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I 11 t 11 i /I /I t u dy , the 0 Jl ti III 11 lop 11 r II t i on lind TIl II in ton II nee 

schedules of integrated hydro-thermal power generating systems 

are searched under different demand levels and operating 

• . . I 
capac1t1es. The modell1ng approach a1ms to han~lethe problem 

in two parts. In the first part, a linear programming model 

is constructed that investigates the optimal seasonal 

operation and maintunanc~ policiug subject to power deiliund 

sat iii f act i on, cap u cit y, wa t e r usa g e, ,e n erg y g e n era t ion, 
I 

importation and maintenance requirement constraints. The 

object!ive function to be minimized constitutes of operating 

costs of ,generating u1nits, and the costs of imported and 

unsatiified ehergy dem~nds. 

"~I In the second part, using the results obtained for 

different scenarios related to yearly peak power ,demand and 

the commissioning'dates of planned inves-tments in part one, a 
I , , 

fur~her atte~pt is made to distribute the planned capacity 

outages, (cap~cities 'in maintenance) for each generFting group 

and 18ea80n into months in terms of single generuting units. 

Thelobjective herci is considered i' : ,I 
as the levelization of 

i 
man th ly risks. 

, , 

,. 
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'The risk level of some period 1S measured 1n terms of 

"expected ?-umber of shortage days" throughout that period 

which is calculated by c6mparing the distributions of avai-

lable generating capacity and daily peak demands. The loss-of-
I 

I 

load ~rob~bility (LOLP) method is employed in this part of 

tho Htiudy which if! a widely lIHeU index of reliahility. 

,The first part 9f the model, as applied to Turkish 

Int~rconnected Pow~r System, contains 429 variables and 326 

such that the 'model contains 5 thermal groups (lignite, fuel 

oil~ coal, gas turbine- typ~ power plants and non-TEK thermal 

uni~s) and 12 hydro groups (10 dams with reservoir, lake and 

river power plants and non-TEK hydro units). 1984 is con-
I 

sidered as the target year for the model. 

I 

The study does not laim to perform statistical analysis 
I 

on the operating rules of dams or on the distribution of wat~r 
" , 

~ , ' " 

inflows. Therefore, from the data available, relevant to water 
I "I • I 

" inflows and reservoi~ qperating schedules, all dams are 

ass¥med to have average water inf~ows throughout the periods 
! 

of ~hu year 19B4. 

The load de~and pattern of the interconnected system 

for th~ year 1984 is pbtained from the results of the hourly 

load.forec~sting package program developed by TEK in the 
I 

p r; e Sl e n t year., F <;> rea c h per i 0 d, the loa d - d u rat ion cur v e s are 

approximated by 3 average load levels: Base load, intermediate 
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! "' 
load and peak load. 

I I 
Usi~g the results of 

I 
the cost minimization model for 

i 
each scenario, a framework of optimal'maintenance periods are 

i. ' 
obta~ned for each group. In addition, the effects of different 

lond demand figllrl.lt-l lind the dclllyt-l inl:urrud in l!ollllllil:Jt-lioning 

I 
dat~s of new power plants on the maintenance policies can be 

observed. The results! of this observation are combined with a 

risk levelization procedure in the second part, in order to 
i 

obtain a proper distribution of the proposed maintenance 

I 
capacities among the months of each period. 

I: i ' 
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K I S A o Z E T 

Bu ~al~§mada, blitlinle§ik hidro-termal gli~ sistemle

rinin farkl~ talep dliz~yleri ve i§letme kapasitelerine ili§

kin ~n iyi i§letme ve bak~m ~izelgeleri ara§t~r~lm~§t~r. 
I 

Modellemede benimsenen yakla§~m, problemin iki bollim-

de ~le ul1Qmuslnl U~gHrmektedir. Birinci bHIUmde; gU~ista-
I 

( , 

mi~in kar§llanmas~, kapasite, su kullan1m1, enerji liretimi, 
! 

d~~ alLm ve bak~m gereksinmeleri k~s~tlar~ alt~nda en iyi 

mevsimsel i§letme ve bakLm politikalar~n~ ara§t~ran bir do~

rU5al programlama modeli kurulmu§tur. En kli~liklenecek ama~ 
I 

i§levi, enerji ~reten birimlerin i§letme maliyetleri ile 

d~§~r1da~ali~a~ ve kar§~lanamayan ene~ji maliyetlerinden 

o 1 u§maktad~r. 

lkinci bHlUmde ise, ilk bHllimdeki Y11l1k maksimum gU~ 

t~lebi ve planlanm1§ yat1r~mlar1n devreye giri§ tarihlerine 

ili§kin farkl1 senaryolar1n sonu~lar~ kullan11mL§tLr. Burada, 
I 

mevsimler ve liretim gruplarl i~in eide edilen planlanmL§ ba
I 

klm kap~B~teIerinin oyluro vo Uretim birimlorine dU~ltlml"U 
I 

yHnelik olarak, ayl1k risk dUzeyl~rinin dengelenmesini oma~-

layan bir yontem (kullanllml1?tlr. 
I 

Bir donemin risk dnzeyi, 0 dHneme iliQkin elveriQli 
, 

Uretlm knpusitusi va gUnlUk tepe yUk dU~111mlarln1n kar§l-
r) 

lU§L;,~r11Illu:!:IJ.ylo hcsaplunan "Yokluk gUnlerinin beklenen 8aY151" 

