectonic

compressive stress field.

Moreover, many micro-—plates such as Aegean Plate, Anatolian Plate
{Turkey Plate) and Black Sea Plate are located in Republic of
Turkey surrounded by the three macro-plates which are mentioned

above.
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- Figure 8-2 Typical Plate Tectonics Model
8.1.3 - North Anatolian Fault and East Anatolian Fault

_ The Anatolian Peninsﬂla. region. is di{ri'ded by two transform faults
named North Anatolian Fault (NAF) and East Anatolian Fault (EAF),
which make up . the:plate boundaries as shown in Figure 8-2.
Particularly, these two transform faults prominently divide the

previously~-mentioned tectonic zones.

The North:Anatolian'Fault extends east-west, presenting a gentle
arc bulging northward at the northern part of Turkéy_and its
total length is in excess of approximately 1,000 km. It is a
morphdlogically distinct and seismically active right lateral
strike-slip fault. The accumulated horizontal displacement of
it was considered to be 70 to 80 km in the past, but recently,
some;researcher'says that it should be 20 to 30 km, and this
subject requires further study. The occurrence of the.North
Anatolian Fault is said to have been 10 to.12 million years ago,



but the “direction  of displacement has not always been
oonsreteutly rlght handed horizontal and it appears: there was a
time in the mlddle of Pliocene 'Epock when a left handed
horlzonta]. drsplacement was lndlcated Many' ‘active faults,
earthquake faults and mountarnland basins are dlstrlbuted along
thrs fault whlle there have been also volcanic activities, and
it may be seen’ that this is a frrst»class structure of the
Quaternary Period.  These days many Japanese . researchers have
studled this fault by the method of trench and other geophysrcal
1nvest1gatlons.

The East Anatolian Fault divides the Taurids; and é6n laud it has
a length of approximately 560 km with a. strike of N60°E ~ S60°W.

It shows a thrust- fault nature at the southwestern part, but a
left-handed lateral dlsplacement is promrnent on the whole ‘It
is covered by Quaternary volcanrc rocks and the dlsplacement
topography is not always dlStlnCt, while the degree of actrvrty
is slrghtly lower compared w1th.the.North_Anatolran Fault, but
this is also a paramount Qtructure of this region.” The fault
intersects the North Anatolian Fault east ‘of Karliova to comprrse
a triple Jjunction. As a consequence, the Anatolian Plate
sandwlched. by the two faults would apparently shift south-

- westward.

As descrrbed in the" forego;ng, the: neotectonrcs of Turkey are
made complex reflectlng the mutual movements between the plates
in the field of tectonic stress from north-south’ compression
caused by the northward- ~drifting Arabian Plate since the late
Miocene Epooh.

8.1.4 General Seismicity of Turkey
(1) Seismological Outline
Tt is well known that many earthquakes have occurred in

Turkey, which is located in Alphlne Hlmalayan seismic zone,
As explalned before, three macro-plates, develop the mutual



movements around Turkey. And moreover, Micro-Plates
develop the mutual complicated movements, in Turkey.

Theée micro-plates are‘small, but move rapidly. The cause
of the local increase in Seismic activity of this region is
attributed to the existence of these small but rapidly

‘moving micro-plates.

Flgure 8-3 clearly shows the dlStrlbuthH of the major
fault systems in Turkey. It can be understood that the
major faults are runnimm;-along the border zone of the

-~ .micro-plates which are mentioned above.

Shortly speakihg,5earthquakes in Turkey occuﬁ as a result

of relative movements among the many macro/micro plates.
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Figure 8-3  Major Fault Systems in Tﬁrkey
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- Seismic Activitios

Epicenters of 8,136 earthquakes which occur in _Tutkey

during the period 1901 - 1987 are indicated in Figure 8-4.

The - location map of the larger earthﬁuakes;(G_s M < 7) of

- the period 1901 - 1987 is also given in Figure 8-5.

The selsmlc active zone for Turkey can be classmfled into
four groups 1, North Anatolian Fault Reglon, -_2, East
Anatollan Fault - Region, 3, West Anatolian Reglon, and

4) Other Regions, _dlstributlon of active :faults, and

occurrence of historical earthquakes into consideration.

The project aréa is located 27 km north to'NOrth:Anatolian
Fault and belongs to 1, North Anatolian Fault Region.
Therefore, only 1 , "North anatolian Fault Region is

described hereafter.
a) North Anatolian Fault Region

The North Anatolian Fault is a transform fault which
is situated in the boundary between the Black Sea
Plate and the Anatolian Plate (Turkey Plate). The
number of earthquakes larger than magnitude 5.5
(M 2 5.5) in the North Anatolian Fault  region has
exceéded 60 since 1900. They are the shallow-focal-
.depth earthquakes conforming to the rightélaterél
fault.

