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" General Plan of Alternative Development Scheme -

Flg. 8-2






9.2

8.2.1

(1)

- Comparative Study of Alternative Development Plan

‘Basic Conditigns .

Fundamental View

The méthod used for'a-COmparative'studyiof the alternative
development plan is that of considering an alternative
thermal power plant that would be built without the Oltu

project and taking the cost of the thermal power plant as

the benefit'of the project.

In ordexr to.select:the optimum de#elopment plan an imported

c¢al~fired thermal poWer'plantIWhich is supposed to be the
future main- thermal power plant is used'as-the alternative
fa01llty to-be 1nstalled in Hopa with an lnstalled capacity

- of ‘300 MW.

Alternative development plans were set up concerning

-waterway rcutes,'powerhduse:locations,-and water storage
- scales fdr  the two-stepped development with -the two

projects of Olur and Ayvali, and comparative studies were
made on these'alternative development plans to select the
optimum development plan, '

iuAS'described'in'S 3.3, deveiopment of the Olur'Project and
-the Ayvalr project will be lmplemented SLmultanaously, and

commencement of commercial operation of the Olur Pro;ect

_and the Ayvali Pro;ect will be by the end of 2005 and

mlddle of 2006 success;vely . Therefore reserv01r scales of
the Olur and the- vaall Pro;ect were optlmlzed ln the

'-wmanner that the comblnatlon of the two pr03ects as a whole

'_would be most opt;mum

Noiébnéidératicnﬁhés:beeh*made'td the case that the Qlur
' .and Ayvall: Projects would be developed individually.
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‘Equalized Annual Cost

The annual surplus beneflt (B- C) obtained from equallzed
annual costs (C) for the project life (50 years) of the

“hydropower facmllty, and the equallzed annual cost- {B) of

the alternative thermal faCLlltles having a capacity

equivalent to the hydropower facilittes are used in the

study as the Lndlces. Market prices ln July 1991 wmthout

1mport taxes are used -in the comparlsons

With regard +to ‘construction cost and fuel  cost of
alternative thermal. power plant, they are decided . from

'_standatd international prices -taking into account  the

gituation in Turkey.

The costs -of the transmission line between the Powerhouse
of ‘the Oltu. Project and the Yusufell PrOJect and the
transmission line between - the alternatlve thermal power
plant and Hopa City are omitted‘éince their:influence.on

the evaluation of the project is small.

Parameters of the alternative thermal plant are as shown in

Table 9-3.

Eqﬁalized Annual Cost

The equallzed annual cost of a hydropower facxllty ConSlStS
of deprecxatlon and operatlonnmalntenance cost..  This is
estimated by ‘multiplying : the ‘annual cost factor by the

investment cost.

Annual Cost Factor x. = -

i

' Investment Cost
= Depreciation. = + Interest o
Operation and Malntenance Cost

i

Depreciation + Interest Investment ‘Cost: x

Capital: Recovery Factor

9 - 16



(3)

~ Capital Recovery Factor =

iyt
(1+i)" -

Civil Facility
n: Service Life Hydro-mechanical Facility

Electro-mechanical Facility

:i: Discount Rate - 9.5%
Ceivil Facility 0 ' 9.6%
Hydro-mechanical Facility 9.9%

Electro-mechanical Facility 9.9%

Operation and Maintenance Cost (Rate to Direct Cost)

‘Civil Facility o 0.5%

Hydro-mechanical Facility 1.5%
ElectroQﬁechanicalfFacility 1.5%
Benofit

50 years

35 years

35 years

The beneflts of the prOJect are summarlzed accordlng to the

oost_of an alternative thermal-power plant.

_prOJect cost maxntenance and operatlon costs, and the fuel

The effective

power output and effective energy that are used to

~_according to the below. conditions.

1)

~ calculating the ‘advantages of the project, are given

-The-éfféotive power output at the receiving end is

__expressed 'by“'the' beldw "equation.  This equation

Qreduces the statlon serv1ce rate by 0 3%, the forced_

,outage rate by 0. 3%, - the scheduled outage rate by
- 2.0%, and the transm1581on loss rate by 2.1% from the
=-flrm peak output The flrm peak- output is defined as

the average of 12 monthly minimum power outputs for a-

‘study period .Thls is because a 95% output flgure'

9.- 17



2y

gives too small a firm output undexr Turkish river
discharge ¢onditions where the wet season is different

in each area.
Effective power output = (1 - 0.003) x (1 ~ 0.003 x
- (1 - 0.02) % (1 = 0.021) %

Firm peak output

The effective energy at the receiving end is ekpréssed

by the below eguation that reduces the station service
rate by 0.3% and transmission loss rate by 1.4% from

the average energy for the 43-year period.

Effective Enexrgy = (1 = 0.003) x (1 -0.014) x
Average annual energy

‘9 .18



Table 8-3 Alternative Thermal Power Plant for Optimization Study

‘Item . Unit . Description
Type ' Coal Fired Power Plant
4 Installed C&pacmty MW 300
Annual Plant Factor z 70
Thermal Efficiency b4 . 38.3
Annual Energy Production GWn 1,839.6
Investment Cost S 10% TL : 1,806,000
Service Life ' Years 25
Construction Period N _ Years _ 4
Capital Recovery Factor B : - 0.10596
‘Coal. Calorific’ '‘Value _ kcalfkg . 6,500
Coal surface Molsture _ z _ 7
0il Calorific Value - : : keal fkg : 10,500
Fuel . Consumption Rate (Coal 952) - kg/kWh . 0.353
‘Fuel Gonsumption Rate (0il 5%) kg /kWh ' 6.011
0 & M Cost, Administration Cost | - N A 3.0
Unit Fuel Cost (Coal) _ - . TL/kg 205,1
Unit Fuel Cost (011) TL/kg : ‘ 552.0
Annual Cost ~Fixed Cost | Variable Cost
Capltal ‘Recovery 10% TL 191,363.0 -
0 & M Costy Admlnlstrﬂtlon Cost 10% TL 48,762.0 5,418.0
Fuel Cost - 108 TL : - 144 ,3664.1
Total fff ] Tt 240,125.0 149,782.1
Annual Cost at Rece1v1ng End 7 _ _ _ o
" KW, Cost : - 1 TL/KW . ©1,018,133Y _
_ kiih Cost i S TL/kWh : 87.85%
L 260,125.0 x. 106 TL : . '
1 1, 2723> = 1,018,133
oy 300,000 KW x IS
1497021 %108 TL . .
.2 1.679% = '87.85
2 1,839.6 x 10° kWh * : _
3) ' Adjustment Factor for KW & k¥h
D Item Ky Kith
‘Transmission Loss Rate (1) 1.4 1.1
- Statlon: Service Rate {X) 5.6 6.3
Forced QOutage Rate (I} 4.0 -
- 8cheduled Outage Rate (%) 12:0 -
I kW.A€jus£mént Factof = - : - 1 .
ppt BERJTRTEERE AEE (1-0.014) x (1-0.056) x (1 ~ 0.04) x (1-0. )
= 1,272 : :
* kWh Adjustment Factor —w -t —— = 1.079

(1.~ 0.011) x (1 - 0.063)
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9.2.2 Aiternative Development Plans

(1)

olur Project

1)

Olur Dam Site

In. the 1982'Master_Plan, the site'for O]ur’Dam'was:
selected in the vicinity 6f EL. 1,100 m downstream of
the v1llage of Duracik, but in the 1990 Master Plan,'
the dam site was  changed and-selected at a: po;.nt:'
approxxmately 600 m furthex upstream and in the
vicinity of 500 m downstreant of the same hamlet. _
Other than these two dam sites, both upstream and 
downstream- parts have valley w1dths which :are
extremely large, and there are no sites suitable fox

dam construction. -

During the master plan stage, approximately 1,100 m of
drilling . investigations were carried out at the
downstream dam site. For the upstream dam site, new”

: drllllng lnvestlgatlons were started before the tlme

for commencement of the FeaSLblllty Study ACCOIdlng
to the results of drlillng lnvestlgatlons and
subsurface geologlcal 1nvest1gatlons up to thls time,
large differences have not been recognlzed between the
geologlcal condltlons of the upstream and downstream
dam sites. ' '

To select:the optimum dam site, comparison of costs'ef
these two dams by preliminary de31gns were carr;ed out
adoptlng rockfill type dams with - upstream. slopes
1:2.4, 1:1.9 respectlvely as shown in Flg 9-3. The

_general plan of the dam was d931ded ‘based on the

topographlcal condltlon bypass and splllway both to be
on the right-pank side in‘case of the upstream site.

_For the design flood dlscharge of the splllway, 4, 950f

m’/s was selected from the Master Plan,

9 - 20



‘The fesult'of the comparison is showh in Table $-4.

The dam volumes would be 3.7 x 10 ¢ m® in the
‘downstrean site, and volume in the upstream site would

" be, 30% smaller than that in the downstream site.
Further;ISince.the twb dam sites are close to each
' othet}’the difference in storage capacities is only 3%

and small.

Therefore,'it is thought to be reasonable to adopt the
. upstream site in the Master Plan Report.