!' t ( , 
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ol~UsUy1e be1irlenmektedir. Qa1~§man~n bu bolUmUnde, olduk

IS a ! y ay g ~ n b i r g U v e n, i 1 i r 1 i k go S t erg e s 1. 0 1 an" Y i.i k kay b 1. 0 l~ a s ~-

11. ~ ~ II (L 0 ~ P - L 0 I:J 8 9 fLo u d Pro bub i 1 i t y ) k u 11 a L\ ~ 1 tn 1. § t l. r • 
I I 

, 
Mqde1iu' ilk bolUmil, TUrkiye Enterkonekte sistemine 

, 

uy~uland~g~ l§ek1iy1e 429 degi§ken ve 326 k~s~ttan olu§makta-

dl.~. Sistemdeki Uretim birim1eri, modelde 5 termik grup (lin-
, 

yi~, fuel 'oil, tu§komHril, guz tilrbin1i santrullur ve TEK d1§l. 
, , 

termik birim1er) ve 12 hidro1ik grup(lO hazneli baraj, gol 

ve'kana1 santral1arl. ve TEKdl.§1 hidro1ik birimler) olarak 

ele a1~nm~§, ~ode1 uygu1amas~ 1984 y~l~ i~in yap~lm~§tl.r. 

Qa~l.§manl.n amacl., baraj i§letim kura11ar~ veya su ge-

1iri dag11~mlar~na i1i§kin istatistikse1 bir ana1iz yapmak 

delildir. Bu yUzden, su ge1irleri ve hazne i§letim ~izelge-

1erine ili§kin e1de edi1en veri1er ku11an~larak, 'tUm baraj-

1arin 1984 y~l~ boyunca orta1ama su ge1irleriy1e ~al~§acag~ 

varsay~lm~§t~r. 

Enturkooukto sistomin 1984 Y1.11 dUncmlcrioe ili~kin 
I 

gil'S istemi degerleri, TEK taraf~ndan geli§tiri1en saatlik 

yUk t~hmini program~n~n sonu~larl.ndan yarar1an~larak e1de 

edilmi§tir. Her donem i~in olu§turulan yUk-sUre elrileri, 
1 

3 fatk11. yUk dUzeyi (taban yUk, ara yUk ve tepe'yUk) yard1.~ 
I 

IDl.yla yak1a§t~rl.lm~§t~r. 
'l 
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Maliyet en kli~liklemesi model~nden £arkl1 senaryolar 

i~in elde edilen'sonu~lar kullan11arak, her bir liretim grubu

na ili§~in en iyi bak1m dHnemlerinin genel ~er~evesi olu§tu p 

rulmu~tur. Ayr1ca, de~i~ik yilk istemlerinin ve planlanm1~ 

ye~i Uretim birimlerinin devreye giri~ tarihlerinde olu§u-

bilecek gecikmelerin bak1m politikalar1 ilzerindeki etkileri 

de gHzlenmi~tir. Bu gHzlemin sonu~lar1,-~a11~man1n ikinci 

bHllimilnde bir riskdlizle§tirme yHntemiyle ~irle~tirilerek 

dHnem~er i~in Hnerilen bak1m kapa~itelerinin en uygun ayl1k 

dag111m1,elde edilmi~tir. 

'I 

'. 
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, I . I I INTRODUCTION 
I 

1- POWER SYSTEM'OPERATION AND MAINTENANCE 

A 1\ 13 ill etc 1 cpo W l! I~ 1;1 u P ply 1:1 Y 1:1 t C III C lJ 11 tll !H 1:1 0 f g e nee l! t ion , 
\ 

transmission and distribution systems, whereby electricity is 

goperatod by a number of generating units in power stations, 

then transmitted at 9igh voltage to major consumption areas, 

and then distributed to i~dividual customers at progressively 

d Q C r Q a 8 i n ~ vol t iI P; Q a. T h II Q n t i r U H Y H t e III i a 0 f t (1 n h i If, h 1 Y 

interconne'cted for economic and technical reasons. The~mpor 

aspects of the industry are very large economies of scale in 

all phases of the operation and the fact that the finished 

pr6duct cannot be stored in economic quantities. Therefore, 

the nature of the industry is monopolistic. Another important 

aspect of the industry 11:1 that it is the 1Il0l:lt capital 

intensive of all industries in an economy, and requires an 

ever'in~reasing car~tal outlay ~n the face of a constantly 

growing demand. All these factors complicate the planning and 
I 

operation ,problems of utility managements who have to plan 

for and operate atot~l capacity larier than th~ maximum ins-

tantenous power d~mand at any time(13). , 

"~I 

Electrical energy for power systems ~s normally 

generated by an electromechanical conversion process • 
. I 



2 

The m~chanical energy,Jsed to drive electric generators 1S 

d ev e'lop ed in 
I ' 

two different ways: 

'I 
1. Conversion of heat energy into mechanic~l energy by 

means of steam-turbines, gas turbines, diesel or gas eng1nes, 
I 

i 
I 2. Applying the force of falling water to d~ive 
I 

hydraulic turbine!:!. 

