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ABSTRACT

OPERATION OF CASCADE DAMS
CONSIDERING VARIOUS SCENARIOS
AND FINANCIAL ANALYSIS OF SCENARIOS

Knamo | IBer ker Yal én
M.Sc., Department of Civil Engineering
SupervisorAssoc. Prof. DrZuhal Akyirek

January2013, 158 pages

In assuring the energy supply of Turkey, hydroele@nergyplays one of the most important roles in
plans formulated to realize equilibrium between energy production and consunhptiboeelectric
power planté d e v e bnoMunaterivet, a tributary of Euphrategs a part of the development plan
for energy production

Operation offour dams in cascade on Murat River are simulated by ysiogram packagélEC-
ResSim For this purpose, ten scenariase formulatedo utilize the hydraud potential of Murat
River between the elevations of 870in1225m. This study provides detailed financial analyses of
scenarios and shows how HER&sSim program can be used in formulation of alternative scenarios.

Electric energy storage regement due tothe rising demand for peaking powés creating a
completely new market value, which is also increasing the attractiveness of pumped storage power
plants.The results of the simulation performed in Scenarionl@hich two pumped storage pew

plants are considered V&a15% higher internal rate of return value than the other scenarios with
conventional turbinesResults demonstrate the increasing attractiveness of the cascade system with
reversiblepump turbines.

Keywords: HEC-ResSim Reservar Operation Simulation, Pumped Storagtydropower Plants
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ARDIKMBARAILARINCESKTLK SENARYOLAR
D! k! N! LEREETKKMESK VE
SENARYOLARIN FKNANSAL ANALKZK

Kmamoj I u, Ber ker Yal én
Yéksek Lisans, Knkaat M¢hendi sl i ji B° 1l ¢ mg
Tez Yoneticisi:Dog. Dr. Zuhal Akyirek

Ocak2013, 158 sayfa

Hidroelektrik enerji; arzva al e p ar a s é datakigin yapdan plankalardg®m ki ye édni n

enerji ar® ngavence alha alarake n  ° neml i rol | erradte nNeh rrii énii no ylmiarr . k dFléu
Murat Nehritzerindeki hidroedktrik santrallerenerji (retimii- i n lay kaigna p | amnlba ma s €
parcaszia.

Murat Nehri¢ z er i nd e kit baag detlmésk HEGRe s Si m paket Ilgakogr amée kul |l
be n z dek sgtanmx &. Bu amgla, Mur a't Ne h r i 2bimkotl&@ ar@gndaki hidolik

potansiyelini kullanmak icin osenaryotasatanmx&. Bu - al ékma senaryol arén detayl
analizini sunmakta ve HEBe s Si m programéneéen alternatif senaryo
kullanél abil ecefji anl atmaktader .

Pik g, - t al ebi nnedeniyle bpaann ae It kit depddma ibtiyagr jtiasma men yeni bir
pi yaseai yadawmfjak, pompaj depolargaasantrallerin ¢ekicilif i n i ar t K& mapka napdagj

depol amal é santral imndiojdeerpblecactak&en8eaytat ghblail@éyasl a %
dahafazlabit - kaahéhaksa@ pl miSohugaupompa tirbinlerie sahk p ar dékeé
sistemin cazibesini a négdstérinektedir.

Anahtar Kelimeler: HEC-ResSim,B a r detfmeskKB e n z ¢ Roimpaj DepolamalHidroelektrik
Santraller
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CHAPTER 1

INTRODUCTION

Water and energy are two main resources which are required for humankind atightlye
connectedAs water flows from highlands to a lower elevation, its potential energy is reduced by drop
in elevation, and other causéspart of this potential energy may be converted to mechanical energy
and used to generate hydropower.

During the nineteenth century, hydropower became a source of electrical energy. In the 1900s, the
generation of electricity expanded the need for langdroelectric plants because the transmission of
power over long distances became economical by the installation of altgroatient equipments
(Gulliver andArndt, 1991).

The first benefit of the hydropower is that no air or water pollutants are madsioce fuel is not
burned, there is minimum pollution. Hydropower also reduces greenhouse gas enfisdiaingely

low operationand maintenance costge other advantageof hydropower (International Energy
Agency, 202).

In assuring the energy suppd¥ Turkey, all industrialized and developing nations adopt the principle
that a suitable mix of different energy resources must be relied upon in meeting the energy
consumption with acceptbbeconomy and supply securitit.is well-known that hydroeldtc power

plays one of the most important roles in plans formulated to realize an equilibrium between energy
production and consumption. Alternatives to hydroelectric power generation include nuclear power
plants, thermal power plants, and relatively rteahnologies relying on geothermal, wind and solar
energy. Import of electric power, which has been practised in the past, could also meet the domestic
electricity demand.

The feasible hydroelectric energy potential of Turkey is estimated to be aboG\VIAear ands

of year 2011only 38% of this is generated recently, as the other portion is lost because of incomplete
development of dams and their hydropower pldisergy Market Regulatory Authority2012).
However there is a speedy pace ofgming construction of hydropower plants all over Turkey
including many rurof-river types.

Demand forecast is the essence of decision making processes in market activities. Demand for
electricity is basically affected by economic growth, increase in populatidrurbanization as well

as energy efficiency applications andtas related to climate changegloitte Financial Advisory
Services LLP2010.

Turkey will likely see the fastest medium to letegm growth in energy demand among the
International Eneng Agency member countries. Turkey has a young and urbanising population and
energy use is still comparatively low. Therefore, ensuring sufficient energy supply to a growing
economy remains the goverment&és mai rencg2082).gy pol i

Although Turkish electricity demand forecast should be based on the cumulative demand forecast of
each regional distribution company by virtue of the Electricity Market Grid Regulation and
Regulation Concerning Electricity Demand Forecastrertly it is still calculated by Ministry of
Energy ad Natural Resources lsing Model for Analysis of Energy Demand (MAED). According
tothel at est A Tur ki s h-YekrlGeneratiori &paxity Pr&ecteom 2032020Re por t 0
published by TurkislElectricity Transmission Company, total electricity demand is expected to reach
398 TWh with 67% compound annual growth rate in base scenario and 434 TWh with 7.5% in high
scenarian 2020(Turkish Electricity Transmission Compar3011)



Directive 200177/EC concerning Encouragement of Electricity Production from Renewable Energy
Resources in the Internal Market of Electricity aims at producing 22.1% of the electricsiynoe

by the Europian Union member countries from the renewable energy resolreagy Market
Regulatory Authority2011). This provision will require European Union countries to import energy
from abroad. It will be possible to export part of the hydroelectric energy to be produced in Turkey at
convenient prices. However, energy t® froduced at thermal or nuclear power plants can also be
imported at cheaper prices. For this reason, surplus supply has to be aimed in the production of green
energy in our country.

Accordingly, development of all hydroelectric capacity in the shortegbg of time is required
regarding national interest.

With the recent liberalization, the appearance of Turkish electricity energy sector has been changing
significantly, the level of competition increasing and more and more players have been entering int
the market every dayl628 numbered Electricity Market Law and the following Electricity Market
License Regulation have paved way to private entrepreneurs for electricity generation, and granted
themin establishing theowerand operaing hydroelectrigpower plants.

Cascade reservoir systemmay becomplex. Because of the complexity, computer based simulation
programscan be used to provide apdrform different senarios easily. One can usemputer based
simulaton programs extensively to solve problemith operation rules or operation limitations
Simulation is a modelling technique that is used to predict the behaviour of the system under a given
set of conditions, representing all the characteristics of the system largely by a mathematical or
algebaic description.

HEC-ResSim is a generglurpose reservoir simulation model developed by the Hydrologic
Engineering Center to evaluate a wide variety of flood control and conservation storage projects,
including hydropower analysis. The program can be wSédiently for single reservoirs or for
complete reservoir systems on either critical period or period of record studies.

UpperF & Walley of Turkey isthe least developed area in terms of the potential value of its water
and land resources. Development of the region over a period of two to three decades would make a
major contribution to Turkey's energy supplies. On the othed haithout development of the region

it is doubtful whether any of these future requirements can be achieved

The study conducted by P6yry and Temelsu International Engineering Services Inc., was presented as
a feasibility report for water resources magragnt in the Lower Murat basin between 870 225

m. The feasibility report was carried out in 2011. Maximization of firm energy and operation of
reservoirs in peak mode was studied in the feasibility study. The main goal of this thesis is to improve
thefeasibility report by considering different operation scenarios and pumped storage alternatives. In
addition to this, financial analysis has been carried out considering the revenues, the operation and
maintenance costs as well as the capital expenditures

The objective of this study is

i)  to estimate the hydropower potentialtbé Murat river between 870 m 1225 m. Various
operation rules and ten different scenarios are performed to invesigateergy generation
potential,

ii)  to provide information fordngterm planning on the capacity of Kalekdy reservoir system
and respective reservoirs, Upper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2,

iii) to reduce spillway losses, such that a higher fraction of runoff is used for energy generation,

iv)  tomaintain high lkeads and preferentially produceeegy when prices are high. This is also
achieved by using the operation guide curves and operation rules,

v)  toinvestigate if the pumped storage applications on the system is feasible or not,

vi) to get information for future westments. Financial analyses are presented for the
comparison of the scenarios.



In order to fullfill these objectives, this thesis hagesimain chapters including this chapter.

Chapter 2 containa general information about mathematical formulationhef tnodel, diterature
reviewsectionand a brief information about reservoir simulation madels

Characteristics of Kalekdy reservoir system aodier Murat basin are summarized in Chapter 3.

Theresults often scenarios have been presented to utilizéyteaulic potential ofthe Murat River
between the elevations of 870in1225 m in Chapter 4.

According tothe results of each scenayithe financial anaylses of the scenariae described in
Chapters.

Finally discussion of results ancbnclusionof the thesisis givenin Chapter 6and Chapter 7,
respectively.






CHAPTER 2

LITERATURE REVIEW

2.1 Water Power Equation

The amount of power that a hydraulic turbine can develop is a function afutrgity of water
available, the net hydraulic head across the tuylaing efficiency of the turbin@oland 1954)

The power output of a hydroelectric plant is given by the equétianmaz, 2008)

P(KW) = egQ.H @2.1)

where

P = generator output in KW

e = overall plantefficiency (a fraction)
g = specific weight of water irk(N/m3)
Q = flow through the turbine (m?3/s)

H = net head on the turbine (m).

Following is a brief description of the sources of the parameters that make up the power equation. T
source of the flow for hydroelectric plantssisowmelt andainfall. Since rainfall is quite variable in
quantity and occurence, the resulting runoff is by no means constaune B.1 shows the gross head

as the difference between theservoirand gilwater (elevation plus velocity heathd head logsfor

any given discharge. The net head on the turbine is the difference between the energy grade line
elevations at the entrance to the turbine case and at tailwater. The efficiency term is the combined
efficiencies of the turbindgransformeand generator.
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2.2 Storage Zones

The storagen a reservoir iscomposed of flood control zone, conservation zone and dead storage
zone. Flood control zone provides space for flood redafat Conservation zone is the storage
between maximum operation water level (top of the guide curve) and dead storage zone. Energy is
produced in conservation zone. No reservoir releases can be made when the pool level drops below
the topof-dead storageane (Figure 2.1)

2.3 Hydropower Potential of Turkey

The Turksh electric power industry and its present plans for meeting the future demand in the country
have beerreviewed in this sectionlurkey, which has one of the fastest growing energy markets in
the world, has significant growth potéad in this area going forwaras shown in Figure 2.2.
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As shown in Table 2.1, there is a considerablegiage in the average of the recent years production
and consumption values. Increase in installed capacity and peak demand are 8.9% and 8.2%
respectively while the rate of increase in production and consumption are 9.1% and 9.0% respectively.
It can beunderstood the increase in production and consumption values were parallel in the year
2011.

Table 2.1 General energy production and consumption of TBEwesrgy Market Regulatory
Authority, 2013

. 2009-2010 2010-2011
Unit 2009 2010 (% change) 2011 (% change)
Installed capacity| MW | 44 761 | 48 591 8.6 52911 8.9
Peak demand MW | 29870| 33392 11.8 36 122 8.2
Production GWh [ 194 813| 210 182 7.9 229 395 9.1
Import GWh 812 1883 131.9 4 556 142.0
Export GWh| 1546 | 2675 73.0 3 645 36.3
Consumption GWh | 194 079| 210 434 8.4 229 319 9.0

It is seen from Figure 2Bat the proportion of natal gas as a source in energy generation is almost
50%. The figure reveals that the share of energy produced from natural gas has increased in recent
years, whereas, the share of hydropower energy has decreadeli the truth, this is not a desirable
situation. This fact implies that dependency on foreign resources has increased.
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Theoretical hydropower potential of Turkey is 433 billion kwh, only 30% of theoretical hydropower
potential is economically and technically feasible as shown in Figure 2.4. Today &t#nofmically
and technicallyfeasiblehydropower potential is under operation.
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Hydropower Potential

# Not Economically Feasibl
Hydropower Potential

4 Technically and
Economically Feasible
Hydropower Potential

Figure 2.4 Hydropower potential of Turké@eneral Directorate of Renewable Energ@12)
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Dams in operation in Turkey as of 2011 accagdiasins are shown in Figure 2Z67 dams which
have active volume of morban 3 hm3 have been considered.
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n Tur key

Our country is poor in primary energy resources as petroleum and natural gas. Accordingly, the
primary energy requirement has to be gmased greatly from abroad. This fact increases the
dependency of our country abroad. Major part of the utilized energy is consumed as electrical energy.

Kaci (2012) presentetthe installedpower capacity of Turkey below in Table 2.2.

Table 22 Installedpowercapacity of Turkey Se pt e mber

Source Installed Capacity| Ratio
(MW) (%)
Natural gas 19 558 35.3
Hydro 18 811 33.95
Coal 12 522 22.6
Wind 2001 3.61
Fuel-Oil 1948 3.52
Biogaz 115 0.21
Geotermal 114 0.21
Others 332 0.6
Total 55 401 100

2012

(Knci,

20



The development ahstalled capacityn Turkey according to primary energy resources is given in
Figure 26, as well.

Geotermal
0.21%
_ Bioga
wind Fuel-Oil o 27094 Others
3.61%_ 3.52%.

Figure26Tur key 6 s i n stiosaccbrdird) tocaungaseptanber 2012Knci ) 2012

Turkeywill have topurchase extra 680 million tons of imported coal @0-35 billion cubic meters
natural gasf the remainingeconomically and technically feasible hydropower potential is produced
by thermal plants. Téannualadditional fiel costfor Turkey will be 67 billion dollars for coal, 91
billion dollars for natural gadBurning fossil fuels is adding ext@rbondioxide to the greenhouse
gases in the atmosphere, much more thamtmnal carbon cycle can managdeTquantities are
120-200 million ton/year for coal plants and 60 million ton/year for natura(Bake, r2013).
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In Turkey, in the recent 20 years or so, the electric distribution companies have been applying the so
called 'wise-hoursschedule' system of pricing on voluntary basis. The ergmggumption gauges at
houses and industrial buildisgneasure and record separately the energy consumed at three distinct
periods defined by the Turkish Electric Energy Distribution Company, known as TEDAS in Turkey,
as 'day period' which is between-08 hours, 'peak period' which is between2P7hours, ad 'night

period' which is beveen 2206 hours. [@velopment of the peak demaby years is shown in Figure

2.7.
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Figure 27 Development of the pealemandoy yeargEnergy Market Regulatory Authorit011)

In September 1996 the Ministry of Energgmgnizing the future need for additional generating
capacity to meet increasing demands for power and energy in the Turkish electrical system, invited
bids for construction of a number of hydroelectric projects under the provisions of the TRulktsh
Opeiate Transfet.aw.

10 years electrical energy generation capacity projection in Turkey is investigated by Turkish
Electricity Transmission Company between 2011 and 2020. The purpose of this study is to be helpful
to the decision makers, investors and arket participants on the timing, number and configuration

of the generation facilities to be installed in order to meet the electrical energy demand safely.
Estimated projection of two series of high and low demand scenario is created. Accordinggb the hi
demand scenario, energy demand and peak demand are increased 86% and 91% respectively, from
2011 to 2020. In the low demand scenario, the increase in energy demand and peak demand are 75%
and 70% respectivelyrRate of increase in energy demand and plesthiand projection for thgears is

shown in the Table 2.3An average of 7.5% for the High Demand Scenario and an average of 6.7%
for the Low Demand Scenario were estimated.
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Table 23 Estimated peak demand and energy demand according to the highwasodharios
(Energy Market Regulatory Authorit012)

High Demand Low Demand
vears Peak Demand | Energy Demand Peak Demand | Energy Demand
MW Increase GWh Increase MW Increase GWh Increase

(%) (%) (%0) (%)

2011 | 36000{ 7.81 | 227000 7.87 36 000f 7.81 | 227000 7.87
2012 | 38400| 6.67 | 243430 7.24 38000f 5.56 | 241130 6.22
2013 | 41000{ 6.77 | 262010 7.63 40130 5.61 | 257060 6.61
2014 | 43800| 6.83 | 281850 7.57 42360 5.56 | 273900 6.55
2015 | 46800] 6.85 | 303140 7.55 44955 6.13 | 291790 6.53
2016 | 50210| 7.29 | 325920 7.51 47870 6.48 | 310730 6.49
2017 | 53965| 7.48 | 350300 7.48 50965 6.47 | 330800 6.46
2018 | 57980| 7.44 | 376350 7.44 54230 6.41 | 352010 6.41
2019 | 62265 7.39 | 404160 7.39 57685 6.37 | 374430 6.37
2020 | 66845] 7.36 | 433900 7.36 61340] 6.34 | 398160 6.34

In order to satisfy demand on the supply side of these scenarios, the two scenarios ard\created
Energy Market Regulatory Authoritdased on these two scenarios, development of installed power,
firm energy and total energy askown in the following Table 2.4

Table 24 Development of the installed capacity and energy production for High and Low Demand
ScenariogEnergy Market Regulatory Authorit012)

Installed Capacity Firm Energy Total Energy
Years (MW) (GWh) (GWh)
Scenario| Scenario| Scenarigd Scenarig Scenario| Scenario
1 2 1 2 1 2

2011 53035| 52596 253817 253 289 295806 294 915
2012 55322 | 54586 266 768 265082 308 894 306 495
2013 62380 59592 | 290 605 283 261] 333 648| 325 046
2014 65207 | 63393 312660 301 745 356 130 343 658
2015 66 407 | 64593 324 866 315408 368 975 358 220
2016 66 407 | 64593 326 011 316 553 370831 360076
2017 66 407 | 64 593 | 325362 315904 369 660| 358 905
2018 66 407 | 64593 325640 316182 370460 359 705
2019 66 407 | 64593 325699 316 23§ 370 235 359 479
2020 66 407 | 64593 | 3256949 316 238 370235] 359479

Taking into account the installed pacity, change in the reserve margins on the basis of different
scenarios are shown indtire 2.8 In 2011, reserve margin is approximately 45%. Reserve margin
with a new capacity expected to be installed will increase until,2028 it is expected to deease.

In the event of Scenarie Bligh Demand, reserve margiecreases to negative by 2020.

12
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Figure 2.8Development of reserve margins according to installed capadéitiesdy Market
Regulatory Authority 2012)

Given the power generation capaafypower plants, the development of reserve margin is shown in
Figure 29. Reserve margin is approximately 30% as of 2011, with the activated capacity in Scenario
1 reserve margin increases until 2013.
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Figure 29 Reserve margins according to total dinch energy generation capacitidsnergy Market
Regulatory Authority2012)

Under these circumstances, a serious shortage of electric power supply could be encountered in the
near future In meeting the energy demand under the circumstances discussed, at is
indispensable and imperative for Turkey to create additional generation capacity.
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24 Pumped Storage

Pumped storage hydroelectric projects have been providing valuable storage capacity, transmission
grid ancillary benefits and renewable eneirgyhe United States and Europiace the 1920s (Miller,

2010). In other words, pumped storage is a type of hydroelectric power generation that stores energy
in the form of water in an upper reservdiy,pumping froma lowerreservoir

In the powersupgy chain, pumped power plant fulfills several important functions as static, dynamic
and compensationéDliveira, 2011)

The static role of the pumped power plant is fulfilled through transformation of surplus energy in
the network into peak energy. Ate time when there is a surplus of energy in the network mostly
during the night, the water is pumped from the lower reservoir into the upper one, and in peak
periods, when a shortage of energy occurs, the plant is switched to a turbine mode and & produce
electricity.

The dynamic function of the pumped storage power plant means that the plant functions as a
backup output for the system, it can produce regulatory output and energy and thus it contributes
to the administration of the network frequently.

Thecompensational mode of operation serves for regulating the voltage of the system.