9 - 21 .
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Table 9-4  Comparative Study on Olur Dam Sites

(2)

. (L) Difference
U Items Unit Upstream Downstream ((1)y -
Site Site (2))
Outline of Main Structure
Effective Storage Capacity.| -108 m® 145.6 150.1 b b
biversion Tunnel '
Number of tunnel -1 1
Inner dismeter x length “m ‘5.4 x 500 5.4 x 500
Dam - o , : _
Crest elevation m 1,104.0 1,104.0
Height of dam . 131.0 136.0
Crest length T m ' 310.0 390.0
Upstream slope 1:2.4 1:2.4
~ .Downstream slope. 1:1.9 1:1.9
Spillway : S -
Design discharge m s [ 4,950 - 4,950
 Gate type x number radial’'x 3 | radial x 3
- - Width x height m 13.6 x 16,0 | 13.6 x 16.0 | _
Headrace Tuhnel - m 8,500 8,250 +250
Quantities of Main
Construction Works
Excavation for Dam'. 10° m? 1,020 1,270 250
~ ‘Tctal Dam Volume _ 10% m? 3,693 5,227 -1,534 "
Drilling for Grouting - m 29,000 34,000 -5,000
Excavation for Spillway 103 o’ 790 920 -130
'Cbnstructibn Cost
Dam 10° TL | 129.6 167.7 -38.1
. Spillway - - -10% TL |, 48,3 . 51.7 -3.4
~ Headrace Tunnel 107 TL: 120.5 116.9 +3.6
Total 108 L 2984 336.3 -41.5
Annial Cost (C) ERTLE | A I A 1505 -5.7
Annual Benefit (B). 10° 1L | 124.4 o | 124.6 40.2
‘Annual Surplus Benefit (B-C) | 107 TL | 79.6 74,1 +5.5

.23




2)

'olur Powerhouse Site

' As shown in Fig. 9-4, the powerhouse site in the

Master Plan was seleoted at the left bank of the Oltu
River at rlver»bed elevatlon of 943 m in the area of

- the Kdpribasi village, but studles - ipncluding

alternative sites have not been made The Oltu River
downstream of the Olur dam site is of a gentle
gradient of about 1/200 at the stretch of 13.5_km to
the river-bed elevation of”955 n dowhstream'of the

Savgurun vrllage upstream_ of the powerhouse site
(hereafter referred to as "OPM Bite") selected in the
Master Plan, but ln ‘the 3. 5 km stretch from thls.
vicinity to the nelghborhood of EL. 928 m at the
downstream end of the downstream Pokans village,. he

- river gradient is about 1/130. However, the direction

of flow of the Oltu Rlver from Olux Dam to the
v101n1ty of the Pokans village bends largely to the
left side and when the short ~-cutting effect .of the

'waterway is consrdered the real. rlver gradlent-

corresponds ‘to  about 1/100 Especmally, between

_downstream of the Savgurun village and ‘the Pokans

village, the direction of . flow of the meanderlng Oltu:
River intersects dlagonally on the 1n51de with the
power station waterway, and in real terms, it is a

steep gradient of around 1/80.

The river- bed gradlent of the 15 km sectlon from’ thed__z

downstream end of the village of Pokans to the Ayvall
dam site is about 1/150. ‘The dlrectlon of flow is a
straight line as a whole, and in’ addltlon, downstream

of the lower end of Pokans there is. a mountaln ‘stream-

of gentle rlver gradrent flowrng in at the left—bank‘

‘side, and if the headrace" lS to be extended further~

downstream than this mountaln stream, it would ‘be
necessary for a large detour to be made around thef

9 24



upstream part of this stream, and the actual river
gradient to. the Ayvali dam site will be about 1/150.

Consequently, in ‘daSe“ of selectihg the . powerhouse
location for the Olur ‘Project upstream of the OPM
.Slte, idle head would be produced unless Lhe scale of
Ayvala Reservoir is increased. In the stretch from
‘the OPM site to the downstream end of the downstream
Pokans village, the real river gradient will become
sﬁéeper the more that the”po@erhouée site is selected
downstream, and improvement in the economics of the

~plan can be looked forwaxrd to.

Because of thls, as alternative sites for' the
powerhouse, the three SlteS of OPJ, OPT, and OPK were
selected besides Lhe OPM Site as shown in Fig. 9-5 and
Table 9-5 and comparlson studies were made.  In
' La;rylng out the studies, the high water level in the
Olur Project was made the same EL. 1,100 m as in the

' Master Plan. In the Master Plan, the headrace is. to
cross the gully' immediately- upstream of the OPM
.powerhouse site by an aqueduct, but since this gully
has basement rock exposed at. the river bed above EL.

1, 070 m, the headrace ‘crossing po;nt was moved about
:200 m upstream from the location in the Master Plan
for CrOSSlng to be achieved going through the
"foundatlon rock by tunnel ' And tail water level was
set. at ‘EL. %44 m consi lng elevatlon of river bed

-and sedlmentatlon in the future.

The result of the study is as given in: Table 9-6, and

~ s;nce the OPK alternatlon prov1ded highest annual

'1Sufplus.benef1t, the unit energy cost at a minimum,. it
is considered as the optimum development plan.

: 9~ 25



But the difference with the OPT site ~is small,
consequently, the optimality of the OPK site is to be
confirmed at the stage of feasibility design.
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Outline of Alternative Development Plan of Olur Project

Table 9-5
: Name of Alternative
Item Unit : :
‘OPM oPJ | OPT OPK
Gaﬁchmant Ares km? 3,509
Annual Inflow 105w’ 655.65
Reservolr

High Water Level m 1,100.00 -

Low Water Level m 1,078.00

Available: Drawdown M 22.00

Gross Storage Capacity 10% m? 244,10

- Effective Storage Capacity 106 w? 145,60

Water Surface Area 108 ms 9.03
Dam o

Type: Rockfill

Height m 136.0

Volume 108 m? 3.5
'Headrace Tunnel S : o -

Type Pressure | Pressure | Pressure | Pressure

Length km 1 8.10 9.67 9.30 ] 9,66
Penstock = .

Length m 393 325 428 436
Development Plan _ o _ R
' Normal Water Level m 1,092.70 | 1,092.70} 1,092.70} 1,029.70

.Ta;l Water Level m 944,00 934;00 .930.00 | 929.00

Gross Head . m "148.7 158.7 . 162.7 163.7
Effective Head m 139.7 148.5 152.4 153.2

Firm Discharge mfs 1.1 ] . 11 11.1 11,1

Maximum Discharge mfs LA TN bt 4 44,4

Installed Capacity MW _54.0 57,4 58,9 59.2
Cbnstfuctioﬁ Cost . _ . |
 Relocstion Read 107 TL 12.7
.. Comp Facilities 167 71, 5.0
- Land Acquiqiuon 10% TL : $0.9
. Givil Work 10%TL | 255:8|  272.9 278:1|  275.9
- Hydraulic Equipment. 10° TL 28.0 27.7 29.4 28,8

Electrical Equlpment 10° TL | 645 ' 67.5 69.3 | 69.6

Contingency 10% TL | - 32.0 " 33.8. 35,5 | - 34.3

|- Engineering and Adm;nl,_ 10%.TL } - 36:61  3B.6 39.6 39,2
~Interest during’ =~ 1107 TL 106.5° 111.9 113.9 113.3

'-.Const?uc?;on T R S : o

. Totsl ! 10° TL |0 . s92.1] 620.9 633.2 629,7
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Table 9-6 Comparative Study on Alternative Devellopment Plan of Qlur Project

Name of Alternative

Description Unit
) aE 0PM 0PJ oPT OPK
High Water Level m 1,100.00 [ 1,100.00 | 1,100.00 | 1,100.00
Low Water Level . " 1,078,004 1,078.00] 1,078.00| 1,078.00
Available Drawdown m 22.00 22.00 22.00 22.00
Effective Storage m> 106 - 145.60 145.00 145,60 145.60
Capacity' ' : ' :
Tailwater Level m o44.00 | 934.00 930.00 929.00
_ | o 3
Effective Head - m 139.70 148.50 152.40 153.20
Maximum Discharge m*)s hh 4 by 4| ay .4 bbb
Installed Capacity M 54.0 57.4 58.9 59.2
Firm Peak Power MW 45.2 48.2 49.6 50.1.
EuergYﬁPfﬁddction _ B . _
‘Average Energy’ - GWh - 202.5 -212.8 216.7 217.6
Firm Energy ~ GWh 112.3 118.0 120.1 120.6
Unit Benefit Value [T R -
Firm Peak Power TL/kw | 1,018,133 | 1,018,133 | 1,018,133 | 1,018,133
Average FEnergy TL/kWh 87.85 87.85 87.85 87.85
‘Benefit (B) . _
Firm. Peak Power 7L 107 43.9 46.8:| 48.2. 48.6
" Average Energy TL 10° 17.5 18.4 18.7 18.8
Total . TL 10° 61.4 6.51 66.9 67.4
InVéétment;Co$ﬁ L o o
Civil Facilities TL 10° 469.8 494, 2 500.4 497.6
Hydro and Ele.-Mech. | TL 107 122.3 126.5 130.3 130.1
o Eq. e ' _
Total. TL 107 592,1 620.7 630.7 627.6
Annual Cost (C). DU DR . oy
 Civil Facilities TL. 10° 47 .4 49.9 50.5 50.3
"Hydro ‘and Ele.-Mech. | TL 10° 13.9 1h4.4 14.9 14.9
CEBgu o TL 10° S ' '
Total = 61.4 64.3 65,4 65.1
Annual Surplus Benefit | TL 107 0 0.8 1.5 2.3
Benefit Cost Ratio 1.00 1.01 1.02 1.03
(B/C) : '
Unit Annual Cost - TL/kwh [ 303 102 302 299
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(2)

‘Ayvali Proiject

As shown in_ Fig. 9-5, the site for Ayvali Dam has been
selected at a point of river-bed elevation 808 m downstream
1,700 m from the confluence wifh-the'Tavueker River, a.
major tributary. During - the master ~plan  stage,

approximately 1,000 m of drilling :investigation were

.carried out at the site.

For the effective utilization of the remaining catchment
area of the Olur Project,; the dam site should be seleCted
downstream of the Pavusker River confluence, while
downstream of the dam site presently selected, there lS no
site’ sulted for a dam, and upstream, there ls ne sultable

site between this and the confluence of the Tavisker Rlver.'

-_Therefore, the dam site presently selected is the optlmum _

site.

The Oltu Rlver downstream of the Ayvali dam Slte has a

'rlver bed gradlent of about 1/100 in the stretch of 3.4 km-:
‘to the Kenonpos v1llage river bed elevatlon of 775 m, whlle

'ln the 5.4 km_stretch from Kenonpos vlllage to 1mmed;ate1y

upstream of the. powerhouse . site selected. in the Master
Plan, river bed elevation 735 m 1n the Sakartepe DlStrlCt,
the gradient is about 1/140. ' At the 1.5 'km from: the
Sakartepe District to river bed elevation of 700 m 1n91de
vusufeli Reservoir, the stream is terrentlal Wlth a rlver
bed gradlent of 1/40. '

The Oltu River from Ayvall Dam to the end of the backwater =
of Yusufeli ReserVOLr meanders dellcately, but as a whole,"
it flows in a straight east-west line, and . when the'
shortcutting effect of the power staulon waterway 13_
considered, the real gradlent is about - 1/90

in the Master Plan, the headrace-fpute haSTbeen eeleetf‘sd_aut:'"5=

the left bank side, with a surface type;powerhouse'planned'ﬂ
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‘at the Sakartepe site, but as stated in.9.1.2, there will
remain an idle head of more than 15 m to the high water
level of Yuéufeli ‘Regervoir, and when the water level
variation of Yusufell Reservorr is considered, this value

would become even laxger.