A 1 tit 0 u g It w () r k 1 ~ u nu e twa y 011 U ire etc 0 1I V e r s 1011 til e tho d s 
, 
I 

of g~nerating eliciricity, Iwhich include magnetohydrodynamics, 
I ~ 

ther~oelectric and'thermionic conversion, and chemical fuel-
I I 

I 

ce1.l; generation, present applications on power systems are 
! I I I 

I I almo~t universally ot steam-turbine-driven or waterwheel 

driven generators 'with some applicati;;~s 
I 

of gas turbines. 
I 
I 

Successful operation of power systems requires attention 

" to safety fnr perso~nel and equipment and the provision of 
\' I' 

service to utility customers without interruption and at the 
I 

lowest feasible cost. As far as the daily operation is 

concerned, the main problem is the economic selection and 

loading of generating units to satisfy n varying demand with 

reaspnable supplyreliubility. Having forecast the system load 

for the coming hours, the operation planner must se~ect the 

combination of units that will supply the expected demand from 

the system over this period in accordance with a suitable 

objective function. This is called the unit commitment prob-

lem. The totul Loud must then be allocated to the committed 
'! 

units and this 1n turp is known as the load dispatch problem. 

'. i 
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I 

Th~ overall'objective 1S often taken as • •• • I 

cost m1n1m1zat10n. 
, 

Th~ generation srihedulirig problem is composed of the~e two 

prqb lems.' 

The scheduling problem during daily operation of a 

power system must be handled i~ the framework of a longer term 
I 

p t Ii \III 1n g u f g. U Ill.! l'1I L 1 U 11. 'L' II i tl r u 1 Ll L i U II LI r 1 tl C f:l [r 0 III t.: 11 eli III iLl;! d 

availability of somelprimary energy resources and generating 

uquipmDnt~ Existence of limits on the availability of water 
'-, 

in a hydro-thermal system, and the need to overhaul generating 

equipment for preventive maintenan~e require that the total 

system resources must be programmed for periods of up to 12 
, 

months so us to best meet the demand ft'OIll the ,system over 

that period of time. This use of generation scheduling has 

also an important bearing on syst~m capacity expansion planning. 

Daily scheduling of generation can thus be seen to be part of 

the broader long term s-cheduling problem. This study aims to 
I 

observe the operation and maintenance policie~ throughout the 

perio~s of the year under different conditions and to deter-

mine the framework for daily system 9peration plans. 

As generat~ng facilities _increase in S1ze, number 

and complexi~y, the impact of, maintenance schedules oh power 

system cost and reliability also increases. An electric 

ut~lity with a £os~il fuol capacity of 2000 Megawutt~~ for-
. : . 

ex~mple, would spend in the neighborhood of $ 7,000,000 

annually, for plant maintenance(IO). The reliability of operation 
IJ 
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I " 

Ii 

4 , 
\ 

i 

ge~eration costs and capital expend~tures are affecte~ by the 

I 
met:hods u~ed to: schedule rraintenance. Techniques of maintenance 

. ! 
sch~duling can increase system reliability ~nd redtice costs , . , ., 
sim~ly by spreading ,maintenances more evenly throughout the 

I ! 
year. 

six weeks. During the down time of a unit, its capacity is 

not .available, and: the total 'installed capacity of the system 

j H . d l~ ere ~I fl I! d • A r(ldllctilln 
I 

In i 11 H t II I 1 p d C' /I JIll C' I [: y 1\ H lIlI 1 1 ';I 

results ,in a aeterioration of reliubility; in instances where 
I 

reliability drops too much, the system planner must either 

provide supplemental capacity or, if possible, rearrange the 

maintenance schedule. The need for schedule revisions could 

also result from unexpected forced outages of units or auxiliary 

equipment, unexpected delays in the installati~n ~f new units, 

unavailabilitY of manpower and materials~ work stoppages or 

delays, or changes in the load forecast. Although a scheduie 

may have been carefully formulated at the beginning of the 
I 

. , 

year,' s~dden revisions may degrade the schedule later. 
I 

Especially for large systems, it is not uncommon for a 

mainte1nance schedule-to be revised ,frequently during the 

year. 

When developing the model, an underlying assumption is 
, , 

that the cyclical monthly maintenance required for each unit 

which increases that unit's availability and efficiency is 
. . 

established ~n 
! 

advance. Although th~, generating reserves may 
(; 

'i 
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be increased 1.n the short run by postponing or avoiding 

maintenance, subsequent increases in forced outages and 
, 

decreas~s in efficiency will eventually result. Increases 1.n , 
forced outages may lead to 0 more serious reserve shortage 

and a1spiral of decreasing perform~nce may be generated. 
I 

'I~ addition to the cost and reliability of supply 

during system operation, two important factors that must be 

"I 

considered 1.n scheduling of generating unit maintenances are: 

i , 
a) Crew and manpower availability: , Since manpower for 

matntenance is a limited resource for most utilities, it 
I 
! " ' 

essential to recognize that it is impossible to work on 

certain combinations of units at the same time. 
I 

b) Control qf the time between outages: Certain 
I 

1.S 

maidtenanc~ shou~d be performed such that the average time 
1 ! I I .1, 

bet~een ~Qtages is one year. By recognizing when the last 
I ; t ; 

I I I t 
/l (' Ill' d u ] ~ d. 0 r tI (1 t \I nl Q 1I t it H n t 0 () It III II (' l! II Il II [- " II IHI II ,.II b t IJ t j III P 

,I" , I 
range of tbe present outage, the planner takes advantage of 

i 
the i£lexibility in scheduling and insures that maintenance 

will take place at fairly regular intervals. 

