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SUMMARY

This report'concerns the feaéibility study of the Oltu River
_Hydroelectrtc Power Development Project of the Republic of
Turkey. The feasibility study has. been conducted from 1390 to
1992 by the Japan. International Cooperation Agency (JICA) under
a tochnioal coopétation program of the Government of Japan.

This report is submitted by JICA, throngh the Ministry of Foreign
Affalrs of the Japanese Government, to the General Directorate
of Elektrik Isleri Etud fdaresi . (EIE) of  the Government of
Turkey . -

A - brief summary of the results of the feasibility study is
-presented'in;the:follOWing-part'of.this section.'

1y Necessity for_Development

The electrlc power facilities in the Republic of Turkey as of the
end of 1990 amounted to 16,274 MW (86 761 GWh planned) of which
hydroelectrlc waer generating facilities. were 6,755 MW {24,805
‘eWh planned) and thermal power generating’ faCllLtleS 9,519 MW
-(61 956 Gwh), the ratio of the two belng 42:58.

'The results of forecasts made of future power demands (1991 to
=2010) by the Turkish Electr1c1ty Authority (TEK) recently, and
“the: results of forecasts made by the JICA Team are as follows:

Macro Method Forecast ' CTEK Fofecast

Ll (M) (GWh) (MW) - {GWh)
©1990 . 09,2817 57,116 9,340~ 57,563
1995 - ,ﬁr4;151_'ﬁ.af85;595- 15,005 92,984

20000 . 21,032 125,285 = 33,435 139,213
2005 . 30,477.. 0 178,874 . 34,025 207,056
2010 37,707  218,962* 50,600 - 307,964

% at 2008



In order to cope with these demands, it is necessarxry for
development of about 3,000 MW to be contlnued ‘hereafter up to the
year 2010, and for this purpose, it is planned for supply to be

made not only by lignite fired thermal, but also by thermal power

using imported coal and imported gas, while it is necessary for
hydroelectrlc power‘developmentix;be aggressively pushed to meet
about a half of the total power demand. - Hydroelectrlc power
stations to be commissioned in-the near future_are.ﬁtatﬁrk (300
MW x 8 = 2,400 MW) in 1994, Batman (64 x 3 = 192 MW) in 1994, and
atalan (56 x 3 = 168 MW), Gezende (53 x .3.= 159 MW), and
Menzelet (31 MW x 4 = 124 MW) in 1993. Meanwhile, hydroelectric
sites such as Berke. (510 MW), Kayraktepe (420 MW), Ilisu (1, 200
MW),“Boyabat (510_-MW)_f Birecik (670 MW), and’ Yedxgoze (300 MW)
are 'being prepared for stert of construction. Also, in
éuccessionEto the above, preparations  for hydroelectric power
‘development at Deriner: {670 MW) and Yusufeli' (560 M) -are
scheduled to be started aiming for commissioning in the first
half of the 2000s. However, it is ‘desirable for a power
transmission network to be built dp for smooth transmission of

power from these power stations to demand areas.

With regard to the Oltu hydroelectric: power-stations it may be
con51dered that start-up should be around the year 2005 as- soon
as possible after start-up of Yusufeli.. Hydro in view of . the=
.thSlcal schedule that electric power obtalned from development
of the Coruh River is to be sent to the western and southern
parts of Turkey. Furthermore, it is. thought that the’ serles of

development according to the Qltu Hydroelectric PrOjeCt will

greatly contrlbute to economic development of the area concerned
(2) Meteorology and Hydrology |

The 0ltu River Basin in which'the_oltu.projeot.eitee ere looated
is ¢losed off from the Blaok Sea'by thefDoﬁn Kafeda'which'runs:
parallel to the Coruh River Mountain Range,‘and belongs to a
region of typlcal continental” cllmate havzng 1lttle ralnfall and_-”

severe highs and lows of temperatule



The météorological characteristics of this reglon are ‘as
.mentloned above with annual average rainfall 400 mm, 50% of
annual rainfall, or 200 mm falling in the rainy season from April
to July. 'SﬂéWfall’has'béénirecorded between November and April.
The mean annual temperature is 9 8°C with a rise to a maximum of
39°C in the . summertlme,.whlle in ‘the wintertime the minimum
temperature becomes lower than -20°C.

' The runoff of the Oltu River is small due to the above-mentioned
meteorologlcal condltlons, the average annual inflow at the Olur
dam site being 655 x- 1061n and that at the Ayvali dam site 813 .
x 10® m '

Tﬁe'métEOrological and hydrological quantities at the individual
- project ' sites according to analyses of meteorological and
hydrological data are as“giVen-belowf '

Olur Project -:‘Ayvall-Proiect

-Catchment area - . &+ 3,509 kw® 4,517 Km?
.Elevatlon of rlverbed. 1,025 W R 810
-Temperature Max1mum iR Do : 39¢°cC
. ‘Minimum s L .. —24°C

Annual Average Pre-. . ne o enn '
'”capltatlon | DR SR | 300_' 200 mm .
'Annual Inflow R 655 x 10'w* = 813 x 10°m°
Annual average dlS-i - 3 | : .'. ) 1
“chazrge * | . 20.8 ml/s .. -25.8 /s
Annual evaporatlon

from reservoir = . 843 mm - 867 mm
surface - ; : _ . _ .
;Suspended load : 279 ton/yer/km* . 279 ton/yer/km?

DeSLgn sedlmenta—

tion - 50 years : 47 x 10°m®* 61 x 10°m?
IR 111 years e 94 x 10°m® . 121 x 10°m?®
f_ Probable ‘maximum R ST ' ' SR
. flood. (PMF)  4?750 n;/sgc 1 5,270 m /sec__
-25~year return perlod ' 332‘nﬁksec' e 376 n/sec

'xflood R

S~ 3



(3) Topography

Of.the Olur project area, the partoto‘become_the reservoif:has
a topography which is comparatively gentle, but the topography
of the area from the dam to the:powerhouee‘is extremely steeply
sloped and other. than the river-bed portlon there is hardly any
vegetatlon volcanic rocks being exposed to present a very rugged.
appearance. There axe river terrace flats and fans developed
upon which there is social 11fe_g01ng on. - Inside the river- bed
it ‘is fairly wide with sand-gravel deposited in large guantity,
the thickness being'estimated to be considerable. '

The river from the dam site to the powerhouse runs north -at
'firet, after which it changes. course-making a ia:ge;bend to. go
west,-and after paSSLng the Ayvali dam sxte, metges with'the
goruﬁ River. The river . gradient from the dam site to the
powerhouse is fairly steep at 1/200 to 1/130.

AlmOSt all the area of ‘the Ayvall ‘project, including the
reservoir, dam, powerhouse, and tallrace, lies in® an- area of the
Ayvali Formation which consists of" volcanlc roeks, Wlth a part
of  the tallrace ‘passing through the Pugey Formatlon ~of
sedimentary rooke._ The. topography of the prOJect area is very
steeply sloped 51mllarly to the topography of the Olur PrOJect

from the dam to the powerhouse w1th practlcally no vegetatlon 
_other than the river-bed portlon, rocks being completely'exposed

and mountains closing in on the river to present a very rugged-

appearance.