'If.AyVall Power Station is made an underground type, it
would become possible for the Anzav Valley-to be crossed
deep underground with' a tailrace, and the tailrace outlet
can'be'selected inside Yusufeli Reservoir. Consequently,
the head between Ayvall Dam and Yusufeli Reservoix would be
effectlvely'utlllzed completely Therefore, as alternative.
'development plans for the project, in addition to the
powerhouse site (herernatter referred to as "APM" ) selected
in the Master Plan, two other cases were selected. The
case of providing an:underground-powerhonse at the left
bank, immediately downstream of Ayvaly Dam (hereinafter
referred to “as "APU“) and discharging' into Yusufeli
Reservoir by a tailrace, and a case of providing also an
underground powerhouse at the left bank at the Qakartepe
District (herelnafter referred to as "APL") and dlscharglng'
into Yusufeli Reservoir by a tailrace. A total of three

cases were selected and comparative studies were made.

Regardlng a rlght bank side waterway route, because of the
geology of the dam-site rrght bank, the-topography and
"geology of the Anbarkaya valley at the right bank
lmmedlately downstream of the dam, and further, the
'ex1stence of the Bulanrk River and Ohur Bahcesi Valley in
_ the area at the end . of the waterway, it was found to be
':more dlsadvantageous than’ 1eft ‘bank side routes. §o it was
not considered as an alternative development plan for the
prOJect...'

Comparatlve studles of ‘the alternatlve development plans

were made con51der1nq hrgh water level of Ayvall Dam as EL.
940 m.. The results of studies are as glven in Table 9-7,
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and since the APU alternative provided the highest power
generation. capability, while construction cost was a
minimum, it was considered as the optimum alternative
development plan.:  As for the APL alternative, 'comparativé
study with APU is also to be made at the feasibility de:s'ign
stage.
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Table 9-7 Outline of Alternative Development Plan of Ayval Project

Mame of Alternative

Item Unit
- APM APU APL

Catchment Area Tkm? 4,517

Annual Inflow 10% m? 813.0

Reservoir.

High Water Level m 940.00
. Low Water Level m 900.00 -
Available Drawdown cam 40.00
Gross Storage Capacity. 105 m? 447.10
Effective Storage Capacity | 10% mw’ 283.60
Water Surface Area | 1085 m? 10.17

Dam :
Type Rockfill
Height m 185.0
Volime 108 m* 10.9-

Headrace Tunnel o L
Type . Pressure - Pressure
Length km "8.5 - 7.6

Penstock s _

. Length m ©o. 940 290 320

Tailrace Tunnel | L ,

Type - - | Non Pressure | Non Pressure
Length ~km - 9.3 2.1

DeﬁeIOp@ent3Plan ' : : : _

Normal Water Level ‘m 92670 926.70 926.70°
- Tail Water Level = 0 725.00 700.00 700.00
Gross Head . m 201.70 226.70 226.70

':'Effeétive'HeadV- m -187.70 2314.20 213,70
Firm Discharge m/s T 17.86 17.6 17.6
Maximum Discharge n/s T70.4 70,4 70,4

C'Installed Capacity - MW 117.47 133.4 133.1

_Construction Cost ; '

Relocation Road 107 1L 34.0

~ Comp Facilities 10 TL- 5.0

© Land Acquisition 10% TL _ o 42.7 _
Civil Work . 107 7L 53,4 536.1 550.9
Hydraulic Equipment - 10? TL 33.2 25.2 27.9

' Electrical Equipment C10° TL |- 95.4 - 108.4 108.2
Gontingency. . "10° TL | 63.5 65.5 67.2
Erigineering and  Admini. 10° TL | £ 69.9 70.9 72.6
 Interest during S 107 TL | 1209.5 - S 212.1. 217.1

Construction : '
Total 10° L 1,084.6 1,099.9 1,125.6
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Table 6-8 Gomparative Study on Alternative Development Plan of Ayvah Project

Name of Altérnative

Item 'Unit
_ . APM APU APL
High Water Level m 940.00 940.00 940.00
Low Water Level m 900.00 800.00 900.00
Available Drawdown m 40,00 40.00 40.00
Effective Storage Capacity m? 105 283,60 283.60 283.60
Tailwater Level m 725.00 700.00 700.00
Effective Head m 191.8 217.9 217.3
Maximum Disghérgé mifs 70 - 70 70
Installed Capacity M 117 133 133
Firm Peak Power MW 95.7 - 110.8 110.4
Energy Production _ .
- average Energy " GWh 364.2 409.1 407.9
Firm Energy GWh. 246.1 276.5 275.3
Unit Benefit Value | R S
Firm Peak Power - TL /KW 1,018,133.00 | 1,018,133.00 | 1,018,133.00
Average Energy ‘ TLikWh § 87.85 | - 87.85 87.85
Beneflt (B) O & o . _
Firm Peak Power. TL 10%. 93,0 107.6 107.2
' Average EnbLgy : CTLo10? | 31.5 35.3 35.2
Total TL. 107 12404 . 142.9 142.4
Investment COSt T PR Do : _
Civil Facilities . CTL 107 911,86 918.7. 940.9
Hydro and Ele.-Mach.. Eq TL 10° 172.9 _ 181.2 . 184.7
: Total TL 10%. 11,0846 '1,099.9 1,125.6
Annual Cost fé)Adr‘ S o _
Givil Facilities : PL 10° .92.1 92.8 95.0
Hydro and Ele.-Mech. Eq TL.16% 19,7 20,7 21.1
Total TL 10° 111.8 113.4 116.1
*Annual Surplus Beneflt (a -¢y | T 109 12.6 29.4 26.3.
Beneflt Cost RatiO'(B/G)L 1.11 1.26 1.23
Unit Annual Cost TL/kWh 307 277 285

9 . 35




9.2.3 Reservoir Scale

(1)

Reservoir Operation Study

The annual average inflow at the Oluy dam sxte is 21 nﬁ/s,
w1th the snowmelt perlod of Aprtl to June correspondlng to
the hlqh water season, 63% of the annual inflow occurring
during this period. The inflow during December to;Februaty'
corresponding to the low water season has 9% of the annual
inflow, and the seasonal variation range of inflow is not
narrow. The minimum value of annual inflow is 39% of the”
average inflow, and the maximum value 180% ‘The - maxxmum
value of - aunual inflow is 4.6 times the mlnlmum value;_
Although the annual average inflow at the Ayvall dam 51tet

‘is 26 nﬁ/s, the trends of seasonal variations and year to

"year variations in inflow are exactly the same as at the

Olur dam Slte. ‘

In thistaj, regarding the stdfége‘capacity in the Olur
Project, because of-topographical Cdnstraints at the dam
site, a high water level ‘elevation of 1, 100 m and effectlvef
storage capacity of 250 x 1061ﬁ are the llmlts, ‘but with a

regulating capaCLty'of this degree 1t would not be p0581ble_;"

for . lnflow to be: completely averaged. In the remalnlng
catchment area between Olur Dam and Ayvali Dam, there is an
inflow of an annual average 5 m*/s corresponding to 20% of
the inflow at Olur Dam. Théréfdréf it is necessary for
effectlve utlllzatlon of inflow for power generatlon to:
have some degree of storage capaC1ty in the Ayval;_PrOJectri

also.

The calctlations of energy'géﬁeration forfthe3study were

carried out by electronic computer using' the monthly :

infloWs' for the 50-year perlod from October 1940 to.
September 1989

9 - 36.



Defining firm discharge as the discharge which can be
'utilized for power generation at all tlmes durlng 95% of
the 50-year perlod it was determined u51ng the mass curve
of inflow so that flrm dlscharge would be a maximum.

For Ayvall.Réservoir, the.inflow at the Ayvali dam site was
taken to be the discharge after operétion_df Olur Reservoir
by mass curve to 'which the runoff of the remaining
catchment area between Olur Reservoir and Ayvali Reservoir
was addéd._ Figs. 9 6,‘9 7, and 9-8, and Flgs. 9-9, 9~ 10
and 9-11 respectively show the area capacity curves, nass
curves, -and the relatlonshlp between etfective storage
capa01ty and flrm dlscharge of Olur Réservoir and Ayvall'
Reservoir.

‘As for energy calculatlon, the mass curve rule was used for
the ideal operation so that overflow would be small. ,The
:1rr;gatlon dlscharge_from the reservoir to the downstream
araa. was ignored{:

fThe normal operatlng water level (hlgh water level - 1/3 x

‘drawdown) was glven as the standard intake water level to
.. be the basms for turbine generatlon design.

9.~ 37
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Cumviative Flow (of/s-d) Cumuiztive Flow (m/s-d}

Cumulative Flow (rd/g-d)

40, 000 —~ : — -~ . — - —

30, 000 S S — —] : S - |- R

14, 000 e e

0 [ | ] | ';' ' ) : |

I |

S AL L AP A FAEFFEE T

0000

5408 1441 TL942 1943 . 1944 1545 1948 1947 1948 1949 1950 1954 1952 1955 1656 1857
40, 000 —— _ - E . N
30, 000 i E— 28 - : S M SN

20, 00D \/\\/\J\\’\ _ f:‘_::-nt?/_\\//\\/\ ;. e

10, 000 - 1 _ — _ | - B I S R NN

A B e

2000 O T

V958 . resy 1980 . {1961 vsEz 1965 V066 1967 1968 1489 1970 T e 1872 1973 1574

40, ¢00 *’ ] l - : l —'-4———| —- — I
. : : I
30, 000 - e s — = -
20, 000 ' | i S t R S |
10, 000 — -t ‘:‘\/_\A - ~.-'—1 R -
D B I IR I el B R A

O T A T A R T IR AR

vars |- 1e7e orer? BT A e 1982 T © 7 o19me 1985 : +98% 1930

" Fig.97 . Mass Curve at Olur Dam Site
o 9 . 39






{md/s)

Discha_rg'e

‘10

20

Average Discharge 20.79MYg

Firm Discharge

—“Minimum Firm Discharge 4.58MJs

wo - 200

Effective Storage Capacity (x 10°rm?)