'2~ NATURE OF THE ~TUDY 

, I ! 

As mentioned before. a primo rcquir~mcnt for any 

electric ut,ility system is the ability to fulfill 

customer demands for power with some prescribed measure of 

reliability. So, a "Standard of supplyl1, which 1.S the extent 
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to 'which a consumer ban rely on his -electricity supply being 

" V t~ i 1 L~ h 1 e n t 11 1I H C £ u 1 vol tug c u n d £ r c que n c y, III U !:! t b c 11\ a i n - ( 

tained. On, the other ihand, successful operation of a power 

sY8tem'requires the achievement of the lowest feasibl~ cost. 
I 

I 

I 
Formulation!:! concerning power system operation are gene-

I 

. rally stated in the formut of muthemuticul programming models • 

Cosf minimization i~ the main objective in these studies(2,5, 
i 

8,lt,12,22,24,27,30). In addition,~odelling approaches 

conTerning the reliability of supply which reflect the 
I 

! 

uncertciinities in load demands and generating unit availabilities 

are ibeing developed(l,3,4,9,lO,32). The stochustic:nuture of 
! ' I I 

hydraulic 
i 

. , . I 
~yste~s in terms of water inflows and reservoir 

, 
ope~atingrules i8 modelled mainly in 8tudies concerning the' 

I I 

planning of reservoirs(7,23,29) 
! 

I 
I 
I 

I 
In this study, the optimal operation and maintenance 

sch~dule8 of integratedhydro-therciul power generating systems 

are :sear'ched under d!£ferent demand levels and operating 
I 

cap~~ities. A linear p~ogramming model is constr~cted that 

investigates the opticial seasonal operation and maintenance 

policies subjett to power demand suti8fnction, capacity, water 

usage, energy generation, importation and maintenance 
I 

require~ent constraints. The objective function .to be mini-

mized constituteso£ the operating costs of generating units, and 

the costs of imported and unsatisfied energy demands. 

() 

Using the r~sults obtained for different scenario!:! 
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rel1atecito yearly peak power demand and the commissioning dates 
I 
; 

of investments in the optimization model~ a further 
, . I 

planned I: ., 
is attempt 

I ", 
madelto dis~ri~ute the planned capacity outages 

: \ 

(i .c. capaci,t,ies in maintenance) for each generating group 
i. . 
'I, I 

andi ~eason irto months in terms of -single generating lunits. 
I 
, 

Whi~e doing this~ th'e "inhibited" periods of maintenance 

i m \l:1 ted h y tho U)J t { III j Z a t i \J n 1II1111 01 , w hi" II 1- uri 11(~ t t h U lJl~ "11 n III i l! H 

I 
of ,opera t ion, are uti 1 iz ed when det ermining the f eas ib 1 e period s 

for, generating unit maintenances. The objective here is 

considered as the levelization of monthly risks. 

The: risk level of some period 1.S measured in terms of, the 

"expected number of shortage days" throughout that period 
I 

which is calc_ulated by comparing the distributions of available 

generating capacity and daily peak demands. The loss-of load 

probability (LOLP) method is employed 1.n this part of the 
I 

study which 1.S a widely used index of reliability. 

The study does nota1.m to perform statistical analysis 

on the operating rules of dams or nn the distribution of water 

j n flo w 8 •• So, b y \I S j n g the 11 v <l i 1 a b t (? d 1.1 L n reI l~ V 11 n t t () W n t e r i n -

flows and reservoir level patterns, all dams are assumed to 

hav~ a~erage wate~ inflows throughout the periods 6f ~he 
I 

I I 

year'1984'. As a further step, the effects of a dry period which 
, ' I 

could'occur once in 20 years for all geographical regions are 
! 

obsQrved as an extreme case for euch scenario in order to 
i .' 

find out the variations in optimal operating and maintenance 

policies. 

! . 
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Before introducing the model~ it will be useful to 

J}ivje a summary of historical developments Clnd some characteristics 

of Turkish electric power system, from the vit.!wpoint of 
; . I 

analyzing the ex~sting situation. 