Meanwhile, the earthquake which occurred at Erzincan
in 1939 at the eastern part of the North Anatolian
Fault reglstered M 7.9, which is the strongest in this
century in Turkey. Since then, earthquakes in this
region have occurred every so many years, and it is
well-known that the hypocehters'of.these earthquakes
have shifted westward in a remarkably orderly mannér.



According to the investigations thus far, the
earthquake faults which were produced as results of
=these earthguakes do not strictly coincide in cases,
'but approxlmately,: they are produced by repeated
cycles of thlOH of the active faults running roughly
parallel in the VlClnlty of the North Anatolian Fault.
In view of the cumulative vertical displacement of the
active faults and the vertical displacements of the
individual earthquake faults the return pefiod can be
estimated to be ef the order of several hundred or

several thousand years (< 5,000 yr).

The earthquake faults are in a number of nmltlple
echelon arrangements composed of segments made of
"echelon flssures, the smallest of which are ten and
several centlmeters. ‘Small- scale echelon arrangements
with segment lengths of less than several hundred
meters are arrayed_ln correspondence with the lateral
displacement of relatéd transform faults. On the
other hand, large-scale echelon arrangements of
segment lengths ten and several kilometers do not
necessarily correspond with related transform faults.
This 'is because they are affected by geological
anisotropies near the ground surface such as existing

fissures and volcanic rock mass.
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8.2

8.2.1

8.2.2

Design Selsmic CogHicient
Conglusion

The Project is located within 30 km north from the Northern
Anatolia Fault Zone (NAF). It is also located at the
second degree region and closes to the 1lst degree region
(the must hazardous one) on the Turkey Earthguake Regions

Map.

A design seismic coefficient, which is utilized for
studying a dam stability at the Project Site, is concluded
to be 0.15 based on a fact that the coefficient of 0.15 was
adopted on almost of the dams located at the lst degree
region as well ‘ds on a part of dams located at the 2nd
degree regibn among 45 dams studied at detailed designs.

Then, seismic K coefficients at the Project site -are

" calculated by_plutal nodels utilizing 8136 seismicity data

meaSured'in-Thrkéy for 87 years. As the results, all the

‘calculated seismic coefficients are under 0.15. it is

pr6ved that the 0.15 is reasonable for the design seismic
coefficient at the Project Site. '

"The. followings are supporting sentences for the above

conclusion.

Design Seismic Coefficient for Existing Dams

Design horizontal “seismic coefficients, utilized for
detailed_ designs on 45 existing' and planned dams, are
related to 5 degree regioﬁs, where are indicated in the
seismic risk map for Turkey prepared by the Government of
Turkey' in 1972 as shown in Figure 8-6 and 8-7. The
rélationship indicates a reasonable trend, that is, the
larger coefficients are adopted at higher risk regions, on



8.2.3

the otherhand,' the smaller coefficients_ at l¢wér risks

- regions.

For example, the coefficient of (.15 is adopted on 7 dams

among 9 dams located in the 1st degree . region. The
coefficient of 0.10 is adopted on 6 dams, the:0,12 on 4

dams,_and the.0.15 on .3 dams among 15 dams located in the
“second degree region.

Because the project is located at the 2nd degree region and
closes the 1st degree vregion, the design seismic

coefficient is determined to be 0.15.

Design Seismic Coefficient Calculation at the Project Site

(1) Seismicity Data

Seismicity data used in this study are based on those
retrieved from ‘The Earthquake Data File’ compiled by
NOAA (National Oceanic and Atmoépheric-Administration
Environmental Data Service)., Total number\of'ﬁhe data
amounts to 8136,:covering_d period ffqm_1901 to 198?.

Location of all the data is plotted in Figure 8-4 in
which the Kopriibagi project site (40°59717",
31°54731"E) is shown by a triangle. Numbers of the
data in each year during the period are shown in Table
8-1, together with accumulative numbers from 1901.
General aspects of the data such as magnitﬁde and

epicentral distance can be seen in Table 8-2.
(2) Attenuation Models
0f previously proposed attenuation models. which

- express peak acceleration, A (gal), in terms of
earthquake magnitudé, M, and hyppcenttal distance, R

g - 10



(3)

{(km), or epicentral distance, D (km), five models

shown below are used in this study.

log A = 3.090 + 0.347M ~ 2 log (R+25) (1)
' proposed by C. Oliveira®

log A = 2.674 + 0.278M = 1.301 log (R+25) (2)
proposed by ‘R.K. McGuire?”

log A = 2.041 + 0.347M - 1.6 log D (3)
proposed by L. Esteva and E. Rosenblueth”

log A'= 2.308 + 0.411M - 1.637 log (R+30) (4)
proposed by T. Katayama®

log (A/640) = (D+40) (=7.6+1.72M-0.1036M?)/100 (5)
proposed by §. Okamoto®

For all the data described earlier, peak accelerations

are calculated by using the above attenuation models,

‘and maximum accelerations in each yearlong interval

are found to be as shown in Table 8-3.