The river-— bed portlon, exceptlng the . sedlmentary plaln dammed up .
by the narrow gorge at Sakartepe, is very narrow. The thlckness.f
of river dep051ts is also falrly great. Rlver bank terraces
exist at parts along the river bank from the dam to the tallrace'
outlet, and 5001al act1v1tles are goxng on’ at the terracee.;_whe
river from the dam site to the outlet runs roughly'westward whlle.f

meanderlng down to join the goruhrrlver. The rlver gradlent from.'_=

the dam site to the tailreoe' outlet is ‘about 1/90, whlle 



‘@specially, the river gradient from Sakartepe to the outlet is

approximately 1/40.

Bstween.the dam site and'the-tailrace ostlet site, there is the
Civan Dere merging from the left-bank side 2 km downstream from -
the dam, aﬁd 5 knm further downstream the Anzav Dere (downstream
of Sakartepe) joins 1n,_whlle at the right-bank side, there is
‘the Bulanik Dere 7 km downstream from the dam'(upstream of
}Sakartepe),_ ' '

(4) . Geology and Materials
e Geology_

.The geology of ths prOjeCt area was affected by the Hercynlan.
'orogeny in the Paleozomc Carbonlferous Period and the Alpine
orogeny ‘in the Cenozoic Era. = The geology is composed of
Quaternary‘aep081ts, the Tsrtlary'oltu Formatlon {sedimentary
rocks},.the Mesozoic Pugey Formatlon (sedlmentary rocks),
Ayvali (volcanlc rocks), and Yusufeli Formatlon (igneous rocks

_and metamorphlc rocks)

_The foundatlon rocks at the pr1n01pal structures pro;ected are-

.s;roughly as’ glven below.



1)

Olu Project

GEOLOGY

Yusfell formatlon {gabbxo, greenschlst etc.)

Ayvall volcanlc rocks (rhyollte, tuff) -

Reservoir
' loltu formation (claystone, sandstone,
conglomerate) -
_ Ayvali volcanic rocks (rhyolite, diabase,
pamsite grénlte porphyry)

* River deposit is thick

Héadraée' Ayvaliy voléanic rocks (lava, rhyolite, tuff;
Tunnel

volcanic breccia)

Surge Tank |Ayvali volcanic rocks'(lava, volcanic breccia)
Penstock :
Powerhouse

The"geoloéy of Olur Reservoir and ‘its vicinity is
composed of gabbfd-énd_green;séhist of the Yusufeli
Formation, lava, rhyolite, and tuffs of the Ayvali
Formation, and claystone, s 'ahdStOﬁé;;and:conqlomerdte
of the Oltu Formation. Rocks which may cause leakage
from the reservoir —as ‘pure limestone are not
distributéd aréund.the fesérvoir area;'fLarge~QCalet
landslides expected to cause waves such as  would
affect safety of 3thé dam are not seen in the

surroundings of the reservoir.

The 3geology at the dam site consists of”‘granite
porphyry, rhyolite and diabase, and there are no
problems from the standpdints of sécuriﬁg strength-and
inpermeability as a foundation for a dam of 136 m
height. River deposits would be the foundations for
rock zones of a rockfill dam, but it iSighOﬁght there
will be no problemlfroﬁ the standpoint of s;fength,



The 'sites  of principal -structures such as the
' headrace, surge tank, penstock,; and powerhouse are in

the Ayvall wvolecanic rocks; and it is considered there

is no problem gealogy~wise that would be an obstacle
'tO-implémentatidn'of the project.

2) Ayvall Project

SITE . | - | GEOLOGY

Ayvali volcanic. rbcks (1ava;'rhyolite,;tuff,
volcanlc brecc;a)

Reservoir .
o _Pugey formatlon (alternatlon of marl. and
_ llmestone)
RETR : AyvalL volcanlc rocks (VOlCBﬂlC brecc;a, tuff,
Pamsite ‘rhyollte)

- F

* Rlver dep051t is tthk

POWerhouSe'=Ayvall velcanlc-rocks~(tuff'breccia,gihyolite)

_ 'Ayvall volcanlc rocks (lava, tuff, volcanlc
_Téilrace- breccia, rhyolite) _
f.T“3961, Piigey formation (alternatlon of marl and
11mestone)

'Thé.geéidgy?bf'Ayvali*Reéévair'ahd”its”vicinity_is

. composed ‘of lava, rhyolite, = tuff, and‘ volcanic
-breccias’ of the Ayvala volcanlc rocks Large-scale

' landslides .expected ‘to cause waves. such as would
‘”éffeét safety“'df the ‘dam are not seen in the
‘surroundlngs of the reserVOLr FurthermOré, théte are
“no places geen where leakage from the reservoir would
. ocours ) ' '

7 The geology of the dam site- ConSlStS of tuff volcanic
1.brecc1as, and rhyolite, and there w;ll be no problem
about securlng strength and lmpermeablllty as the
foundatlon for a dam of helght around 175 m. River



depdsits_would be the foundations for rock zones of a
rockfill dam, but it is thought .there will be no
problem from the standpoint of strength.

The powerhouse wouldfbe'proviaed“in the tuff brectias
and rhyolite of the Ayvali volcanic rocks as an
underground structure, and it will be amply possible

for excavation of a large cavern to be performed. |

ApprOXLmately 7 km on the. upstream side the tallrace'
tunnel would be provided’ in fhe Ayvali'volcanic rocks,:

“and approximately 2.5 km on the down stream 51de in-
the Pugey Formation. Both formatlons ‘are very sound

and there will be no problem about providing the.
waterway. The" tailrace tunnel passesrthe_large Anzav
valley. However, the bedrock above the tunnel

location is confirmed to be more ‘than 30 m by
'geologlcal lnvestlgatlons and it is consxdered that

constructlon can. be ~done w1th ample safety

Materials

1)

Olur Project

‘The Kaledibi Borrow Area approximately 3 km upstream

of the dam and thé Yolboyu Borrow Area approximatély
8 km upstream are planned , to be used to obtain

impervious . SOlld core materlal of .the _dam. The'

materlal of the:former is sllghtly ‘on the coarse~
grained side and that of the latter sllghtly on’ the:

ﬁlnewgralned side. N § necessary; it is concelvable  ;'
for the two to 'be blended and used. Materlal

excavated from the rivef—bed‘Saﬁdwgravel_would_be used_.
for the fine-grained filter of the dam, while for. the

coarse-grained filter, materlal excavated fronl the .

jsplllway and sites would be used.



2)

Material excavated from the river-bed sand- ~gravel

‘would be used for the flne—gralned filter of the dam,
"while for the coarse- gralned filter, material

excavated from the spillway and sites would be used.

For rdck_embankﬁent'materialé, granite porphyry at the
right bank downstream of the dam would be excavated,
collected, and banked.

'”_For_ cOncréte- aggregates, the river~bed - sand-gravel

. éxcavated from the dam site can be screened and used.

Furthermore, there is a large amount of sand-gravel
existing in the river bed around the dam, and this can
be amply used.

Ayvali Project

V_Borrow-areaS'are'planned at the Bulanik Dere 8 km

downstream of the dam and Tavsker 8 km upstream of the

dam for impervious soil core material of the dam. The

material of the former borrow area has scattering of

. properties dependlng the stratum " and the
“location,and it will be necessary for improvement: to

‘be made by blending before use, The material . of

Tavusker is high in the content of fines.