" Fig. {9-3 E Effective Storage Capacity and Firm Digcharge at Oiur Dam Site -

9 - 41

300



20MIBSBY 1EAKY J0 aAIND Auoeden-gasy m.-m._.m_m -

W0l IRNTOA

06 956

BWNOAN

508 11] 056
O0LO pP| OLT OF 096
0F6 vo8| L22 8 | 0%6
0806.2| 24897 026
006 612 £€9246G | 016
o_ummm_ SIL¥ ! ocs
01.L0211 vv8 € ! (68
00698 | L1862 | 088
029 09 | BEc 2 | ou8
Ov2 6% | 1581 | 098
00g ez | OI® 1| oce
09911 | 116 08
0GE¢ v oG 0¢8
08¢ 802 | 028
0 _ 82 g8
0N | Gweon [ (un
SNNTOA | Y3EY [NOUWAIT3

{WeQll VA YV

—— 018

0Z8

toce
ov8
0c8
098

.. 028

oss
068
006
Gl18

0<e

oge

ov8
0686

1

42

"NOILVA I3
g

Sw)




AR

i

]

SRR
[

",[ttr_':_

1350

T

$

1948

RN
JLLLE i

1974

f_ll

:iljjgjifjigﬂrl.t

i
R

sa7y

L

_IE?_?

i

Pt

REENH
L

Ly
1973

T

1

— e

I | "m

—

-/

[
i

iy
3
s
1=
Tnm
i

ERNEH

i ;iii&
f

T

Ll

Py

Tt '
AL R
LE

LA L

W

b

RN RSN

[};“,

" iga:

T

.942

ARREARANEY
P

!
bo b

197

lAJWf -
. ° 1

i

19ce |

;
]

1938

Fo—

i
i

. RREZ

!
+0E) ; G2

N
Ak

13
'

1 '
R e 1 '
3 ri‘.,' NN E S
SRR ¥ i it
o 3 H
1
)

LLpis
L
L

|
i
1
!

n
[RRN

rera

7

T

Y

20, 000

10, 0600

) =—=g=?

(PeS/T) MO}y 3:2@3

-10, 000~}

g

30, 000 ——
20, 000
10, 000

(pS/3) #OT4 BAITRIRUN)

40, 000

30, 000

©(p-S/Mm)  WO14 anlyeinen)

20, 000

16, 000

Masg Curve at Ayvali Dam Site

Fig. 9-10

9 - 43






{m¥s)

Discharge -

30

25

Average Discharge ~ 25.78mys

Minirmum Firm Dischafge 6.22m¥s

" Vo: Capacity of Olur Reservoir |

oo =0 a0

~ Effective Storage Capacity { x (05m®

Fig. -1  Eftective Storage Capaqéity and Firm Discharge at Ayval Dam Sie

9:~ 45

400



(2)

Study of Reéservoir Scale

1)

OlurgProject

The annual = sedimentation at the Olur dam site:_ls
940,000 m* as mentioned in 6.2.4. Therefore, the low
water level of Oluf'Reservoir was made EL, 1,077 m to
secure. sedimentation capacity of 100 years, -with
effective storage capacities set above this level, and

comparison studies were made.

The‘outputs'of the power station were decided based on
firm discharges with peak operation duration time as
6 hours, and rough- constructlon cost of each case was:

estlmated at the price of July 1991,

 ThHe regulatlng effect of Olur Reserv01r w1ll extend to
_the downstream Ayvali Pro;ect, and the study was made
-by varylng the effectlve ‘storage: capacxty of. Ayvall

Reservoir in numerous cases 1n relation to the various
effectlve storage capac1t1es of Olur Reserv01r, and
comparlng the annual ‘surplus benpflts of the Olur and
Ayvall projects.

The results of the study are as shown in Table 9- 9 and

_Flg 9-12, and regardless of the size of the effectlve

storage capacity of Ayvali ReserVOLr, the annual
surplus benefit of the Olur and Ayvali projects
together in the v1c1n1ty of ‘the - effective” storage'
capa01ty, 200 x 10%°'m?, of Olur Reservolr is maxxmum.

Consequently, the optlmum scale of Olur Reservo;r Wlll__..

tentatively be considered as 200 x 10° m’, but sxnce.

" the value of the surplus beneflt was: very close to”'

those of other cases, a study of’ optlmum effectlve

'storage capacity was made along w;th optlmlzatlon offe

the helghts of Olur and Ayvall dams.e
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Ayvall Project

-The‘annuai Sedimentation'at~the.Ayvall'dam-site, as

stated in 6.2.4, is 1,200,000 'for' the entire
catchment area, and considered for only the remdlnlng
catchment area between Olur Dam and Ayvali Dam, it is

- 1270 000 m*. .As described in 5.3.3, completion of the

Olur Progect is planned six -month before the nlanned_

completion of the Ayvaliy Project, but even if there
 were to be an interval of 10 years from the time of
- completion of the Ayvali Project until completion of

the Qlur Project; the 100-yeax-sedimentation in Ayval:i

_ Reservoir would be 39,000,000 m®.

In this case,_théilow water level would be EL. 860 m,
‘and - giving consideration to the - fact - that the
frdlscharge water level of . the Olur Pro;ect Wlll be
928 m, the reselvolr %cale was studled w1th low water
”level at EL. 900 m.

The métﬁdd df:détermining_output_Of'the power station

was the same aS'the caSe of (1), Olur Project.

" The IQSL]tS of studles are as shown in Table 9- 9 and:

Fig; 9- 13 ‘and surplus beneflt would be maximum. in

" case of "the - effectlve storage capacxty of - Ayval;
Reservoir. about 150 x 10° m®  at effectlve storage

=capac:.ty of Olur Reserv01r of 200 x 10° m

"-jHoWévér}"thé*differendeé“with:the_casés”above and

below are small and it is not possible to judge'the
.optiﬁum.point”ﬁith:certéiﬁty ‘Therefore, optimization
" of the plan . is to: be ‘aimed for carrying out further
“comparlson studlesrln deta;l_through comblnatlons_of
- high watér_level and effective storage capacity.
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2.3

9.3.1

(1)

Optimum Development Plan
High Water Level and Etfective Storage Capacity
Olur Project

As the optimum scale for water storage in the Olur Project,
the conclusion of 200 x 10% n® has tentatively‘been,obtained
in thé study of 9.2.3. The study of 9.2.3 made comparisons
varylng storage capacities with low water level of the
reservo;r as constant. But here, in order to determlne the
opt imum developmeht plan, the low water_ levels for -
200 x 10° w’ and effective storage capacitiQS' above and
below thlS were respectlvely varn.ed and comparlson studles
were made u51ng combinations with a number of hlgh water'
level for the individual effective storage capacities.

In enethICa1Culation3'by mass curve, . the fréquénéy of use
of the reservoxr is high since operatlon will be done in a.

_manner to minimize spllled quantlty as’ much ‘as pOSSlble

And. there Wlll be that much hlgher frequency of reserv01r'
water level dropping to_low water level. However, it is

‘conceivable for ‘there to be cases of it being more

advantageous to operate at high reservoir water levels,
even if spilled water may bé increased slightly,'and carry
out high-head operation. In studying high water level, it
is  important for ‘the factor of head espec1ally- to: be
reflected in electrlc energy' calculatxons. Therefore,
energy calculatlons were made by the Dynamlc Program (DP)
method in Wthh reserv01r operation is done ideally judging-
by the two aspects of available water and. head ‘Flow chart
of energy calculation is shown in Flg 9- 14 |

The results of the study ére as shown in'Table_S-io:énd?"
Fig. 9-15,'and'regafdlé53”0f the size of stqrageTCaPACity;
even if dead 'storage capacity Cis: éet_ larger than
sedlmentatlon CapaCLtY and dam helght is 1ncreased this

"9 -~ 5h



will not result in increase of surplus benefit, and the
~economics of the project will be worsened. - Consequently,
if the optlmum effective storage of Olur Reservoir is taken
to .be 200 x 10% wm®, 1,105 m will be optimum as the high

water level of the reservoir.

The runoff regulating effect of Olur Reservoir will extend
not only to the Olur Project, but also to the Ayvali
Project, and as described in 9.2.1, “the project was
Optimized in the fanner that' the combination of the two
prOJect as a whole would be most optlmum  Therefore, the
optlmum effective storage capac1ty of olur Reservoir is to
be decided by a study in comblnatlon with the Ayvali
Pro;ect.-
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Ayvall Project -

Regardlng the scale of the reservo;r in the Ayvall Project,
as a result of cemparlson studies flxlng low water level at
EL. 900 m as shown in 9.2.3 and calculating energy by mass

. curve,  the . optimum effective storage capa01ty is about

150 x 105 m®

Here, similarly to.(l),[OlurAProject,'in order to determine
the optimum-development plan, the low water levels forx
150 x 10® m* and effective storage capacities above ~and
beloe this were respectively varied, and comparison studies
were made using coﬁbiﬁations-witb a numpber of high water

. levels for the individual effective storage capacities, and

he energies used in the study were calculated by the
Dynamic Program {DP) method.

With a reservoir, there are the effects of averaging
inflow, and of storing runoff of the wet season and

. supplementing in the dry season by discharge. In a case
like the Olur Project in which there are projects upstream

and doWﬁstream; the runoff'supplementation effect on the
doenstream prejéct- is exaCtly the same régardless of
whether the effective storage capacmty is secured at exther-
the upstream or downstream reservoir. Slnce the Ayvall
Project can enjoy the effect of the upstream Olur Project,

- if the effectlve storage capaclty required for averaglng

lnflow is secured at Ayvali ReserVOLr,_the effect on the
Ayvall Pro;ect would not be different regardless of whether

any effectlve storage capacity beyond that is secured at
'_elther_reserv01r, Olur or Ayval:.