The extend of pumped storage use is very widespread as shown in Figlran? lalmost every
industrialized nation can boast at least one such installation.
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Figure 2.0 World Pumped Storage Potent{8arag¢ 2012)

Turkey needs pumped storage power plants (PSPP) which are all in energy portfolio of developed
countries in adrge extend more than any time as parallel to steps taken forward in development of
nuclear power plants and renewable energy gener&emag 2012).

In regards to this, General Directorate of Electrical Power Resources Survey and Development
Administration planned and designed 18 PSPP projects in reconnaiskamteandtwo at pre
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feasibility levelin 2011 GokcekayaPSPP, aprefeasibility level,is plamed to beon the Sakarya
River, and Gok¢ekaya Dam Reservoir is thought téoleer reservoir with an installed capacity of
1400 MW Garag 2012).

Mid century half of the world energy needs may be supplied at an acceptable cost bgndisdn
but this requires electrimergy storage close to 3@@GW for 50 000 GWh. Fumpedstorageplants
appear the best relevant soluti@@mpériére, 2011)

Lempériérg2011) presented two options beldar the future of world energy

i Huge utilization of coal, limited howevend of the century by the coal availability
as shown in Table 2.5

ii. Huge utilization of wind and solar energies; it is possible but requires starhges
electricenergyas shown in Table 2.5.

Table 25 Sources of energy utilizatidhempériére, 2011)

2010 2050 (option 1) 2050 (option 2)

Sources of Energy (TWhiyear) (based on coal) (based on renewable)
y (TWhlyear) (TWhlyear)

Nuclear 3 000 5000 7 000
Hydro 3 000 5 000 8 000
Biomass, Geotermy, 4000 10 000 15 000
Miscellaneous
Oil and Gas 40 000 25 000 15 000
Coal 10 000 50 000 15 000
Wind and Solar - 25 000 60 000
Total of Energy 60 000 120 000 120 000
Utilization

There are two types of turbisaised in pump storageojects as shown in Figure 2.1Hirstly, the

classic concept with separate machines may be used due to the need for extremely rapid switching
time between turbine and pump operation. As two separate hydraulic machines, theatotation
direction of the motor generator can be the same in both operational modes andttbis s@ly add
commer ci al val ue t o (Miterdgner ®808). Gdcandlyi thwracterigtie ofat or s
reversible pumfturbines is the longer switebver timefrom turbine to pump operation and vice

versa. This is down to the air being used to expel the water in the turbine for restarting under pump
operations, as the starp equipment for the motor would not be in a position to do so with water. The
rotational direction must also be changed, as this reversible machine operates in both, pump and
turbine mode. In both cases, the selected design for the pumped storage arrangements should be
chosen as an optimum technical solution that results in the best postibtefor the operating utility
(Jefferies, 1990).
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Generator Generator

Hydraulic torque
converter with
gear coupling

=

Figure2.11Types of pumped turbing¥oith, 2009)

The principal types of pumped storage schemes known today can be classified under four headings, as
shown in Figure 224

i ) Pure pumped storage iii ) Water-transfer type
ii ) Multi -use type iv) Tidal type
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Figure 2.2 Types of pumped storagdevelopmentVoith, 2009)
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2.5 Mathematical Formulation of the Model

Nandalal and Bogardi (2007) state that simulation is used to an#éhe effects of proposed
management plans: achievement regarding system performance is evaluated based on selected sets of
decisions. Simulation model is based on the principle of continuity and solves the storage equation in

a specific time. The state tife reservoir system is described by water available in the reservoir at the
beginning of any time step. Consecutive time steps are identified as stages. The decision variable is
water released from the reservoir.

251 Storage Volume Constraint

The modeis operated on daily basis. Since operation policy is derived for annual cycles,

S =S (2.2)

where

S, = storage volume at beginningtbkfirst period (first day)

Sr.1 = storage volume at the endtbElast period (last day)

T = total number of time steps (days

For all other months reservoir storage belongs to the set of admissible storage volume:
S ¢ Sj ¢S, . (2.3)

where

S = storage volume dhebeginning period j

Shin = allowable minimum storage volume, and

Snax = allowable maximum storage volume.

2.52 Release Constraint

The capacity of hydropower generators sets a maximum limiegervoir release. l& minimum
release request is not considered, the minimum release is set to zero. The release during any day
should be within this feasible release range:

oc¢ Rj ¢ Rj,max (2.4)
where
R; = resevoir release during period j, and

R;max = maximum allowable release through turbines in period j.
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2.53 State Transformation Equation

The state transformation equation based on the principle of continuity is as follows:

S.=S +l,-E-R-Q (2.5)

where

E; = evaporation fromeservoir during period |
l; = inflow to the reservoir during period j, and
Q = spillage water during period j.

Other variables are as defined before.

26 Reservoir Simulation Models

Kansal (2005) states that the essence of simul&itn reproduce thbehavior of the system from
every pointof view to investigate how the system will respond to condititingt may be imposed on
it or that may occur in the future.

¥zbakeéer (2009) made a simulation model of Seyhal
HEC-ResSim. He had simulated both Seyhan and Ceyhan river basin models first for existing and
planning scenarios and then for a search in excess water poteatiahdasin.

Rukuni's (2006) study is about tketermination of th impact of small reservoirs amproved and
sustainable ruralivelihoods in semi arid regions of Zimbabw#/ater Evaluation and Planning
(WEAP) system modek used to evaluate and simaté the various livelihood issues in the related
subcatchment of the basins.

Growth in using simulation models in water management stogid®s a good progre$s computer
based programs. In the following chagtesomecommon computer based Decision ot Systems
(DSS) are explained.

261 HEC-5

HEC-5 contairs iterative search algorithms for making multipservoir release decisions for each
time interval during the simulation of a flood event. Program has optional economic analysis
capabilities forcomputing expected annual flood damages for different operating plans5 HEs©

has extensive capabilities for simulating reservoir operations involving hydroelectric power, water
supply, and low flow augmentation.

262 WEAP

Water Evaluation and Plaimg system is a computéased decision support system for integrated
water resources management. Program was created by Stockholm Environmental Institute in Boston,
Massachusetts. It is used to model simulations of water demand, energy demand, growmdivater
water quality in a reservoir or river system. The analyst can create variogsnbgdusing script

editor as wellFigure 213).
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26.3 MIKE BASIN

MIKE BASIN is a multipurpose software to model inte¢gd river basin planning and management.

As shown in Figure 24 it has a river network which includes branches and nodes representing
streams and important locations respectively. Program can store, analyse and visualize temporal data
in Geographic Infanation System(GIS). MIKE BASIN is developed by a research and consulting

organisation called DHI Water & Environment.
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Figure 214 MIKE BASIN Network View (University of Texas, 2012)

26.4 HEC-ResSim

HEC-ResSim is a freely available reservoir simulatsmftware developed and maintained by the US
Army Corps of Engineers, Hydrologic Engineering Center. The latest release version 3.0 is used
world-wide in many applications, but especially by US environmental and water management
agencies. The software msed on earlier versions of HEC, but now makes use of Java code and
graphical user interfaces.

The basic purpose of the HEREsSIm model is to simulate the operation of single or multiple
(interconnected) reservoirs. As input, the model requires inflda ttathe system. Such data can
represent measurements at stream gauges or be outputs of e.g. preeipitatfomodels. The HEC

ResSim model is able to handle in an efficient way the analysis of several alternative scenarios. Such
scenarios may diffemi the inflow data, the operation rules, reservoir characteristics or the general
reservoir network.

Detailed documentation of the model is available from the #Re€Sim website which has a manual
consisting of 500 pagedt is recommended to check thehsée for model updatd&lipsch, 2007)
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CHAPTER 3

KALEK OY CASCADE RESERVOIR SYSTEM

3.1 Description of Watershed

The past three decades have seen a renaissance in the development of the land and water resources of
the anciently civilized river basins of the Middle East. In recent years the Indus Valley of Pakistan,

the Nile Valley of Egypt, the Khuzestan of Iran, and the Lower Mesopotamian region of Syria and

Irag have benefited from riveprojects on a massive scaleielh will promot as much economic

growth in presengeneration as has been achieved in the past four thousand years.

There are two major rivers in the eastern region of Anatiblea Euphrates and the Tigrighe valley
of these two rivers encompasses timthern paion of the famed and fertilerescent ofthe
Mesopotamia

The Féerat (Euphrat es) Ri “ast griginathsdan tHe dighgrewmtainsrofi ver i
Eastern Turkey aan elevation of over 3,000 neet above sealevelL he Feér at Ri ver has
catchment area of all Turkish rivers, and is comgasfetwo distinct parts: The upper basin and the

| ower basin. The wupper basin is mountainous and

riversThe project area is within the catchment area

The principal tributary, the Murahr i gi nates from the skirts of Al &
District within the province of Ajre. As the riwv
the province of Ajm,.eg.ddresk jpihsehe avafet byovarious friburieR | a i
Thereafter, Murat River runs through a valley for about 70 km towards the south and passes Malazgirt

and Bulanék plains. The tributaries as Nadirkey
through Alpaslan | dam site where construction was completed, the river is joined by Bingol Creek.
Then it reaches Al paslan 2 dam site. In Muk pl a

valley. Goynuk Creek joins the river branch in the vicinityGeng District. The river continues its
flow through the valley and reaches the reservoir of Keban, Blase to Palu District.

The development of the water resources of the Murat Riverbbas investigated by the state
agencieghrough its agencies ev many years. The authorities under consideration have developed
projects aimed for irrigation, water supply and energy utilizing the flow data of these stations in order
to develop the water and land resources of Murat River Basin. Some of these mn@eatser
operation, whereas, some are under construction or in final design, planning, and reconnaissance
stages.

Kalekdy reservoir system lies immediately upstream of Keban, and, from the point of view of size and

cost of power and energy productionisione of the most attractive hydroelectric praeeit only on
the Murat River but in Turkey as a wholéhe reservoirs and their locations are given in Figure 3.1.
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Blajck Sea

Caspian

Figure3.1 Location of the Kalekdy reservoir system on map of Turkeégrid Map, 202)

Figure 32 illustrates the layout of the facilities aiming to utilize the hydroelectric potential between
Alpaslan 1 Dam and Keban Dam. Note that, Keban and Alpaslan 1 Dams are in operation stage,
Alpaslan 2 Dam in final design stage, and the othezsirafeasibility stageln addition to this, a
schematic diagram of a cascade systeshown in Figur&.3.

The physical characteristiad the dams, minimum and maximum reservoir operation water levels
have been obtained identically from the FeasibiRgport (Temelsu International Engineering
Services Inc., 2011)
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Limitation of the tailwater levels, as web ¢he topography of the regiageological conditionsffect

dam axes locationsand operation water levelas mentioned in Feasibility Repo(2011)
Hydroelectric potential betweendlelevations of 1225 m and 870 m for Murat tributaasdivided

in two gages. These two stages comptis® upstream part between the elevations of 1225 m and
1020 m and the downstream part between the elevations of 1020 m and 870 m. Settlement areas and
irrigation areas specify the boundaries of the stageshown in Figure 3.4The maximum water
elevation at the upstream part has been specified as 1225 m depending on tiom ierighdrainage

of Muk Plain, whereas the tail water | evel has be
Bingdl Plain. At theKalekdy reservoir systendownstream part, maximum water elevation has been
specified as 982 m depending on the layofuGeng District. Tailwater elevation at the downstream

part has been accepted as 870 m.

For the purpose of utilizing the means of energy offered by Murat River between the elevations of
8701225 m, the main facilities from the upstream towards the sivesim are series of four dams
listed as follows

i) Upper Kalekéy Dam and HEPP
i) Lower Kalekdy Dam and HEPP
iii) Beyhan 1 Dam and HEPP
iv) Beyhan 2 Dam and HEPP

It has been accepted that the Kélgkeservoir gstemwould have been completed acmhmissioned
in 2015

3.2 Installed Capacity

The first step in any system analysis study is to identify the hydrologic and physical features of the
system.

The powerplant installed capacity establishes an upper limit on the amount of energy that can be
generated in a pedl. The installed capacities of Upper Kalekdy HEPP, Lower Kalekéy HEPP,
Beyhan 1 HEPP anBeyhan 2 HEPP have been determiasd600 MW, 450 MW, 550 MW, 255

MW, respectivelyby the ownerbased on the decision of General Directorate of Electrical Power
Resouces

The upstream development facilities existing or planned to be constructed on Murat River and its
tributaries are directly related with this project only in terms of water supply. The water requirements
and water consumptions of the projects develdpedhe purposes of water supply and irrigation at

the upstream of the proposed facilities have been analysed in two steps as for the existing and future
casesThe effect of these water requirements on the inflows of the Kaladservoir systerhas been

taken into account and the inflows of the facilities have been calculatéaasibility Report
(Temelsu International Engineering Services Inc., 2011).
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Figure 34 Profile of Kalekdy reservoir system
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UPPER KALEKOY DAM AND HEPP

HEIGHT (FROM THALWEG) m) | 1275
TOTAL VOLUME OF RESERVOIR (10'm) | 595.3
SEDIMENT VOLUME (10'm) | 2180
INACTIVE VOLUME (10°'m) | 406.2
ACTIVE VOLUME (10°'m) | 189.1
MAXIMUM OPERATION WATER LEVEL | (m) |1225.0
MINIMUM OPERATION WATER LEVEL | (m) |1210.0
GROSS HEAD (m) | 1225 MUS PLAIN
INSTALLED POWER (MW) | 600.0
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3.3 Hydrology

For afeasible decisiomn thesize of the works, it is important to know the available river discharges
at each dam site far long period.

The flow through the Feérat basin varies from ye
Kalekdy reservoir system is given in this chapter. More detailed infmas availablein the
Feasibility Repor{Temelsu International Engineering Services,|2011).

The greater part of the precipitation occurs between November and May and in the higher areas
generally falls as snow from the beginning of December and sometimes as early as November. This
snow accumulates during the winter and melts in April Bfay and, in conjunction with rainfall,
produces the largest floods.

For the purpose of developing the water and land resourdé® bfurat River Basin, hydrometric
stations were installed by the DSK and EKE Admi
various dates. Daily precipitation observations are carried out at all of the meteorological stations. In
addition to this, othermeteorological observations such as temperature, evaporation, relative
humidity, wind, radiation are also recorded at some of the stations.

Murat River and its tributaries are the resource of water in the studyTdreaatchment areas of
Murat River atthe axis locations of Beyhan 2, Beyhan 1, Lower Kalekdy and Upper Kalekdy dams
are, respectively; 25 428n2 25 274 kmz2, 22 243 km2 and 21 337 km2,

In this study, the operation studies have been performed intagessorthe basis of monthly flows
obtdned fromFeasibility Repor{Temelsu International Engineering Services Inc., 2011

i) AEXi st ilnfloggsoCa s e

The case illustrating the full development of the irrigation projects existing at the upstream, or the
irrigation projections of the projects punder operation, on the date of 2015.

)] AFul | Develnflopsient Case
The case illustrating the commissioning of all existing and future upstream projects with or without
dams and aiming water supply, irrigation and energy production, and also illustiaginfyll
development of their irrigation schemes.

The installed capacity and total energy production for Kajekeservoir gstem have been
determined, taking the projects either existing or planned to be constructed at the upstream, into
account. Accordigly, the flow series of the dams with big reservoirs (storage volumes) either existing

or planned to be constructed at the upstream have been updated, operation studies have been carried
out in Feasibility ReporfTemelsu International Engineering Sergid¢ac., 2011)

For a series of hydroelectric stations such as those envisaged on the Lower Murat, the useful
discharges for each of the plants are composed of the following elements:

i) the inflows from the intermediate catchment area situated between the ylder
consideration and that immediately upstream,

i) the discharge of the plant situated directly upstream,
iii) the losses due to evaporation from the surface of the reservoir.
3.3.1 Climate
Continental climate is dominant within the catchment area of Mura&r RThe characteristics of this

climate reveal that winters are cold aiathy, summers are hot and dry. Precipitation and temperature
values argaken fromTable 3.1.
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Table 3.1 Annual Precipitation and Temperaii@melsu International Engineering Sees Inc.,

2011)
Name of Facility Annual mean precipitation | Annual mean temperature
Upper Kalekéy Dam 533 mm 11.8°
Lower Kalekdy Dam 543 mm 11.8°
Beyhan 1 Dam 576 mm 13.7°
Beyhan 2 Dam 576 mm 13.7°

3.3.2 Reservoir Inflows

Required input data dhe model consist of ifdw data, evaporation data and dam feauféirty

years of historical streamflow data is generally considered to be the minimum necessary to assure
statistical reliability(EM 11102-1701, 1985. The model simuliéons cover the p@d Oct. 20150

Sep. 205 in daily timesteps.40 years of monthly hydrological data are available for the simulation.
The data weralerived from observations of &4ear period covering Oct. 1966 to Sep. 2006.
Historic vdues are used for inflow andagoration datan other words, it is assumed that the pattern

of runoff that occurred during the period of flow records will repeat itself in the future in the same
chronological sequence; thus this represents thetkmng water yield of the catchmenteas. While

such a method does not fully account for all the possible vagaries in runoff which may occur over
long periods of time, it is nevertheless sufficiently reliable for the present purpose, and no data are
available upon which better forecasts o€ tfuture behaviour of the river could be madée
operation studies performed in two stages on basis
dev el op mdahescenarins"existing case" and " full development case" differ in the flow data.

A flow duration curve gives the percentage of time a given flow has been equaled or exceeded for the
period of record. The percentage of monthly flow data equal to or greater than a given flow
measurement, termed the "percentage exceedance" is calculated.

Annud inflow graphs andléw duration curves are shown iRigures 3.5-3.12 respectively.In
addition to this comparison ofmonthly inflows at Upper Kaleky reservoirin existing and full
development caseareshown in Figure 33.

The mean runoff of the 49 e a r period of the HfAexi7at/satUpperc ased i s co
Kalekdy, 191 m3/s atLower Kaleldy, and 20m3/s at Beyhan 1 and Beyhan 2

The mean runoff of the4pear peri od of the #Afull demi/ebtop ment <case
Upper Kaleky, 155m?3/s atLower Kaleldy, and 4 m3/s at Beyhan 1 and Beyhan 2.

Murat river has relatively regular flow regime characterised by two months of high average flow in
April and May, and with minimum flow usually ocaimg in August The period of the elg
consecutive driest months extends from July to February.

The river flows are influenced by the melting of snow which usually begins irApiitland may last
until the end of May. Except on some permanently snapped peaks snow falls in the upper area
of the basin normally during December and occasionally also during November.

The most severe and prolonged period of subnormal runoff that has been recorded to date was the
threeyear period between 1999 and 2001. This period included the year of lemrasil runoff

(2000), and the average annual flow during the tiyeee period was only about 64 percent of the
average runoff for the full period of records. Upper Kalekdy and Lower Kalekdy reservoirs being the
largest reservoir in the system, will assuthe dominant role of providing lorAgrm holdover
storage.
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3.3.3 Environmental Flows

When hydraulic structures are constructed on a river to regulate water, environmental flow is the
minimum water regime to maintain ecosystems and their benefitsjl2ysd, 2003).Environmental

flows based on the feasibility report prepared by Tembisy Turkeyin 2011 are shown in Table

3.2

Environmental flow in wet seas@gmarch, april, may, june) approximately equals to 20 percent of the
annual average flownidry season it equals to 10 percent of the annual averageHimmever,
environmental flows should be set thre basis of the needs of the downstream reach and not simply
from a formula whether related to average flow or the flow duration curve.

Table3.2 Environmental Flows

Month Qenyv (M¥s)
Upper Kalekody Lower Kalekdy Beyhan1 | Beyhan 2

January 17.73 20.15 37.50 37.50
February 17.73 20.15 37.50 37.50
March 35.45 40.31 50.00 50.00
April 35.45 40.31 50.00 50.00
May 35.45 40.31 50.00 50.00
June 35.45 40.31 50.00 50.00
July 17.73 20.15 37.50 37.50
August 17.73 20.15 37.50 37.50
Septembef 17.73 20.15 37.50 37.50
October 17.73 20.15 37.50 37.50
November 17.73 20.15 37.50 37.50
Decembe 17.73 20.15 37.50 37.50

3.3.4 Trends in River Flow

The flow data shows that flows have been significantly below thetknng average in recent years.
The average flow over the past 10 years is abifft of the long term averagt is not clear whether
this is a result of natural variation or some ldgagm trend, but it would be prudent to consider the
impact of lower flows on power generation.

The pattern of average monthly flows for tkerat at Upper Kalkdy is shown inFigure 313, from
which the following hydrological conditions were dedu@ethe existing case

Average flow in the driest montiNovember 2002 39.8 m¥/s
Average flow in the driest yea?@00 95.1m3/s
Average flow in the dries}-year period 1999- 2001 106.0m?3/s
Average flow over the 40 year$966- 2006 167m3/s
Average flowover the 10 years (199&006) 152.23 m3/s
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3.3.5 Evaporation

Net evaporation is normlly expressed in terms of an average monthly value inmdatks applicable

for all reservoirs It can beconverted to voluméyy multiplying with the reservoir surface area.
Evaporation defined as 12 monthly values would be used repeatedly throughout -geamulti
simulation. Given evaporation data, HIR&sSim computes the net evaporation volume for each time
period based on theserage reservoir area during the time interval.