As fine-grained filter for the dam, excavated material
. from.the river~bed.sand¥gravely_and-as-doarsemgrained
'-‘fiif.ér, excavated material from the spillwa‘y, dam,
‘ete, are to be used. |

_th rack embaﬁkment materiél of the dam a quarry is to
- be provided immediately upstream of the dam.

‘As Qoncréteféggregate the river-bed:é&hdﬁgraVEl at the
' dam can be screened and used. There are also large



amounts of sand~gravel at the river bed - in  the
surroundings of the dam, and these can be amply used.

(5) Earthquakes

In order to decide on the design seismic coefficieht a predictive
evaluatlon was made by statistical analys;s of the  maximum
acceleration at the ground surface at the Oltu site, The
earthquake data used in this predlctlve evaluation had ‘been
‘gathered by the . FEnvironmental Data Service of NOAA (Natlonal

Oceanlc and.Atmospherlc.Admlnlstratlon) of the Unlted States, and -

the numbers of earthquake data during the perlod from 1901 to
1987 within radll ‘of 200 km from the dam sites were 3,742 for
Olur Dam and 3,402 for Ayvali Dam.

The Oltu sites are located in an earthQUake risk zone of [IT1]) in
the seismicity map prepared by the Government of the Republic of
" Turkey (IMAR ve ISKAN BAKANLIGI, 1972).

Therefore, COnsiderihg:here thé-results bf-stochastic analyses
also, it was decided to set the design horizontal seismic
coefficient of the Oltu sites (Olur Dam and Ayval: Dam) as 0.15.

(6) SurVey for Environmental Assessment
The effect of the prOJect on the natural and soc1al env;ronments
in and around the project. area was qualltatlvely studled by

surveying the present situation through. the site. survey of and'
the erterature search for the natural and social envxronments.--

5 - 10



1)

2y

3)

Natural Environment
Nature Conservation

. There is no national park and no natiure conservation

area in and arduhd.the project area. A game reserve
is located north of National Road 060, but a part of
this reserve located inside the project site is very

~small There 1is an area. with restrlctlons on the
-catch of flshes, but the area is not located 1n51de

the project site. - Thérefore, the execution of the
project will have almost no effect on the natural

'env1ronment.

Natural Scenery

The. natural scenery in and around the pro;ect area
consists of a brown and turbid’ rlver, houses which dot
flat land along the river, pastures, cultlvated land,
its deep gorge and dry mountainsides. - '

" The appearance of the dam and its reservoir seems to

create a new waterfront beauty spot.

-Végetation

AS for'flora ih and atound the reserﬁoir.afea, forests

-are llmlted and vegetation is poor except forest zones
.,on the summlts of mountains and oxchards and poplar -
_';llnes dlong the river. Plants regarded as precious
ff;are,not_seen elther._- '

Trees in-brchards-and'poplar lines along the river

'ww11l be ‘cut down to locate the power statlon building

and the reserv01r.

5 - 11



4)

5)

Animals

As for land animals 1living in and arournd the reservoir
area, there are rabbits, goats, sparrows, crows,
snakes, lizards, frogs, and others, but no precious

land animals specified to be protected

As for aquatic animals, there are éarp, trout, aquetic
insects, and . so.- on.. Thepe is an area _with:
restrictions on the catch of fishes. ‘But it is not
located inside the project site. '

Water Quality

The main causes of water-ipolletion during  the

construction work -period are imagiﬁed to be waste
water from temporary facilities such as concrete plant
and spray plant as well ae'Waste:water'fromjearth
excavation and concrete work. Ifﬂzie"possible_'to"'
decrease the effect of waste water ~on’ the natural
environment by discharging waste water after being

treated as much-as possible.

Thexe will definitely be no eﬁtroPhicafion after the

power station starts to be in operatlcn since
large—scale artificial pollution sources are not seen:
upstream from the project site. However,_great-care
should. be given'to the-amoﬁﬁt-of'nitregen'compeund
which may be artificially added to daily living waste

water : fram the power station and’' others since the

ConcentlaLlon of phosphorus compound from nature is
high now. The rlver ‘will not be turbid for a longj
time 51nce'pollutant in the river malnly ‘consists of
silt which is expected to sink. almost completely in

the reservoir.

g 12.



6)

The appearance of the reservoir is expected to create

a new living environment for aquatic life.

'Noise, Vibration and Bixr Pollution

‘The main noise and vibration sources as well as air

poilﬁtion'sburCQS'dufing the construction work period
seem to be construction equipment, trucks used for
transporting equipment and materials, and dust from

‘bare land such as excavation places. It is possible
"to' decreése the effect of them on the natural
environment by using low-noise and loW~vibration'
-machines as much as po=s;b1e and by taklnq proper

'meaﬁures‘agalnst exhaust gas and dust.

" There will be no effect on the natural enviroﬁment

after'the power station starts- to-be'in operation
since few machines which may cause noise and vibration
are expected to be used and facilities and machines

which may‘bécoﬁé'air pollution sources are expected to

be hardly used.

. 'Social-EnvirOnmEnt

_1)

Industrial Activities and Land Utilization

The number of: households ;n51de the planned reservoir

“site is about 600, and the area of land requlred to be
-Wobtalned is about 6, SOODa. The land reguired to be
wobtalned is now used as cultivated land with an area
"-of- about 3,500Da.,_ pastures with an- area of about

1,500Da., and orchards with an area of about 1,000Da.

It isj-desirableﬂ“to‘”deliﬁérate with “the persons
concerned about land acquirement and give adequate
compensation to them in carrying out the project.

8 - 13



2)

3)

4)

There are almost no commercial activities in this
area. - Their economy'is expected to bhecome éctivated
during the construction work periocd and after the
power station starts to be in operation since more
people are expected to come to this area, then
commercial activities are expected to be carried out

and employment is expected to be given to residents.

Transportation and Public Facilities

.The = transport of equipment and . materials for
.constructlon work is expected to increase the volume

.of trafflc temporarlly. There seems no blg effect on

ﬁhe volume of general- traffic since the volume of
traffic is génerally not so big, However, great caxe
should be given to traffic safety measures such as the
strict observance of safety speed since blg trucks are

expected to run.

- A part of . the: natlonal road and others will_ be

submerged and " then substltute roads will be
constructed. - Public facilities such as schools and
mosgues inside the area.plannedfto be submerged sheuld
be relocated according toufESidents' intention.

River System Utilization .

River water inside the project area is mdinly_ﬁsed qs
irrigation water. It is mnecessary to exercise
temperature control before discharging.water from the
reservoir. . The formation of the reservoir w111 glve

a new. living space for flshes.

Cultural Assete-and-Recreational.?acilities-

There are. no historical remains and ng -.recreational

facilities, which - are expected tp be .sﬁbmergéd:

8 - 14



together with the appearance of the reservoir. After
the power station starts to be in operation, the
'project”site for the dam and the power station and its
vicinity seem to be used as recreational facilities.

s . Conclusion

A6cording'tp the resuits'of-the éurvey, the execution of
the project SEems not to have a big effect on the natural
environment except residents'who are ﬁow-hsing the future
submerged;area as their livihg places.