' '-ACCOrdingly, a comparlson study was made on the effective

torage capa01ty of Olur Reservoir of 200 x 1061n and cases
of scales above and below that varytng the low water 1evel

' and_effectlve storage capaclty of the Ayvall Project.
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The result of this is as shown in Table 9-11 and Fig. 9-16,
and fox the Ayvall Project the surplus benefit would be a
maximm in the case of effective storage capacxty of Olur
Reservoir. 200 x 10° m®. and . the effective storage capaC1ty
150 x 10°%° m®, high water level elevation of Ayvall Reservoir
930 m, and this would be the optimum plan.. Conseqﬁehtly,
it was flnally confirmed that the effective " storage
capacity of the Olur Praject of 200 x 10° m® selected in (1)

above is alsc optimum.

960



- pafoug

leAky JO [2AST 1318 UBH pue Ayoedes ofeiolg 9ARDaya uO Apmig uonezILNGO ‘91601

[w) wog Hoaky  jo. [9A37 J9iDAn YBiH

ov6 - 0%6 _ 028 3 . 016 006
. SR _ 1 — LYo
gug0Ix08I= u ki \\
mEm.Om % .O_ON = 7] | ——————— o
g mom 1002 = Aopdps 10Alasay o
£WaOl X 002 = AI20do? 1OAIRS3Y 11oAky - oS’
W 501 umoo_ = ADDADY  NOAI3SEY 1IDAAY
o boos

e U0l XOB1 = KioDd03 110AIeSay  NDARY .

no

1walory oMy g

L {LgON

.30 -l1jBuag sMding [PHuLy  PIJOINWNDDY

9 -~ 61



T892 |. Lad4 £L82 £92 VA £ .87 492 kT4 - 8982 SL2 £92 L63 uMd/ 1 k 1500 TEOUNY JTUR
LZ°T av T 1T T 87 1 T "t T BE'L 1T 271 9T 50" T L C{nfd) oT3IVY 380D 3TISUAE
7Ty T8¢ FANa T owtgn L°8€ 9°L . a gy 9o £°4 T % £°0n L% Th 50T (o-q) uﬂmmnmm.miﬁnunm TERTEY
S 8§T | §7e8 9-69 0749t 756 9759 6341 £°E0T 9769 g7 18T ZTEIT | TT8% I G0 : Loy Asoy Tenuuv !
%7285 T 018 £ L9 T°965°'T | 426 £71L9 0 EL9'T L arTo0'T | ErTe9 6'09L°T [-STBRO'T .} £7TLS L. (0T 3500 IUSWISIAUL
¥ 10T 0"%2T Tl ¥ 11e THET ZTULL | 12T - 07wl 679 6°52T- T 9T2ET £°€L 1L 50T . (g} 3TIauad
6°9¢€¢E 8602 T L2T 7I6YE AT A4 0°TET " 2'89¢ £ gkRZ AN rA g*18% £ 28T T°6TT MG - hwn.wﬁm‘ﬂu..nm
£7 505 67£9¢ A 9°L29 ZT58E 5 202 FAFA - A1 ST INE $T09% 2T9EY g YEe .- UMD £Bxauy 9Bwamay
. . E ] ‘ . i S T uetaanpozg £2isum
S eST 7786 T'8S 0 28t 0 40T 4 0°8S oI 2 21T - A 0"7LT ETBTT LTRSS MK c- L) AemodtNRag WATF
TLT LOT 69 €8T v gTT 188 T6T 92T 58 86T EET g9 COMR satavde) paTTeIsSWL
89 =k 89 8% : 1 -an : - 6% 14 5)uw -232PYDS T WUNWIXYH
T4LLT L4987 g 45T LHST $°802 LT9ST i B A CLTRET z ; PRAY JATIDATIE
000 0826 f 0n00L 01878 0004 0°825 CotgoL 078T6 o A48T 3RTBA TTEL
659 0°8%T v 08T 6 TE Q8% A 0°82 w umopMexq 8TqETTEAY
9% . 0T LLB'T TILLS 0rLL0ty ©TTRE8 0CLL0'T . 2516 07LL0'T . m Taaaq I0IBH 007
0-016 0TSOT T B A T4 B L 0°S0T'T 006 . 0°¢0T*'T 0rQ%s 0's0t'T T THaT 2d38M YATH
(LA ivrd 00z S p0T ©00e ooz 60T 007 M 0T 43rovden: 93va018 aATIDOFFR
912 262 6LZ £62 5E¢ £62 Ll £52 o% 90T L31oede) eBezo3s ssoim
aoefoxg 102t 01g ' aoefozg aaeloag” - 1zaloxg aseloxg e -~ aoefoag avafoag . . )
TEICL TTRAMAY 0 18301 CrrRady anig Hauoa. ..n.mm.b.h.ﬂ Iy Te3oL ..n.Hu.?_Q ) . anto uﬁ..ﬁ ‘woradTinsaq
{0T0Z4V -~ $00220). 02 (020Zd¥ ~ S00Zd0) -2 (og0zdv - 500Zd0) €T, - (0Y0ZdV - S00Zd0) V-2 - _

1oioid liealy Jo A E__.wa_sm_x pue Afroede)d o_m_ssm_ BAIOIYI UG %Em__:o.__ﬁe_ao @h-s m__nﬁ

€42} S LT 1917 0£2 95e Tig Lee 98¢ 413 82, 592 -4 g/ 7L s 3807 TRTUUY 1TUR
SZ°T. 9T 07t 8z T 4973 9877 T AR it 9017 €T T 8e"T T0°T (of€) oT3ey 3500 3¥yemag
6°T% - L79€ 178 z-8% Z°E6% g gL otgy Ly gty 0°€Y 8'0 T 40T {5~¢} 3rzeued saTdmg tEnwey
2891 106 L8 L-2LT 0 v6 418 5681 £ 40T L8L 8 T6T T-€1T L8 L 0T : {3).3s50n -tEnUUY
SITES L) £TLR T 0oL EAE 7 1 1°0%8 T 08L e TLL'T ZUTTO T T°09L B LE8°T LTL60'T T'084 TL (0T 3800 JUIWISDAUT
L°0T 8 921 T 67¢8 Q°T2e TTLET ‘BgTER B OET ETLYT S°EB L' ERT T*9ST L§TBL TL (0T “{g) arzousg
6°99¢€ [T 7691 0 6L% L'9E2 £ TNt $°86¢ o4 6 THT S0y QTLZ CHTRET und ABzauy WITH
[ AY-] 5 E9E 17€5T 7°BES C£r58E 17682 LRSS £90% 9252 0°TLS £°92Z% FAR 151 u4a 4219ug auieay
. ) ) uotisnpery LTxaug
27291 £°86 6°E9 &70LT Teot 87¢8 2 64T 9 571 9769 T-E8T 5221 Z°09 i Tapod Wwag mEtd
£3T Tt Tl Y61 A A4 U gor 18T 4 21T 08T -4 MK A3toedwy - peTreasCl
L 4 ZL Z§ Zi (19 Tl FA sfom 2BIpPHOSTQ WNUrTXER
LT -9 85T g'v6% 9881 §'g0g 978sT 8:022 85T w PURH SATIVBIIT |
0°00L 0-8Z6 0*00L 0rgeE aro0L 0826 0004 07628 n 1942 232X TTRL
[l 44 CETTE 88T £°1E T RlEt £ 60T [ 4 o UWNOPARI] ITARTTRAY
¢ ggs L 8L0'T 27506 L78L0°T 25816 LoBL0'T 1626 . L8001 = ToasT I93EH A0
0-0Te 07 oTT'T 8- 028 S0TOITT 0°0Ed C0foIT'T 07076 070111 L 12837 12394, yBtH
202 0gz “o0z 0sz ©uoz 05z 00% 0sz o $0T 4iroedey 23wI03§ aTINOZIE
a1z T5E 64T T8¢ SEC T8¢ FATS TSE PG} 4 L21owdey 28vzoas ssoxs
. aaafozg 3oalozz aoafoag aoefoag _3daloagz FEEIY XY : 3o9foag: 10aflazg
TT0L | sy | a0 T%30L rreaty amto TEROL 4 Teady mo ..nmuo.ﬁ... TTRALY. mrig Jtup waradtrosag
£OT0ZAY - OTS7a0Y 4-1 B 10Z02d¥ - 0T6240) 0-T \_ - (0g0Zay - 0tszdo) €-T {07024V - 01§7d0) ¥-1

1waloid 1eaky Jo jerat Jojem YBIH pue Ayoede) abesolg aaloan3 uo Apnig uoneziundo  (1)1i-6 siqe)