Statistical Analysis of Maximum Accelerations

"'The Seismicity data are available for successive 87
‘years from 1901 to 1987. Hence, a probabilistic model

based on the “Theory ‘of Extreme Values" can be
established by setting an equal time interval to one

year.

:Aithoﬁgh' a probability function of the maximum

‘accéleration “expected at ‘the -project' site is not
known, it is reasonable to sﬁprSe that the function
should be associated with the third type asymptotic
distribution by Gumbel 1958. Refer to Figure 8-8 to
8-12.

8 - 11



(4)

" The Table 8-4 shows the maximum acceleration expected
at the Project site for different. 7  return periods of

10, 50, 100, 200, 500, 1000, and 10000 years.  The
maximunm accelerations fdr'a.return period of 106000
years are estimated to be 83, 163, 129, 134, and 223
gal by the model (1), (2), (3), (4), and (5). The

223 gal estimated by the Okamoto model is the maximum

one among 5 and may probably be an overestimation.
Horizontal Seismic Coefficient

A horizontal seismic coefficieht {(Kh) at the ground
level -is generally estimated by the following

equation.

Kh-=R x A / 980 _ - ' (6)

- where,

R : Conversion factor o
A i Maximum horizontal acceleration of earthquake
motion (gal)

The Technical Guideline of Seismic Design of Nuclear
Power Plants in Japan proposes 0.4 to 0.6 as the
conversion factor (R). _ A large conversion factoxr
should be adopted for an-eérthquake.motion with long-
period components predominant.. A small conversion

- factor should be adopted for an earthquake motion with

shdrt—period components predominant.
The horizontal. seismic coefficients. at the Project

site are calculated by the equation (6) based on the

maximum accelerations as follows:

8 - 12



Attenuation Model ' (1) (2) (3) (4) (5)
_ Maximum Acceleration (gal) 83 - - 163 izo 134. 223
Seismic Coefficient (R=0.4) 0.03. 0.07 0.05 0.05  0.09
Seismic Coefficient (R=0.6) 0.05 0.10 0.08 0.08 - 0.14

~Since the design seismic coefficient of 0.15 covers
all the figures shown above, the 0.15 is reasonable.

8.2.4 Analysis by DSI

DSt preparved A _Report . of Earthquake Risk Analysis of

Kﬁgrﬁbagi, Doganﬁzﬁ and Pegenék'Dam Sites in May 1992. 1In

the report, maximum acceleration at the Project site is
estimated by Poison probability theory and Estava reduction
relation using 136 seismicity data M 2 4.0. The analysis
predicted 'that. the 'maximﬁm; ac¢eleration is Trelatively
bigger and the design seismic coefficient at the Project
site might'be more than 0.15. '

The analysis suggests that much attention should be paid on
the seismic design in the detailed design stage. '
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Table 8-1 Number of Earthquakes in a Year during the Period from 1901 to 1987

Ygar N Sum of N Year’ N Sum of N
1901 5 5 1946 8 462
1902 4 9 1941 § 468
1303 9 18 1948 14 482
1904 10 28 1949 13 495
1806 13 41 1950 8 503
1806 2 13 1951 11 514
. 1907 1 50 1952 19 533
1908 11 61 1953 4% 582
1909 8 §9 1954 35 611
1910 6 75 1955 14 631
IRLACE 5 80 1956 60 691
1812 9 89 1957 65 156
1913 4 93 1958 11 7817
1914 3 96 1959 47 834
1915 2 98 1960 43 871
1916 2 160 1961 -39 916
1917 4 104 1962 16 932
1918 i 115 1963 46 978
1919 11 126 1964 13 1051
1820 -8 134 1965 111 1162
1921 - 6 140 1956 232 1394
1922 8 148 1967 202 1596
1923 6 154 1958 306 1902
1924 14 168 1969 215 2111
1925 21 189 1970 360 24717
1926 18 207 1871 206 1683
1927 8 215 1872 134 28117
1928 28 243 18973 - 123 2940
1929 1 250 1974 138 3078
1930 10 260 1975 280 3358
1931 9 269 1976 243 3601
1932 14 283 19717 140 3741
1933 1 290 1978 278 4018
1934 8 296 1979 269 4288
1935 10 306 1980 334 4622
1936 12 318 1981 568 5190
1937 1 328 1982 413 5663
1938 i1 3412 1983 508 6171
1939 16 358 1984 512 6683
1940 21 379 1985 421 1104
1941 19 398 1986 525 1629
1942 16 414 1987 507 8136
1943 13 421
1944 19 446
1945 8 454

8 - 15
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Table 8-3  Maximum Accelerations during a year from 1901 to 1987