~As for.the execution of the project, it is desirable to
delibefate_sufficiently:with'residents who have to leave
_the submefged.area;or_the organization concerned, to give
~adequate proper icompensation--to-.them and to give
“consideration  to residents who will remain to live in the
‘vicinity of the submerged area.

~The requlred expenses are estimated in the compensation

" cost.

'(7)'10utlihefof_Optimhm Developmeﬁt Plans -

Re&iQW,wés madejofithe éxistiﬁgimaster Plan, and studies were
carried out based on existing investigation data and detailed
-additicnal'data, and the optimum.development plans described
. below wefe selected from among a_numbér of development.plans.

The Dltu'HYdfoelectric Power Development beject consists of a
two- -stage developmenL plan made up of- the two projects of Qlur
Hydroelectrlc Power Statlon and Ayvall Hydroelectric Power
-;Statlon, therefore optlmlzatlon of. the Oltu Project was carried
-out, 1n the manner that the. comblnatlon of the two projects as a
whole would be most optlmum o

‘8§ - 15



Olur Project

The Olur Project is the upstream project in the two-stage
development of the Oltu ‘River.

It is planned for a rockfill dam 136 m in height and 3.8 x
10%m® in volume to be constructed at the point of catchment
area of 3;539 Km® to obtain a effective storage ‘capacity of
200 x 10°n’. An annual average inflow of 565 x 10°m® is to

be regulated by means of this reservoir.

=A,maxi_mum discharge of 48:m3/8_is to be drawn from an intake
provided at the left bank side immediately upstream of the
dam, this water is conducted to a powerhouse prov;ded at a
left bank through a headrace tunnel ‘approximately 9 km in
length and penstock to cbtain a maximum output of.65 MW and:
_ annual energy productlon of 242 GWh by ut11121ng effective
head of 154.7 m. Fig. - 9-15. shows ‘the = result of the
optimization study on the effective’ storage capacity and
_the high water level. Fig. 9-17 shows the result of the
optimization study on the installed capacity. Fig. 9-20
shows reservoir operation result and Fig. 9-2 shows monthly
. peak power and annual energy production. ' The energy
generated at the. Olur Progect is to be ‘sent to Yusufell
Swtchyard - via the Ayvala Sw1tchyard by a' 154 KV
transmission line, from where transmission is- to be made to

load area. by 380 KV transmission line.
Ayvali Project

The Ayvali Proiject ‘is the'dQWnStreamfproject*inztﬁe*téo o
stage development of the Oltu River. ' ' e

It is planned'for a rockfill'dam'ITS m in’héight?and'g’ﬂ‘k"

10°m* in volume to be constructed at the pointiof: catchment

area of 4,517 km? to obtaln a effectlve storage capac1ty of_"

8- 16



(8)

180 x 10%m’. An annual average inflow of 813 x 10w’ is to

be regulated by means of this'reservoir.

A maximum discharge of 67 m’/s is to be drawn from an intake
provided at the left bank side immediately upstream of the
dam, this water being conducted to a underground powerhouse
provided-at the left bank through a penstock to obtain a

‘maximum outﬁut of 125 MW ahd'anhhal energy production of

409 GWh by utilizing effective head of 211.8 m. . After
generation, this water is discharged to -the Yusufeli

-Reserv01r through a tailrace tunnel approximately 10 km in

length Fig. 9-16 shows the result of the optlmlzatlon

) study on the effective storage capaCLty and the high water
“level. Fig.-9 -18 shows the result of the optimization

study on the ‘installed capacity. Fig. 9-22 shows reservoir
operatlon result and Fig. 9-23 shows monthly peak power and
arnual energy praductions, The energy - generated at the

'*Ayvall Progect 'is to be sent to Yusufell Switchyard by a

”'154 kW transmlsSLOn llne, ‘from where transmission is to be

made’ to load area by 380 kv transmLSSLon line.

"Construction Schedule and Constfﬁction Cost.

" Construction Schedule:

CoﬁmiSSioning’yeér of the Oltu Project is appropriate at .

'“'alound 2006 conSLderlng necessary periods - of additional

'fleld 1nvestlgatlon works, detalled deSLgn, ‘financial

’formulathn-and construction of’ the projeéct as shown below.
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Nev.
Nov.
Nov.

Nov.

Nov.
Nowv.

Dec.

Jun.

1990 - Oct. 1992 Fea81blllty Study

1993 - Oct. 1994 |Provision and Award of Flnal Desxgn
' e year)

1994 ~_dct. 1995'F1nal Des;gn (2 years)
1996 - Cct. 1997 FlnanCLal rormulatlon (1. 5 years)

1997 - Oct. 1999 |Bidding and -Awaxd of Contract for
{Construction (1.5 yeals)

2000 - : Start of Construction of the Olur and
' Ayvall Pro;ects
2005 -~ End of Constructlon of the Oluxr Progect
2006 - ' End of Construction of the Ayvall
- Project . .

The'eeﬂsfruction'works of the_Oltu ?ioject wiil:require
periods of approxiﬁately:G yearelhfor Oiuxe Ptoject and
approx1mately 6.5 years for Ayvall Progect as a result of
studying the scale of constructlon, 1ayout of. structures,_
preparatory_works, etc. Work Schedules at the,Pro;ects are’
given in Fig. 12-3 and 12-4. I

Construction'Cost_

The _construction cost of the_'?roject 'wes_:eepimated;
considering that designs and 'coﬁStruetion methode, and
materlals and products of the levels ‘that can be expected
at this tlme, would be used. Furthermore, es;;metes were -
made giving consxderatlon',t geologlcal eonditions;
topographlcal condltlons, and pro;ect scale The time of
estimation was taken to be July 1961, The exchange rate
used was US$1.00 = 4,300 TL. ' '

1) Olur Project

With the total construction cost as 677 364 x 106 TC-
(US$ 157.5 x 10%)- the breakdown of local and forelgn.
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.currency requirements is 413,190 x 105 7L (US$ 96.1 x
10%)y, 264,174 x 10° TL (US$ 61.4 x 10*) respectively.

- 2) Ayvall_Projéct--

With the total construction cost as 957,688 x 10° TL
- (Uss 222, 7 % 105) the breakdown of local and.foreign

currency requlrements is 534,046 X 10° TL (US$ 124.2 x

10%), 423,642 x 106 TL (US$ 98 5 x 10°) respectively.