According to the Temelsu Feasibility Report, evaporation fistépper Kal&dy and Beyhan lare

givenin Figure 3.14 and 3.1%espectivelyThe values of pPper Kal&dy are assumed to be valid also
for Lower Kalekdy and the values of &/hanl are asumed to be valid also foreBhan?2.
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3.3.6 Sediment Yield

WhenKalekdy reservoir system is under operation, Alpaslan | Dam will be under operation too. For
this reason, Alpaslan | Dam witontrol the sediment valne expected from its own basiDead
volume for each reservoir is calculated according to the 50 years operation period in Feasibility
Report (Temelsu International Engineering Services Inc., 20¥alues in Table 3 are directly
obtained from the same report.

Vortex effect limits operation water level as minimuWithether the submergence provided at the
minimum water level is sufficient or not is checkednaler to avoid vortex formation in front of the
intake structure. Severfdrmulas have beetdeveloped that define the submergence required.

For a recommended method for computing submergestgrements at well operatimyototypes,

ASCE (1993 provideda graph as shown iRigure3.16 Therecommendations are valid for intsk

with properapproach flow condition#An exampl e cal cul ation fois Beyhan 2
presented below.

F=_ 3.1)

)g.D
Where

F. = Froude number=5.71/(9.81*7.80)0.5 = 0.653

Q = turbined flow= 272.90 rd/s

D =diameter of the penstock7=80 m = 2584 ft

A = area of the penstock47.78 M

V = velocity of the flow =272.90/47.78 = 5.71 m/s = 18.73 ft/s

h=2F, +1/2 3.2)

where

h = Submergence deptbk defined as the distance between minimum water level and centerline
of intake

h/D = 2*0.653 + 0.5
h=1.806*7.8=14.1 m
Existing Submergence = 902.0878.90 =23.1 m>14.1m

Table 3.3 Sediment volumes of reservoirs

Name of Dead storagq Dead storagg Invert elevation off Minimum operation
Facility volume height intake structure water level
(hm3) (m) (m) (m)
Upper Kalekoy 218.0 1189.0 1190.0 1210.0
Lower Kalekdy 38.0 1048.0 1069.0 1085.0
Beyhan 1 121.0 962.0 962.0 977.0
Beyhan 2 0.0 868.2 875.0 902.0
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Figure 3.16Recommendedubmergence fointakes (ASCE, 1995

3.4 Reservoir Storage

Reservoirs a defined by a series of relationships based on storage. The storage against maximum
outflow relationship is required. For conservation studies, reservoir areas are needed for evaporation

computation and elevations are needed for hydropower computatiotis.aia and elevation are
given as functions of storage.

The elevatiorarea curvefor the damin Kalekdy resevoir system is given in Figurés17 - 3.20.
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Figure 317 Elevationarea curve fotdpperKalekdy Dam (Temelsu International Engineering
Servies Inc., 2011
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Figure 318 Elevationarea curve for LoweKalekdy Dam (Temelsu International Engineering
Services Inc., 2001
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3.5 Tailwater Rating Curves

The tailwater may be specified as a constant value or with a rating curve. If a downstream lake
elevation could affect the tailwater el¢iom, the program can check that elevation to see if it is higher
than the block loading tailwater elevation or the tailwater rating curve. If it is, then the downstream
lake elevation would be used. When two or more ways are used to describe the tathedtagher
tailwater is used.

Tailwater elevation is a function of the total project dischathye, outlet channel geometry, and
backwater effects and ispresented by a tailwater rating curve.

Developing a curve for tailwater elevation versus riveclttisge can be the source of a great deal of
field work. A way of developing a tailwater curve for a given site; is to develop the curve from the
computed backwater curve, i.e., HECRAEL, developed by the Hydraulic Engineering Center
(HEC), U.S. Army Corp of Engineers, Davis, California.

The tailwater rating cungfor all the dam siteare given in Figure3.21-3.23 respectively.
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3.6 Head Losses

In determining the net head available for power generation, it is necessary totdoctxad loss in

the water passages. These losses include primarily friction losses in the trashrack, intake structure, and
penstock. Hydraulic losses between the entrance to the turbine and the draft tube exit are accounted
for in the turbine efficiencyHead losses fddpper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2
dams are 2.5n, 1.0m, 2.0m and 1.0 nrespectively(Temelsu International Engineering Services

Inc., 2011) Friction, entrance, trashrack, gate, transition and curvature losses amaititg/draulic
lossegaken into account.

3.7 Efficiency

When calculating the powand energy output of each plant, the gross head was determined day by
day as the difference between reservoir and tailwater level. Efficiencies in the hydraulic system,
edimated for average conditioasdthe samefor each plant, are deductday assuming the following
efficiencies for operation under average conditions:

e = overall plant efficiency ® wmineX € generatorX € tranormer (33
e=0.92 x 0.98 0.99 = 0.893Temelsu International Engineering Services Inc., 2011)
3.8 Damsd6 Features

The characteristics of the reservoir system are defined by a number of parameters tsatridveld
belowin brief.

3.81 Upper Kalekéy Dam and HEPP

Upper Kaleklyy dam is located just at the downstream of the confluence of Murat River and Karasu
and its catchment area is 21 337 km2. The annual mean flow at UppetyKdéak site for this period
is 5590 hm3,

A hydroelectric power plat with an installed capacity of 600 MW will be constructed by the roller
compacted concrete at the locatarown in Figure 3 with a height of 127.5 m from the thalweg and
1500 m from the foundatiornThe power plant has three main and one small Fraypzsof turbines.

The maximum operation watkvel of Upper Kalekdy Dam has been selected as .0225by taking

the irrigation and dr aArnéngceé ks ylsrtreing aetli eovna t B romj eccft
elevation of the dam is 123D m. The minimum operation wet elevation is12100 m. The
characteristics of Uppédtalekdy Dam and HEPP igivenin Appendix B.

The general plan and typical cross section of Upfadekdy Dam and HEPP are shown Appendix
B.

3.8.2 Lower Kalekdy Dam and HEPP

Lower Kaleky dam is located at the downstream of Upper Kafalam site and its catchment area is
22 243 kn2. The annual mean flow at Lower Kabgidam site for this period is 6356 hm3.

A hydroelectric power plant with a capacity of 450 MW is instabigdhe roller compacted concrete
type at the location showin Figure 3.4with a height of 9@ m from the thlweg and 103 m from
the foundation.

The maximum operation watkavel of Lower Kalekdy Dam is defined by the tailwater level of Upper
Kalekdy Dam and HEPP. For this reason, the maximum water elevation has been specifiedbas 1102
m. Crestelevation of he dam is 1108 m. The minimum operation water elevatisl0850 m.

The spillway has been located at right bank as overflow type with gates. The spillway crest elevation,
whose dimensions have been computed according to the fgobhakimum flood peakischargeijs
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10870 m.The characteristics of Lower Kalekdy Dam and HEPP is givékpjpendix B.The general
lan and typical cross section of Lower Kalekdy Dam and HEPP are sh@vppéndix B.

3.8.3 Beyhan 1 Dam and HEPP

A hydroelectric power plant with capacity of 400 MW is installed at the location shown in Figure
3.3 with a height of 88 m from the thalweg and 97.0 m from the foundation.

The settlement area of Geng District defines the maximum operation lexzgbof Beyhan 1 Dam.
The maximum watelevel elevationis 9820 m so that the settlement areas in Geng¢ District are not
inundated. Crest elevation of the dam is.98%. The minimum operation water elevatier®77.0 m

as a result of the sediment estimation.

The spillway has been located &t lank apart from the dam body as overflow type with gates. The
spillway crest elevation, whose dimensions have been computed according to the probablemmaxim
flood peak discharge, is 9&7m.

Beyhan 2 and Beyhan 1 dams are the two successive damsl lonatéurat River. Their catchment

areas are 25 426 km2 and 25 274 km2, respectively. The annual mean flows of Beyhan 2 and Beyhan
1 dams for this period is 7884 hnPhe characteristics of Beyhan 1 Dam and HEPP is given in
Appendix B.The general plan antypical cross section of Beyhan 1 Dam and HEPP are shown in
Appendix B.

3.8.4Beyhan 2 Dam and HEPP

Beyhan 2 dam site is located on Murat River at the thalweg elevation of 868.2 m. The dam site is
located at an air distance of 5.5 km in the east of Hattiall center and at the 8km of the 22 km

long provincial road between PaBeyhan.The annual mean flow of Murat River at Beyhan 2 dam
site is 7884 hm3.

A hydroelectric power plant with capacity of 255 MW idnstalled ly the concrete gravity at the
location shown in Figure 3.3 with a height of 81m from the thalweg and 62,0 m from the
foundation.The power plant has three main and one small Francis type of turbines.

The maximum operation wattevel of Beyhan 2 Dam is defined by the tailwater leeEBeyhan 1
Dam and HEPP. For this reason, the maximum water elevatiorebasspecified as 9@bm. Crest
elevation of the dam is 910,0 fhe characteristics of Beyhan 2 Dam and HEPP is givéppendix
B. The general plan and typical cross sectioB@fhan 2 Dam and HEPP are showd\ppendix B.

An overview over the most relevamtodelling components used for simulation in the Lower Murat
Basin are presented below.
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3.9 Model Components in HEGResSim

A large number of different modelling compents are available in HEResSim. This enables the
modeller to build an adequate representation of the system to be studied. For different studies,
different modelling components will become important. For instance, in the flood study river routing
and cetailed spillway characteristics are important, whereas in the reservoir simulation study
diversions, water requirements and evaporation are important. The current study focuses on the
general simulation of the reservoirs as well as the impact of theeogsesn energy generation.

The scenarios also have different modelling tsteps. Daily time intervals are the maximum
possible length of modelling tirteps in HEEResSim. Therefore, the available monthly inflow data
in the Lower Murat basin are treatas daily values that do not vary within a mofite simulation
period covers 40 years in daily tirséeps.Due to the discrete computational thsteps, humerical
artefacts may occur, which can cause jumps in the simulated values between monthst, Hogss/e

numerical artefacts are in general negligible.

An important feature of HE®esSim is that the model is divided into three separate sets of functions
called modules:

i)  Watershed Setup Module
i) Reservoir Network Module
iii) Simulation Module

Figure3.25 provides a graphical illustration of the three modules that constitute RESSim.
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Figure3.25 HEC-ResSim Module concepts (Klipsch, 2007)
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The river network, based on the stream alignment, is represented by computation points that are
connected by reache3his structure defines the topology, such that the model knows in which
direction the water flows as well as where the confluences of separate rivers are located. Intermediate
basin inflows can be specified for each computation point. Similarly, upstrestmwater
consumptions can be accounted for by subtracting water from river runoff at computation points.

Several different methods for routing of runoff through the reaches between computation points are
available. However, this is generally used in tloed studies, runoff routing is not important for the
reservoir simulation study, which is based on monthly data.

Reservoirs are added upon the stream alignment. InRESSIM model, a large number of properties
for the reservoir can be specified. Soméhafse include:

i) elevatiorareastorage curves
i) evaporation
iii) outlets
iv) operation rules

The elevatiorareastorage curve defines the basic properties of the reservoir for the mass balance
accounting between inflows and outflows. This curve is also used fonteitey the evaporation

from the surface area of the water body. The water level affects the energy generation as well as the
spillway losses. Further, the operation rules are based upon the water level.

Outlets can represent power plants, diverted outtaitrolled or uncontrolled spillways, outlets for
environmental flow, etc. Power plant specifications include design discharge, tailwater levels,
efficiencies, hydraulic losses. Spillway properties are usually defined by a curve giving the
relationship beteen water level in the reservoir and spillway discharge. As there may be several
outlets at each reservoir, it is important to specify rules for prioritizing the allocation of water. There
would not be a conflicting demand between diversion of water avidoeamental flow releases by
specifying rules.

Operation rules are defined for different storage zones in the reservoir. Such operation rules can
represent rules for diversion of water, environmental flow release, or downstream water requirements.
The stoage of a reservoir is typically split into three parts: inactive Zdead zong)conservation

zone, and flood control zone. A guide curve for the operation of the reservoir is implemented by
specifying a seasonal variation in the elevation of the ceatien zone. In the simulation, the model

will preferentially try to keep the reservoir water level at the top of the conservation zone, while
obeying all rules like downstream water requirements. If the water level reaches a different zone, then
a different set of rules comes into effect.

3.10 Model Setup of HEC-ResSim

The HECResSim model is setp to simulate the operation of the reservoirs in the Lower Murat
basin.
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Figure3.26 Reservoir Network ModuleKalekdy cascade reservoir system

Figure3.26 shows the river network module and the locatibreservoirs. In all scenaspit has been
accepted that four dams are under operafigure 327 illustrates that from the reservoir editor tab
physical properties such as spillway, power plant amdgpcan be modeled for each reservoir.
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Figure 327 Reservoir editor tab, physical properties of hydraulic structures
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Different types of rules are available for specifying the operation of the reservoir depending on the
storage zone. Basic rules remesng environmental flows and firm energy requirements are
implemented as shown Figure 328.

:i Reservoir Editor S T —— — lﬂ
Reservoir Edit Operations Zone Rule IF_Block
Reservoir :ngeerekgy v: Description o @@ 20f4 @E]
-Ehysical Operations | Qbserved Data
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Zone-Rules | Rel. Alloc. | | |
# Conservation Operates Release From: Lower Kalekoy-Power Plant
&~ JEnvironmentalFlow_LK ) o
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o [hactive . .
Function of: ||_ower Kalekoy-Pool Net Inflow, Current Value
LimitType: | Minimum +| Interp: [Linear -]
40
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[ Day of Week Multiplier
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4 m 2
|=—

Figure3.28 Reservoir Editor, operating rules

Environmental flow releases due to downstream requirements are simulated in the model as turbined
flows. For environmental flows a rule is applied which considers that the amount of water that has to
be released must not be greater than the inflow to the reservoir.

Figure3.29 shows prioritization of the allocation of water to different outlets is speciparately.
The following decreasing priorities were used:

i) environmental flows (highest priority)

i) hydropower plant
iii) spillway (lowest priority)
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K7 Reservoir Editor B
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Figure 329 Specification of release allocation strategy with the HE&SSim Reservoir Editor

Pump scheduleule is an operation rule that provides the capability of pumping water fram on
reservoir to another. Pump schedule rule is selected from a pump component in the reservoir which
will receive the purped water as shown in Figure38. A constant value orane may be chosen for

the target fill elevation from section A. Section B reflects the available réimge for operation. In

Figure 3.30 pumping is to occur 25% of a day and begins @d®4Pumping strategy may be cea

from section C either to minimézthe time spent pumping or to run the pumps at a rate which is less
than full capacity in order to just reach the target at the end of the pumping period. If the pumping
strategy is "use full pump capacity”, one can select one of the following fromrsBctio

i) Beginning of period,
i) Middle of period,
iii) End of period.

By using the button in section En® can give the ability to force reservoir to pump as even if it
doesn't need to.
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X Reservoir Editor @

Reservoir Edit Operations Zone Rule IF_Block
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Figure3.30 Pump RuleEditor

HEC-ResSim offers several different waysasfalyzing results. These include graphical plots oftime
series variables, tables listing tirseries of variables, and summary reports listing statistical measures
such as mean, maximum, minimum flow or water level. A humber ofigfiaed plots, tablesna
reports are available. These futefined sets can be edited or new sets can be created. This offers the
possibility to produce outputs specifically focused on the problem to be analyzed. In addition, the
results can also be exported for ppstcessingn other software, such as for example MS Excel.

The real value of HEResSim is to view a graphical display of the results on screen, as the zoom and
pan tools of HEEResSim offer an efficient, interactive way of analyzing teeeies plots.

The following presentation of the results is intended to give an illustrative overview of the simulation
with HEC-ResSim. It is not a detailed presentation of all the results at each dam for each scenario.
Instead, the focus is on reporting results for any reservesull for all dams and all scenarios and a
large number of variables are available in tabular forms in Chapter 4.

Examples for prelefined plots include:

ADefault pl ot o s howeservgiridshosvinicFiggorp&3 ati on of the
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Ej Default Plot - Lower Kalekoy, 5:07PM
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Figure 331 Graphical display of "Default plot" function

APower plotd showi

ng

e n drigugey332gThis inctudes @alsop a variable pr esent ed

showing the power capability, i.e. the power generation when all of the water is allocated to the
turbine. In tle actual operation of the reservoir this power capability will not be reached due to
restrictions related to e.g. the guide curve, diversions and water requirements.
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ﬂ Power - Lower Kalekoy, 6:10PM | = | [ £ |

File Edit Plot View
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Lower Kalekoy-Power Plant att1------ 0. Power. 1 DAY

Lower Kalekoy-Power Plant att1------ 0. Power- CAPABILITY .1 DAY

Lower Ealekoy-Power Plant-Firm_LE.alt1------ 0.Power-REQUIRED.1DAY
Time of Simulation

Lower Kalekoy-Pool.akt 1------ 0. Flow-1H.10AY

Lower Kalekoy-Pool.akt 1------ 0. Flow-0UT.10AY

Lower Kalekoy-Power Plant att1------ 0. Flow- QP CWYER. 1 DAY

fRel eases

Figure 332Gr aphi cal di splay of APower

p | indivinlual sdleases frorg thearkservoir as shownFigure 333. The

number of variables displayed here depends on the elements added to the specific reservaoir.
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ﬂ Releases - Lower Kalekoy, 6:15PM

File Edit Plot View
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Figure 333Gr aphi cal di splay of ARel
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CHAPTER 4

SIMULATION ANALYSIS

4.1 Introduction

Upper Kalekly Dam,the first facility at the upstreamf Kalekdy reservoir systefris opergded with

the inflowsas shown in Figure 331 However, the downstream facilities are operdtg@dding the
intermediateflows to the power plant and spillway outflows of the upstream facility, from the
resulting flows. Usually upstream reservoirs amore important since they provide inflow for
downstream hydroplants.

The operatin of four cascade reservoirs senulated by consiting ten differentscenarios The
model considers operation of the reservoirs with guide cuhveise operation scenarios for the dams,
power plant located at the toe thfe dam has been simulateleleases from the reservoirs include
turbined dischargeenvironmental flows, spillway losses, and evaporation losses. Diversion is
included to reflect water consumptions for irrigation.

Reservoir operation simulation primarily depends on the state of the reservoir at each time interval.
The general goal iotkeep the reservoir at the top of the conservation pool. As thégwebimoves
into flood, conservation, and inactive storage zones, the operation goals may chamgeodelwas

performed ontime-step from 6 hours to a dagnd simulates the coupledstsgm of the four
hydropower plantsMain inpus of thesimulationinclude:

i) Reservoir storage characteristics, as defined by the relationship vahealevation.
)] Evaporation from reservoir storage.
iii) Operation guide curve to determine release from resestariage.
iv) Tailwater ratingcurve, which affects the hydraulic head as a function of runoff.
V) Environmental flow requirements.
vi) Broad consideration of hydraulic losses and turbine efficiency.

iX) Intra-daily turbine operation to allocate energy generation mefally to peak hours as
opposed to ofpeak hours.

X) Links between reservoirs, i.e. outflow frobipper Kaleky is inflow to Lower Kaleldy,
outflow from Lower Kaleldy is inflow to Beyhanl, and outflow from Byhan 1is inflow to
Beyhan2.

Xi) Intermediate inflav between reservoirs.

Xii) Pump and turbine characteristics.

Reservoirsystemwith many units may have varioagerational rules. An operational rule applied at
one reservoir will have consequences for other plants in the system. In this chapter, theyygssous t
of operation rules and guide curves were investigated and the results of thr@saaegiven in the
following sections.
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Operating rules for water resource system must be established to specify how water is managed
throughout the system. System derds may be expressed as minimum required flows to be met at
selected locations in the system. Some or all of the operation policies may be designed to vary
seasonally in response to the seasonal demands for water and the stochastic nature of supplies.

Starage capacitiesfor the Upper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2 reservoirs are

shownin Table 4.1.