3- DEVELOPMENTS AND CHARACTERISTICS OF TURKISH POWER 

SYSTEM 

The first power plant in our country has b~en installed 

1ti Tarsus 1n 1902 and electrification itudies emerged with the 

commissioning of Silahtaragll power plant in 1913. Electricity 

generation services have been executed by foreign concessianed 

carporatiaris and then by municipalities during the first two 

d l\ C II d ~ s. T hut II S II f fie i Ull t C 11 Jl LI cit i I.! S 0 f . I.! xis t: i n gpo W u r p I u n t s 

forced the newly emerging large-scale state industrial 
! 

enterprise~ such as Karablik Iron and ~teel, 1zmit Paperworks, 

and Stimerbank Textile to install their own power plants. As a 
/' 

I 

con'Sequence, in the electrical energy sector, the "auto-
'I' ; ; :; 

producer" institutions have emerged and some of these have 

'helped to supply electrical energy for' towns and cities in 
, I 

the 'p e rip her y t 0 ace r t a in ext en t. In t his p e r.i 0 d , • w h i c h can 
i 

be dalled the period of "isolated power plants", the'desired 

r,ate of. develop'mentin the electrification of Turkey, has not . i 
been achieved due to the isolated, inefficient and small 

I ' 
! ; I 

capacity units whichwere unable to answer the needs of 
, I' 

incGeasing de~and for electrical energy. 
) 
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Etibank and E.i.E.i., being authorized ~n the fields 

of energy resources planning and electricity generation 

studies, have been fO\l!lIn.d,e!.d in 1935. These institutions 

r I.' It 1 i. zed the sec 0 n d pH! r III a 1 pow u r p llllH, Cat 11 ill ~ Z 1, 1 n 19 Ld.! 

and, the first transmission line between this power plant and 
I . 

Istanbul has been co~structed in 1952. After 1950, there has 

been a return to the mediation of con~essionedcompanies in 
I 

I 

electricity genera~ion and "Kepezand Antalya Region Electric 

Pow'rr Plants Company" and "Qukurove Electricity Company" (of 

which Etibank has the biggest share) have been established. 
, , 

i I 
I 
I 

Rap i d d eve lop men t s ~ n i n d u s try, a g r' i c II 1 t u r e, an c.l 

technology, and the ever increasing electricalene;rgy demand, 

c rea ted t h eit e edt 0 sup ply t h i B d emil n d· by us in g p r 'i III a r y 
i 

nat~ral resources and the necessity to unify the energy 
! 

generation's supplied by di1fferent institutions. For this 
I 

reason, T.E.K. 
; 1 

(Turkish Electricity Authority) was establish~d 

in October 25, 1970 through th!:! Law no.13L2. Turkish 
i :. t 

Electricity Authority, by having.proprieted the already 
I 

• I • .'. ex~~t1ng generat10n un1ts which for that time being 
I ' 

. I 
conirolled by the municiPlllities and autoproducers and 

incorporated them to' the interconnected systemihave been 
\ 

organized the generation, tra~sm'ission and distribution of 

electrical energy ~n Accordance with the development plan 

principles .! 

Deve'lopment of installed power capacity of t'h'e Turkish 

el!:!ctricitysector through the years of institutional structure 

ehllng(~fI ill f1\lownin eh" followillp. t:lIbhl. 
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Year 

1913 

1935 

1950 

\957 

1962 
I 

1970. 

1975 

1980 

1981 

1982 

1983* 

* By Oc tob er 1 st. , 1983. 

l.nHtllllcd ClIpllcity 
(t1W) 

17.3 

126.2 

407.8 

9:19.4 

1370.8 

2234.9 

4186.6 

5118.7 

5554.4 

6640.4 

6975.4 

10 

I In parallel,withthe developments in total installed· 

capacity, electricity'supp1y and demand figures showed the 

patte1i'n' in Table 2 durin'g the period1970-l982. As seen from the 

table, the imported and restricted energy figures recorded an 

incr~asing tr~nd during the last decade. In addition, the 

res t 'r i c t ion a u n cl c.: u t !:I i nell erg y d e III U n cl 'i II 1 9 B 3 i!:l e x poe ted t 0 

I 
be above 2000, GWh mainly due to restricted water i.nflows 

i 
• i . 
1ncu~red 1n,the present water year. 

~) 

I 
i i 
, 
I 
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TABLE 2- Electrical energy Supply-demand relationship 

Year 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 , 

1980 

1981 

1982 
! 

Generation Import 

8623.0 

9781.1 

11241.9 

12425.2 

13477.0 

15622.8 96.2 

18282.8 332.2 

20564.6 492.2 

21726.1 921. 

22521.9 I 1042.9 

23275.4 1341.1 

24672. 8 1616 .'2 

26551.5 I 1773.4 

Total 
Supply 

8623.0 

9781.1 

11241.9 

'12425.2 

13477. 

15719. 

18615. 

21056.8 

22347.1 

23564.8 

24616.5 

26289. 

28324.9 

Restriction 

22. 

5 • 

190. 

250. 

17 5. 

140. 

777 .1 

1326. 

1625.3 

1753.4 

1655.6 

1082.8 

11 

(G Wh) 

Actual 
Demand 

8623.0 

9803.1 

11246.9 

12615.2. 

13727 . 

15894. 

18755. 

21833.9 

23673.~1 

25190.1 

26369.9 

27944.6 

29407.7 

( 

In 1982, tha total. generation of 26551.5 GWh· energy has 
! 

i been realized by the following in~titutions: 

I I 1 

TABlt,'E 3- Distrib,ution of 1'982 energy generation among 
, lin s tit u' ti 0 1111 ( G W 1I ) 

I ' 

Cenuftltion 

I '1". E .1< • 1 , 23243.1 87.5 
, 

I 
Concessioned Compo 1589.7 6.0 

Autoproducers 1659. 6.3 
'J 

Munici.pal~ticl:l 59.7 0.2 

TOTAL 26551.5 100. 
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T.E.K. has Ithe biggest share 'in total installed 

caPflcity, ias
l 

;well as in generation. In Table 4, the distribution 
i ,. 

of totolinHtulluJ ciupucity ~ccording to ru~ourcca und . I· I I 
I 

I I 'i n s tit uti q n sis ill u s t rat e d ( 0 c t 0 b e r 1, 1983). 

i'. 