Esteva, L. &

Oliveira,C | McGuire, R. K. Katayama, T. Okamoto, S.
year ' _ Rosenblueth, E. :

' Bq. {1) Eq. (2) Eq. {3) Bq. (4) Eq. (5)
1901 2.54 16. 55 2,34 6. 32 1.54
1902 21. 74 68. 38 20.6% 36. 26 82. 49
1903 0.62 8. 50 0.90 3. 81 0.02
1904 0.62 1.30 0.7% 2. 60 0.01
1905 2.24 16. 58 2.22 7.06 1. 63
1906 0. 24 3.89 0.34 1.18 0.00
1907 3. 38 20. 06 3.08 8.09 3. 40
1908 0. 94 8.84 0.99 '3.00 0.04 |
1909 0.88 9,55 1. 0% 3.8% 0.09
1910 4.99 28.31 | - 4.58 13.94 11.54
1911 0.65 8.14 0.86 3. 27 0.03

1912 2.01 17.02 2.21 8.21 i.80
1913 0. 71 8. 21 0.88 3.19 0.08
1814 1.01 10. 72 1. 22 4.56 0.18
1915 0.30 4.19 0. 38 1. 1¢ 0.00
1916 2.22 18.84 2.49 | 9.84 2,55
1917 0. 56 6.68 0.867 2,28 0. 00
1818 1.28 35. 11 6.43 17. 41 19.04
1919 - 8.76 39. 31 7.68 19. 76 24.67
1920 1.40 11.33 1.38 4.00 0.22
1921 1. 44 11.8% 1.45 .40 0. 28
1922 0. 60 1. 41 0015 2. 19 0.01
1923 2.19 15. 31 2.08 5. 95 145
1924 1.82 14.38 1.84 5.87 0.81
1925 3.92 21. 46 3. 417 8.43 3.99
1926 5.95 30.57 5, 30 14. 55 13. 14
1921 1.09 10. 76 .24 4.33 0.17

1928 9.21 38.82 8.09 18.24 22.175
1928 7.18 34.01 6.83 15.04 16.18
1930 0.84 8.57 0.94 3.03 0. 04
1931 1,21 10. 28 St 3.55 0.12
1832 4.98 25, 16 4,35 10.34 7.61
1933 4.05 22.24, 3. 59 8. 99 7. 94
1934 0,85 8.32° 0. 91 2.79 0.03
1935 1.61 14,10 1.5 6. 18 0.9
1036 5.67 28.53 5. 00 12.170 10. 37
1931 0.72 1.69 0.81 2.62 0.02
1938 3.74 2417} 3,61 11. 94 6. 96
1939 3.71 24.908 3.69 13. 06 1.18
1940 7. 24 32.70 | ©6.85 14. 51 16. 5%
1941 1.80° 13.12 170 4.170 0.47
1942 2. 60 18.37 ] 2. 54 - 8.39 2.61
1943 12.13 51.99 10. 67 30. 54 45. 86
1844 37. 14 97. 60 40, 46 £5.01 142.68
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9.1 Review of Existing Development Plans

Chapter 8 DEVELOPMENT PLAN

9.1.1 Filyos River Basin Master Plan

:Hydroe_lectric power has not been developed at all up to now in

the Filyos River Basin ihcluding tributaries. A Filyos River

Basin Master Plan was prepared _by DSI in 1987.

This Master Plan is a résult of investigations and studies

regarding electric power'developme'n't schemes  and irrigation and

domestic water supply schemes for the Filyos River.

As shown in

Table 9-1 and Figure 9-1, seven electric power proje'cts, five

irrigation projects, and one domestic water supply project have

been selected for the river basin development master plan.

Table 9-1 Development Scheme of Filyos River Master Plan Report |

Name of River

Scheme Name of Project Development Scale
Electric Power Kayabtikti Devrek 12MW
Kbpriibasga Devrek 60MW
Gay - Devrek 25MW
Mandaira Gerede S52MW
Sugaty’ Soganli 15MW
Tefen Sofanli 10MY
Konara Arag 18MW
Irrigation Kirler Gerede 2,667ha
Tekke Gerede 11,317ha
Akhasan Gerkes 2,253ha
Hacilar gerkes 5,705ha
Filyos Filyos 9,253%ha
Domestic Water Isiklx Gerede 265.79x10%m?/year

In the Master Plan Report the priorities of the abovementioned

seven hydrdéi’é'ctrj_c powér development projects are given as shown

in Table-9—2.