Table 4.1 Storage capacities for the Upper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2

reservoirs
o ion level Total Inactive Active
Reservoir peration levels capacity | capacity capacity
(' m above sea level hm3 hm3 hm3

Upper Kalekdy 12250-121Q0 595.3 406.2 1891
Lower Kalekody 1102.5-1086.0 431.5 240.1 191.4
Beyhan 1 9820- 9770 369.06 294.64 74.42
Beyhan 2 905.0- 902.0 78.92 63.55 15.37

Relationships between required reservoir storageresetvoir heighfor full capacity operation of
each reservoir in varying time durations are shown in Figdr&4.4. Required storage is inversely

proportional to head.
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Figure 41 Upper Kaleky reservoir storage required vs. height for 600 MW plant wjtiZ 18 and

24 hours of operation
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Figure 42 Lower Kaleldy reservoir storage required vs. height for 450 MW plant wjth2 18 and
24 hours of operation
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Figure 43 Beyhan 1 eservoir sbrage required vs. height for 550 MW plant withl@, 18 and 24
hours of operation
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Figure 44 Beyhan 2 eservoir storage required vs. height for 255 MW plant wjtiZ 18 and 24
hours of operation

Unless otherwisenentionedall scenaris have theame following defiitions:
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considered so it is taken as 1.

In Table 3.2it was understoothat environmental flow requirementse changindetween wet and

0 60

Volume (hms3)

Hydrological scenario: Existing case
Environmental scenario: Environmental flow requirements
Four dams are under operation.
Simulation period: 40 years 1.10.2015 to 30.9.2055, daily-siteps

Physical characteristics of theservoiramentionedn Chapter 3 were used

Overload ratio is used by the prograondetermine the maximum energy whemver plant
can produce in a time intervalhe maximum production would then be a limit how much
excess energy could be generated rdunperiods of surplus wateNo overload ratio is

100

dry seasons faall reservoirs. In all scenasseasonal variation editiarusedo specify releases.
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K Seasonal Variation [ |
K Reservoir Editor Interpolation Type S =]
Reservoir Edit Operations Zone Rule IF Block =
o Date B
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Figure 4.5 Seasonal variation editor

For example, the minimum requiregdleaseallowed at a downstream location is described as a
function of inflow at upstream locatiamhich is a function of internal variable. By usifdgetseasonal
variation option the simulations will obey the specified graph as shown in Figure 4.6 for Lower
Kalekdy reservoir. In this graph; it is seen that if the net inflowshégkerthan environmental flows,

the minimum release in dry seasons and wseasons should be 20.15 m3/s and 40.31 m3/s
respectively.
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Figure 4.6 Seasonal variation edigwaph ofLower Kaleldy

In the scope of this studyen scenaris have been investigated to utilize the hydraulic potential of
Murat River between the elevarts of 870 ni 1225 m.
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4.2 Scenario 1

Dam is operated continuously aarimum operation water level at all resergoi©peration studies
were performed by using daily inflovius existing case

Conservationzone compriseonly environmental flowrule. HEGResSim tries to maintain the
reservoi water level specified in the conservatioong'stop devation. As an example, then the
Upper Kalekdy'seservoir water level exceed225.0,the spillway is activated. In the inactive pool,
no releases are made. Tdrdy loss of watr would come from evaporation.

Figure 47 showsa part of daily operating cycle. In this scenario, the pl@nrequired to operatat
maximum operation level for 2sours a dayseven day a weekthrough all yearsNot specifying

firm energy requirements provides an alternative strategy that will maximize the average annual
energy output.

The power duration curves shown in Figure-4.81 are based on all the time period of record. In
other words, it can be treated as an annual generative, describing the average annual output over
the period of record.

The average annual energy can be obtained by computing the area uneveheutputturve and
multiplying by the number of 8760 hrs.

8760hours'?
Annualenergy(kWh) = —— fPd 4.1
ay(kivh) 100percent(|j13 P (4-1)

where
P = generator output in KW
p = percat of time

As an example, the average annual energy for the Ufgdekody would be 1,398,955 kwWh.
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Plant Factors are ratios indicating the portion of time that the islgenerating.

Averageyearlyenergy

Annualplantfactor = -
365x 24 x Installedcapacity

4.2)

In Scenario 1 plant factors &fpper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2 HEPPs are
0.27, 0.28, 0.26 and 0.25 respectively as shown in Tabldnaddition to this, e results of the
Scenario 1 are givemiTable 4.2

Table 4.2 Summary of results for Scenario 1

Name of Annual net | Annual flow | Annual turbined Annual total Plant
Facility inflow (hms3) spill (m3/s) flow (m3/s) energy (GWh) | factors
UpperK. 5254.3 407.0 4 846.3 1399.0 0.27
Lower K. 6 012.6 530.6 5481.7 1099.3 0.28
Beyhan 1 7 468.7 566.4 6 901.6 1240.5 0.26
Beyhan 2 7 464.9 531.7 6 932.7 564.9 0.25
Total 26 200.5 2 035.7 24 162.3 4 303.7
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Figure 48 Power ad netinflow duration curve 8Upper Kaleky reservoirin Scenario 1
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Figure 411 Power ad netinflow duration curve aBeyhan 2reservoirin Scenario 1

4.3 Scenario 2

The aim of this scenatrio is to evaluate the change in power generation of Kalekdy reservoir system for
a 10% percent increase in the inflovisflows a all computation pointsvereincreasd from the
Scenariol by10 % for theScenario2.

On the bcalflow tab (Figure 412) of the junction editor, inflows were increased by a factor ofdr.1
each external flow entering the junction.

Higher inflow results in a increase in power generatibmore than 7.8% at Kalékg reservoir
system as shown in Table34.

Table 4.3 Summary of results for Scenario 2

Annual
Name of net Annual flow | Annual turbined Annual total
Facility inflow spill (m3/s) flow (m3/s) energy (GWh)
(hm?3)
Upper K. 5 780.5 554.6 5224.8 1507.7
Lower K. 6 615.4 709.8 5905.1 11834
Beyvhan1l | 8224.3 770.0 7 453.4 1338.9
Beyhan 2 | 8 220.5 726.3 7 493.6 610.1
Total 28 840.7 2 760.7 26 076.9 4 640.1
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:j Junction Editor ' g

Name  CF UK in iv [1](a] 8 ors [m]m]
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»

inflow at upper kalekoy 1.100

m

Figure 412 %210 percenincrease in local inflow at computation points
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4.4 Scenario 3

Inflow is distributed by the model between storage, power generatidspillage according to the
reservoir level and operating rules. Energy generated is calculated for ieschnterval and
aggregated to find the firm, secondary and annual average energy. For the purpose of this project firm
energy has been assessed as the energy which will be available for 100% of any given year.
Hydroelectic firm energy is usually based @mergy output over the most adverse sequence of flows

in the existing streamflow data. This adverse sequence of flows is called the critical period.

This scenario results in full use of power storage in critical water years, but in good water years, it
gererally maintains the reservoir as close to the top of the power pool as possible.

Since daily time step simulation has been performed daily energy requirement was specified. Data
entry for this rule is described in Figureld. As an example, for Upper Kekdy reservoir firm

energy was found 1788 MWh/day with a few iterations, this value equals to 74.5 MW power per hour
in a day.

E"i Reservoir Editor l\d_h
Reservoir Edit Operations Zone Rule IF_Block
Resenoir | Upper Kalekoy + Description @ @@ 10ofd @@
| Physical| Qperations | Opserved Datal
Operation Set _opr1 v Description &
Zone-Rules } Rel. Alloc. l l ]
wh Conservation Operates Release From: Upper Kalekoy-Power Plant
(@ EnvironmentalFlow_UK
8 JFirm_ UK Hydropower - Schedule Rule |Firm_UK
Inacti
. Loaciive Description
Power Generation Requirement
1810
Daily Total 1805
Month (MWh) 1800
Jan 17880| ggg_
Feb 1788.0| = 4
= 1785
Mar 1788.0 1780
May 1788.0 1770 S S N _—
Jun 1788.0 Jan May Sep
Jul 1788.0
Aug 1788.0 =
Sep 17880 Power Generation Pattern...
Oct 1788.0
Nov 1788.0
Dec 1788.0

Figure 413 Application of firm power generation requirement rule
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Environmental flow and firm energy requirement rulesits the allowable release range of power
plants.In Figure 4.14,t is shown that because of the omi#on rulesof Upper Kaleky reservoir
allowable range imited between 71.25582.00 m?3/s.
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0: Physical capacity of plant : 582.00 m?/s
1: Environmental flow rule : 35.45 m#/s
2: Firm power rule : 71.25 m*/s

ok

NMAxre 1 ralancs +arior - & 29 NN 71 13 /o
Allowable release range : 582.00 - 71.25 m®/s

Figure 4.14 Mowable turbined release range of Uppeadddy in Scenario 3

Notethat the reservoir water levels aret identical to theonservatiorstorage in the reservoir during
operationas shown in Figue4.15-19, because of limitions imposed by inflows, environmental
flow andfirm powerrequirements.

A review of the longterm flow records shows a period of markedly reduced fiow8000 and2001,
followed by high floods in the spring 80®. These dry season years copawds to 260 and 204
in simulation modelTherefore, the flow records 2050 to 205larebasis to determine the firm
powerof theUpper Kalely plants duringeritical periodas shown in Figure 4.16

In Figures4.16the use of the term O6critical period’ begi
The end itioal pertodis definedras the point when the reservoir has refilled following the

drought period. The larger the amount of reservoir storage, the higher the firm yield or firm energy
output thatcan be sustainedncreasing the amount of reservoir sggalso increases the length of

the critical period, sometimes even changing the critical periedctumpletely different sequenoé

historical streamflowsCritical period may be a portion of a year, an entire year, or a period longer

than a year.
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Sameprocedure is applied to all other three reservoirs. Since reseihaie differentolumes and
operation rules the time of crifit period of each reservoir amdt similar.In Figure 4.17, critical
period of LowerKalekdy reservoiris summer of year 2@2 In addition to thisgritical period of
Beyhan Ireservoir is summer of year 2084 shown in Figure 4.18.

The procedure to find out the firm power capacity of each reservoir is sithie. project &ils to

use all of the storagehe preliminaryenregy esti mate under states the projec
monthly energy requirementgere increased and the sequential routings performed agaim an

effort to fully use the storage.

If the project is drafted below the bottom of thewer pool, the preliminary powerrequirement
estimate was too high. An adjustme&rsmadesimilar to that described for the previous situation

In either case, one or more additioitatationswere madeefore the regulation exactly utilizes the

power storage and thegervoir fully refills. Once a satisfactory regtibn obtained, the projects firm
energy outpuhasbeen determined.
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Energy generated in excess of a pr oj econdaryo r
energy. Thus, it is produced in years outside of the critical period and is often concentrated primarily
in the high runoff season of those ye&scondary and firm energy generated at eactepplant is

shown in Figure 4.2@3. Yellow region pesents secondary energy and green region presents the firm
energy.

Secondary energy produced in years of highow has to be maximised. This is achieved by
keeping the heads as high as possible and reducing energy losses by keeping spillway tiparation
minimum. The firm and secondary energy production values obtained for Upper Kalekdy, Lower
Kalekdy, Beyhan 1 and Beyhan 2 damglombasis of Scenario 3 are shown in Tabl 4.

Table 4.4Summary of results for Scenario 3

Annual

Annual Annual Annual Firm Annual d Annual
Name of net- flow spill turbined power firm Szzoer:gsry total
Facility inflow 3 flow energy energy
omy) | M) sy [ MW awhy | GWh) L (Gwhy
UpperKal. 5254.5 407.0 4848.4 74.5 653.1 735.8 1388.9
Lower Kal. 6014.8 530.6 5485.3 58.0 508.4 583.0 1091.4
Beyhan 1 7472.6 566.4 6906.4 55.5 486.5 751.8 1238.3
Beyhan 2 7469.7 531.7 6937.6 25.0 219.6 345.7 565.3
Total 26211.6 | 2035.7 24177.7 | 213.0 1867.6 2416.3 4283.9

In Scenario 3 plant factord &pper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2 HEPPs are
0.26, 0.28, 0.26 and 0.25 respectively
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4.5 Scenario 4

The model is designed tmmparepower releases to meet firm energy requirembetaeen existing

case(Scenario 3and full development case. Since the inflow decressidl development case, the
firm energy generation decreases. The impacts of low inflow, result in con$édéeaiation on the

energygeneration and operation water level.

The useful storage volume of tlupper, Lower Kadkdy and Beyhan 1 hagrovided considerable
hold-over storage capacity for intannual regulationin other wordsa part of the flow invet years
werestored in order to permit additional releases in subsequent dry years.

Table 45 lists the firmand secondargnergy generatiofor the design scenarid. It is shown that
there is a 20% decreases in total firm power &% decrease in total gerated energy.

Table 45 Summary of results for Scenario 4

Annual Annual Annual Firm Annual Annual Annual
Name of net- flow spill turbined power firm Szzoer;ggry total
Facility inflow 3 flow energy energy
omy) | M) sy | MWL Gwny | GWRh) | (Gwh)
Upper Kal. 4106.2 170.7 3939.0 56.0 490.9 632.2 1123.1
Lower Kal. 4868.7 261.4 4608.7 47.0 412.0 506.2 918.2
Beyhan 1 6326.6 318.8 6008.4 46.0 403.2 675.6 1078.8
Beyhan 2 6323.8 297.4 6026.2 20.8 182.3 309.7 492.0
Total 21 625.3| 1048.3 | 20582.3| 169.8 1 488.4 2 123.7 3612.1

In Scenario 4 plant factors ddpper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2 HEPPs
decreases to 0.21, 0.23, 0.22 and 0.22 respectively

4.6 Scenario 5

Full development case time serigere ugdin Scenario 5In addition to this, lainputs and variables
arethesame with Scenario 4 except thatver Kalekdy's minimum operation level has been lowered
from 1085.0 to 1065.@s shown in Figwe 4.24 The reason ishatin Feasibility Report{Temelsu
International Engineering Services Inc., 2P%&diment volume is at 104Bm however the intake
level was chosen as 1069m Now it is considered to evaluate the effect of the increase in
conservation volume on power generation.
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With this assumptioffable 46 lists the firm and secondary energy generafiiorthe design &nario
5.

Table 4.6Summary of results for Scenario 5

Annual |, | Annual | Annual Annual Annual
Name of net- | o o spill turbined power firm s‘z‘;}%‘:gsry total
Facility inflow 3 flow energy energy
omy) | M) sy | MWL Gwny | GWHh) | (Gwh)
Upper Kal. | 4106.2 170.7 3939.0 56.0 490.9 632.2 1123.1
Lower Kal. 4868.7 261.4 4609.1 48.1 421.6 489.3 910.9
Beyhan 1 6327.1 318.8 6009.0 47.4 415.5 663.5 1079.0
Beyhan 2 6324.4 297.4 6026.8 21.4 187.6 304.5 492.1
Total 21626.4| 1048.3 | 20583.9| 172.9 1515.6 2 089.5 3605.1

In Scenario 5, plant factors tfpper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2 HEPPs are
0.21, 0.23, 0.22 and 0.22 respectively
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4.7 Scenario 6

The model is designed to compare firm energy and total energy generation between Scamdrio 4
Scenario 6 at full development case. In Scen@yio determine the release from the reservoir in order

to increase firm energy, some adjustments are made by iterations on the guide curve. Without any
other operational constraints, the decision logic will attempt to get to and keep ttveiresiethe

guide curve, withirmaximum outlet capacity and physical rate of change constraints.

The coordinates of the points of the operation guide curves are specified by parameters, which are
subject to iterations. It is obvious that it is not required to ieadlt coordnates of the points. For
example, it is obvious that the reservoir should be full after the snowmelt period. Similarly, to reduce
spillway losses the reservoir should be at a lower operation level before the onset of the snowmelt
runoff peak inspring.

Figure 4.25shows a common operation guide curve for Kalekdy reservoir system. Usage of more
points on the operation guide curve is not desirable because of only insignificant increase in revenue
generation and the problem becomes considerallg swnplex.

resenvoir
storage
g after start of
. snowmelt d:ﬁ_.r SEASON
maximum y

operationlevel |~

minimum
operation level

daywithin year

Figure4.25A general examplef guide curve foKalekdy reservoir system

In Scenario 6many iterations were made to increase the firm energy capacity of Kalekdy reservoir
system.In Figure 4.26 guide curves for related reservoirse ashown.In Figures 4.2728 all
simulation period is illustrated as an example for Lower Kalekdy reservoir.
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Increase in firm energy does not mean increase in total annual energy oreinordmnefit this
subject is discussed in Chapter 5. The results of Scenario 6 is summarized in Table 4.7.

Table 4.7 Summary of results for Scenario 6

Annual |, | Annual Firm Annual Annual Annual
Name of net- flow spill turbined power firm S‘;‘ggsry total
Facility inflow 3 flow energy energy
omy) | M) sy | MWL Gwny | GWHh) | (Gwh)
Upper Kal. 4106.2 149.7 3960.2 56.0 490.9 573.6 1064.5
Lower Kal. 4868.9 209.9 4658.8 49.8 436.6 429.8 866.4
Beyhan 1 6325.6 262.2 6063.2 50.3 440.9 618.9 1059.8
Beyhan 2 6321.8 243.6 6077.8 22.8 199.9 297.0 496.9
Total 21 6225 865.4 20 760 178.9 1568.3 1919.3 3487.6

In Scenario 6, plant factors tfpper Kalekdy, Lower Kalekdy, Beyhan 1 and Beyhan 2 HEPPs are
0.20, 0.220.22 and 0.22 respectively
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4.8 Scenario 7

The hydrology of Turkey makes the hydro plants predominantly peaking plants, so that the demand
for additional peak energy suppliedby the installation of further hydro plant. The additional base
energy needed @btained from fossifuelled (lignite and coal) plant as mentioned in Chapter

Hydroelectric plants will operate with a relatively simple daily peaking operation, with a fixed
number of orpeak and ofpeak hours each day. The goal of hydroelectrictpdgeration is to have

as much flow available for generation as possible duringeak hours, in order to increase income.

In all months of the year peak energy has been produced. The peak operation period is assumed to be
6 hrs/dayas showrin Figure 4.3.

Load or demand for electric power varies from hour to hour, from day to day, and from season to
season in response to the needs and living patterns of the power users. Demand for power is at a low
point in the early morning hours, when mosthe population is at rest. Demand increases markedly

at 6 am, as people get up and begin going to work, and reaches a peak in the late morning hours.

As the long term average natural flow rate of Kedekdy reservoir system is about 167.0 m3/s, the
maximum turbine discharge capacities of turbines are more than three times as much as the long term
average stream flow, and hen&alekdyreservoir system is suitable for discontinuous running and
producing large energies during peaking demand hours.

The dectric distribution companies have been applying theadled 'wise-hoursschedule' system of

pricing on voluntary basis. Hourly operation studies are gkort sequential streamflow routing
studies, performed primarily to evaluate the performancegyadlmn o peaki ng proj ect s.
studiesd has been applied to this scenario as
was applied to skhour intervals.

Table 4.8 VWise-hoursscheduldor Scenario 7

Peak 18:00 - 24:00 (25% day)
Day 06:00 - 18:00 (50% day)
Off-Peak 24:00 - 06:00 (25% day)
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A number of factors influence the amount of peaking capacity of Kgletservoir system at given
installed capacities and storage volumes:

i) average reservoir's inflows,
i) time distributon of reservoir inflow,
iii) required generating pattern,
iv) required minimum discharge,
V) reservoir elevation at start of weekly operating cycle,
vi) downstream discharge.

Table 4.9Summary of results for Scenario 7

Name of Production (GWh/year)

Facility 1824 (T2 06-18 (T1) 24-06 (T3) Total
UpperKalekdy 798.76 379.30 150.95 1329.01
Lower Kalekdy 608.25 283.72 118.93 1 010.90

Beyhan 1 712.72 355.98 14410 1212.80
Beyhan 2 323.46 160.82 64.29 548.5%

The power duration curves shown in Figuie30-4.33 illustrae what percentage of the time peak
power operation occurs Kalekdy reservoir system.
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4.9 Pumped Storage Scenarios

Zhang (2012 states that pungal storage has many advantatijke stored water can be used for
hydroelectric power generation to cover temporary peaks in demand. Alflibigghot an easy task
to generate energplanning needs a detailed examination of future system operation.

In this chapter, pump storage alternatives have been analyzed. Three pump storage scenarios have
been investigated to utilize the hydraulic potential.

Pump storage scenasibave been studied for Scend@jdscenari® and Scenarid0. Scenari@ and
Scenario9 have four cascade dams which includes one reversible pump turbines and three
conventional turbines each. Scenati® hastwo reversible pump turbines &fpper Kalelky and
Beyhan 1 eservoirs and two convential turbines ad.ower Kaleldy and Beyhan 2easevoirs.
Different installed pump capacitibsive been analyzed for these scenarios.

It has been accepted that units will operate in pump rdadag offpeak periodvhereas they will
operate irturbine mode during peak period.