I 
I 

! 
TABLE 4~ Distribution of total capacity (MW). 

I 

'fotal 
Institution Thermal Hydro Capacity "% 

T.E.K. 2929.7 2948.5 5878.2 84.3 

Con c e SH ion cd Comp. 106.0" 219.8 325.8 II • 7 

Autoproducers 614.1 12.2 626.3 9.0 

Municipalities 118.3 26.8 145. 1 2.0 

TOTAL 3768.l 3207.3 6975.4 100 
-l 

% 54. 46. 100 

Turkish power system includes isolated (i.e. not 

interconne~ted) generating units of 89.2 MW total capacity 

which ha~e generated 530.2 GWh energy In 1982 (These figures 

are ,included In respective columns of capacity and 

generation) • 

In the operation and maintenance planning model, all 

intercqnnected units Bfe considered i~ terms of generation. 
,I 

In maintenance planning, only the generating groups being 
: 

ope~ated by T~E.K. are considered which in turn correspond to 

84.3 percent of total capacity. 
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II. A MAINTENANCE PLANNING MODEL 

i- MODELLING MAINTENANCE PLANNING 

13 

,The electrical power system operation poses considerable 

difffcultiis 
I 

through modelling since there ore a variety of 
I 

power plants , wit~ different generation costs, capacities, 
I 

availabiliiies, etc, On the other hand, the system power dem~nd 
I 

iss ~1 h j ect 
I , 

I 

to,chnngefl at diffcr(!nt SeOHOI1H, montha, d~Yfl 

even:hours 'of , the day'. 

------

unci 

The aim of this study is to derive a framework for the 

short term operation and maintenance of integrated hydro-

ther~al power syste~s. It is possible to formulate the problem. 

hy cmplt1ying varillulJ kindlJ of quuntitutive tcehniqul!H t:!ueh tit:! 

linear, nonllinear' and dynamic programming. Due to the 

flexibilities in modelling and solution stages, a linear 
I 

p r n g r a \\I III i n g mod c 1. i IJ d l! V (~ lop u d w hie 11 s u c k H t () d l! t l! rIll inc t h u 

optimal operation and maintenance policies while satisfying 

system constraints. In order to keep the modei ~n reasonable 

sizes, the model is co~structed so as to examine seasonal 

policies under different demand levels and operating capacities. 

\-Ihile dqing this, the muintenance schedules are hundled as the 

average capacity outages during the seasons for eachrgenerating 

group. 
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A further attempt is made to distribute the planned 

maintenance capacities for eacb generating group and season 

in~o months in terms of single generating units. The objective 
i 
I 

here is considered as the levelization of monthly risks. 
\ I 

I 

I 
,1 Therefore, it can be said that the main philosophy 

I 

of ithe study is to combine the two objectives in pOWf'!r system 
1 

,op~ration, tramely the costs through operation and the reli-

ab~lity of supply. This part will serve for the derivation of 

a general framework for the optimal maintenance schedules. 

2. THE STRUCTURE OF THE MODEL' 

The model searches for the optimal seasonal operation 

and maintenance policies subject to power demand satisfaction, 

capacity, water usage, energy generation, impo1tation and 

rna in ten an c e r,e q 1I i r (} men teo n s t r a in t s. T h (} 0 b j c c t i y e fun c t ion 

to be minimized constitutes of operating costs of enerating 

units and the costs of imported and unsatiified energy demands. 

(J' 
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~. The constraints of the model: 

i) Land Demand Satisfaction: For each load level and 

periqd~ the supplied power (generation plus imported power) 

plusithe unsatisfied power demand must be equal to the. 

power demand. 

n 

taal, ••• ,'l' 

E P ° 1 + Ik + Uk t iRl ltt t. 
k=l, •.• ,m 

\ 

where', 

I 
I I 

PO
k 

i: Average power generated by the power plant group 1 at 
.~ t i ~ 

i ' 
load. level k in period t. 

I 
I 
! 

[k t 
. . 
! 

Importud pOHL!r 'at load lL!vel It i.n period t. 

I 

Ukt 
!: Unsatisfied power demand at load level k 1n period t. 

PDkt_~ Average power, demand at load level k 1n period t. 

I, ,. 

ii) Relation of power generation and capacity: For each 

load level ahd period, power generated by a power plant group 

1 

~annot exceed the available generation capacity. 
I 

Pikt .~ a it (Po-MOt) 
~ 1 

i=l, ••• ,n 

k=l, ••• ,m 

t=l, ... ,T 
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where, , 

a it ': Availability coefficient of power plant group i in 
I 

period t representing the forced outage rates (break-

down probabilities) and s6me losses in generation. 

P. Installed capacity of power plant group i. 
L I 

M i. 
i t'i' 

,I. 