Table 9-2 Priority of Hydroelectric Power Déevelopment Project
in Filyos River Basin in Master Plan Repont

. - Installed . | Annual Energy Benefit Cost
Name of Project Capacity Production - Ratio , Priority

- (MwW) (GWh) o .
Képritbasi 60 210 1,67 1
Konari 18 .52 _ 1.41 2
Gay 25 ' 108 1.25 3
Kayabiikl 12 43 . 1.25 4
Tefen - 10 53 1.25 5
Sucaty 15 81 1.21 6.
Mandira 52 143 ' 1.21 7

9.1.2. Review of Existing Development Schemes

(1) Confirmation of Project Sites

é)

Outline of Filyos River Basin

The basin of the Filyos River System, as shown in
Figure 9-1, can be broadly divided into the three
subbasins of mainstream, Devrek River, and Ara¢ River

basins.

The Filyos River mainstréam has its: fountainhead at
Mt. Korgu, and joined by tributaries at' the left and
right.‘banks, éhanges its name from: Uludere River,
Ulusu River, Gerede River, Akgay River, Sofanli River,

‘Yenice River, to Filyos River while flowing down, and

it ultimately empties into the Black Sea.

The Devrek River rises from Lake Abant, flows down_és
the Biiyliksu River, merges with the Mengen River coning
down from t'he. right-bank side to become the Devrek
River, and joins with the Filyos River from the
latter's left bank. ' |
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The Ara¢ River springs from Mt. Ilgaz, flows down as
the Ilgaz River, and merging with the Baskoy River
coming in from the left-bank side, becomes the Arag

 River, and after being joined by the Eflani River from

its right-bank side, joins the Yenice River at the

‘latter's right-bank side.

Development. Scheme for Filyos River Mainstream

On the mainstream of the_Fiiyos River; the upstream
part of the Uludere Rivér'compriSing the headwaters
area of the Filyos has river gradients of 1/70 and
moré, but the downstream part of the river, after
entering - the Gerede . Basin, .~ flows through a
comparatively flat area in a straight line with a
river gradient of _leéé than 1/250. From the
downstream part of the Gerede River to the downstream
part of the Akgay River, the river gradient is around
1/70, and the stream meanders widely. From the
Sofanli River to the mouth of the Filyos Rivexr the
average river gradient becomes less than 1/350, but
there are places locally where the gradient is

comparatively steep at around 1/100.'

Since the catchment area is small at the upstream part
of the Gerede River, that part cannot bea coﬁsidered
for hydroeleétric power development. Further, at the
midstream and downstream parts of the Gerede, since
the river fiows down along the North Anatolian Fault,
it is not appiopriate to plan large-scale dams, while

doWnstream of the BAkgay River the valley width is

“large and it is a drowned valley covered by a thick

alluvial layer, ‘it is not appropriate to plan a large-

scale dam at this part either.

" On the other hand, for the middle stretch of the
- Gerede River, the Isikli Project with the purpose of

supplying domestic water to Ankara, the Kérler and



c)

Taekke projects with the'purpose'of irrigation, and on

~-a tributary of the Gerede River, the Akhasan and
- Hacilar projects with the purpose of irrigation are
proposed in the Master Plan Report.  Consequently,
there are only three sites of shortcutting the

meandering part of the Akgay River from the downstream
stretch of the Gerede River and, steep gradient
existing at the downstream stretch of the Soganli
River which are suitable for hydroelectric power

developmernt.

Accordingly, it is reasonable that only the three run-
of-river power: development schemes of the Mandira
Project shortcutting the meandering section from the
Gerede River to the Akcay River, the Sugati Project

and the Tefen Project taking advantage of the heads at

sections of stéep'gradient on the downstream part of
the Akgay River, have been proposed in the Master Plan
Report,

DeVelopment Scheme for Devrek River

On the Devrek River, at the upstream part of .the
Biiyiiksu River, the headwaters area, it is a rapid
stream of gradient -about 1/70, with the stretoh
downstream of this area immediately entering the Bolu
Basin, where the viver flows down in a straighﬁ line

- at a gradient of around 1/200 through an.area which is

in the form of a plain.

After becoming the Devrek River upon merging with the
Mengen River, the catchment area is expanded and down
to the Kayabiikli district it is a rapid stream of a
gradient of about 1/40. '

At the stretch between the Kayabﬂkﬁ district and the
Gay district, it is a gentle stream of average rivexr-
bed gradient around 1/240, and from the fact that it
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neanders widely to right and left, it is possible to
cbtain a ‘considerable head with a comparati#ely short
waterway by shortcutting, while there are dam sites
favored with storage capacity.

The stretch downstream of the Cay district to the
confluence with the Filyos River has a river gradient
less than 1/500 with the stream flowing down in a
straight line, the valley width being lardge and the
river bed covered by a thick alluvial layer. = As

‘described here, bhly the stretch between the-Mengen

River confluence and the Cay district is suitable for

electric power development.