The general assumptions madehe analyses are given below.

i)  The installed capacity in turbine and pump modes are assumbd different.
Accordingly, turbinedandpumpeddischarge values have been calculated.

i) In all months of the year peak energy has been produced.
iii) The peak operatn period is assumed to be 6 hrs/day.

iv) Target fill elevation in the reservoir receiving the pumped water is selected as
highestelevationof the conservabn zone as shown in Figure 4.34.
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V) Full pump capacity strategy is selected. It will miige the time sgnt for pumping.
As a result of this, sometimes thereemore time available in the pumping period

than is needetb get the reservoir pool back to its target elevation

Vi) Minimum pumping option is not selected, since there is no need to force the

reservoit o p ump,

even

f

t

doesnodt

need

vii) A fixed hour range is specified for daily pumping period as shown in Fi§j3ee
The maximum duration of pumping is taken as 6 hrs/day.

? Reservoir, Editor; E|
Reservoir Edt Operations Zone Rule IF_Block
Resemoir Beyhan 1 v Descript\on| [:]| (W](®] 307¢[m](m]
Physical| Qperations | Observed Data
COperation Set Description | [:]|
Zone-Rules | Rel. Alloc.
# Conservation Operates Release Fram: Beyhan 1-Pump
[l EnvironmantalFlow_B1
Pump Rule: [purmp_k1 Descriptian: | []|
[l peak_b1 ) : . . )
o huffer Target Fill Elevation Daily Purnping Period
~[W ErviranmentalFlow_B1 Optian |Stnrage Zone v| Cption |Fixed Hour Range "|
Tl purnp_b
o (nactive Zone ‘upm - Conservation V| Date Begin End No. Units
01Jan oooo 0800 1
Pumping Strategy | Use full pump capacity ~ | Pumping Bias  |Beginning of Period v
Source Reservair: |Beyhan 2 "| [ hole Hour Pumping Option
Minimum Purnping | No Required Min | Min. Purmp Unit Hrs |

Figure4.34Reservoir editor tatb define the physical characteristiof pump

Daily pumping period is selected from midnight to 6:00 am. In additon to this, since water is pumped

back to the upper reservoir there is no need to turbine environmental flow betwgemalotiours

(24:0006:00). Hour of day multiplier operationlalvs usto specify a factor that will be applied to the
release specified by environmental flow rale shown in Figure 4.3%5ince environmental release

rule is not requiredduring pumping periodit is set the multiplier for ofpeak hours to 0.0nd all

other to 1.0.
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Reservoir Edito

Reservoir Edit Operations Zone Rule IF_Block
Resenoir | Upper Kalekoy Vv‘ Description 0 [W[«] 1014 [m)]
Ehvsical‘ Operations ‘ Observed Data
Operation Set ‘ oprt v | Description D‘
Zone-Rules | Rel. Alloc.
8 Conservation [ Operates Release From: Upper Kalekoy-Power Plant X Hour of Day Multiplier
=-{ } Pumped Storage Rule N g - Description: [ = T
== IF (Untitled) Ll il low_UK | | Q Time Interval | EIETEE v |
@ pump Function of i . . .
IFYEnvironmentalFlow UK unction of. | Upper Kalekoy-Pool Net Inflow, Current Value \ Define... Time of Day Multiplier
@ peak_uk : - = !
= i : L 0000-0600 0.0/A
5 = ELSE (Untitled) Limit Type: | Minimum v\ Interp.: | Linear v 1 i T
E Eg:tn:LnentalFluw_UK T 2 %07 1200-1800 10
pealk tcma) B 1800-2400 1.0
wh Buffer 01Jan 01Feh S 207
@ EnvironmentalFlow_UK [ 0.0 0.0 00| A 2107
A inactive [ 17.73 17.73 17.73 k] T
[ 3545 17.73 17.73 0 20 40 60 80 100
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[] Period Average Limit Edit.. j ]
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[[] Day of Week Multiplier Edit...
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Seasonal Variation
v
K| 3
[ OK ] I Apply I [ Cancel l

Figure4.35Hour of day multiplier with values of 0.0 and 1.0 specified for a portion of day

Since thee are many types of machinegpropriatefor pumpedstorage applications, the type is
selected by the available head. Sirgfiage regrsible Francis tibines are best choice between 50 to
800 m range. If the head is aboveBm, multi stage units or seperate pumg aurbines should be

considered (Voith2009) In addition to this, in near future with improvement in technology single

stage Francis units may be used for greater 8hm. Figure4.36illustrates the performance range
for pumpturbines.

In pumped storage Scenario 8 and ScenarioUlper Kaleky reservoir has a reversible turbine
which has a 550 MVihstalledcapacityin pump mode 600 MWhstalledcapacityin turbine mode. In
addition to this, Beyhan 1 reservoir has a reversible turbine which has a 500dtédcapacityin
pump mode 550 MWnstalled capacityin turbine modein Scenario 9 and Scenario .1Dower

Kalekdy and Beyhan 1 reservoirs hatkee same installed capacities in all scenariogs® MW and
255 MWrespectively.
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Regardless of pumping strategy selection, if the target cannot be reachecimthing period, the
pumps will be operated at full capacity over the entire pumping period in order to get as close to the
target as possihle

Same head losses presented in Chapter 3.5 in turbine mode are used in pump mode too. Hydraulic
losses for UppeKalekdy and Beyhan 1 purAjurbines are 2.8nd 2.0 m, respectively.

4.9.1 Scenario 8

In this scenaripUpperKalekdy Damat the upstream will be upper reservoir whereas Ldtedekdy
Dam d the downstream will be the lower reservoir in the sysdsrshow in Figure 4.37The power
plant of the upper reservoir will be equipped wiglversiblepumpturbines.In pump mode the water
from Lower Kalekdy reservoir will flow to UppeiKalekdy reservoirduring offpeak hoursdetween
24:00-06:00. In turbine mode thevater from UpperKalekdy reservoir will flow to LowerKalekdy
reservoir between 06:6®4:00 hoursOperaton cycle is shown in Figure 4.38 40 years long time
series.
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In HecResSim it is not possible to get directly the consumed energy during pump mode. By simple
calculations it is easy to findut pumped energy at each time stégr example, on the first day of
February in 2016 at Upper K&i&y, net heaq124.67 m) is assumed as hydraulic I(&& m) plus

gross head122.17 m)in Table 4.10 Then energy for pumping is calculaté®R26.77 MWh) by
multiplying net head124.67)with maximum pump dischard®95.75 m3/sfor six hoursand finally

divide by pump efficiency0.9).

Tale 4.10Calculation methodologgf consumegump energy

simulation results calculated
Upper Lower Gross Net Consumed
Time Kalekdy Kalekdy Pumping Pump Pump Pump
Pool Pool Duration Head Head Energy
Elevation Elevation
(m) (m) (hr) (m) (m) MWh
29;2_”020016 1224.51 1102.5 0.00 122.26 | 124.76 | 435.91
30Jan2016
06:00 1225.00 1102.5 0.81
30‘212?020016 1224.51 1102.5 0.00 122.26 | 124.76 | 435.91
31Jan206
06:00 1225.00 1102.5 0.81
31‘2]2!1020016 1224.51 1102.5 0.00 122.26 124.76 1862.04
0l1Feb2016
06:00 1225.00 1102.5 3.46
0152%20016 122425 | 1102.4 000 | 12217 | 12467 | 3226.77
02Feb2016
06:00 1224.99 1102.5 6.00
02;2%20016 122425 | 1102.13 000 | 122.31 | 12481 | 3230.26

The results of the anaes performed considering tigeren assumptions aummarized inTable
4.11.

Table 411 Summary of results for Scenario 8

Production (GWh/year)

Pumping | 1824 06-18 24-06
24-06 (T2) (T1) (T3)

Name of

Facility Total

Upper Kalekdy -781.0 1276.0 531.0 117.8 1143.8

Lower Kalekoy 612.3 350.1 96.2 1058.6
Beyhan 1 681.2 397.8 132.0 1211.0
Beyhan 2 313.8 180.4 59.4 553.6

Soméimes, natural flows in combination with availablermtage may be sufficient to support the
plants peaking capacit¥on the contrary, punipg waterto upstreanreservoirmay not be possible
due to the insufficienpump operation heads shown in Figuré.39. During low flow periods,
however, a portion of thpeaking dischargeould be pumped back at nigho insure that sufficient
water is available to meet peaking requirementsutrsequent days.
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4.9.2 Scenario 9
In this scenari®eyhan 2 Dam has been usedagdr reservoir of pump storage scheme and an upper
reservoir has been designesiBeyhan 1 Danmas shown in Figure 40. The maximum operation

water level of the upper reservoir has been assum@&82@ m. Tailwater elevation of the power
plant will be thereservir water level of Beyhan Bam.

The results of the simulation performed are summarized in Table 4.12.

Table 4.12 Summary of results for Scenario 9

Production (GWh/year)

Name of ]

Facility P;?ggng 1824 (T2) | 06-18 (T1)| 24-06 (T3)| Total
UpperKalekdy 799.0 379.0 151.0 1329.0
Lower Kalekody 608.0 284.0 119.0 1011.0

Beyhan 1 -581.3 1159.0 389.0 108.0 1074.7
Beyhan 2 336.0 169.0 50.0 555.0

4,9.3 Scenario 10

In this scenario Beyhan 2 Dam and Lower kéleDam have been used as loweservoirs of pump
storage schemes and an upper reservoirs have bsgmed as Beyhan 1 Dam and Bppgaleoy

Dam. The results of the simulation performed considering the above given assumptions are
summarized in Table 431

Table 4.13 summarizes the amah energy generation which is obtained from the four individual
Kalekdy plants in peak, day and gfieak hours, if the plants and their reservoirs are operated
according to scenario 10.

Table 4.13 Summary of results for Scenario 10

Prodiction (GWh/year)
Name of Pumping 24-06
Facility 2406 | 1824 (T2)| 0618 (T1) (T3) Total
Upper Kalekdy - 781.0 1276.0 531.0 118.0 1144.0
Lower Kalekoy 612.0 350.0 96.0 1058.0
Beyhan 1 - 683.8 1176.0 444.0 110.0 1046.2
Beyhan 2 312.0 188.0 51.0 551.0
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CHAPTER 5

FINANCIAL ANALYSIS

5.1 Introduction

The purpose of this chapter is highlighting the effectiveness of the anadgeedrios for the
operationperiod of 50 years. Baden the following economic scenario ratios, there will be necessary
information for future investments.

In addition to the reservoir model, also financial analyses are presenttt fmymparison of the
scenariosln Figure 5.1 general structure of theaicial model is shown.

intermediate intermediate
inflow to Lower inflow to
Halekéy Beyhan 1
evaporation evaporation evaporation evaporation

inflow Upper Lower Beyhan 1 Beyhan 2 release
to Upper Kalekdy Kalekdy HEPP HEPP from
Kalekoy HEPP HEPP Beyhan 2

unit Energy Energy Energy Energy
energy l l 4 4
price Revenue Revenue Revenue Revenue

total revenue

Figure 5.1 General structure of tfieancial model

5.2 Cost of Facilities

Costs of facilities proposed fdfalekdy reservoir systenhave been based on quantity estimation
obtained from Feasibility Repor{Temelsu Internaticd Engineering Services Inc., 2011).
Construction costs have beemiaulatedfor Scenariod to7 in Table 5.3, for Scenario 8 in Table 5.6

for Scenario 9 in Table 8, and for Scenario 10 in Tal#el2 In pumped storage scenarios (Scenario

8, 9, 10), tle difference between unit price of electromechanical equipment for conventional turbine
and pumgpturbine has been taken as 100 USD/kW.
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5.3 Direct and Investment Costs
5.3.1 Direct Costs

In Feasibility Report, anstruction costs are made up from detailstineates of quantities of the
various categories of work required to build each feature of the project (Temelsu International
Engineering Services Inc., 201Qonstruction costgiven inTables 5.3, 5,65.9 and 5.1have been
increased by 15% due to tlwentingencies for the estimation of direct costkaflekdy reservoir
system Direct costs arshown br Scenarios 1 to 7 in Table 5.4, for Scenario 8 in Tablgfér7
Scenario 9n Table 5.10, and for Scenari® in Table 5.13

5.3.2 Project Costs

Projectcost has been found out by the summation @atlicost, investigatiedesigrsupervision cost
and expropriation cost. The required expenses for investiga¢isigrsupervision during the period
starting from the first stage of the project until the cassioning of operation have been accepted to
be 15% of the direct cost.

5.3.3 Investment Program and Investment Cost

It is assumedthat the construction dfalekdy reservoir systenwill be completed in a period of 4
years. Yearly distribution of investmenfor the proposed facilities are obtainfdm Feasibility
Report(Temelsu International Engineering Services Inc., 2@$1Shown inrable 51.

Table 5.1Yearly distribution of investmerfor Kalekdy reservoir systenf%) (Temelsu International
Engineeing Services Inc., 2011)

Facility Year1l| Year2 | Year3 | Year4
Diversion Structures 85 15 0 0
Dam Body 40 60 0 0
Spillway 10 75 15 0
Intake Structure and Penstocks O 40 60 0
Turbine-Generator 15 25 30 30
Switchyard 0 0 50 50
Powerhouse 0 25 65 10
Access and Service Roads 60 0 0 40
Permanent Site Facilities 30 0 0 70
Energy Transmission Line 0 0 30 70
Expropriation 15 0 0 85
Tailrace Channel 0 0 65 35
Grouting Works 0 50 50 0

Investment cost has been calculated by adding interest during the construction period to the project
cost. The amount of interest during the construction period has been determined by the compound
interest method and the intereste has been accepted to b&8(Temelsu International Engineering
Services Inc., 2011)

Interest amount estimated according tedfstributionsand the invetment cogare given in Bbles
5.4, 5.7, 5.10 and 5.13. As an examjieestment cost dfalekdy reservoir systenmas been found
out to be6 107 767 203'L for Scenarios 1 to 7.
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5.4 Annual Costs

Annual costs of the facility consist of the following components:
i. Capital costs (interestepreciation and renewal costs)
ii.  Operation and maintenancests

Although interestdepreciation part of capital costs comprises all investment reostwal costs do

not include the costs of desigupervision, expropriation anidterest during construction period.
Interestdepreciation cost is found multiplication of investment cost by the coefficient determined
as 9,603% accepting0 years economic life and 9,5% interditcount rate. Considering the
assumption thatenewals made during operation will be evenly distributed during the operation
period,factorsused for computing the annual esval cost are given in Table25.

e N F = P@+i)V (5.1)

| !

where

P =present valué€TL),

N =50 years of operation,

i = annual investmemate(TL/year),
F =final value(TL).

In Table 5.5, peration and maintenance costs have betmatedas 46 888 770TL for Scenario 1 to
7 using theoperationmainterance factors given in Table2s.

Table 52 Renewal and operatianaintenance factoffemelsu International Engineering Services

Inc., 2011)
- Renewal Operation -
IR NETTE Factor Maintenance Factor
Diversion Structures 0.0000326 0.005
Dam Body 0.0000326 0.005
Spillway 0.0000326 0.010
Intake Structure and Penstocks 0.0000326 0.010
Turbine-Generator 0.0041376 0.015
Switchyard 0.0041376 0.015
Powerhouse 0.0018480 0.010
Access and Service Roads 0.0000326 0.040
Permanent Site Facilities 0.0018480 0.010
Energy Transmission Line 0.0000326 0.015
Tailrace Channel 0.0000326 0.005
Grouting Works 0.0000326 0.005

Annual cost estimation of &scenarios argivenin Tables5.5, 5.8, 5.11 and 5.14.dan be seen from
theTable 5.5hatannual ttal cost of the project is 640 285 90B for Scenario 1 to.7
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Table 5.3Construction costs for Scenario 1, 2, 3, 4, 8n@7

Name of the Facility Upper Kalekdy | Lower Kalekdy Beyhan 1 Beyhan 2 Construction Cost
Dam and HEPP | Dam and HEPP | Dam and HEPP| Dam and HEPP (TL)

Diversion Structures 92 454 419 83 266 051 114 261 054 9740 832 299 722 35
Dam Body 309 582 818 170 828 89p 198 578 52p 95312 716 774 302 94
Spillway 87574 319 82 995 20% 95 272 97Y 190 229 564 456 072 06
Intake Structure and Penstocks 113 769 81} 89 150 970 59 673 664 96 589 571 359 184 02
Turbine-Generator 387 000 009 338 625 009 378 400 009D 191 887 500 1295 912 50
Switchyard 12 900 000 9675 000 11 825 000 5482 500 39 882 50
Powerhouse 64 500 000 48 375 000 59 125 000 27 412 500 199 412 50
Access and Service Roads 20 850 000 13 850 000 14 462 429 16 000 000 65 162 42
Permanent Site Facilities 778 75( 778 75( 772 88( 772 88 3103 26
Energy Transmission Line 32 775 000 40 470 000 44 000 000 26 790 000 144 035 00{
Tailrace Channel 14173 744 15 837 750 2184 98% 12 447 67} 44 644 15
Grouting Works 7999 713 6 893 74% 7 668 432 17 004 254 39 566 144
Expropriation 27 300 000 19 900 000 31 500 000 3300 00

3 720 999 871
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Table 5.4Calculation of invetment costs for Scenario 1, 2, 3,

4, an@7

INVESTMENT Construction Cost| Direct Cost | Investigation-Design Project Cost (TL) Interest During Construction (TL) Investment Cost
Name of the Facility (TL) (TL) Supervision (TL) Year 1 Year 2 Year 3 Year 4 Total Year 1 Year 2 Year 3 Year 4 Total (TL)
Diversion Structures 299 722 356 344 680 709 51 702 106 336 925 398 59 457 42 0f 0O 39638281p 12597032p 1514301% 0f 0 141113338 537 496 15.
Dam Body 774302948 890 448 384 133567 258 409 606 25 614 409 38p 0] 0| 1024 015 64p 153 144 385 156 481 90p 0] 0 309626 29D 1333 641 93
Spillway 456 072 065 524 482 875 78672431 60315531 452 366 47P 90 473 29 Of 60315530p 22550888 115211 73D 13193 95Y 0| 150 956 576 754 111 88,
Intake Structure 359184 02p 413 061 625 61 959 244 0] 190 008 348 285012 52[ 0f 475020 869 0f 48392601 4156412 0| 89 956 721 564 977 59
Turbine-Generator 1295 912 50p 1490 299 37p 22354490 257 076 64p 428461 07D 514153 28f 514 153 28f+ 1713844 28[L 96 116 31¢ 109 123 34D 74 980 31§ 23 868 269 304 088 24p 2017 932 52
Switchyard 39 882 50 45 864 87% 687973 0] 0] 26 372 308 26 372 30! 52 744 60 0f 0 3845942 1224 26$ 5070 20! 57 814 81
Powerhouse 199 412500 229 324 37H 34 398 65 0] 65930758 17141997 26372308 263 723 03[ of 16791688 2499862P 1224268 43014577 306 737 60
Access and Service Roads 65 162 42 74936 79 11240519 51 706 387 0] Of 3447092 8617731p 1933208 0] 0 1600 22 20932 311 107 109 62
Permanent Site Facilities 3103 26 3568 74 535 317 123121 0| 0] 2 872 84. 4104 06 460 330 0| 0] 133 364 593 695 4697 75
Energy Transmission Ling 144 035 00! 165 640 25p 24 846 03 0] 0] 57 145 886 133 340 40[L 190 486 288 0f 0 8333734 618999 14 52372 205 010 01.
Tailrace Channel 44 644 15 51340779 770111 0] 0| 38377 233 20664 664 59 04189 0f 0 5596 65 959 304 6 555 95 65 597 85,
Grouting Works 39 566 144 45 501 06! 6 825 160 0] 26 163 118 26 163 11. 0f 52 326 22! 0f 6 663 39 381543 0] 10478 832 62 805 05
Expropriation 0] 0| 1230000 0] 0f 6970000 82 000 00 4598 74 0] 0f 323564 7 834 39! 89 834 39