3y Total,Project

With the total constructlon cost as: 1,635, 052 x 10% T,

(USS 380.3 x 105) the breakdown ‘of local and foreign
”.currency requirements is 947, 236 x 10° TIL (US$ 220.3 x

106), 687,816 x 106 TL (USS$ 160 0 x 106) respectlvely

Detailed COnstruction_cost is_aé ShOwn3ih'Tablé_1246;

:(95”'Eéouomideualuation and_Financial Analysis

'Development of thex Olur Pro;ect and Ayvall Dro;ect. w1ll be
1mplemented sxmultaneously’ : Optlmlzatlon of the project was
carried out in the manner that the comblnatlon ‘of the two
pro;ects as a whole would be most optimum. No consideration has
been made in the case that the Olur and Ayvall PrOJects would be
‘developed 1nd1v1dually

'_Therpfore, the result of economlc and financial analyses should
fbe evaluated about the Oltu Project as a whole

1)a_,Ecoﬁomiéfﬁvaluétion*'

‘A" the method of the economlc evaluatlon of this prOJect an
alternatlve plant approach is employed to measure and evaluate
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economic costs o0f  the proposed pro;ect and - the alternative

prOJect

The results of evaluation of EIRR} B-C and B/C of the Olur and
Ayvali projects and the combined project are as follows:

~ EIRR B-C

B/C

Olur Project . = - 18.72% 137,774 x 10° TL . 1.33
_ (US$ 32.0 x 10%)

Ayvali Project ©33.05% 401,170 x 10° TL 1.71
(US$ 93.3 x 10%)

Combined Total Project 26.82% 538,944 x 106 TL  1.54

(US$ 135.3_k;10§)

as indicated by indices B-C and B/C bfjthe combined project, the
costs .of construction ahd_opefationrof'théQperect;are much
‘smaller than those of an alternative thermal power_plaht which
can provide equivalent service, and it can be also concluded that
the pro;ect can continue to. malntaln its superiority as long as
the discount rate which reflects the capltal opportunlty cost
does not exceed 26.82%. '

2) Financial Analysis
For the financial analysis of the project, "Financial Evaluation
from Viewpoint of Total Investment-Calculation of the Financial’
Internal Rate of Return® is analyzed and judgement is made for

evaluation.

FIRRs of the Olur Pro;ect and the Ayvall Pro;ect are 9. 87% and -
11.25% respectively and that of the combined pro;pct lS 10 68% '

Judglng from the FIRR of the combined total prOJect, the project
is sound from the flnanCLal p01nt of v1ew '
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Qlur

Summary of Olur Hydroelectric Power Development Project

Unit

Item Description
Location Oltu River
':Catchmeﬁﬁ‘Area | km?* 3,569
Annual Inflow 10° , 655.7
Design Flood W /sec 4,750
Reservoir .
_Normal'ﬁigh Water Level m 1,105
.to& ﬁdter Level ' m 1,077
_ Av&iléﬁié_bréwdoWﬁ m 28
Sediméntatiéﬁ Level m 1,077.2
Gross Sﬁérage Cépacity 10% m? 293;5
Efféctiye Storage Capacity 106 w’ 200.0
'Resetﬁoir.Area.. “km? 10.7
DiversiOn Tunnel
'Diameter. m 6.0
Length. _ m 530
beSign Flood Disgharge nﬁ[seé 332
Number ' | 1
-
Tg;pe* Rockfill with center
e | core.
ﬁCfééﬁiné#é£ioh.ﬁ : m 1,110
.Dam.Height | -:m-' 136
Crest Length n ] 328
‘Dam Volume 10° m* 3,818
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Olur

" pescription

_ Ttem Unit
| Spillway
| Type _ éated Chute
Spillway Capacity .nﬁlsec 4,750
Number of Gate set 3 '-_
' Dimension of Gate m 13.5 x 16.5
Intake
Type | .Iﬁclinéd typétméde
: of reinforced .
concrete _'
Gate set Loller Gate L
Headrace Tuﬁhel
Number 1
Type _Cii&ﬁiar_éreésure
Diameter. m - 4.9
Length m 9,659
Surge Tank
Type' nOrificé
Diameter n 12
Penstock _ . .
Type Steel Pénétobk}'
| supported by ring-
- girder e o
.Diameter :4;9,~ 3;2.:;
Length m ”.436
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Olur

Item

Unit

Description
| Powerhouse
Type Semi-underground of
o reinforced concrete
Dimension m Width 17
| o m Length 30
m Height é?
Development Plan _
Standard Intake Water Level m 1,@95.7-
Standard:Tail Water.Leﬁél_ _m. | 929.0
Gross Head m 166.7
Effective Head m 154.7
ﬁ_aximum_ Discharge m*/s 48.0
Unit Cai:_'acity MW 65
'Numbei_ofnUnit. unit 1
'Instélié& Capaéity . MW 65 
4| Purbine |
_ T&pef Vertical Shaft'-
_ _ Francis
Number of Unit 1
Rated Output MW 66.5
Rev’olviﬁg'spéed Crpm 1333
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Olur

Unit

Circuit Breaker Type

Transmission Line Section
Number of Circuit-
Voltage

Sedtion

Tten _Déscription
Generator |
Type 3-phase, AC, =
_ -~ synchronous
Number of Unit “1-
Capacity MVA 74
voltage XV 11
Power Factor 0.9 lag
Frequency | Hz 50.
Revolving Speed rpm 333
Méin Transformer
Type Ouﬁdoor,.B—phaSe.
transformer
Number of Unit o l.
Capacity MVA :74-
Voltage kv  11:154f
‘Switchyard o
'Bus'Type singié buél¥
o . : Transfér bus
Voltage kv 154

Gds insulated_

1
154

Olur switchyard -

‘Ayvali switchyard
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Olur

item

'.fEXChange Rate

Unit Description

Annual Energy Production

Firm Energy GWh - 126.5.

Secondary Enerqgy Gwh 115.0

Total Energy GWh 241.5
Construction Period years 6
Project Cost 10 T.L. 677,364

L (US$157.5 x 10°%)

Unit Construction Cost

per kW. - T.L./kW 10,420,969

per kWh - T.L. /kWh 2,804
Economic Internal Rate Of $ 18,72
Return . {EIRR) . : '
Financial Internal Rate of % 9.87
Return (FIRR) ;
Net Present Value (B-C) 103 USS 137,774
Benefit Cost Ratio (B/C) 1:33

1US$=4,300 T.L.
(As of July 1991)
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Summary of Ayvali Hydroelectric Power Development Project .

Ayvali

Item Unit .Description
Locétion' Olﬁu RiVer
Catchment Area km? 4,517
_Anﬁual Inflow 105 m® ' 813.0
Design Flood n®/sec  5,279
Regulating Reservolir
‘Normal High Water Level m 230
Low Water Level m QOBI
Avajlable Drawdown m 22
Sedimentation Levél: 890.1
Gross Sﬁéfage Capacity - 108 354.8
Effective Storage Capacity 108w 150.0
Reservoir Area - km? 8.2
Diversion, .
Diameter m. '6.0_
Length m 659
‘Design Flood Discharge n’/sac ©1376°
Number B | 1
Dam :
Type 'Rockfili'with
center core
Crest Elevation m 935
 Dam Height m _ 175
Crest Length ‘m 44_4.
~ Dam Volume | Eloﬁﬁ-' 9,268
S - 26




Ayval

Ttem Unit Description.
'_Sﬁillway |
.Type- Gated Chute
Spillway Capacity - m¥/sec 5,270
Number of Gate o 3
Gate Dimension m 13.5 % 17.5
Intake _ : _
Type - 'Inclined type made
- of reinforced
concrete
Gate Rolleﬁ Gate i
| Penstock :
| Type Embedded.Steel pipe:'
Diameter ‘m .4,1_f 3.8
Length m | 289. |
Number | 1
'zPéﬁérﬁoﬁQe'ilr | |
Type Unde:ground
Dimension ‘m Width 19
o o m Léngth‘44;5
m _ Height 412
--_-Sufgé:Chamber
”Typé N o Chamber
'Diménsioﬁ:' .m_. ~ Wide 5.4 m
m " Length 100 m
m . Height 11.7 m
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Ayval

Item : Unit Description

Tailrace Tunnel

Type o : Horseshoe Circular
~ Non-pressure

Diameter | m "5.4

Length | m ' 9,260.9

Development Plan

Standard Intake Water Level n 922.7
Standard Tail Water Level m ~700.0
Gross Head _ B : 222.7
Effective Head m . 211.8
Maximum Discharge : m/s - 67.0

Unit Capacity : MW _ 125
Number of Unit ' e . ' 1
Installed Capacity oMW | 125

Turbine .