657 E A L3z ©o1sT LAY L82. #9Z 642 .’88e TELE 852 86T ust/ 13 1507 TenURY ITuL
82°1 T Tt 62°T - eyt ITT 0T €91 TTT 8T T 6e' T v (Dfg) GTIRY 1500 3TFIUSE
9Thy L'9% yA¥: z°8% 97 Q% 8L 018 9TET S A giay 6T EY E'E . TL 40T {o~g) arFeuag snjding. TRRUNY
T°85T Ead:1:] 9769 S HoT £ 76 $°69 5 TLT 6°t0T.  |-9°5¢ L10BT TTTT 2769 TL (0T {D) 350D TERUUY
CHTLTET) 00988 E7TLY 27065'T | B'BI6 £ T 7°659°T | 0°886 kAR TA ErEML'T joeTeLT €19 L 40T 1500 JuImRSIAUL
€26 | z°5eT S8 AL L7z12 §T5ET UL v°eIT crgnT 0" LL 0ULIT TIeeT 6°TL L 407 (4) 3rjsuag
z78¢8 0°1rZ 2L2T g°06¢ £ GET TT1ET STHLE o BYE T4 £'28% 6'¢9Z 5 8TT ung AZzawy WAt
%1809 0°99% bTHe 6°6Z9 STLBE R4 %' 059 v a0y [ £ T4 L7199 as-r41 [+ e £3zauy adwxaay
. . . ! i : ueTIsnpexd £8zauy
g 98T v'98 Treg 1°g9T T-so0T 0'8¢ ZUTLT rETT L5 0°54T N 7798 MR Asacy Yesd WITH
FLT 80T (3] z8T A $9 teT €21 4 | 8T BET £y’ M Axvoudey payreisuy
i3 ay 59 8Y L9 gy L9 g% s/ " 83IegIS T DTUNTXER
T-95T L' 46T 66T LheT. 87112 [AR Fad £ EYT L7451 u | pEay-3ATId9337
800 0" 826 0 00L 0°'625 0004 0°626 0°0aL 0°626 o [eadT 183EM TTEL
gl 0°82 67LT 08z 028 0°8T ‘0rzz 082 w ﬁsugﬂn arqelTEAY
T'TLE  y 0TLLCT 1268 o LLe'T 0808 0'LL0'T £'2%6 0'4L0'T o TehaT TN A
0016 0750T'T 0" nzé g0t 0086 G s0T'T “eTOvs 0TgoT'T m 18T I33EM UItY
0sT 002 0sT 002 (\{wd Q0T 05T LA 0T £ytoudes: mmﬂﬂoum GATIDAITT
912 £67 6.2 £6Z 413 £62 Leh €62 40T hu.ummwu 3ge103g ss0IY
1oalo1y Ivatoag . 3oalozg 3oaloag LI 30afoxg ) -y 3vafosg Iefozg -
ﬁﬁmpoa Slirieady 1 ImTo0 12398 | rready 010 R | TTRadY Anio R Aesel LSETEALY 10 3ug aoTAdTIosag
‘ {0T§TaV - §D0ZTJO) A-¥ (029TIV - §00T40) O-% (0E5TIV - $002&Q) €9 {OYSTEY ~ §00TA0) V-7 ’

walald yeaky jo joaeT Jsjem ybiH pue Ayoedes sbeiols aanoeys uo Apmg :owu.n_E_EG” (v)15-5 argBy.-

10al01d 1EAAY JO 19AG" BRM 46iy pue Auoedeg abelolg _u_\_,_aaum uo %aw_:o_“ﬁ_e_a_o | (£)11-6 ajqel

0L e o3g. 72 2R %% OTE ¢ §LT | 78T . . 11§ £82 S TeT RE+14 3805 TERULY 3tun
9z7'1 L2 S 4 R 8T T L s Lo°t P4 1Ee°T jeoct vZ T T 10T . G:c CTIVE. 1500 ITIOUSE
g ey | 678% £ [3-L 2°€% z's 86y “Brhy 0'g z5sr  GTE% .§70 . 8!3 ayFeuaq. snidang. TENUUY
"9+45T. | 068 | s8¢ 6°ELT 456 s s 5781 £7E0T §r8L 97061 T ZTT 314 ’ © {9)-3s0p TEnOUY
167810 T 11208 LULSE 1429 T | £ vzs LUL5L 9tQostT {67200'T | -Ltest 6tGwe T L TUeROT ! Ziugy 3s0p ‘jueniasasny
67Tz { 0veT 6°€9 7 g2 9 8ET g8 Tettez | gtewr $' 8 8'952 -2 SEE B ATV {q) avFauay.
0"vse | §°1ZT $ZHT FA-F3- T°I%%  9TCET EAEAT €092 6 THT 9:60% 0*422 9 ZET- ) FBasv wItL
L7BTS 4:99¢ T E5T £°TH9 Z-ges | TeeT LAT9% £ 80y A4 LtELY 5Ty £ Enz hmumpm aBuasay
. : L R no.ﬂ.udwanm £3zaug
2UEST | £°66 659 STt £ 807 8 g9 6°6LT | €911 9 €Y 17781 EAL rad 6'6% Tanog yesd WITH
58T €T 2L €61 STzt 7L voz 8z1 (2 Loz §eT zL " Larowdyy payyeIsur
&9 25 B9 s - 69 z5 69 26 mmuﬁuﬂn TR FRER
§°58T g BsI 8667 9°86T . €3z 9° 95T £rE2T .m 85T PROE . 3ATIDRIIH
$700L 0626 0°00L 0626 9 0oL 01626 0°00L 0626 [ TA49T 233uM TTEL
87ig £°TE §LT £TIE ‘ovzE £t §7LT et E%E_uq TQRTTRAY
2°249 LT8O T 1 TTE8 L'eL0'1 G808 L78L0'T §225 4940 TaAST Ia3M ‘Mo
07076 8 0TI'T 0°0z6 070TT'T 0-0gs 0'0TT'T 0096 orOTT L i 13k 283N UBTH
0sT 0sZ 0sT . 052 06T 05T Q5T 042 - £1yseduy mmﬁaum BATIZRFIE
§12 21 6.2 158 85, 1€ ey T5¢ 4L3roede) s3wrong ssoxy
: - azafeag | 30alozg 3oafozg asalfozg . ansfoxg joafoag . asefezg . ¢ woefozg )
Nuo.r B0 - N et 220 N .
I TTRAky L0 Iw3el TTRalyY T .n..‘ .3 LTTRALY anio 19200 TrRAlY -anTh qan woTydrzosaq |
Sqﬂbﬁq oﬁmmmou a-£ [ADPSTAIY = GTSZ40) D-¢ . {0€ET ~ 01gT) @-¢ Lere10dY - 0T5Z40) Vo€ - C

63



0z | 29z ote - f . TLT, . e L BTE ®T ) T5T- S LTIE . 09T .0 998 9ZE . A/ D 3500 {ENUUY 3TU
9z°x 9T 5071 Jeet 71 80T P48+ 2 S X-To A | 66°T 68" T 134 G:: oﬂum 1809, 1TFAURE
€2 v U TUS ML A &S s°gY gegy. L [ LTEY A %, 60 ..S E ..hdmuwm sRTgang Tenouy |
6'95T | v 88§ §78L 1 o-ges 548 §uBL £408T . T'2WT . 58l L"88T | ZTTIT 1 §Ted 1L ¢0T “{9) 2800 Tenuwwy |
OTETHML) £U55E WAy SYELY T BVSTE L1482 SUeHLT [ L7TE6 - LiLSL- TUEES L v B0 T L £RLGe TL 60T - 3803 - JuaMIsBAUT
§°607 { 6°'S2T .} 9'¢e L8170 § BUSET s ce v 622 UYL . zgg TTEET - | 6 ST z 8L T oL0 < (g). ITFeUsE;
grrwg | TULTE 27L3T 6°TLE £°95T 4°8ET 57968 5 €52 61IHT 8 zoy §°TLT £TTET - uA | #3zeug WIYF
TLTY ] 0Th9t 1°esT '$*8EY -1 CTUEST g 889 TTeon a1 EARA-) Al B one CuMe T JA31sugt 3BexbAv
] ) ' Co - : a.nuusuo;m ._nmuaﬁm
6708 | £°¢6 g°c9 57687 0991 $TES ATLLT L B TT £1€9 6087 £°12T 264 MR a2nod eI OITS
seT ETT ZL L TET- 61T 74 26T 22T f it 50T ZET oL R " &avavdey paTTENENT,
L3 z5 L9 z5 i9 44 -2 (4 sfgu wwumnum.a TATTXEH
57187 9°85T 57802 §° 88T stz ) 97EsT $'§22 $° 4T o ©PRIR BATIVSIIT
VLTS D676 0700L 0°676 e*QoL. 0576 0ho8s 0°6Z6 ] T84T I59EM TTFL
§+12 CETIE BT . £°E grET €-1¢ 8T £'Te o E.Evsw..a BIqRITEAY
" §-89% 1780 T EARA1 L1840°T 2°976 LTBL0'T 1 116T6 LBLOtT ® U TPATT I9TEA MOT
0018 0T 0TT'T 0°0Z5 0°0TT'T 4:0ts 1oeToTTT 006 . 0roTT'T 4 7 1ese aaten ulTH
Q0T B4 00T Tgsg 00T 1 - o8z oot ) 05g ¢® S0T Aa1oeday sfeiong aATRORIIT
912 31 6L2 1sE $s¢ TSE Ly T5€ . i 90T &yroedey’ 2373038 55039
[ avefoxa 32afc1g e suefoig zvafozg e ’ qo9f{o0ag 128f01g . aoafcag anaforg .
TR wreaky anto el TrEAdy anto 300 1 rready I TR rreaky anp: 27uq woradtiosaq
{0TO0TdY - 0T57d0) -9 - (QT0TAY - 01SZE0) D79 (0t0Tdv = 0T5z240) g~9 - (0pDTEY .~ 0T5240) V-9 ’ -
waloid ifealy jo j2AaT alem UBIY pue ApoedeD abrinig sanoay3 uo Apnig ucpezrundo  (9)1i-6 sigeL
zse ;. gez LT, 1 zz YL L52 ﬁ A L§LE £92 . | 8§52 L9 UM {1 3800 TEnUUY ITOR
62°T 8E°T 1" 62°T o't T T 52°1T on T LAtk 52°1T 9°T §0°T (Dfg) ©TaEY IS0D ITFIUIG
g zZone 76 8oy veLE ¥6 69y . LT6E 26 T8y $° 8¢ 158 1L 40T (o-g). 3tFausg snidang yenuuy
¥ TET L TUeE - g estT z°g8 559 5597 #°00T 5459 6 44T %1 60T . g8 - (0T {2} asog yeawmny
T°eLY'T] 91098 £ I£9 §7nes'T | neg06 §- Tt 27909°T [ €646 B3 4 0 h68*T | STESOT o} 5rlER T3 0T 1505 IusWISIAUY
0'96T | T-12T 5y §7g02 27081 6L Tz T 09T Loyl 1rege 0BT T T 401 T {g) 3rgeuag
1T°61% | s-2zoZ Z°5TT T'LEE 67022 z79Tt 9" 5% $ 882 oIt £1e9¢ 8 52 $'60T wio AZzauz wrty
6708 | £-99% 2°64T 67 %28 L°SRE FAR 14 TT5hs L2901 §gee Loh59 LieTy 0322 UMD - ABabug 3dmisay
. ; . o uoTIoNpoag ARisug
T°'8%T | €725 5758 T8¢t | ZTo0T 6755 8°¢91 1501 L75S 7 egt §UeTT 6'25 Fii% CRBMOS WERg WITZ
591 st 6§ (A £IT 6% R TA 611 765 $81 T 9Tt 65 Jio £arseden patTrEIsuL
%9 4] L] gy 09 Sy B -} gy 5 ). 2818YSS T LMWL XER
§°98T €751 8661 £°T8T 81tz £TST EUETT €181 w TR BATIIIFIR
000L" 07528 0°C0L 0626 07004 0626 000L 0°628 o TRADT 93EM TTEL
B LE 0°g2 642 0eZ orze 0" €T 012 [ R 4 w UASDARI]. 3TqRITRAY
z 28 0t LL0*T 1769 0ULLD T 0806 0°4L0°T §°226 07 £20'T w RCECLRETIS I
0°0TE 0 eeT'T 0°026 0°00T'T 0'0€6 QT eot'T G ove 0°00T*T o ToseT zaimy uBTH
05T 08T 051 08T asT 05T st 08T o% o0t fataeden 3821015 ELSEELE i
9Tz 4z gLz T 1342 e . Luy yee M 0T £itseden 383035 55039
2alozg 1oefozg : 32afazg | adsfoag 10afoxg joalozg i saofoxg Io0alozg
=701 TIBALY Lanto Te%0] tenky 070 .Huuoa. . TIRALY antg rm.ua.a “TEEaly nTo atun uoradtansag
(0TsTav - 00sTdod a-§ (0ZSTEY - 0A$TLO) 2-¢ (UEETEY - Q0ST4Q) €-§ (onsTRdV - 00STHE0) V-5