3720999 875 4 279 149 856 6418724781129 161429 1836796576 1209 117 607 827 946 723 5003 022 335 422 173 074 467 807 677 176 328 779 38 435338 1 104 744868 6 107 767 20:
Table 5.5Calculation of annual costs for Scenario 1, 2, 3, 4,8md¥
COST Construction Cost| Direct Cost | Project Cost Interest Investment Annual Costs (TL)
Name of the Facility (TL) (TL) (TL) During Construction Cost (TL) Interest-Depreciation Renewal Operation-Maintenance Total
Diversion Structures 299 722 356 344680 709| 3963823816 141113 338 537 496 153 51 615 756 11 237 1723404] 53350396
Dam Body 774 302 943 890 448 384| 1024 015 642 309 626 290 1333 641 932 128 069 635 29 029 4 452 242| 132 550 905
Spillway 456 072 065| 524 482 875| 603 155 306 150 956 576 754 111 882 72 417 364 17 098 5244829 77679291
Intake Structure and Penstocks 359 184 022 413061 625| 475020 869 89 956 721 564 977 591 54 254 798 13 466 4130616| 58398 880
Turbine-Generator 1295 912 500{ 1490 299 375| 1713 844 281 304 088 242 2017 932 523 193 782 060 6 166 263 22 354 491 222302813
Switchyard 39 882 500 45 864 875 52 744 606 5070 209 57 814 816 5551 957 189 771 687 973 6 429 700
Powerhouse 199412 500] 229 324 375( 263 723 031 43 014 577 306 737 609 29 456 013 423 791 2293244 32173048
Access and Service Roads 65 162 429 74 936 793 86 177 312 20932311 107 109 623 10 285 737 2443 2997472 13285652
Permanent Site Facilities 3103 260 3568 749 4104 061 593 695 4 697 756 451 126 6 595 35 687 493 408
Energy Transmission Line 144 035000] 165640250 190 486 288 14 523726 205 010 013 19 687 112 5 400 2484604 22177115
Tailrace Channel 44 644 156 51340 779 59 041 896 6 555 957 65 597 853 6 299 362 1674 256 704 6 557 739
Grouting Works 39 566 144 45 501 066 52 326 225 10 478 832 62 805 058 6031170 1483 227 505 6 260 158
Expropriation 82 000 000 7834 395 89 834 395 8 626 797 8 626 797
Total 3720999 875 4279 149 856 5003 022 335 1104744868 6107 767 203 586 528 884 6 868 249 46888 770 640 285 903




Table 5.6Construction costs for Scenario 8

Upper Kalekoy Lower Kalekoy Beyhan 1 Beyhan 2 Construction Cost

Name of the Facility Dam and HEPP Dam and HEPP Dam and HEPP Dam and HEPP (TL)
Diversion Structures 92 454 419 83 266 051 114 261 054 9 740 832 299 722 356
Dam Body 309 582 813 170 828 892 198 578 522 95 312 716 774 302 943
Spillway 87 574 319 82 995 205 95 272 977 190 229 564 456 072 065
Intake Structure and Penstocks 113 769 817 89 150 970 59 673 664 96 589 571 359 184 022
Reversible-turbine and Generator 475 000 000 338 625 000 378 400 000 191 887 500 1383 912 500
Switchyard 12 900 000 9 675 000 11 825 000 5 482 500 39 882 500
Powerhouse 64 500 000 48 375 000 59 125 000 27 412 500 199 412 500
Access and Service Roads 20 850 000 13 850 000 14 462 429 16 000 000 65 162 429
Permanent Site Facilities 778 750 778 750 772 880 772 880 3103 260
Energy Transmission Line 32 775 000 40 470 000 44 000 000 26 790 000 144 035 000
Tailrace Channel 14 173 744 15 837 750 2184 985 12 447 677 44 644 156
Grouting Works 7999 713 6 893 745 7 668 432 17 004 254 39 566 144
Expropriation 27 300 000 19 900 000 31 500 000 3300 000

Additional Reversible Pump-Turbine
x 100.0 USD/KW = 55 000 000 USD
1USD=1.60TL

Installed Capacity to Upper Kalekoy

550.0 MW

=88 000 000TL

3 808 999 875
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Table 5.7Calculation of investment costs for Scenario 8

INVESTMENT Construction Cost| Direct Cost | Investigation-Design Project Cost (TL) Interest During Construction (TL) Investment Cost|
Name of the Facility (TL) (TL) Supervision (TL) Year 1 Year 2 Year 3 Year 4 Total Year 1 Year 2 Year 3 Year 4 Total (TL)
Diversion Structures 299 722 35 344 680 709 51702 106 336 925 39 59 457 42, 0f 0| 39638281 12597032p 15143 01! 0 0 14111333 537 496 15
Dam Body 774 302 94 890 448 384t 133567 258 409 606 25f 614 409 38 0f 0| 1024 01564p 153 144 38p 156 481 905 0 0| 309626 29 1333 641 93
Spillway 456 072 06p 524 482 87h 78672 43 60 315 53 452 366 47 90 473 29 0| 60315530p 22550888 11521173) 1319395 0| 150956 57 754 111 88;
Intake Structure and Penstocks 359184 02 413 061 625 61 959 244 0| 190 008 34 285 012 52} 0| 475020 869 0| 48392601 41564 12! 0f 89 956 72 564 977 59
Reversible-turbine-Generator 1383912 50p 1591 499 37p 23872490p 27453364p 457 556 07 549 067 28ff 549 067 284t 1830 224 28[L 102 643 178 116533450 8007191¢ 25489068 324737608 2154 961 88|
Switchyard 39 882 50 45 864 87 687973 0| 0f 26372303 26 372 30, 52 744 60 0f 0l 384594} 122426 5070 20 57 814 81
Powerhouse 199 412 50 229 324 37% 34 398 65 0| 65 930 75 171419979 26372308 263 723 03} 0| 16791688 2499862p 122426 43014 57 306 737 60!
Access and Service Roads 65 162 42 74 936 79, 11 240 51! 51 706 38 0f 0| 3447092 86 177 312 19 33208 0 0 160022 20932 31 107 109 62
Permanent Site Facilities 310326 3568 74 535 311 123121 0f 0f 287284 4104 06 460 33 0 0 133 364 593 694 4 697 75!
Energy Transmission Line 144 035 00 165 640 25 24 846 03 0f 0f 57 14588 133340401 190 486 288 0f 0| 8333734 618999 14 523 72| 205 010 01
Tailrace Channel 44 644 15 51 340 77! 770111 0f 0f 38377233 20 664 66 59 041 89 0f 0| 559665 959 30! 6 555 95 65 597 85,
Grouting Works 39 566 144 45 501 06 6 825 16 0] 26 163 11. 26 163 11. 0] 52 326 22 0) 6 663 39 381543 0 10 478 83; 62 805 05!
Expropriation 0] 0 12 300 00! 0) 0 69 700 00! 82 000 00¢ 4598 74 0] 0 323564 7 834 39! 89 834 39!
Total 3808999 875 4 380 349 856 657 052 478 1146 618 429 1865891576 1244031607 862860 723 5119402 335 428 699 932 475217 787 181420379 40056 132 1125394229 6244 796 56

Table 58 Calculation of annual costs for Scenario 8

COST Construction Cost | Direct Cost Project Cost Interest Investment Annual Costs (TL)
Name of the Facility (TL) (TL) (TL) During Construction Cost (TL) Interest-Depreciation | Renewal | Operation-Maintenance Total
Diversion Structures 299722356 344680709 396 382 816 141113338 537 496 158 51615 75 11 237 1723404 5335039
Dam Body 774302948 890448 384 1024 015 64p 309 626 290 1333 641 93p 128 069 63p 29 024 4452 242 132 550 90
Spillway 456 072065 524 48287p 603 155 306 150 956 576 754 111 88 72417364 17 099 5244 82 77 679 29
Intake Structure and Penstocks] 359184 02p 41306162p 475020 869 89956 721 564 977 591 54 254 798 13 464 4130616 58 398 88
Reversible-turbine-Generator 1383912 50p 1591499 37p 1830224 28| 324 737 608 2154 961 88f 206 940 99p 6 584 98 23872 49] 237 398 46
Switchyard 39882 50 45 864 87% 52 744 60 5070 20 57 814 81 5551957 189 771 687 973 6 429 70
Powerhouse 199412500 22932437p 263723 031 43014 577 306 737 609 29 456 013 423 79] 2293244 3217304
Access and Service Roads 65 162 429 74 936 79 86 177 31% 20932311 107 109 628 10 285 737 2 443 2997472 1328565
Permanent Site Facilities 3103 26 3568 74 4104 06 593 694 4697 75 451 124 6 595 35 687 493 404
Energy Transmission Line 144035000 165640250 190 486 288 14 523 72 205 010 018 19 687 112 5 400 2484604 2217711
Tailrace Channel 44 644 15 51340779 59 041 89 6 555 95] 65 597 85 6 299 361 1674 256 704 6 557 73
Grouting Works 39 566 144 45 501 066 52 326 22 10 478 832 62 805 058 603117 1483 227 504 6 260 15
Expropriation 82 000 00 7 834 394 89 834 39% 8 626 7971 8626 79]

Total 3808999 87p 4380349 85p 5119 402 33p 1125394 22p 6 244 796 564 599 687 8141 7 286 974 48 406 779 655 381 55




Table 5.9Construction costs for Scenario 9

Name of the Facility Upper Kalekdy Lower Kalekoy Beyhan 1 Beyhan 2 Construction Cost
Dam and HEPP | Dam and HEPP Dam and HEPP Dam and HEPP (TL)

Diversion Structures 92 454 419 83 266 051 114 261 054 9 740 832 299 722 35
Dam Body 309 582 818 170 828 89p 198 578 52p 95312 716 774 302 94
Spillway 87 574 319 82 995 20% 95 272 97} 190 229 564 456 072 06
Intake Structure and Penstocks 113 769 81y 89 150 970 59 673 664 96 589 571 359 184 02
Reversible-turbine-Generator 387 000 00p 338 625 00p 458 400 00D 191 887 500 1375912 50
Switchyard 12 900 000 9675 000 11 825 000 5482 500 39 882 50
Powerhouse 64 500 000 48 375 000 59 125 000 27 412 500 199 412 50
Access and Service Roads 20 850 000 13 850 000 14 462 429 16 000 000 65 162 42
Permanent Site Facilities 778 75( 778 75( 772 88( 772 88( 3 103 26(
Energy Transmission Line 32 775 000 40 470 000 44 000 000 26 790 000 144 035 00
Tailrace Channel 14 173 744 15 837 750 2 184 98% 12 447 677 44 644 15¢
Grouting Works 7999 713 6 893 74% 7 668 432 17 004 254 39 566 144
Expropriation 27 300 000 19 900 000 31 500 000 3 300 000

3800 999 87!

Additional Reversible Pump-Turbine
500.0 MW

Installed Capacity to Beyhan 1

x 100.0 USD/kW= 50 000 000 USD
1USD=1.60TL
=80 000 000TL
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Table 5.10Calculation of investment costs for Scenario 9

INVESTMENT Construction Cost| Direct Cost | Investigation-Design| Project Cost (TL) Interest During Construction (TL) Investment Cosf
Name of the Facility (TL) (TL) Supervision (TL) Year 1 Year 2 Year 3 Year 4 Total Year 1 Year 2 Year 3 Year 4 Total (TL)
Diversion Structures 29972235 344 680 709 5170210 336 925 39 59 457 42 0f 0f 396 382 81 12597032 1514301 0 0f 141113338 537496 15
Dam Body 774 302 94 890 448 384t 133567 25 409 606 25f 614 409 38p 0f 0 1024 015 64p 153 144 385 156 481 90p 0 0 30962629p 133364193
Spillway 456 072 06 524 482 87p 78 672 43 60 315 53] 452 366 47! 90 473 29 0) 603 155 306 22 550 888 115211 73 13 193 957 0 150 956 57 754 111 88
Intake Structure and Penstocky 359184 02 413 061 62p 61 959 24 0 190008 348 285012 52] 0f 475 020 86 0 4839260] 4156412 0f 89 956 72 564 977 59
Reversible-turbine-Generator 1375912 50D 1582 299 37p 237 344 90| 272946 64p 454911 07p 545893 284 545893 28f 1819 644 28] 102 049 82p 115859 804 79 609 044 25341 71 322860388 2142504 66
Switchyard 39 882 50 45 864 87 687973 0| 0f 26372308 26372 30 52 744 60 0| 0f 3845 94, 1224 268 5070 20 57 814 81
Powerhouse 199 412 50 229 324 37p 34 398 65 0 65930 75 171 419 97 26 372 30: 263 723 031 0 1679168 24998 622 1224 26 43 014 57 306 737 60
Access and Service Roads 65 162 42 74 936 79 11 24051 51 706 387 0f 0| 3447092 86 177 312 19 33208 0f 0 160022 2093231 107 109 62
Permanent Site Facilities 3103 260 3568 74 535 312 123121 0f 0f 2872 84 4104 06 460 33| 0f 0 133 364 593 69§ 4697 75
Energy Transmission Line 144 035 00 165 640 25 24 846 038 0] 0f 57 145886 13334040] 190 486 288 0] 0f 8333734 618999 14523 72 20501001
Tailrace Channel 44 644 15 51 340 77 770111 0| 0f 38377233 20664 664 59 041 89 0| 0f 5 596 65. 959 30! 6 555 95 65 597 85
Grouting Works 39 566 14 45 501 06 6 825 16 0 26 163 11 26 163 11 0) 52 326 22 0 6 663 39 381543 0 10 478 83 62 805 05
Expropriation 0f 0f 12 300 00 0f 0| 69 700 00 82000000 4598 74 0f 0| 323564 7834 39 89 834 39!

3800999 875 4 371 149 856

655672478 1145031429 1863246576 1240857 607 859 686 723 5 108 822 335 428 106 581

Table 5.11Calculation of annual costs for Scenario 9

474544 141 180957506 39908787 1123517015 6 232 339 34!

COST Construction Cost | Direct Cost | Project Cost Interest Investment Annual Costs (TL)
Name of the Facility (TL) (TL) (TL) During Construction Cost (TL) Interest-Depreciation| Renewal | Operation-Maintenance| Total
Diversion Structures 299 722356 344680709 396 382 81f 141113338 537 496 158 51 615 75 11 237 1723404 5335039
Dam Body 774302948 890 448 384t 1024 015 64p 309 626 29p 1333 641 93p 128 069 63p 29 029 4 452 242 132 550 90
Spillway 456 072 065 524 482 87p 603 155 306 150 956 576 754 111 88P 72 417 364 17 094 5244829 7767929
Intake Structure and Penstockp 359184 02 413061625 475020 869 89956 72] 564 977 591 54 254 79 13 466 413061¢ 5839888
Reversible-turbine-Generator 1375912 50p 1582 299 37p 1819 644 28| 322 860 388 2142 504 66p 205 744 728 6 546 927 23734 49] 236 026 13
Switchyard 39 882 50 45 864 87% 52 744 60 5070 20 57 814 81 5551957 189 771 687 97 6 429 70
Powerhouse 199 412500 22932437p 26372303} 43014 577 306 737 609 29 456 013 423 791 2293244 3217304
Access and Service Roads 65 162 429 74 936 798 86 177 312 20932311 107 109 628 10 285 737 2 443 2997 472 1328565
Permanent Site Facilities 3103 26 3568 74 4104 06 593 694 4 697 754 451 124 6 594 35 681 493 404
Energy Transmission Line 144035000 165640250 190 486 288 14 523 72 205 010 018 19 687 112 5 404 2484604 2217711
Tailrace Channel 44 644 156 51 340 779 59 041 89 6 555 95] 65 597 85 6 299 361 1674 256 704 6 557 73
Grouting Works 39 566 144 45 501 066 52 326 22 10 478 832 62 805 05 6031 17 1483 227 504 6 260 15
Expropriation 82 000 00 7 834 391 89 834 39% 8626 79] 8 626 79]

Total 3800999 87p 4 371149 85p 5 108 822 33p 1123517 01p 6232339 34p 598 491 548 7 248 908 48 268 77¢ 654 009 22




Table 5.2 Construction costs for Scenari6 1

. Upper Kalekdy | Lower Kalekdy Beyhan 1 Beyhan 2 Construction Cost
Name of the Facility
Dam and HEPP| Dam and HEPP| Dam and HEPP [Dam and HEPP (TL)

Diversion Structures 92 454 419 83 266 051 114 261 054 9740 832 299 722 35
Dam Body 309 582 818 170 828 89 198 578 52 95312 716 774 302 94
Spillway 87574 319 82 995 20% 95 272 977 190 229 564 456 072 06
Intake Structure and Penstocks 113769 81y 89 150 970 59 673 664 96 589 571 359 184 02
Reversible-turbine-Generator 475 000 009 338 625 009 458 400 009 191 887 500 1463 912 50
Switchyard 12 900 00 9 675 00( 11 825 000 5 482 50( 39 882 50
Powerhouse 64 500 000 48 375 000 59 125 000 27 412 500 199 412 50
Access and Service Roads 20 850 000 13 850 000 14 462 429 16 000 000 65 162 42
Permanent Site Facilities 778 75( 778 75( 772 88( 772 88( 3103 264
Energy Transmission Line 32 775 000 40 470 000 44 000 000 26 790 000 144 035 00
Tailrace Channel 14173 744 15 837 750 2 184 984 12 447 677 44 644 15(
Grouting Works 7999 713 6 893 74% 7 668 432 17 004 254 39 566 144

Expropriation 27 300 000 19 900 000 31 500 000 3 300 00¢
3888 999 87!

Additional Reversible Pump-Turbine
550.0 MW x 100.0 USD/kW= 55 000 000 USD
1USD=1.60TL

= 88 000 000TL
500.0 MW x 100.0 USD/kwW= 50 000 000 USD
= 80 000 000TL

Installed Capacity to Upper Kalekdy

Installed Capacity to Beyhan 1
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Table 5.13alculation of investment costs for Scenario 10

INVESTMENT Construction Cost| Direct Cost | Investigation-Design| Project Cost (TL) Interest During Construction (TL) Investment Cost
Name of the Facility (TL) (TL) Supervision (TL) Year 1 Year 2 Year 3 Year 4 Total Year 1 Year 2 Year 3 Year 4 Total (TL)
Diversion Structures 299722 356 344 680 709 5170210 336 925 39 59 457 42 0 0 396382816 12597032p 1514301 0 0 14111333 537 496 15
Dam Body 774302 948 890 448 384 133567 258 409 606 25 614 409 385 0 0| 1024015 64p 153 144 385 156 481 905 0 0| 309 626 29 1333 641 93
Spillway 456 072 065 524 482 875 78 67243 60315531 452366479 9047329 0l 603155306 2255088 11521173 1319395 0l 150956 57 754 111 88
Intake Structure and Penstocks 359 184 02P 413 061 625 61 959 244 0] 190008 348 285012 52] 0| 47502086 0] 4839260] 4156412 0 89 956 721 564 977 59
Reversible-turbine-Generator 1463 912 50p 1683 499 37p 252524906 290 403 64 484 006 079 580 807 284 580 807 284 1936 024 28]L 108 576 679 123 269 9144 84 700 64 26 962 518 343509 74D 2279 534 03
Switchyard 39 882 50 45 864 87 6879 73 0 0 26372308 26372 30 52 744 60 0 0 3845942 122426 5070 20! 57 814 81
Powerhouse 199 412509 229 324 37h 34 398 65 0 65930758 17141997 26372308 263723031 0| 16791683 24998 62p 122426 43014 57 306 737 60
Access and Service Roads 65162429 74936 79 11 240 51! 51706 38 0 0 3447092 86177 312 19 332 08! 0 0] 160022 20932 311 107 109 62
Permanent Site Facilities 3103 26 3568 74! 535 314 123121 0 0| 287284 4104 06 460 33 0 0| 133364 593 69 4697 75!
Energy Transmission Line 144 03500 165 640 25 24 846 03§ 0 0 57 145886 133340401 190 486 288 0 0 8333734 618999 14 523 72, 205 010 01
Tailrace Channel 44 644 15 51 340 77 7701117 0 0 38377238 20664664 59 041 89 0 0 559665 959 305 6 555 95 65 597 85
Grouting Works 39566 144 45501 06 6 825 160 0 26 163 11 26 163 11 0 52 326 22 0 666339] 381543 0 10 478 83} 62 805 05
Expropriation 0 o 1230000 0 0] 69 700 00 8200000Q 4598 74 0 0] 323564 783439 89 834 39
3888 999 875 4 472 349 856 670852 478 1162488429 1892341576 1275771607 894 600 723 5225 202 335 434 633 438 481 954 251 186 049 106 41 529 581 1144 166376 6 369 368 71.
Table 5.4 Calculation of annual costs for Scenario 10
COST Construction Cost| Direct Cost Project Cost Interest Investment Annual Costs (TL)

Name of the Facility (TL) (TL) (TL) During Construction Cost (TL) Interest-Depreciation | Renewal | Operation-Maintenance Total
Diversion Structures 299 722 356 344 680 709 396 382 816 141 113 338 537 496 158 51 615 75 11 237 1723404 5335039
Dam Body 774302948 890448 38f#f 1024 015 64p 309 626 290 1333 641 93p 128 069 63p 29 029 4 452 242 132 550 90
Spillway 456 072 065 524 482 87 603 155 306 150956 576 754 111 88p 72 417 364 17 094 5244 82 77 679 29
Intake Structure and Penstocks 359184 02 413 061 626 475 020 869 89956 72]1 564 977 591 54 254 798 13 464 413061¢ 5839888
Reversible-turbine-Generator 1463 912 50p 1683 499 37p 1936 024 28| 343509 749 2279 534 03[ 218 903 658 6 965 641 25252 49] 25112179
Switchyard 39 882 50 45 864 87 52 744 60 5070 20 57 814 81 5551957 189771 687 97 6429 70
Powerhouse 199 412 50 229 324 37% 263 723 031 43 014 577 306 737 609 29 456 01 423 79] 2293244 3217304
Access and Service Roads 65 162 429 74936 79 86 177 312 20932311 107 109 628 10 285 737 2 443 2997 472 13 285 65
Permanent Site Facilities 3103 26 3568 74 4 104 06 593 694 4697 75 451 124 6 599 35 681 493 404
Energy Transmission Line 144 035000 165 640 250 190 486 288 14523 72 205010018 19 687 112 5 40( 2484604 2217711
Tailrace Channel 44 644 15 51340779 59 041 89 6 555 95] 65 597 858 6 299 36 1674 256 704 6 557 73
Grouting Works 39 566 144 45 501 06 52 326 22% 10 478 832 62 805 05 6031 17 1483 227 504 6 260 15
Expropriation 82 000 00 7 834 391 89 834 39% 8626 79] 8 626 791
Total 3888999 87p 447234985p 5225202 33p 1144166 37p 6 369 368 71|L 611 650 47} 7667 63 49786 779 669 104 88




55 Annual Benefits

Kalekdy reservoir systeraims only energy generatioiherefore, these facilities duot have any
irrigation or flood control benefit.