Accordingly, it is reasonable that in the Master Plan
the three schemes of the Kayabiikii Project'as a run-of-
river scheme between the Mengen 'junction and the

Kayabiikii district, and the Képriibagi Project and the

‘Gay Project - as dam-and-waterway schemes having

reservoirs between Kayabiikii and the Cay district have

been proposed.
Ara¢ River Development Scheme
The Ara¢ River, at its upstreammost part, which is its

f0untaihhead area, 'is of a gradient of about 1/50 to
constitute a rapid stream, but from the fountainhead

area to the downstream Yenice River confluence, the

average river gradient is around 1/150, the flow is in
a relatively straight line, the valley width is large

and the river bed is covered by thick alluvium.-

However, at the Eflani River, the largest tributary of
the Ara¢ River, the stretch upstream of the confluence
with the Ara¢ River has a river gradient of 1/20 or
steeper to constitute a swift stream, while there is
wide meandering so that by shortcutting, a large head
can be obtained with a comparatively short waterway.



(2)

(3)

Theréfdre, it is only'thé downstream swift stream
5port10n of the abovementioned Eflani River which is
" suitable for a power development project in-the AraQ

River Basin.

Consequently, it is reasonable that the Konari Project
is  proposed -in the Master _Plan as -a run-of-river

scheme-at this site.
e) Confirmation of Projects

‘The power development'p:ojects_propoéed-in'the Master
Plan as mentioned above include all of the sites
thought to be suitable for electric power dévelopment
in the Filyos River Basin and these are considered to
be the only sites which are reasonable.. Particularly,
plans for irrigation have not been propoSed in the
Devrek Rlver ‘Basin and the three progects of Xayabiikii,
Koprubasl, and Cay will be contemplated for electric
power generation only.

Review of Priority

As shown in Table 9-2, the Master Plan Repbrt ranks the

Képriibasi Project out of the seven : electric power

- development schenes propcsed as 'haVing the hlghest

priority. This priority was determlned by the benefit-cost
ratio (B/C) method, and this method, being widely used in
the world for deciding priority, is reasonable,

Reviewed ranks of the seven hydroelectric power development
schemes by the 1993 price are shown in Table 9-3.



Tabte 9-3 Review of Pribrity of Hydroelectric Power Development Project
in Filyos River Basin by 1993 Piice -

Annual Energy
Nam_e of gas[;aalr!:i(:! : | Pr(()g\lljv?t:i)bn Benefit‘ Priority
Projest (MW) - Cost Ratio |
_ = Average Firm _

Kbpritbas: 50 210 153 1.50 1
Konari = 18 52 0 1.34 2
‘Gay 25 108 63 1.04 5
| Kayabukit 1z 43 9 0.83 7
Tefen 10 52 - 15 1.09 4
Sugaty 15 81 24 1.25 3
Mandira 52 143 | 31 0.84 6

Although there is a difference in part from the order of

priority_given in_the Master Plan Report, there is no
chénée in the priority of the Kﬁprﬁbasl Project according
to these calculation results either. Therefore, the
judgment of the Master Plan Report which had given first

priority to the Képriibasi Project is reasonable.

Regarding the Cay Project, although it has been given a
: lower_priority than certain run-of-river type projects, it

is considered worthy of being given a priority next to that

of the Kopriibasi Project since it will have a reservoir so

_that {;he_ firm energy will be large and a stable output can

be expected.
Review of Devrek River Electriczpowér Development Schemes
aj) Development Schemes Proposed in Master Plan.
In the.Master Plan the five.schemes of the Gokgesu
Project, the.Kayabﬁkﬁ.Projeét, the Képriibag:i Project,

the Kurdege Project and the Cay Project were made the
objects of study as shown in Figure 9-2.



Kur_de$e Project

K‘dpr'u'baﬁu Project

Kayabikil Project

Figure 9-2  Alternative Hydroelectric Power Development Project in Devrek River in Master
Pian Repoit
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Of these, the Kurdege Project is an alternative layout

‘scheme for the Cay Project, and as shown in Table 9-5,

three cases'each of development scales were selected

and comparisons made, and the Cay Project was chosen.

The Gbkgesu Project, the upstreammost scheme, being an

independent run-of-river type project which has no
relationship with the downstream Kayabiikii Project

either regionally or in power generation operation,

‘was evaluated independéntly as shown in Table 9-5, and

was eliminated as being economically unfeasible.

Table 9-4 Comparison of Kurdege and Gay 'Project in Master Plan Report

L . - Catchment Installed Annual Construction
Name of Area Capacity Energy Cost Benefit Cost
Project . . - | Production S Ratio
- (km?) (MW) (GWh) (105 TL)
. ’ .- A5 65.3 15,419.1 1.06
Kurdege 2,422 20 79.3 17,831.2 - 1.16
' 25 92.5 21,051.1 1.18
20 85,3 16,784.9 1.30
- Gay 2,422 25 99.4 - 19,769.3 1.32
30 111.9 23,158.0 1.32
Table 9-6 Economics of Gokgesu Project in Master Plan Report
_ . Installed Annual Energy Annual Surplus Benefit
Name of Project Capacity . Production Cost
SR (MW) (GWh) “(10° TL) Ratio
Gokgesu 10 21.3 -58.6 0.89

As'a result of study, the three projects of Kayabiikii,
Kﬁprﬁbasi, and Cay were finally selected as electric
pdwer'development'sites in the Devrek River as shown

in Figure 9-3.