Type ' . Vertical Francis
Number of Unit - ' _-1 1. 7
Rated Output MW | 126 .5
Revolving_Speed | rpm | _ '350:
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Ayval

Unit

'Séétion]  |

Item Description
Generétor
Type 3-phase, AC,
. synchronous
Numbér of Unit 1
‘Capacity MVA 140.6
vo;tagé- kv 14.4
1§swe; Factox 0.9 lag
.Frequency Hz 50
Revolving'épeed ) rbm 300
|Main Transformer -
| Typé | _ Outdoor, 3-phase
Number of Unit | 4
: o (including 1 spare) -
_.l'Capg.citY " MVA | ':47 B
Voltage kv 14.4:154 ¥3
'ﬁSwitbhyard
: Bﬁé{i&pe: Double bus
Voltage. | kv 154
Cipéuit_Breaker Typé ' Gas -insulated
*TiaﬁQMiSSién:LiﬁéL:
| Number of Circuits - 2
 voltage KV 154 |
5e | "Ayvali switchyard-

Yusufeli switchyard




Ayvah

Unit

Exchange Rate

Item Description
Annual Energy Production _
Firm Energy GWh 248.0 .
Secondary Enerqgy GWh 161.4
Total Energy GwWh 409.4
Construction Period : years 6.5
Project Cost 10° T.L. | 957,688 (US$222.7 )
Unit Construction Cost _
per kW T.L. /KW 7,661,504
‘per kwh T.%./kWh 2,339
1 Economic Intérnal Rate of % 33.05
Return (EIRR) o
Financial Internal Rate of % 11.39
Return (FIRR) '
Net Present Value (B-C) | 20¢ T.L. 401,170
Benefit Cost Ratio (B/C) - 1.71

1US8$=4,300 T.L ..
(As of July 1991}
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CONCLUSIONS

This projeéct site is on the midstream stretch of the Oltu River,
a itributary_ of the ‘Coruh’ River which is. located. in the
northeasterh part of the Republic of Turkey and empties into the
Black'Sea, the project consisting of construction of two power
development schenes .

As a. result of studies made based on the data investigated up to
the present the conclusion was drawn that both the Olur Project
and the Ayvalil project are feasible, technlcally and
-economically. The Contents of thes conclusions are described
rbelow}

1) - Thisu_Project is to be developed with the purpose of
supplying plentiful -and stable’ electfic-‘power_'whichW-
-effeétiVely utiiiies.wéter resburces existing-ebundaﬁtly'in
Turkey, . as . purely lndlgenous resources which are
precticallY:nonpollutent. It is' considered that going
ahead with development of this Pro]ect-w1ll contrlbute to

" regional development. '

2) . The growth of power demand in the Republic of Turkey up to

e31983 waSiblunted.becauée of'Slﬁggished economics; howeve:,

annual,growth at the 7{8ge 1215%.1evé1 was indicated from

1984 ‘to 1990, and annual average growth rates from 1991 to

1995 and 1996 to 2010 are expected to be 10% and 8%

_h1-=respect1vely ..Therefore, it is calculated . that the peak
-zf.demand at 2010 Wlll be 50 600 MW

3) As prlnCIPal energy resources produved in the Republic of
‘Turkey, there are’ the 5. 7 % 10% ton of petroleum reserves,
1209 'x 10° ton of lignite reserves and 30,800 MW of
?thdroelectricfpdwer'potentlal of. this hydroelectrlc power
-potentlal only 6, 755 MW, 22% had been developed as of the
end of - 1990,. and there_ is - much belng expected of
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4)

5)

6)

development - hereafter of this clean and purely domestic
energy regource, 20,100 MW is planned to be developed by
2010. '

Review of the development scheme recommeﬁded‘by the 0Oltu

.Rlver Master plan Report Carrled out and 'appropriate‘

selectlon “of development layout, development scale and
de&elopment time was implemented. Development of" the.Olur
pProject and . Ayvali 'Project should be implemented
simultaneously and both. projects should be_oommissioned'by
the middle of 2006.

The Oltu project is planned as the most efficient power
generatibn scheme to effectively utilize the head existing
between the vicinity of EL. 1,100 m and the water level of

Yusufell Reservoir, EL. 710 m, based on the Master Plan fOr 3

the Oltu River Basin. Rlver.g:adlents are steep in this
area, and“hard'rock is=expoeed at-both‘benksiwith the
topography' very rugged so that the area - has site
charaotefistios favourable for formulating damwand—waterwey
type plans comblnlng reservoxrb and tunnels. Comparisons
were made of two-stage, three- stage,' and - four-stage
proposals and with power station locatlons Varled and the
present two-stage development Ba51c_PrOJect Plan of the
Olur project, OPK Alternative, and'the-AyVall‘ProjeCt,'APU
Aiternative;=was selected as being most advantageous. |

Regarding the .Olur Project,  two dam sites and four
powerhouse - sites were selected: for the Olur Project and

- comparison studies were made.' The upstream sxtelwas-chosen;

for the dam, and the downstream most.dOPK- site;_fOr the
powerhouse ' location. < The ‘headrace -length ‘would ‘be

approximately 9 km is léngth.

Regarding the Ayvil Project with the dam site as a single
locataon, comparlson studies were made of four: sites for .
the powerhouse, 1nc1ud1ng both underground and above ground
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7)

8) . ..
. studies were made by varying maximum discharges in case of

9y
' zaand green schist of the Yusufeli Formation, lava and tuff

types, and the . most econcmically advantageoos dam-
underground powerhouse (APU site) - tailrace (approximately

10 Km is length) alternative was selected. . This
alternative was adopted due to the necessity of  passing
‘through. the bedrock under the river bed of the Anzav

Valley.

Various comparison studies were made regarding high water

~level and scale of reservoirs taking into consideration

_sedimentation and - effective storage - capacities of

reservoirs, As a result high water level of EL. 1, 105 m
and effective storage capacity of 200 x 10%& was selected=

for the Olur progect and high water level of EL. 930 m -and
'effectlve storage capacity of 150 x 10°m® was selected for

- the Ayvall pxogect.

Regardlng the optimum scale of the Oltu PrOJect comparlson

equivalent peak duration hours of 6 hours, 8 hours and 10

" hours'.:

"As the results the case'of eqnivalent peak'duration hours

of 6 hours is optimum - for both the Olur and the Ayval:

-Progect Therefore Opt imum Scale of the Olur and Ayvaly
7Projects are 65 MW and 125 MW respectively.