In the financial analysisof Scenarios 3 to,6unit energy benefit values accepted by the General
Directorateof State Hydralic Workshave been used. These &reent/kWh (0096 TL/kWh) for firm

energy and 3 cent/kWh (@528 TL/kWh) for secondary energy. Peak power benefit has been
specified as85 USD/KW (136 TL/kW) In addition to thisl USD = 16 TL has been accepted.
Production characteristics of the power plants as a result of operation studies performed for Scenarios
310 6 are given in Chapter 4. According to these energy generation results, annual energy benefits are
given in Tables 548, 5.19, 5.20 and 5.21

On the oher hand, research&xr Scenarios 1, 2, 7, 8, 9 and hBvebeen performed accepting the
unit energy kenefits to be used for benefitcost analyseglose tothe tariff specified ¥ Turkish
Electricity Distribution Cofrom the dite of July 1, 201th Table 5.15.

Table 5.5 Unit energy benefits

T1 Y bet ween 0 8&600EQro cent/dVWEx 0ATL92YTL/KWh
T2 Y bet ween 118.280E0ro cent/RWh: 0B@I6YTL/kWh
T3 Y bet ween 2 8.47EQro cent/NGF 0@MI55YTL/KWh

As a result of the operation studigarformed in Chapter, &enefits of Scenarios 1, 2, 7, 8, 9 and 10
are givenin Tables 5.6, 5.17, 5.22, 5.23, 5.24 and 5.25
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Table 5.168Calculation of annual benedifor Scenario 1

T2 T1 T3 Total T2 T1 T3 Total
. 18:00 - 24:00| 06:00 - 18:00 [ 24:00 - 06:00 Energy 17:00 - 22:00 | 06:00-17:00]| 22:00 - 06:00 Energy
Name of facility ) . : ;
Benefit Benefit Benefit Benefit
GWhlyear GWhlyear GWhlyear GWhlyear TLlyear TL/year TLlyear TLlyear
Upper kalekdy 466.32 466.32 466.32 1398.96 143 141 105 80 169 464 34764 039 258 074 607
Lower kalekdy 366.44 366.44 366.44 1099.33 112 482 966 62 998 669 27 318 234 202 799 870
Beyhan 1 413.51 413,51 413,51 1240.54 126 932 334 71091 370 30 827 487 228 851 190
Beyhan 2 188.29 188.29 188.29 564.87 57 797 385 32 370 753 14 036 992 104 205 130
Total 1435 1435 1435 4303.69 440353789 246 630256 106 946 752 793 930 798 TL
Table 5.7 Calculation of annuabenefitsfor Scenario 2
T2 T1 T3 Total T2 T1 T3 Total
- 18:00 - 24:00| 06:00 - 18:00( 24:00 - 06:00 Energy 17:00 - 22:00 | 06:00 - 17:00{ 22:00 - 06:00 Energy
Name of facility . . . ’
Benefit Benefit Benefit Benefit
GWhlyear GWh/year GWhlyear GWhlyear TLlyear TLlyear TLlyear TL/year
Upper kalekdy 502.58 502.58 502.58 1507.7 154 271 071 86 403 057 37 467 124 278 141 252
Lower kalekdy 394.45 394.45 394.45 1183.3 121 080 051 67 813 664 29 406 170 218 299 885
Beyhan 1 446.29 446.29 446.29 1338.9 136 993 552 76 726 386 33271010 246 990 949
Beyhan 2 203.36 203.36 203.36 610.1 62 424 145 34 962 077 15 160 672 112 546 894
Total 1547 1547 1547 4640.04 474768819 265905184 115304976 855978979 TL



Table 5.18Calculaion of annual benefits for Scenaf8o

Firm Peak* Firm Secondary Total Firm Secondary Peak* Total
. Power Power Energy Energy Energy Energy Energy Power Energy
Name of facility Benefit Benefit Benefit Benefit
MW MW GWhlyear GWhlyear GWhlyear TLlyear TLlyear TLlyear TLlyear
Upper kalekoy 74.5 499.32 653.07 735.86 1388.93 62 694 432 38 853 572 67 908 108 169 456 112
Lower kalekdy 58.0 371.62 508.43 582.93 1091.36 48 809 088 30 778 756 50 540 541 130 128 385
Beyhan 1 55.5 475.00 486.51 751.76 1238.28 46 705 248 39 693 053 64 600 000 150 998 301
Beyhan 2 25.0 221.22 219.15 346.15 565.30 21038 400 18 276 956 30 085 405 69 400 762
Total 1867 2417 4283.87 179 247 168 127 602 337 213134054 519983560 TL
Table 5.9 Calculation of annual benefits for Scenario 4
Firm Peak* Firm Secondary Total Firm Secondary Peak* Total
. Power Power Energy Energy Energy Energy Energy Power Energy
Name of facility Benefit Benefit Benefit Benefit
MW MW GWhlyear GWhlyear GWhlyear TLlyear TLlyear TLlyear TL/year
Upper kalekoy 56.0 524.32 490.90 632.17 1123.07 47 126 016 33378 831 71 308 108 151 812 955
Lower kalekdy 47.0 386.49 412.00 506.23 918.24 39 552 192 26 729 207 52 562 162 118 843 561
Beyhan 1 46.0 487.84 403.24 675.60 1078.83 38 710 656 35671 466 66 345 946 140 728 068
Beyhan 2 20.8 226.89 182.33 309.64 491.97 17 503 949 16 348 994 30 857 297 64 710 240
Total 1488 2124 3612.11 142892813 112 128 498 221073514 476094 825 TL
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Table 5.20Calculation of annual benefits for Scenario 5

Firm Peak* Firm Secondary Total Firm Secondary Peak* Total
- Power Power Energy Energy Energy Energy Energy Power Energy
Name of facility Benefit Benefit Benefit Benefit
MW MwW GWhlyear GWhlyear GWhlyear TL/year TL/year TL/year TL/year
Upper kalekdy 56.0 524.32 490.90 632.17 1123.07 47 126 016 33378831 71308 108 151 812 955
Lower kalekdy 48.1 385.00 421.64 489.27 910.92 40 477 882 25833 543 52 360 000 118 671 424
Beyhan 1 47.4 485.95 415.51 663.43 1078.94 39 888 806 35029 024 66 088 649 141 006 479
Beyhan 2 21.4 226.08 187.59 304.47 492.07 18 008 870 16 076 269 30 747 027 64 832 166
Total 1516 2089 3604.99 145 501 574 110 317 667 220503 784 476 323 025 TL
Table 5.2 Calculation of annual benefits for Scenario 6
Firm Peak* Firm Secondary Total Firm Secondary Peak* Total
. Power Power Energy Energy Energy Energy Energy Power Energy
Name of facility Benefit Benefit Benefit Benefit
MW MW GWhlyear GWhlyear GWhlyear TLlyear TL/year TLlyear TLlyear
Upper kalekoy 56.0 524.32 490.90 573.63 1064.53 47 126 016 30 287 882 71 308 108 148 722 006
Lower kalekoy 49.8 382.70 436.55 429.84 866.39 41908 493 22 695 632 52 047 568 116 651 693
Beyhan 1 50.3 482.03 440.93 618.89 1 059.82 42 329 261 32677170 65 555 676 140 562 106
Beyhan 2 22.8 224.19 199.86 297.04 496.91 19187 021 15683 918 30489 730 65 360 668
Total 178.9 1568.24 1919.41 3487.64 150550 790 101 344 602 219401081 471296473 TL




Table 522 Calculation ® annual benefits for Scenario 7

T2 T1 T3 Total T2 T1 T3 Total
- 18:00 - 24:00| 06:00 - 18:00( 24:00 - 06:00 Energy 17:00 - 22:00| 06:00 - 17:00f 22:00 - 06:00 Energy
Name of facility . . : :
Benefit Benefit Benefit Benefit
GWhlyear GWhlyear GWhlyear GWhlyear TLlyear TLlyear TL/year TLlyear
Upper kalekoy 798.76 379.30 150.95 1329.01 183411 190 50561 017 9638 702 243 610 909
Lower kalekoy 608.25 283.72 118.93 1010.90 139 666 478| 37 820 053 7 594 048 185 080 579
Beyhan 1 712.72 355.98 144.10 1212.80 163 653 869 47 452 201 9 201 585 220 307 655
Beyhan 2 323.46 160.82 64.29 548.56 74 272 112 | 21437 290 4104 979 99 814 380
Total 2443 1180 478 4101.27 561 003 649 157 270561 30539 314 748 813 523 TL
Table 523 Calculation of annual benefits for Scenario 8
Pumping T2 T1 T3 Total Pumping T2 T1 T3 Total
Name of facility | 2400-06:00 | 18:00-24:00 | 06:00-18:00 | 24:00-06:00 | Energy Generated | 24:00-06:00 17:00 - 22:00 06:00 - 17:00 | 22:00 - 06:00 Energy
y Cost Benefit Benefit Benefit Benefit
GWhlyear GWh/year GWhlyear GWhlyear GWhlyear TLlyear TL/year TLlyear TLlyear TL/year
Upper kalekdy -781.02 1276 531 118 1924.79 - 49 871794 292 997 132 70 776 146 7524078 321 425 562
Lower kalekdy 612 350 96 1058.64 140 604 916 46 671 141 6 141 474 193 417 532
Beyhan 1 681 398 132 1211.02 156 418 893 53 026 993 8 429 756 217 875 642
Beyhan 2 314 180 59 553.60 72 061 098 24 049 384 3790 195 99 900 677
Total 2883 1459 405 4748.05 -49 871794 662 082 040 194 523 664 25885502 832619413 TL
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Table 524 Calculation of annual benefits for Scenario 9

€TT

Pumping T2 T1 T3 Total Pumping T2 T1 T3 Total
- 24:00- 06:00 | 18:00 - 24:00 | 06:00 - 18:00 [ 24:00 - 06:00 | Energy Generated| 24:00 - 06:00 17:00 - 22:00 06:00 - 17:00 | 22:00 - 06:00 Energy
Name of facility . ) : ;
Cost Benefit Benefit Benefit Benefit
GWhlyear GWhlyear GWhlyear GWhlyear GWhlyear TLlyear TL/year TLlyear TL/year TLlyear
Upper kalekdy 799 379 151 1329.01 183 411 190 50 561 017 9 638 702 243 610 909
Lower kalekdy 608 284 119 1010.90 139 666 478 37 820 053 7 594 048 185 080 579
Beyhan 1 -581.3 1159 389 108 1074.93 - 37118 273 266 172 165 51 844 340 6 903 282 287 801514
Beyhan 2 336 169 50 554.38 77 156 790 22 497 487 3166 343 102 820 620
Total 2902 1221 428 3969.22 -37118 273 666 406 622 162 722 897 27302375 819313622 TL
Table 5.2%Calculation of annual benefits for Scenario 10
Pumping T2 T1 T3 Total Pumping T2 T1 T3 Total
. 24:00 - 06:00 18:00 - 24:00 06:00 - 18:00 24:00 - 06:00 Energy Generated 24:00 - 06:00 17:00 - 22:00 06:00 - 17:00 22:00 - 06:00 Energy
Name of facility . ) ) :
Cost Benefit Benefit Benefit Benefit
GWhlyear GWh/year GWhlyear GWhlyear GWhlyear TL/year TLlyear TL/year TLlyear TLlyear
Upper kalekoy -781.0 1276 531 118 1143.78 -49 871794 292 997 132 70 776 146 7524078 321 425 562
Lower kalekoy 612 350 96 1058.64 140 604 916 46 671 141 6 141 474 193 417 532
Beyhan 1 -683.8 1176 444 110 1047.01 - 43 664 109 270 028 540 59 238 775 7051 391 292 654 597
Beyhan 2 312 188 51 550.71 71644 238 25064 513 3235392 99 944 144
Total 3376 1514 375 3800.13 - 93535903 775 274 826 201 750 576 23952 335 907 441 834 TL




5.6 Benefiti Cost Analyses

Thebenefitcost ratio is expressed by the ratio of:

Present Wioh of GrossBenefits- Present With of RecurringProjectCosts
Present With of CapitalCosts

Recurring project costs comprise the annual costs of operation and maintenance of the project works,
costs of replacement of depreciable equipment at the end of its useful life.

Computations of benefitand costs to be used in benefitst analyses are given @hapter5.4 and
Chapter 5.5 respectively. Benefitost analyses performed usirigese values are given in the
following pages.

Annual totalenergybenefit ofKalekdy reservoir systeraccording taunit energy benefitsra shown
below for each scenario.

Annual total benefit and cost radiare alseomputedbelow for each scenario, too.

Scenario 1
Annual total energy generate 4303.69(GWhlyear)
T2: 440 353 789 TL/year)
T1: 246 630 254 TL/year)
T3: 106 946 752 TLl/year)
Annual total energy benefi 793 930 799 TlL/year)
Annual total cost 640 285 903 TL/year)
Annual Net Benefit: 153 644 894 TL/year)
Benefit /Cost ratio 1.24
Scenario 2

Annual total energy generate 4640.04(GWhlyear)
T2: 474768 819 TlL/year)
T1: 265905 184 TlL/year)
T3: 115304 974 TL/year)
Annual total energy benefi 855 978 979 TL/year )
Annual total cost 640 285 903 TL/year )
Annual Net Benefit : 215 693 074 TL/year)

Benefit /Cost ratio 1.34
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Annual total energy generate

Annual secondary energy bene

4283.87(GWh/year)
179 247 169 TlLl/year)
127 602 337 TL/year)
213 134 054 TL/year)
519 983 56(Q TL/year)

Annual firm energy benefi

Annual peak energy benel
Annual total energy benef
Annual total cost 640 285 903 TL/year )

Annual Net Benefit : -120 302 344 TL/year)

Benefit/Cost ratio 0.81

Scenario 4

Annual total energy generate
Annual firm energy benefi
Annual secondary energy bene
Annual peak energy benet
Annual total energy benef

Annual total cosl

3612.11(GWhlyear)
142 892 813 TlLl/year)
112 128 499 TlLl/year)
221 073 514 TlL/year)
476 094 825 TL/year )

640 285 903 TL/year)

Annual Net Benefit : -164 191 079 TL/year)

Benefit/Cost ratio 0.74

Scenario 5

Annual total energy generate
Annual firm energy benefi
Annual secondary energy bene
Annual peak energy benel
Annual total energy benef

Annual total cosl

Annual Net Benefit :

3604.99(GWh/year)
145 501 574 TL/year )
110 317 667 TL/year)
220 503 784 TlLlyear)
476 323 025 TL/year)

640 285 903 TlLl/year)

-163 962 879 TL/year)

Benefit/Cost ratio 0.74

Scenario 6

Annual total energy generate
Annual firm energy benefi
Annual secondary energy bene
Annual peak energy benef
Annual total energy benef

Annual total cosl

Annual Net Benefit :

3487.64(GWhlyear)
150 550 79Q( TL/year )
101 344 604 TL/year)
219 401 081 TL/year)
471 296 473 TlL/year)

640 285 903 TlL/year)

-168 989 43(Q TL/year)

Benefit/Cost ratio 0.74
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Scenario 7

Annual total energy generate
T2:

T1:

T3:

Annual total energy benefi

Annual total cost

Annual Net Benefit :

4101.27(GWhlyear)
749 959 411 TlL/year)
202 835 37( TL/year)
35 654 304 TL/year)
988 449 089 TL/year)

640 285 903 TL/year)

348 163 18§ TL/year)

Benefit /Cost ratio 1.54

Scenaio 8

Annual pumping cost

T2:

T1:

T3:

Annual total energy benefi

Annual total cost

Annual Net Benefit :

- 58 224 763 ( TL/year)
885 082 759 ( TL/year)
250 881 533 ( TL/year)
30221 035 (TL/year)
1107 960 564 ( TL/year)

655 381 558 ( TL/year)

452 579 006 ( TL/year)

Benefit /Cost ratio 1.69

Scenario 9

Annual pumping cost

T2:

T1:

T3:

Annual total energy benefi

Annual total cosl

Annual Net Benéefit :

-43 335170 ( TL/year)
890 863 935 ( TL/year)
209 867 370 ( TL/year)
31875219 (TLlyear)
1089 271 354 ( TL/year)

654 009 226 ( TL/year)

435 262 129 ( TLiyear)

Benefit/Cost ratio 1.67

Scenario 10

Annual pumping cost - 109 202 123 ( TL/year)

T2:
T1:
T3:
Annual total energy benefi

Annual total cosi

1036 400 839 ( TL/year)
260 202 243 ( TL/year)
27 964 083 ( TL/year)

1215 365 043 ( TL/year)

669 104 880 ( TL/year)

Annual Net Benefit : 546 260 162 ( TL/year)

Benefit/Cost ratio 1.82
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5.7 Internal Rate of Return

The Internal Rate of Return (IRR) refers to the discount rate, for which, considered the given study
period, theNet Present Value is ze(blPV = 0) In other wordsinternal rate of returrsithe interest

discount rate that equates the present worth values of all annual costs and benefits throughout the
economic life of the projectIRR describes tovhat extent the investmedelivers a higher discount

rate than the selectatdiscount ratei representing capital costhe necessary requirement for the
investmemto be accepted is that IRR > i

n -

él Rt(1+( Int?;)?t) -0 &2
where

R; = annual revenues resulted from the sale of electricity (TL/year),
Iy=annual investment (TL/year),

C; = annual operating related costd (year),

n =4 years of project development and 50 years of operation.

Graphs of cash flow andvé computatios of internal rate of return ohe scenarios are given in
Appendix A.

In the computationset income loss due to expropriation has been attdadnualcosts This value
has been obtained from Feasibility Report 4s240 000 TL (Temelsu International Engineering
Services Inc., 2011)

Internal rate of returwaluesfor Kalekdy reservoir system are summarifenn Tables A1A10 and
illustrated n Table 5.3.

Table 5.5 Internal rate of return valudsr Scenarios

Internal rate of return (%)
Scenario 1 12.21
Scenario 2 13.08
Scenario 3 8.05
Scenario 4 7.31
Scenario 5 7.31
Scenario 6 7.23
Scenario 7 14.85
Scenario 8 16.06
Scenario 9 15.85
Scenario 10 17.07
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CHAPTER 6

DISCUSSION OF RESULTS

6.1 Discussion of Results

The economic feasibility of thidalekdy reservoir systeris evaluated on the basis of its internal rate
of return and alsdor a selected discount rate, on the basis of the present worth of net benefits and the
benefitcost ratio.

Various scenarioprovide different insight into the economics of the project. The internal rate of
return gives the average annual return orirthestment. It is the only parameter which is independent

of the selection of a discount rate at which fully accounts for the phasing of costs and benefits. The
internal rate of return is the discount rate at which the project shows a {omséfiatio ofunity. In

Figure 61, internal rate breturn values of the scenasiare presented. Scenario 10 with two pumped
power plants has the highest internal rate of return value.
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Figure 61 Internal rate of return valué%o) for Scenarios

The reservoirsra operated at the full operation level (i.e. no usageefation guide curves) in the
Scenario 1. e results for the energy generatfon the Scenario is thatmean power generation is
computed to be 490/@W, which is equivalent to an annual eneggneration of 4303.6Wh. For
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the other design scenarios taenual energy generation rangesm 3488GWh to 4640 GWhas
shown in Figure 6.2.

In Scenario 210% percent increase in the inflows of Kalekdy reservoir system is applied to the
simulation modelThe results for the energy and revenue generation of the Scenario 2 is less than
10% percent compared to Scenario 1 as shown in Figure 6.1 and 6.2.