‘These three are cascade projects where the tail water

level of 'the'ﬁpstreammost Kayabiikii Project is made to

9 - 11
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coincide with the hlgh water level of the Koépriibaga

'PrOJeot and the tail- water:level of:the KOpruba$1

Project with the high water level of the Cay Project.

Review of ReaSonability' of Three-step Development

i)

‘Proiject

Relatxonshlp of Kopruba$1 Project with Upstream

and Downstream Projects

The Kayabilikii Project, a scheme upstfeam of the
Kopriibaga Project, is a run—of—river type at a
section of rapid flow existing immediately
downstream of the confluence w;th the Mengen

River. The river- bed gradlent downst.ream from

the powerhouse site in the v1c1n1ty of the end of -
the Kopruba$1 reservoir  backwater. becones
extremely gentle and the valley width also
becomes wide. Consequently, even if the
powerhouse location were to be moved downstream,
the economics of the Kayabuku Project would not
be improved as a result, and there is no
neceseity for the high water level of  the
Képriibaga Project to be lowered for optimization
of the Kayabiikii Project. Ac¢cordingly, a study of

the optimum powerhouse location of the Kayabiikii

Project is not to be neceseary in the feasibiiity
study of Koprﬁbasi'Project?botfis to be made at
the time of the feasibility study on the Kayabiikii’
Project. |

The Qay Project which is downstream ffom the
Kopriibagiy Project will have the tail weter level
of the Kopriibasa Project as its high water level.
The Kurdese Project has a development area
ovetlapping with the Cay Project; Compared with

.the Qay Project, it is possible to shorten the

waterway length, but the dam volume would be more

9 - 12
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or less the same, and while the power generation
capacity would be reduced 17%, the reduction in
construction cost would be a mere 9%. Therefore,
elimination of the Kurdese Project is reasonable,
and in relation to the Képriibagi Project there is
no difference from the Cay Project. Thus, the

review of the comparison study of the Kurdese'and

Cay projects, including optimization of the Cay

Project, is to be done at the time of the

feasibility study on the Cay Project.
Development Area of K&priibagi Project

The final K&priibagi Project is a dam-and-waterway

'type : development - scheme consisting of

¢constructing a rockfill dam of height 110m at a
poinﬁ approximately 20 km downstream of the
confluence with the Mengen River at the middle
stret.ch of the Devrek River to provide a

reservoir of effective storage capacity

163 x 10°m’, conducting water to a powerhouse

provided at the Dirgine district by a headrace
tunnel of 41.50m and a penstock of 265m for power
generation of 70.MW with a totél head of 190m and
maximum discharge of 43 m’/sec, After power
generation, thé water is to be discharged at the
right bank of the Devrek River by a tailrace
channel 4899m in length.

The river gradient between the dam and the power

‘station outlet is 1/190, but since the Devrek

River curves widely to the right at this stretch,
a head of 123m would be obtained with a waterway
of total length 4,750m by shortcutting inside

"this bend and the gradient according to the

waterway -length and head would be 1/39. Since
the dam and powerhouse locations are at the

‘upstream and downstream ends of this curved

9 - 13



stretch, if the dam and powerhouse locations were
to . be -moved upstream . and ~ downstream,
respectively, ‘the gradient aeccording to the
wateiwaf length and head would be smaller than in

the present scheme.

The dam site is located at the downstream end of
- the narrow portion below Kesebiikii Village which
is of basin form and suitable for a reservoir,
‘"while downstream from thisxpoint the vélley width
becémes laxge and the suitability as a dam site
‘would be lost. On the ' other  hand, at the
upstream: side, there is one' location at the
entrance -to :the narrow section“.downstream of
‘Kesebiikii Village which can be an alternative dam
site, but the maximum limit to the high water
level would be  about the same as with the
presently projected site because of the
topography. '

At the powér station outlet site, the direction
of lew of the Devrék River becomes parallel to
the waterway route ridge, while at the downstream
side,'the'fan—shapéd topography- at the Dirgine
district spreads out in the form of paralleling
the ridge of the waterway route, and the
direction of the Devrek . River meets at right
angles with the waterway foute.fidge and flows .
down in a straight line.

Therefore, even if=the powerhouse site were to be
- moved upstream fron the presently projected site,
there would only be a reduction in head and the
waterway route would not_be‘éhortened,.whilé on
the other hand, if the gowerhouse were to be
moved in the downstream.direction,'there would be
a detour made of the Dirgine fan area for a great
increase in waterway length, and unless the high

9 - 14
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water level of the downstream Cay Project were to

be lowered, there would be no increase in head.