'The'geology of Olur- Reservoir'ooneiSts of gabbro, spilite,

of Ayvall volcanlc rocks, mudstone, marl, sandstone, and

"oong10merate of the Cen201c Tertlary Period: O0ltu Formatlon,'
~ and Quaternary deposats :

There will~be.ﬁo_pfohiem regarding the_water-tightnees of
‘the .reservoir, While“large—scéle landslides at slopes in

.. the reservoir area do not exist. .

CR -3



10)

11)

The-geoldgy at the. site of Olur Dam consists Of granite

porphyry, rhyolite, diabase, and river deposits, and there

is ample bearing‘poWex as the foundation for a rockfill dam

of height 136 m. It is considered that the impermeability

of the foundation rock can be easily secured with ordlnary

cement grout

‘Regarding the type of Olur Dam, a central lmpeerous core

rockfill dam was selected ' as being- economlcally

advantageous - upon comparison studies considering’

‘topography, geology, meteorology, materials, etc.  The

helght of the dam is to be 136 m and the dam volume 3.8 x
106

Of embankment maﬁerials,.soil materials are to be collected
from Kaledibi Borrow Area”approximately'3 km upstream of
the dam and Yolboyu Borrow Area 8 km upstream and used. upon
gradation adjustments. Riverbed sand—gravel excavated.from
the dam site is to be used .as fine- gralned fllter, and
excavated rock of hlgher content of fines is to be used as

coarse—grained fllter

Rock materials are to be collected from a quarry at the

‘right bank 10 km downstream from the dam and used for

enmbankment .

The spillway is to be a chute type with flip bucket at the
right bank having 3 gates, and: the flood: dlscharge capacity.
is to be the PMF of 4,750 m’/s. : ‘

The intake is to be‘approximately-l70ﬁm>upstreamﬁefethe dam .

and is to be-an inclined type. The power'diSCharge-bf-the
power station is to be 48 m’/s. "The'headrace;roﬁte3wés
selected ‘to. be as short as possible between the dam and -
powerhouse while taking.. into consideration" topography{ :

- geology, work executlon propertles, and safety “The lﬂSlde

diameter and 1ength of the headrace are 4. 9 m and 9, 659 m,_
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12y

13)

respectively. ‘A restricted orifice type was adopted for
the surge’ ‘tank, The penstock is to be a surface type. The

diameters are from 4.9 to 3.2 m, while the length is 436 m.

:The powerhouse of Clur Power Statlon was’ selected to be an

above—ground type ‘giving cons;deratlon to t0pography,

_geology, work executlon propertieas, acoess road, and the

economid¢s. The number of’ main equipment units was made one
unit considering the scale of the electrlc power system of

_ Turkey at the time of development, ‘and the turblne and’ the

generator are to be a vertical-shaft FranC1szturb1ne (65
MW) ‘and‘ a 3-phase, alternating-cuxrrent synchronous

“‘generator (74,000 kVA) .

The SWLtchyard of ‘the- Olur Project is to be an outdoor type
and prov1ded adjacent to the powerhouse

The électric power generated at Olur Power Station is to be
sent to. Yusufeli SW1tchyard. via Ayvali Switchyard by‘ a

154 kv transm1531on line, and upon step-up to 380 kV, it is
'to be sent to load areas by‘380 kV transmission line.

The geoloqy of Ayvall Reservo;r consists. of Ayvall volcanlc_

_1ocks of lava,frhyollte, tuff and volcanic brecola, the
IPugey_Formatlon“of alternations of mudstone, warl, and
'limestOne,eand'Quaternary deposits.

© There is practically no possibility of léakage in the
-'geology of the reservoir surroundings. = The scales of
: laﬁd31ides=ét the slopes around the reservoir are small and

”;are-hot_of a degree to impair the safety of the reservoir.

‘The : geology at the Slte of: Ayvall Dam consists of VOlcanlC

breccia; - tuff. breccma, tuff, rhyollte,— and  river- bed
deposits, and there is’ sufficient bearing power as the

:;foundatlon for a rockflll dam of helght about 175 m. 1t is

CR -5



14)

15)

considered that securing impermeability of the foundation
rock is amply possible with ordinaxy cement grout.

Regafding thegﬁype of Ayvali Dam, a central impervious core

rockfill dam was selected as being . economically
advantageous  upon, considering __topography,J geology,
meteorology, materials, etc..  The . height of the dam

selected is to be 175 m, and the dam volume 9.3 x 10° m’.

Of embankment materials,:soil-mate;ials-are planned to be

obtained from borrow areéé at the Bulanik Valley 8 km

_ downstreaﬂ{.from the dah-fand the - Tavusker .Valléy 8 ‘km-

upstréam, and the materjials collectéd‘from these borrow
areas are to be used for embankment upon. adjustment of

grain sizes. For fine—grained filter, . sand-gravel ..

excavated from the dam site, and for coarse-grained filter,
excavated rock dfihigher content of fines is to be used..

Rock materials are to be collected at a quarry site on the
left bank Upstream'qf the dam,'transported,ﬁaud-bankeé,
The spillway is to be. a chute type with flipﬁbuckgt'at the
right bank and having 3 gates. The flood. discharge
capacity is to be sufficient_for PMF:of 5,270 m*/s. '

The intake of the Ayvali Project is to be an inclined type
equipped with gate,providéd at the leftfbéﬁk épproximatély
100 m upétreamufrom the dam. The power dischaﬁge-of thea
power statlon 1s to ‘be. 67 HI/S. The: penstock contlnulngu
from the ‘intake is to be a buried type. . The diameters are |
to be from 4.1 to 3.8 m, and the length 288 m.  The
powerhouse of Ayvali Power Station. was selected to be an
underground type from the standpoint df°the:1ayou£:¢f.the.
waterway system. = The bedrock at the'léft;bank'ih the
vicinity of . the dam is con31dered to. be capable of amply

withstanding. excavatlon of large.;cavern ifOr.,an

underground powerhouse. - The underground powerhouse andﬂ_

vusufeli Reservoir are to be _connected by:a. standard -
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16)

17)

horseshoa-shaped tailrace tunnel of diameter 5.4 m and
length 9,261 m.

The number of main equipment units of Ayvali Project is to

be one unit according to the same thinking as for Olur
Power Station with a turbine of vertical-shaft : Francis

turbine (125 MW) and a generator of 3- phase,'alternatlng

current synchronous generator (140 600 kVA). A main

transformer is installed in the_powerhouse, The switchyard

-of'the'Ayvell_Project is to be an outdOOr type with the
powerhouse and the switchyard coﬁnecﬁed by a 154 KV x 1 cct
XLPE cable transmission line. The'eleCtric-power generated
~at Ayvali  Power station is to be sent to ‘Yusufeli

Sw1tchyard by 154 kV transmission llne, and - upon step up,

'sent to load areas by 380 kv transmission line.