! 
i , 

1 

Average capacity of power plunt group i taken into 

maintenance in period t, 

iii) Water use in dams with reservoir: For each dam, 
. . ! . 

the :beginning reservoir volume plus the water inflow throughout 
, 

a period must ~e equal to the end-of-period reserv~ir volume 
I 

I 
plus'the water released for power generation at different 

i 
load levels and th~ wate~ pverflow from the filled reservoir 

1 

dur~ng that period. 
I 

where., 

m 
IE 

k=l 
GI -R -S., =0 
ikt it L,t+l 

I , 

t=l, ••• ,T 

i-f Dams with 
reservoir. 

S. Reservoir volume of dam L at the beginning of period t. 
Lt 

x. Average water inflow of dam i Ln period t. 
Lt 

G. 
lkt 

Amount of water released for generation purposes from 

. r e !:llJr v 01 r 0 f d U 1\I L U t to U II level It i 1\ peri 0 U t. 

RitThe watero~erflow from filled reservoir 1 in period ~. 
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iv) Power generation in dams: For each load level and 

per~od, the average power generated by a dam~is equal to the 

amount~of water released for generation times the amount of 
1 

energy: that can be generated by one unit volume of water, 
I 

divided by the durition of the load level. 

where, 

P· k ~ t 
= 

It. h .• G. k 
~ ~t ~ t 

d
kt 

t=l, .•• ,T 

k=:l,o.o,m 

if Dams with reservoir. 

k
i 

A coefficient used to convert the water potential into 

energy. 

h. Water l~vel of I the reserVOlr i during period t (m.) 
~t 

I 
(1(. •• h·

t ~. ~ 
repreHents the umount of energy thut can be generuted 

! . 

by 1 unit volume of water) 

I 

d
kt 

i: Duration (ho-brs) of load level k in period t. 

. " ." 

v) Maintenance Requirements: For each power plant 

I 
group, the total installed capacity m~st be maintained 

i 

thrdughout the yea~.' 

where, 
i 

P. 
~ =y i=l, ••• ,n 

lu tllp "IIIIIIH1 1·Pi' IlIlIlIillll, (11"1"11111111 
I 

period. For monthly maintenances 
I 

III' IlIlill1t.{lIlI1I11~") III II 

1 
and seasonal plans, K=3. 
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vi) IImport Restrictions:~ The total energy imported 
I 

throughout the year has an upper bound. Such a bound is valid 

for a~erage power imports also. 

T 
l: 

t=l 

m 
l: d k t • Ik ~ ::; 

k=l 
EI 

m 

where, EI 1.S 
m 

the limitation on the yearly energy imports. 

where, 
I 

vii) BOllndtl on vnriubrutl: 

S l' , ~ S, :;; 
.' 1IIJ.1l - 1t 

I 
m 

'Ii,t 

S" and Si, are the minimum and the maximum 
I 1min I max 
I I I 

11 II 1'1\1 I II til hhl I' tltl l'l' V II i I~ V II 1 1I1111.l /I d 1I I~ III g U tJ 1I I' /I l i II II I: u r d 11111 1, 1111 d 
I 

'1 1S 
m I 

I 

the maximum power import possible during any load 

v~l1) NUlllluguclviLltHJ: 

P'I 1 < t 
, M, 

It G '\ ltt , 

, 
h. The Objective Function 

I , k l: u ~ 0 , kt 

Th~lobjective is the minimization of the iotal of 
I' 

generation, import, and unsatisfied demand costs. 

level. , 
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'1' III 

[(aI·lkt ) (aU'ukt )] Min. Z = l: { l: d kt + 
t=l k=l 

n \1\ 

+ l: l: -(agi . d
kt . p ok )} 

i=l k=l ~ t 

wh~re, , 

a gi is the unit cost of gener~tion for power plant 

group i. 

. I 

a I and au ~re the unit costs of imported energy and 

uns,atisfied energy demand, respectively. 
: 

, 
3 - A P P L 1 C A'l' ION OF TH~ MODEL TO TUE TURKISH INTERCONNECTED I . 

S Y S 'l'EM 

The mod e 1, as applied to the Tu rk is h In te rc onn~c ted Power 
I 

Sys1tem, contains 429 variables and 326 constraints. The genera-

I 
t in,g uni ts in the ,system are handled such that the model 

I 

ther~al grou~s (lignit~, fuel oil, coal, gas turbine 
I 

con'tains 5 , 
! 

tYP,e power plants a~d non-TEK thermal units) and 12 hydro 

j I I 
~1'O,\lpti (10 d~1I111l with rCIHHovoir. 1l1ku lind rivllr powurl pll1ntu 

., 
and; non-TEK Hydro units). In maintenance planning, only the 

I , 
gederating groups being operated by TEK are considered which 

cor!espond to 85.4 percent of interconnected sY3tem installed 

capacity. 1984 is considered as the target year for the model.' 

.1 ,,' '."., '" 
I 

'rhe mouel is· solveu for vurious scenarios by using 

I ; 

TEMPO (Techniques for Extreme Point Optimization) package in 

Burroughs ,B-6900 System at HETU for each scenario, the process 
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time varies between 1,5 to 2 minute~ with a memory alloration 

of 1740 words. 