109foag ifealy jo jeas] sarep ybi pue Auoeden 9beicyg AROAYT UO ApMS :o_“mNmE:mO {s)it-6 siqey

64



162 TLET L2z B2 TN R -1-v-+ -4 192 592, Baz LT .. 882 ooe AN /TD <3800 TRRUMY 3TUL
8271 Ze'T Tt 0e 1 wye T TTT AN zet TT°T. sT°T 68T ®0°T : Lioo (D)) oT3IFd 350D 3TIIULY,
Ty g 9¢ LoL S 8y 6ro% gL £76Y LA €4 £h6y 9Zy 62 L 40T - - (o mv u.nmmqwm snidang ” penURY
£°9¢7 | 9798 $°69 T°Z8T | ¥°¥6 . 969 zroLr | steot 963" 6°0.T - | -e 8ot 2°6% L g0t (9] -¥sap  TEAUTY-
§°0TS T T°86E8 £°TL9 wer9g' | o968 £ TLD T4R8'T ] 8°SL6 €19 €TEEL'T {-6°T80°T £ TLe I 40T -150% UM BATT
£°00% -} Z g2l £ 9°0TZ HUEET e LL 1102z TUEYT £°9¢ £ 42 L°1st 57 zL L 50T L. (g) aTzaueq
08¢ | 2701z T'LET ST 0SS $- 822 0°tzT O°ELE . | £789Z L1927 ¥°Tet LTE9T Lmert 149 .. &Bramy wITE
T°80% L7698 9wz 9629 ZT4iBE rZvZ .0°089 £ g0% LTTHE 1099 7Ty LTET qMo hw..u.wnm.‘wmnuubﬂ. !
. . ueYIsnpoId. L3zauy |-
§TeeT #y6 188 G191 0 eoT G 8s 6°89T T°I1T grLe 21247 <°8TT T%S MR . | X8A03 MBRd mITE
s Aars 20T 3 BLT 91T 59 381 12T [+ T )i LT 59 e o £aTawded pajredser
w9 Toen R 1) gy %9 ey S . %8 -1 s/ c--ABIEYIS TQ WOOEXER
5" 76T L 98T £°¢02 L8t R 244 CL4sT 6 GTT LUH8T ] ) .uumm dATIDIFTE
2004 0° 625 0° 004 6626 [ -ero0e 0°628- [4rocs | 0626 = ]
5* 1z 0782 891 0°83 CURBTET 0'8e 0T | o'eT w
§°988 0 LL0'T . T £08- 0°L£0°T 27916 greLn'T 1626 omizott A
0016 0 ¢OT'T 0028 0°80T°T ot oEE 0-g0T'T Q owe -} 0TS0TT w . Taaet. z91eM TBTH
00T 00z o0t 902 80T 002 oetT -l o0z L) | £3rowden afelons, saracezym
-3 v "£62 R 642 €82 §5¢ £67 Al 26T nﬁ.go.ﬂ h.;,.SnS afead3g ssozy
- a3afozg aoafoxg 328lozg azaloag oo Tagafoad amvaloxg . 3oefoxg Joefoaz - LT :
LITR0L 'IQL. ‘ BIC, : Lo - TER0L P [0 TR . - B
173 Tr2AlY - L1 .m, & TTEALY AnT0- .H‘ ..w ..n..nm..fnd RE-3:5 {9 . .ﬁ . ,.p.. TTRALY. ..“,_ﬂ._.,o. 2tuh .no..nu.aw.uugn
(0TCTaV ~ $002d0) Q-2 (0Z0T&Y - 5002d4Q) 9-L (0EQTAV = S002E0) d-L- {090TaV = 5007d0) V=
welcsd ijealy Jo joaa Joiem ybiy pue Apoedes; afiesoig aanoayn uo Apnig uoneznundsg () 1L1-6 aae

65



9.3.2 Power Station Scal_e

(1)

Insfalled Capacity of Olux Project

In the first place, the eduivaleht'peak duration time of a
hydroelectric power station should be déterﬁined.by the
demand from the power system as at the point in time'that
a hydroelectric power'station is commissioned. . In 1989,
the make-up of power sources in entire Turkey was 9, 208 MW
thermal and 6,597 MW hydro, a total of 15,805 MW, while the
maximum power lqad that year was 8,499 MW . Hence, ' the
resexve margin capability that year: was 2,554 MW in terms
of dependable output, reacﬁing as much as_Bﬁ%:bf maximum
load. The annual load factor is 70%. Furthermore, almost

all of the hydros which make up 42% of the power supply

have large-scale reservoirs capable of runoff regulétibn:'
over a multiple nunber of years, and accordlng to present
power development plans, such a situation is to ' be

continued in the future also.

Factors détermining “the instaiiéd':"capacity' of a
hydroelectric power station are effective head and maximum
available discharge as indicated in'thefeQuation below,
while maximum availablie discharge.is generally determined
by firm discharge and equivalent péakﬂdﬁratiohfhoﬁfs,

-Inétalled Capacity (kW) = 9.8 x Turbine-Generatorf_
Efficiency x Effectlve Head (m) x Maximum Dlscharge-
(m*/s) '

Maximum Available Discharge = Firm DischargerQVS)'x:"
24 hr R R
Equivalent Peak Duratlon Hours (hr)

Of the abovementioned factoré};effectiVe head'éﬁd:fimm
- discharge runoff are determlned by phy51cal condltlons such
.as effective storage: capacxty and lntake and tall water
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levels, but equlvalent peak duration hours are determlned
by COndltLODS different from the above.

In Turkey;_équivalent peak duration hours of hydroelectric
power stations are mostly set at théhrs or less in case of
reservoir-type stations, and at the Yusufeli and Artvin
projectéj downstream of the Olur =Project,‘_installed
‘capacities have been decided. based on 6 hours.. With a
situation such as mentioned above, even if a hydrOelectficu
_power station is operated to cope with peaks because of its
'operatlng chaxacterlstlcs, when ‘the equivalent - peak
duration hours are shortened by ‘more than this, the scale
" of “the power' station would be excessively large
*Consequently, it is. con51dered that about 6 hours would be
the dimit for peak duration hours. '

Ascordlngly, the study of the optlmum scale of Olur Power
:Statlon was carrled out for firm dlscharge of 12.0 nﬁ/s w1th
6 hours as the limit of equlvalent peak duratlon hours, ‘and
compaxlsons were made setting maximum dlscharges for cases
of B hours and 10 hours. '

The result of the comparatlve study, ‘as shown in Table 9-12
~ and Flg 9-17, is that 6 hours is optimum as the equlvalent
'peak duratlon hours, and therefore, the optlmum scale is -
‘maximum discharge of 48 m*/s and installed capacity of

65 MW,
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Table 9-12  Optimization Study on Installed Capacity of Olur Project

Case
Description -Unit .
| A B c
Peak Hours . _'Héqrs | 6 8 - 10
Maximum Discharge wd/s 48 36 - 29
Installed Capacity MW . 65 48 39
Firm Peak Power MW 57.8 40.8 33.3
Energy Pfodhction _ L _ . L
_Average Energy . GWn 241.5 | 22800 | 222.4
Firm Energy GWh 126.5 |  140.0 149.4
Benefit (B) 10° 1L 77.0 ©59.3 51.5
Investment Cost 10 TL 671,3 606.9 . o 572.6
Annual Cost 10% TL . 69.6 62.8 59.2
Annual Surplus Benefit (B-C) 109 TL 7.4 -3.5 -7.6
Benefit Cost Ratio (B/C) o 1.11 0.94 0.87
Unit Annual Cost TL/KWh 288 | 275 266
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Fig. 8-17 * Optimization. Study on installed Capacity of Olur Project

9= 69



(2)

1)

Installed Capacity of Ayvaly Project

Installed Capacity

It is considered that 6 hours would be the limit as the
equlvalent peak durdtlon hours for the Ayvali PrOJect the
same as the Olur Project.

Therefore, the study of the optimum scale for Ayvali Power
Station was carried out setting up maximum discharges for
the 3 cases of 6 hours, 8 hours, and 10 hours with firm

discharge as 16.6 m%/s.