;Total constructlon cost including fdreign and .- local
‘currencies of the Oltu Project is 1,635, 052 X 10" TL (US$S

380.3 x 10%). Total construction cost including forelgn_and

- local currencies of thefolur proﬁect and;Ayvall‘Projeet_is

18)

©19)

677,364 x 10° TL (US$ 157.5 x 10%) and 957,688 x 10° TL (US$

-_222.7 x_lOﬁ).respectiVely.-

The: env1ronmental 1mpact assessment was made based on field
-1nvest1gatlons and data: collectlon durlng a. short perlod of

tlme,:and there is hardly ‘anything to be found in  the

- resuits of studies aqajnst development'of-this Project..

Further, from: the 901nts of. vxew of electrlc power supply
and reglonal development the Project should be aggress:vely

:Ldeueloped._‘However}_thorough consideration should be given
‘to. ‘the - people . living in the area with regard to
-agrlcultural land to be submerged in the reservoirs and to

other related matters.

For the purpose of beneflt cost analy51s, an 1mported ~coal

fired thermal ‘power plant capable of substltutlng the

Proiject was assumed, and the costs compared, The result of

CR = 7
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the'stﬁdy indicated that the net present value (B -~ C) and
the benefit ‘cost ratio (B/C) of the Oltu Project are
_538,944 x 10% I, (U3$125;3 x 10%) and 1.54 respectively.

And the net present values (B-C) and" the"benefit cost
ratios (B/C) of Olur and Ayvali Projects are 137;774 % 10°
TL(US$32.0 x 10%), 1.33 and 401,170 x 10°® TL (US$93.3 x 106)
1.71 respectlvely ' -

The economic internal rate of return (EIRR) was calculated
by the modificatidn market price (conversion to border
price}, Whlch was obtained by modifying ‘the market price

used in the FIRR. The discount rate at’ which the present
~values 6f the investments on’ the Project and’ ‘on the

alternative thermal power plant becomes eqﬁal-in‘the?firSt
year of the projects, is 26.82%. Thus it can be concluded

that the Project is superior unless to discount rate does .

'not exceed 26.82%.

The financial soundness of the PrOJect was evaluated by

'comparlng' the flnanCLal internal rate of return (FIRR)

based on the market prices with the borrowing lnterest rate
expected for the Oltu Project. The financial internal rate
of return of the Project is 10.68%, exceeding the expected

" borrowing interest rate of 9.5%.

Thus it can be concluded that the Project is feasible from .

both economic and financial points of view."

The economic internal rate of return'(FIRR)'and*financial
rate of return (FIRR) of the Olur and Ayval: prOJects are

0 18.72%, 9.87% and 33.05%, 11.25% respectlvely
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RECOMMENDATIONS

The Olur and Ayvali Projects are technically and economically

feasible, and it is recommended that they be developed.

Forxr realiiation_of the Project it is necessary for the fellowing'

to be implemented:

(2)

(3)

(4)
' relocation of approx1mately 4,200 people to be affected by

()

It 'is necessary for the various preparations needed for
construction such as definite designs and production of
tender documents to be made.

For carrying. —out definite designing, additional
investigations and testing are'needed regarding the items

listed in Chapter'ls; “Further Investigations," and the

results must be amply réflected in the detailed designs.
It is neéeSSary for concrete relocation plans to be
formulated regardlng the national highway to be affected by
1mplementatlon of this Progect

It is  necessary to set up COﬁcrete “plans - regarding

submer51on due to implementation of this Progect

To. satisfy. energy demand - the Oltu ProjectE should be
developed as soon as possmble . Therefore the start of

‘construction work for the Oltu Project will be beginning of
. 2000. The start of operation of the Olur Pdwer7Station
.Wlll be at the end of 2005 and that of Ayvali Power Statlon
Jln the middle of 2006.

. CR - 9
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Chapter 1 INTRODUCTION -

INTRODUCTION

The Republic of ‘Turkey had developed in the past’ as an
agricultural country, but in recent years it has switched
‘emphasis to 1ndustr1allzatlon and. efforte are’ belng continued for
growth of the national economy Providing energy, particularly
electrlc energy, is of great importance for lndustrlallzatlon,
and the Turklsh Government has given prlorlty to development of
domestic energy " resources, and efforts’ ‘are belng made for
development of 11gn1te—burnlng thernial power and hydroelectrlc

powexr based on purely 1nd1genous resources.

Growth in GNP and ‘growth of electric power w111 be more or less
'proportlonate when industrialization progresses. Up to around
-1980, this relatlonshlp was ‘not necessarlly linear in Turkey'
- because of the ehortage of electrlc power faCllltleS, but with
the favorable development of the Turkish economy on entexring the
1 1990s, . the relatlonshlo has becone roughly linear. The growths
in populatlon, GNP, and electrlc power supply from 1979 to 1930

are .given below.'

o : 197 1980 1981 . 1982 -:1_983:l-_f984 1985 1986 187 1087 1988 1989 1990
,;Gbﬂ;gmmﬁhc%g‘ 04 142 4S 3359, 51 &1 15 75 36 19 92
‘Blectic Bnergy. 55 45 68 17 44 M5 93 M3 18 MO I8 86 9s
Sugply - ' : S : - :

: Gmwm(%a_

The Turklsh economy up to 1983 had been slugglsh hav1ng been'
'affected by the eecond 011 crisis which occurred in 1978, but
plcked up from ‘around 1984 and since then development has been
 favorable, and thlS has been 1ndlcated by the smooth growth Lﬂ

' electrLc power demand ' '



1.1 Background of the Project

As principal energy resources produced in the Republic of Turkey,
there are the 5.7 x 1061xni0f'petroleum reserves, 12.9 x 10° ton.
of 11gn1te reserves and 30,800 MW of hydroelectrlc potential.
Of this hydroelectrlc potential, only 6,755 MW, 22%, had been
developed as of the end of 1990, and there is much being expected
of development hereafter of this clean and'purely-domestic'energy

rasource.

The installed capacity for power'genefation as of the end of 1990
consisted of 9,519 MW in thermal power plants and. 6,755 MW in

ydroelectrlc power station facilities for a- total output of
16,274 MW. The Turklsh‘Government ag. a long—range outloock, has -
forecast an electric power demand of approximately 120,000 GWh
_{annual. growth rate 8%) in 2000 A.D. and 258,000 GWh in 2010
{(annual growth rate 8%), and has planned an. annual .development
guantity - of an average .of 30,000 MW of Wthh. hydroelectrlc
. development would be an average of 15,000 MW. '

The ehergy resources-of Turkey'were said'in-the Anpual Report:of
1983 to be 5.7 x 10° ton of petroleum, 12, 900 x 10° ton of ‘coal,

and 30, 800 MW of hydroelectric potential. = The: productlon of
petroleum is only about 10 to 20 percent of the domestlc ‘demand .

production of coal is about 20 x 10° ton’ annually, but there is
little hard coal, with the’ greater part made’ up of ilgnlte whlch
is not of as good quality as coal, and it is dlfflCUlt for this
to be used for other than fuel ' Therefore, hard coal is used for
_lndustrlal purposes, and llgnlte for heatlng and thermal power'

statlons

On the other hand Wlth regard to hydro power, ln splte of belnglw
in a dry reglon, because of the characterlstlc that the entlre
country of Turkey is in the form of a plateau, the hydroelettrlc

potential is fairly abundant, and from the fact that itise a -

purely indigenous energy resource, the Turklsh Government hae
been aggressively pushing ahead with development._ From the point
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