However, although the waterway route in the

‘present scheme connects the dam site and the

ouﬁlet site by the shortest disﬁance, there is a
part of the headrace section with thin
overburden, while the length of the penstock is

Jong in comparison with the headf'

Accordingly, the Kopriibasga -Projeét requires
optimization by a detailed comparison study upon
setting up .an alternative plan regarding the
layout of various:stru¢tures such as the dam and
waterway, but Cohcefning the reservoir and outlet
locations, they are reasonable even when
considering the relationShips with the upstream

and downstream plans.
Reasonability of Three-step Development Plan

The electric power development scheme for the
Dévpek' River which has been proposéd in the
Master Plan as described above. as the cascade
development. scheme comprising'the three projects
of Kayabiikii, Kopribasi and Cay is .basically'
reasonable and it is ‘judged unnecessary to
consider further division or amalgamation of

projects.
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9.2.

8.2.1

Comparative Study of Alternative Development Plan
Method of Comparative Study
Basic Condition

The method used for a Comparative study of the alternative
development plan.for optimization of the K¥prilbasi Project
is the Benefit Cost Method (BC Method) considering an
alternative thermal power plant that would be built without

the Kopriibasi pIOJect and taking the cost of the thermal

‘power plant as the benefit of the project.

In order to select the optimum dévelbpment plan an imported
coal- fifed thermal ‘power plant which is ‘supposed to be the
future one of the main thermal power plants is used as the
alternatlve fa01llty to be installed in some sea coast

reglon w1th an installed capacxty of 300 MW.

As described in 9;1, Képrﬁbasl Project is to be developed

as one of the three stage 'project between upperstream

- Kayabiikii ?rojéct and downstream Cay Project. Alternative

development plans of the Képrilbagi Project concerning dam
site, waterway roﬂte,'lbcation and type of powerhouse and
scale of reservoir are formulated and the optimum
develépment plan is selected by cdmparison of these’

alternatives,

The annual surplus benefit (B—C) obtained from equalized

‘annual costs (C) for the project life (50 years) of the .

hydropower facility,.and the equalized annual cost (B) of
the altexnatiyé thermal facility having an ability
equivaleﬁt to the hydropower facility is used in the study
as the indices. Mafket'prices in January 1993 without

import taxes are used in the comparisons.

The partial cost of the transmission line between the
Powerhouse of the Kipriibagiy Project and the load center
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- Depreciation + Interest

which should be born by the. Kopruba$1 Project is counted up
and the. cost of transmlsSLOn line between the alternative
thermal_power_plant and load center is omitted.

Parameters of the alternative thermal power plant are as

shown in Table 9-6.

Equalized Annual Cost

The'equaiieed annual cost ‘of a hydropower facility consists
of depreciation and operation—maihtenance'bost.-- This is
estimated by multiplying thegannual cost factor by the
investment cost. ' '

Equalized Annual Cost Annual Cost Factor x
' Investment Cost _
= Depre01atlon + Interest +

Operatlon and Maintenance Cost

I

Investment Cost x
Capital Recovery Factor

. o x f g0
« Capital Recovery Factor = T (i+i)
(1+1)% ~
~ civil Facility - 50 years
n: Service Life Hydro-mechanical Facility 35 years
Electro-mechanical Facility 35 years
i: Discount Rate 9.5%
Civil Pacility _ 9.6%
Hydro-mechanical Facility = 9.9%

Electro-mechanical Facility 9.9%

9 - 18



s QOperation and Maihtenance Cost (Rate to Direct Cost)

Civil Facility 0.5%

Hydro-mechanical Faéility 1.5%
Electro-mechanical Facility 1.5%

Accordingly annual cost ratios of facilities are as follows:

Civil Facility _ 10.1%

Hydro-mechanical Facility 11.4%
Electro-mechanical Facility 11.4%

(3) Benefit

~ The periefits of the Koprilbag: project are summarized
according to the'project cost, maintenance énd operation
costs, and the fuel:cost of an alternative thermal-power
pléht as shown in Table 9-6. The effective power output
and effective energy that are used in calculating the
advaﬁtages.of the project, are givén according to the below

conditions.

(a) The effective power output at the receiving end is
expressed by the below eqguation. This equation
reduces the station service rate by 0.3%, the forced
outage rate by 0.3%, the scheduled outage rate by
2.0%, and the transmission loss rate by 1.4% from the
firm peak output. The firm peak output is defined as
‘the 95% probable output for the 43 year period.

Effective power output = (1 - 0.003) x (1 - 0.003 x

(1 - 0.02) x (1 ~ 0.014) x
Firm peak output '
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