As a result of the comparativé‘study, an equivalent peak
duration time of 6 hours is optimum as shown in Table 9-13
and Fig. 9-18, and therefore, maximum dlscharge of 67 m*/s
and lnstalled capaC1ty of 125 MW will be the optlmum scale
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Table 9-13  Optimization Study on installed Capacity of Ayvah Project

Case
. Description Unit
A B c

Peak Hours Hours 6 8 1¢
Maximum Discharge m*/s 67 50 40
Installed Capacity MW 125 - 93 74
Firm Peak Power MW 113.4 - 78.5 66.9
Energy Production ‘ _

Average Energy GWh - 409.4 398.0 393.5

Firm Energy GWh | 248.0 182.0 146.5 .
Benefit (B) 109 TL 145.5 110.6 98.9
Investment Cost 107 TL. 988.0 903.4 856.5
Annual Cost (C) 10% TL 101.9 - e3.2 ga.o
Annual Surplus Bemefit (B-C)  -10° TL 43,6 17.3 1.0
Benefit Cost Ratio (B/C) . 1.43 119 1.2
Unit Annual Cost TL/KWh 249 234 224
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2)

Tail Water Level

The power station tailrace outlet of the Ayvali Project is
flocated:l 000 m downstream from the end of the backwater of

Yusufeli Reservo;r, and the tail watexr level is planned at
EL. 700 m, 100 m lower than the high water level of
EL. 710 m of YusufeligReserv01r. In this'case, the average
tail water level of Ayvali’ Power Staﬁioh_Will'be 705.5 m
due to water  level #a:iation from operation of Yusufeli
Reservoir. This, compared with the case of makihg the tail

. water level 710 m, the same as the high water level
‘elevation of Yusufeli Reservoir, results in an lncrease of

550 m in tailrace tunnel length, and even when the lncrease

in head loss in this section in considered, there w1ll be

-an lncrease in head of 4.0 m.

On the other hand ln case the discharge water level is
made EL. 695 m, the 1ncrease in tailrace tunnel length will
be 1, 200 m, and compared with the case of tail water level

'made 710 m, the increase in effectlve head will be only

5.0 m. The result of the comparxson study on the optimum
tail water level of Ayvali project 'is as shown in Table 9-
14 and ¥ig. 9—18, and the case of tail water level made EL.
700 m will be optimum.
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Table 9-14 Optimization Study on Tail Water Level of Ayvah Project

_ . Case -
Description Unit
A . B G
Tail Water Head 710.00 700.00 695.00
Effective Head . m 204.3 213.9 217.9
Maximum Discharge mi/s 67 ' E?H 67
Installed Capacity MW 11¢ 125 127
.Firm Peak fower MY - 111.2 113.4 0113.5
Energy Production _ |
Average Enérgy GWh 395,88 AOQQQ 415.3
Firm Energy GWh 243.4- 248.0 248.6
Benefit (B) 10 TL 142.2 145.5 146.1
Investment Cost 10° 1L 972.8 988.0 | 1,014.4
Annual Cost (C) 10° TL 100.3 11019 104.6
Annual Surplus Benefit (B-C) 10% TL ° 41.9 -;as.é 41.5
Benefit Cost Ratio (B/C) - 1.42 o 1.43 1.a0 b
Unit Annual Cost TL/KWh 253 ':249 - 252
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2.3.3  Optimum Development Plan

As a result of studies of development plans up to this point, the Oltu
Hydroelectric Power Development Project is to be made a.twomstage
development'project consisting of the Olur Project and theeAyvall
Project. | '

The opfimum development plan'for the Olur Pfoject is to be reservoir
high water 1level of 1,105 wm, effective storage capacxty of
200 x 10°* m*, maximum discharge of 48 m/s, and lnstalled capacity of

65 MW.

The optimum.development plan for the'Ayvell Projeet is to be reservoir
high water level of 930 m, effective storage capacity of 150 x 10° m®
maximum discharge of 67 m3/s, and installed capacity of 125 MW.

The patticulars_of the optimum development plans fox the Olur and

Ayvali projects are given in Table 9-15.

The'reservoir'water level, 1nflow, dlscharge fox power, ‘and spllled
water guantity :u1 the Olur Project according to the - results of
reservoix operatlon are given in Table. 9-16 and Fig. 9-20. “The
monthly energy production and firm energy~productlon-of the'same are
given in Tables 9-17 and 9-18, and Fig. 9-21. The monthly peak power
and peak power durations of the same are given in Tables 9- 19 and 9—
20. The preliminary construction cost breakdown of the Olur Project

is given in Table 9-2].

The reservoir water level, inflow;'diSCharge for power;'and sﬁilled
water quantity in the Ayvaly Pro;ect accordlng to the results of
reservoir operatlon are given in Table 9 -22 and Fig.-9-22. . The
monthly energy producthn and firm energy productlon of the same are
given in Tables 9-23 and 9-24, and Flg 9-23. The monthly peak power_
and peak power durations of the same are glven in Tables 9 .25 and - 9~
26, The prellmlnary'constructlon cost breakdown of the Ayval;_Project:

is given in Table 9-27.
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8.3.4 Effect on Yusufeli Project

The Yusufeli Projeet, which is a project downstream of the Olux and
Ayvaly projects, already has its definite . design completed, and
construction work is expected to be started in the middle 1990s.

The Yusufeli Project has not been planned predicated;On implementation
of the Olur and Ayvali projects, and although_it will have‘a feservoir
with effective storage capacity of 1,080 x 10° m’, the inflow is not .
completely avereged ‘As mentioned in 9.3.1, the runoff regulat{on
effects of the reservoxrs in: the Olur and Ayvali projects which are
upstream pro;ects of the YusufelL Pro;ect will extend to the Yusufeli
Pro;ect and therefore, 1mplementatlon of the Olur and.Ayvall proiects
will ‘bring about an- increase in the fizm discharge of the Yusufeli
Project, and the nmerit of enlargement in scale can be expected.

-Howevef, the deéigﬁ for thequsufeii'Project haVe.already been made
definite, while it is also eXpected that a considerable number of
_years ‘will have elapsed from the time of completlon of the Yusufell
Pro;ect untll completion of the Olur and Ayvall projects, and it is
conSLdered unreallstlc to consider the effect of the Olur and Ayvali
pro;ects on_the Yusufe11 Project on the predication of enlarglng the
scale of the Yusufe11 Pro;ect

Therefore, with the present design of the YuSufeii Project unmodified,
‘;by'hav1ng Olur and. Ayvall Reservoirs take over &’ part of the effectlve
storage capa01ty of: Yusufeli- ‘Reservoir, the effect of the two
reservomrs of. Olur and Ayvali on the Yusufeli Project was looked upon
as the effect of_xels;ng the Yusufeli Reservoir operating water level,
..end;energy'caleuleﬁione:were made by the Dynamic Program (DP) methed
| ferﬂﬁhe Yusufeli Project'befOre'and'after completion of the Olur and
_.AYVal; prdﬁedfs,=,_

_Accordlng to the results of calculatlons, there 18 almost Nno spllled
.water from - Yusufell Reserv01r ‘even before completion of Olur and
“Ayvali reservo;rs, and the increase in energy production due to
=eompletien'of olur and hyvall reeefvoi:s islonly about 1.5%, but
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through the effect of rise in reservoir operating water level, it can
be looked forward to dependable output being increased about 5.5%.

8385 Eher(.mr Production at Ayvaii Project in Case excluding Qlur Project

As described in 9.2.1 the development of the Olur Project and the
Ayvall Project will be implemented Slmultaneously and commencement of
commercial operation, of the Ayvall Project will be six months after
commencement of cornmercxal operat:l.on of the Olur Project :

The results of energy producta.on calculatz_on in case development of
Ayvals_ Project is preceded the Olur pr03ect by some reasons are” “shown
in the parentheses in Table 9-15. = Because of . absence of  run-off
::egula‘tlon by the Olur reservoir, firm peak power and annual- flrms'
energy would be decreased ‘by 22.8%; annual average, -energy would be
decreased by 8.1%; annual secondary energy would be lncreaslng by
17.2%. ' ' '
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Table 9-15

Optimum Development Plans of Olur and Ayvah Projects

Ttem Unit JOlur Project[Ayvali Project Total
Catchment Area km? 3,500 4,517
Annual Inflow - 10% m? 655.7 813.0
Reservoir
High Water Level - m 1,105.00 930.00
- Lotr Water Level m 1,077.00 908.00
Available Drawdown m 28.00 22.00
Gross Storage Capac1ty 10% w’ 203.5 354.8
- _Effective Storage Capacity | 10°%m3 200.0 150.0
Water Surface Area 10 m? 10.7 8.2
Dam ‘ : '
Type Rockfill Rockfill
Height mo . 136.0 175.0
‘Volume 103 m? 3,818 9,268
Heddrace Tunnel
Type . Pressure -
Diameter m §.90 -
‘Length m 2,659 -
Penstock .
Diameter m 4.90 ~ 3.20 4,10 ~ 3.80
: Length m ' 436 - 288
|Tailrace Tunnel . ‘
 Type . : Non-Pressure{
" Diameter m - 5.40(
Length m - 9,261
De‘.relepment Plan. . . : S
NHormal Water Level m 1,095.7 922. 7
Tail Water Level m 929.0 700.0 -
i Gross Head : m 166.7 - 222.7
Loss of Head . m 12.0 106.9
- Effective. Head m i54.7 211.8
Firm-Discharge. - .. omifs 12.0 16.6
- Maximum Dlscharge - m3/s . 48 C67 -
“Installed Cap301ty MW 65 Co0 125t . 190
Firm Peak Power - MW 57.8 | (87.5) 113.4 {1 71.1
Annual Energy Productlon o _ E ' ‘
Average GWh' 241.5 | (379.7) 409.4 650.9.
" Firm - GWh 126.5 | (191.5) 248.0 374.5
- ...Secondary. ewh | . 115.0 { (187.2) 161.4 276.4
- Annual Beneflt (B) 10% TL 7700 145.9 222.5
i;Investment Cost” 0% 7L 671.4 . ~988.0. | 1,659.4
Annual CGost (CY _ 10% TL. | 69.6 101.9 171.5°
Annual Surplus Benefit 10% TL 7.4 43,6 51.0
S (B-C). '
- Benefit Cost Ratio (B[C)- 5 1.11 1.431. 1.30
" Unit Annual Cost’ © | TL/kWh 288 249 264
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