Firm energy is the minimum output which can be guaranteed if no worse hydrological conditions
occur thanhiose represented by the flow data of the critical period. The critical period has also been
investigated for the case that "firm" energy is produced according to a givamif@mm pattern, as

was explained in sections 3.4 and 3rtbScenario 3 and 4, Ve consider firm energy requirement it
results decrease iannual energy generation and benefits since operation head is not usually at
maximum level. However, there is22% decrease in inflow in Scenario 4 due to full development
case inflows, reductioim energy generation 5%.

In this thesis, the official unit prices of firm and secondary energies and the discount ratio advocated
by the General Directorate of State Water Works is used as 6 and 3.3 US Cents/kWh, respectively
which are unrealisticallyoo low. In Chapter 5 the present worth of benefits of the Kalekdy reservoir
system is computed using these values. In Scenario 3, the sensitivity of the present worth of benefits
on the unit prices is quantitatively analyzed by making the unit pricasd® US Cents/kWh than it

is observed that the benefit/cost ratio increases to 1.1.

Besides, for a given discount rate the bermfits ratio indicates the profitability of the project and

the present worth of net benefits reflects the size of the qrbfibrder for these economic parameters

to provide a valid basis for scenario evaluation, the selected discount rate (9.5%) must reflect the true
value of capital in the Turkish economy. Sensitivity analyses may be performed for different discount
ratesas well.

The effect of the increase in conservation volume on power generation is investigated in Scenario 5.
The minimum storage level indicated on the designs has been selected in a way that is above dead
storage and vortex limitations. In the case ofveo Kaleldy Reservoir, this design minimum is
lowered in Scenario 5. When we compare Scenario 4 and Scenia@snlfs show that there is almost

no difference irenergy generatioat Upper Kaleky since no change made on upstream network. In
addition to his, only 2% increase in total firm energy generation, is achieved.
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In Scenario 6, the model is designed to compare firm energy and total energy generation compared to
Scenario 4Guidecurve is adjusted to have an increment of 5 % firm energy. However, decrease in
spilled water is 18%n Scenario 6there is a decrease in annual eneffye reason for that is
withdrawal of stored water in July cannot be compensated for several monttes Iduerunoff in

summer and autumn, resulting in a longer period of smajldralnlic head.As a result of this

keeping guide curve at maximum level increases annual energy generation.

Nowadays, the cost charged from households for electricity usedydeaity morning and evening

rush hours is much greater than that during-¢mnsumption hours, dailyi-or the Scenario 7
investigated in this thesis, if the turbines are operated in accordance withdhiéedd'wisehours
schedule", which means any turbs are completely shut off during the-p&ak period, and the peak

hours have the priority for energy generation. In this case, the revenue of Scenario 7 is the maximum
in all scenarios which have conventional turbines as shown in Figure 6.3.

This increae in revenue generation is primarily due to the timing of energy production (i.e. when
prices are high), whereas overall energy generation imo@ased irScenario 7 as shown in Figure
6.2.

The contract eventually signed for the sale of power andyerier the schedule used) may be more
complex than our simple on and-pféak energy values. The marginal cost of electricity for a utility
can vary greatly through any given day. If the purchase price of energy produced by the hydroelectric
plant is tiedto a marginal cost, for example, a more detailed operational analysis with daily flow
routing and a past history of energy values may be more accurate.
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The rising demand for peaking power is creating a completely new market value, which is also
increasing the attractiveness of pumped storage power stdtio®senario 8, 9 and 1pumped
storage scenarios have been analyzed.

The costs and benefitdf power and energy production have been evaluated over a period of fifty
years and the benefit/cost ratios are determined in Chapter 5. In Figure 6.4, pumped storage scenarios
have the maximum benefit/cost ratio over all scenarios.

According to the abovgiven benefit/cost ratios in Figure 6.4 and unit energy prices, pump storage
alternative seems feasible. Scenario 10 has the maximum benefit/cost ratio over all scenarios with two
reversible turbines. These results demonstrate the increasing attrastigéties Kalekdy reservoir
system with pump turbines. In addition to this, it is quite sensitive to the energy unit prices and
working hours in pump and turbine modes. The analyses have been performed according to the
accepted current unit prices whicleaubject to change either in short term or long term. Therefore it
will be beneficial to reevaluate pump storage alternative after carrying out a projection study in
energy prices to decide if it is feasible or not.

Annual total energy generation in puetpstorage scenarios is below the average values respect to

Scenario 1, 3 and 7 in existing case inflowherefore, it is plausible that such an operation of the
reservoirs increases revenue generation, but not energytigmer
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CHAPTER 7

CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion

In production of electrical energy, compared to fossil and nuclear thermal plants, nattfi@@dyas
power plants; hydroelectric power plants have two important properties such as renewable source and
peak opegition. Consumption of electrical energy is one of the most important indicators of economic
development and social wddking. Electricity production or consumption per capita of any coistry

one of the indicators of the living standart.

The growing demad for electricity in Turkey will require the addition of large increments of
generating capacity to supply the interconnected system. Hyjectric power plants on the Murat
River are logical and economical sources of power and their development ttireuginstruction of
dams on the Murat forms an integral part of the national long range power development plan.

Hydropower can be used in a power system in several ways: for peaking, for meeting intermediate
loads, for base load operation, or for meetingambination of thesdoads. These alternative
operations is illustrated in the previous chapters.

Instead of energy production using foreign dependent fuel as natural gas and imported coal, Turkey
has to give priority to and realize energy productiomgiébcal resources as hydropower in order to
lessen the foreign dependency.

Feasibility report for Lower Ferat basin was car
Engineering Services Inc. in order to investigate the potential for exploiting the-élgdtdac

potential of the river system. Maximization of firm eneagd operation of reservoirs in peak mode

were studied in th&easibility study.

In this thesis the feasibility report is improved by considering different operation scenarios and
pumped storage alternatives. Scenarios and the financial analysis ardetiesegarding the
hydropower potential in the previous chapters.

Kalekdy reservoir system, located upstream of the Keban Dam, will utilise the hydro potential of the
Murat river between the elevations of 870 m and 1225 m in four powerplants totalling/iv Qs
installed capacity.

HEC-ResSim simulation program is used to model the cascade reservoir system. Analysis of the
complex system is easy to model by using the HE&SSimIn order to minimize spillage during high
flow season and to benefit from a hey head various operation rules have been defined.

Pumped storage applications are investigated as well. Pumped storage hydroelectricity is the only
economic and flexible means of storing grid scale amounts of excess energy, allowing power plants
dispatclers to successfully manage that balancing act. This is becoming even more important as more
and more countries are building up their power generation from intermittent renesiatiiess wind

and solar.

The advantage of this technology is that it can comge very quickly, making it a useful tool to
balance the varying electricity demand from consumers or unplanned outages of other power plants.
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In recent years, the profitability of pumped storage plants has increased as a consequence of increased
pricevolatility on electricity spot markets.

A financial assessment was carried out for the full range of ten scenarios, in order to assess the cost
effective operation regime and the economic feasibility of the scenarios. Ten scenarios are made of
the type ofoperation required in order to reduce spillage and maintain high water levels in the
reservoir. The results of the scenarios show that the Kalekdy Reservoir System is profitable. However,
choosing an appropriate operation is more delicate, particulamheasuring future demand for peak
energy or fluctuations in the electricity price is uncertain.

The scenarios related to evaluation indicators are the internal rate of return and thecbsniito,

which provide information on the degree of profitépibf the scenarios. From the current analysis,
Scenario 7 and scenarios with reversible pump turbines seem to give the best internal rate of return
and beneficost ratios.

7.2 Recommendations

In developing an operational procedure, one may also wartrisider the stochastic nature of the

flow; i.e., it is useful to remember that the future is not an exact replica of the past. Uncertainty must
be taken into account in the forecasts. Once means of achieving this would be to generate a number of
flow forecasts, each with a given probability of occurrence, and in an operation routine one should
consider all the forecasts and their probabilities. For this reason the rules for the operation of the
reservoirs derived from present conditions must be considlesédle and subject to minor changes

as future events and operating experience may dictate.

Sensitivity scenarios should be considered for capital cost over runs and increased operation costs,
and a reduction on generation over the life of the plant.idoessity for sensitivity scenarios for
electricity prices should be simulated.

During the winter season, the watershed is covered by snow. Snowmelt is significant part of the river

flow in the spring season. A snow hydrology model of the basin usingblaground and remotely

sensed data should be devel oped to better under st anc
The snow model may accurately model snow accumulation and melt and can provide useful

information about the snow hydrology of theia. Reservoir managers can use this information in

operating decisions, to maximize water supply.

The revenues are all related to the sales of electricity only. The sales price rates are expected to be the
prices at the moment of the commissioning &f flower plant. Projections in energy prices and peak
hours should be considered in other scenarios. An increase of the energy price may be expected to
occur during the lifetime of the Kalekdy Reservoir System. The financial viability of the project
shouldbe assessed more precisely in a specific economic model. An economic model for future unit
energy prices will be essential for more accurate results.

It is essential to formulate the operation rules with information that will be available at the time when
operation decisions are made. If forecasts are used in operation, the degree of reliability must be taken
into account in deriving operating rulds. assessing the benefits that would be associated with a
particular set of operating rules, forecast errors must be simulated in such a manner as to represent
average anticipated accomplishment under those rules.

Watershed development plans prepared fi¢réint times may become inconsistent because of the
economic point of view at later dates. However, some preliminary studies have been abandoned,
within the time according to the changes occurring in the energy benefits and economic costs of
facilities of the same projects may be feasible. For this reason, at certain intervals watershed
development plans should be revised.
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APPENDIX A

INTERNAL RATE OF RET URN CALCULATIONS

Table A.linternal rate of returfor Scenario 1

Internal Rate of Return

Year Costs Benefits Net Benefit Net Present Value

1 1116 861 42p -1116 861 42p -1054 325 47
2 1836 796 57p -1 836 796 57p -1545 209 18
3 1209 117 60f -1 209 117 60f -906 453 59
4 758 246 728 - 758 246 728 -506 568 74
5 57 997 01 793 930 798 735933 779 438 144 53
6 57 997 019 793 930 798 735933 779 390 452 49
7 57 997 019 793 930 798 735933 779 347 951 74
8 57 997 019 793 930 798 735933 779 310 077 19
9 57 997 019 793 930 798 735933 779 276 325 29
10 57 997 019 793 930 798 735933 779 246 247 28
11 57 997 019 793 930 798 735933 779 219 443 27
12 57 997 019 793 930 798 735933 779 195 556 87
13 57 997 019 793 930 798 735933 779 174 270 50
14 57 997 019 793 930 798 735933 779 155 301 16
15| 57 997 019 793 930 798 735933 779 138 396 63
16 57 997 019 793 930 798 735933 779 123 332 15
17 57 997 01 793 930 798 735933 779 109 907 45
18 57 997 019 793 930 798 735933 779 97 944 02
19 57 997 01 793 930 798 735933 779 87 282 82
20| 57 997 019 793 930 798 735933 779 77 782 08
21 57 997 019 793 930 798 735933 779 69 315 50
22| 57 997 019 793 930 798 735933 779 61 770 51
23| 57 997 019 793 930 798 735933 779 55 046 79
24 57 997 01 793 930 798 735933 779 49 054 94
25| 57 997 019 793 930 798 735933 779 43 715 31
26| 57 997 01 793 930 798 735933 779 38 956 90
27| 57 997 019 793 930 798 735933 779 34716 44
28| 57 997 01 793 930 798 735933 779 30 937 56
29| 57 997 019 793 930 798 735933 779 27 570 00
30| 57 997 019 793 930 798 735933 779 24 569 01
31 57 997 019 793 930 798 735933 779 21894 67
32| 57 997 019 793 930 798 735933 779 19 511 44
33| 57 997 019 793 930 798 735933 779 17 387 62
34 57 997 019 793 930 798 735933 779 15 494 97,
35| 57 997 01 793 930 798 735933 779 13 808 35|
36 57 997 019 793 930 798 735933 779 12 305 31
37| 57 997 01 793 930 798 735933 779 10 965 87
38| 57 997 019 793 930 798 735933 779 9 772 241
39 57 997 019 793 930 798 735933 779 8 708 53
40| 57 997 019 793 930 798 735933 779 7 760 61
41 57 997 019 793 930 798 735933 779 6 915 86]
42| 57 997 019 793 930 798 735933 779 6 163 07
43| 57 997 019 793 930 798 735933 779 5 492 224
44 57 997 01 793 930 798 735 933 779 4 894 39¢
45| 57 997 019 793 930 798 735933 779 4 361 64
46| 57 997 01 793 930 798 735933 779 3 886 87
47| 57 997 019 793 930 798 735933 779 346379
48| 57 997 019 793 930 798 735933 779 3086 75
49 57 997 019 793 930 798 735933 779 2750 76
50| 57 997 019 793 930 798 735933 779 2 451 341
51 57 997 019 793 930 798 735933 779 2 184 514
52| 57 997 019 793 930 798 735933 779 1946 72
53] 57 997 01 793 930 798 735933 779 173482
54 57 997 019 793 930 798 735933 779 1545 991
7820873279 39696539887 31875666 608 0

Internal Rate of Return :

12.21%
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FigureA.1 Cash flow graph for Scenario 1
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Table A2 Internal rate of return for Scenario 2

Internal Rate of Return

Year Costs Benefits Net Benefit Net Present Value

1| 1116861429 -1 116 861 429 -1050 295 417
2| 1836796576 -1 836 796 576 -1527 557 598
3| 1209117 607 -1 209 117 607 -889 261 386
4 758 246 723 - 758 246 723 -493 169 020
5 57 997 019 855 978 979 797 981 960 458 989 419
6 57 997 019 855 978 979 797 981 960 405 907 457
7 57 997 019 855 978 979 797 981 960 358 964 405
8 57 997 019 855 978 979 797 981 960 317 450 300
9 57 997 019 855 978 979 797 981 960 280 737 286
10 57 997 019 855 978 979 797 981 960 248 270 119
11 57 997 019 855 978 979 797 981 960 219 557 769
12 57 997 019 855 978 979 797 981 960 194 165 991
13 57 997 019 855 978 979 797 981 960 171 710 764
14 57 997 019 855 978 979 797 981 960 151 852 475
15 57 997 019 855 978 979 797 981 960 134 290 791
16 57 997 019 855 978 979 797 981 960 118 760 109
17 57 997 019 855 978 979 797 981 960 105 025 545
18 57 997 019 855 978 979 797 981 960 92 879 378
19 57 997 019 855 978 979 797 981 960 82137 911
20 57 997 019 855 978 979 797 981 960 72 638 691
21 57 997 019 855 978 979 797 981 960 64 238 052
22 57 997 019 855 978 979 797 981 960 56 808 945
23 57 997 019 855 978 979 797 981 960 50239 011
24 57 997 019 855 978 979 797 981 960 44 428 887
25 57 997 019 855 978 979 797 981 960 39 290 702
26 57 997 019 855 978 979 797 981 960 34 746 746
27 57 997 019 855 978 979 797 981 960 30 728 298
28 57 997 019 855 978 979 797 981 960 27 174 581
29 57 997 019 855 978 979 797 981 960 24 031 850
30 57 997 019 855 978 979 797 981 960 21 252 575
31 57 997 019 855 978 979 797 981 960 18 794 723
32 57 997 019 855 978 979 797 981 960 16 621 120
33 57 997 019 855 978 979 797 981 960 14 698 893
34 57 997 019 855 978 979 797 981 960 12 998 971
35 57 997 019 855 978 979 797 981 960 11 495 645
36 57 997 019 855 978 979 797 981 960 10 166 178
37 57 997 019 855 978 979 797 981 960 8 990 463
38 57 997 019 855 978 979 797 981 960 7 950 719
39 57 997 019 855 978 979 797 981 960 7 031221
40 57 997 019 855 978 979 797 981 960 6 218 063
41 57 997 019 855 978 979 797 981 960 5 498 946
42 57 997 019 855 978 979 797 981 960 4 862 995
43 57 997 019 855 978 979 797 981 960 4 300 591
44 57 997 019 855 978 979 797 981 960 3803 230
45 57 997 019 855 978 979 797 981 960 3 363 387
46 57 997 019 855 978 979 797 981 960 2 974 413
47 57 997 019 855 978 979 797 981 960 2 630 423
48 57 997 019 855 978 979 797 981 960 2 326 216
49 57 997 019 855 978 979 797 981 960 2 057 190
50 57 997 019 855 978 979 797 981 960 1819 276
51 57 997 019 855 978 979 797 981 960 1608 878
52 57 997 019 855 978 979 797 981 960 1422812
53 57 997 019 855 978 979 797 981 960 1258 264
54 57 997 019 855 978 979 797 981 960 1112 746
7 820 873 279 42 798 948 964 34 978 075 685 0

Internal Rate of Return :
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Figure A.2Cash flow graph for Scenario 2
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Table A.3Internal rate of return for Scenario 3

Internal Rate of Return

Year Costs Benefits Net Benefit Net Present Value

1| 1116 861429 -1 116 861 429 -1 074 442 234
2| 1836796576 -1 836 796 576 -1 635 356 332
3| 1209 117 607 -1 209 117 607 - 996 293 824
4 758 246 723 - 758 246 723 - 578 225 170
5 57 997 019 519 983 560 461 986 541 326 049 344
6 57 997 019 519 983 560 461 986 541 301 752 507
7 57 997 019 519 983 560 461 986 541 279 266 244
8 57 997 019 519 983 560 461 986 541 258 455 633
9 57 997 019 519 983 560 461 986 541 239 195 805
10 57 997 019 519 983 560 461 986 541 221 371 198
11 57 997 019 519 983 560 461 986 541 204 874 862
12 57 997 019 519 983 560 461 986 541 189 607 814
13 57 997 019 519 983 560 461 986 541 175 478 449
14 57 997 019 519 983 560 461 986 541 162 401 989
15 57 997 019 519 983 560 461 986 541 150 299 973
16 57 997 019 519 983 560 461 986 541 139 099 785
17 57 997 019 519 983 560 461 986 541 128 734 223
18 57 997 019 519 983 560 461 986 541 119 141 091
19 57 997 019 519 983 560 461 986 541 110 262 829
20 57 997 019 519 983 560 461 986 541 102 046 165
21 57 997 019 519 983 560 461 986 541 94 441 798
22 57 997 019 519 983 560 461 986 541 87 404 099
23 57 997 019 519 983 560 461 986 541 80 890 843
24 57 997 019 519 983 560 461 986 541 74 862 946
25 57 997 019 519 983 560 461 986 541 69 284 243
26 57 997 019 519 983 560 461 986 541 64 121 257
27 57 997 019 519 983 560 461 986 541 59 343 012
28 57 997 019 519 983 560 461 986 541 54 920 837
29 57 997 019 519 983 560 461 986 541 50 828 197
30 57 997 019 519 983 560 461 986 541 47 040 536
31 57 997 019 519 983 560 461 986 541 43 535 127
32 57 997 019 519 983 560 461 986 541 40 290 938
33 57 997 019 519 983 560 461 986 541 37 288 501
34 57 997 019 519 983 560 461 986 541 34 509 804
35 57 997 019 519 983 560 461 986 541 31938171
36 57 997 019 519 983 560 461 986 541 29558 174
37 57 997 019 519 983 560 461 986 541 27 355 532
38 57 997 019 519 983 560 461 986 541 25 317 028
39 57 997 019 519 983 560 461 986 541 23 430 431
40 57 997 019 519 983 560 461 986 541 21 684 421
41 57 997 019 519 983 560 461 986 541 20 068 522
42 57 997 019 519 983 560 461 986 541 18 573 038
43 57 997 019 519 983 560 461 986 541 17 188 996
44 57 997 019 519 983 560 461 986 541 15 908 091
45 57 997 019 519 983 560 461 986 541 14 722 637
46 57 997 019 519 983 560 461 986 541 13 625 523
47 57 997 019 519 983 560 461 986 541 12 610 164
48 57 997 019 519 983 560 461 986 541 11 670 468
49 57 997 019 519 983 560 461 986 541 10 800 798
50 57 997 019 519 983 560 461 986 541 9 995 934
51 57 997 019 519 983 560 461 986 541 9 251 049
52 57 997 019 519 983 560 461 986 541 8561 671
53 57 997 019 519 983 560 461 986 541 7 923 664
54 57 997 019 519 983 560 461 986 541 7 333 202
7820873279 25999177977 18 178 304 699 0

Internal Rate of Return :

8.05%
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Figure A.3Cash flow graph for Scenario 3

Turkish Lira (TL)

1000 000 000
o lllllllllllllllllllllllIIIIlllllllllllllllllllllll
5/6|7|8|9/1011/12/13/14{15(16(17/18/19/20/21/22 23 24 25 26 27/ 28|29|30|31/32|33|34/35/36/ 37/ 38|39|40| 41| 42| 43 44| 45/ 46/ 47|48 49 50 51,52 53 54
-500 000 000-
-1 000 000 000- Annual benefit
Annual gost
-1500 000 000+—
-2.000 000 000

Year

132