3.1. THE STRUCTURE OF THE INTERCONNECTED SYSTEM 

Turkish Interconnected Power System is composed of 
i 

thermal (lignite, fuel oil, coal and motorine type generating 

uni~sY and hydro (dams with reservoir and generating units 
I . 

i 11 n tl t u r Ii 1 1 L\ k C Han uri v (! r H ) power p 11111 t H will c II to tall y am 0 u n t 

to 68.86.2 MW. The distribution of the total installed capacity 

among institutions and systems is given in Table 5. 
':1 , 

TABLE 5- Distribution of total capacity with respect to systems, 
institutions and resources(MW). 

I 

, Interconnected Isolated 
I 

Institution' Thermal Hydro ThermaL HX dro 

TEK 2928.3 2948.5 
, 

1. 4 (-

! 
760.8 248.6 77.6 10.2 Non...,TEK 

i 
13689 .. 1 Total 3197.1 79. 10.2 

Sys~ems Total 6886.2 89.2 
I 

I I I 
TEK has the biggest share, 5876.8 MW, 1n our inter-

I 

con~ected system whi~h corresponds to '85.4 percent of total 

tiytit1clI\ capacity. The general charucteristics of power plants 

composing the TEK capacity are given in Table r 6. 
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TABLE 6- Characteristics of TEK Interconnected Units 

Power Plant 
. i 

a) Lignite Group 

Yatagan 

Soma-B 

Tuncbilek-B 

Tuncbilek-A 

1zmir 
TOTAL 

b) Fuel-Oil Group 

Anbarll 

Hopa 

TOTAL 

r 
c) Coa 1 Group 

Catalagzl 

S Llah tar 

- TOTAL 

d) Gas Turbines 

'Aliaga" 
I 

S~ydi~ehir 

Bornova 
, 

H~zar 

Engil 

TOTAL 
I 

The rill i c Tot a 1 ' 

Installed Cap.(MW) Unit Capacities(MW) 

420 

330 

4S0 

300 

129 

44 

37.S 
1710.5 

630 

so 

680 

129 

82. S: . 

211. S 

120 

120 

30 

30 

·16.2 

1 U. 1 

326.3 

.2928.3 

2x210 

2x16S 

3xlSO 

2xlS 0 

2x32, lx6S 

2x22 

lx20,3xS,lx2,S 

2xlSO, 3x110 

2x2S 

6x21,S 

2x30,lx22.S 

4x30 

8xlS 

2xlS 

2xlS 

lx16.2 

(") 
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TABLE 6- (Continued) 
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Power Plant .Installed Cap.(MW) Unit Capacities(MW) 
I 

e) Dams with reservoir 

Keban 
I 

1370 4x185, 4x157.5 

~.Ugur1u 500 4x125 

Gokl;ekaya 278.4 3x92.8 

I 
Sar~yar 160 4x40 I 

llirfanl~ 96 3x32 

I 

K'es ikkBprii : . 76 2x38 

Demirkopril 69 3x23 

~emer 48 3x16 

S.Ugurlu 46 2x23 

Almus 27 3x9 

TOTAL 2670.4 

f) Lake and' River Group 

Dpgankent A+B 73.3 

Kov'ada 1+11 59.5 

Hazar 1+11 30.1 

Tortum 26.2 

15.4 

ikizdere 15. 1 

GBksu i 10.6 

14.4 

Other p .. p. 33.5 

TOTAL 278. 1 
r~ 

Hydr~u1ic Total 2948.5 

GENER.AL TOTAL 5876.8 
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I 

'l'lll' l!II('I'p,y pl.'ndul!ud by gOIlL'l'1I L i 11)1, llll i LII iii l.nl:l! rC(Jll-

necte!d system is ~ubjeci: to some10sses such as consumption of 

III ~ 1\ L p u xl l i <H 1 t.:l t:I U II d Ill! L w 0 L'I\ l u t:I til! t:I T 'l'lIl! II tH ell erg yeo llll U III tht 

~s 
I 

t~us obtained by dropping these losses from gross plant 
I, I 

generat~ons. Th~s relation can be seen in Figure 1. 

\ 

Imports 
I 
! I 
I 

Gross Generation ~ Consumption of Plant 
Auxiliaries 

-} 

Net Generation 

Gross Consumption -+ Net\vork Losses 

Net 
'j . 
aonsumpt~on 

; \ ' ) i I 

FIGURE 1- Interconn~cted System Generation-Consumption 
Re1at,ionship·. 

In addition to domestic generation, import possibilities 

exist by the intercon~ections with Bulgaria and USSR since 1975. 

The annual: upper bound on energy import ~s determined as 1800 

/ 

GWh through the agreements with these countries. On the other 

hand, the instantaneous maXImum power that can b~ imported ~s 

taken as 350 HW. 
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3.2. GENERATION COSTS AND POWER PLANT AVAILABILITIES 

I 

Cost of energy generation consists of two parts: Fixed 

and variable. Fixed cost components are depreciution, interest 

iharges on borrowed money, materials, labor, taxes, and other 

expenses that continue irrespective of the load on the power 

system. Variable part containSthe costs affected by the loading 
: ' . I 

of generuting unit$ of different :fuel or water rates, and 

purchcltse, or sale of power. 
I 

By analyzing the unit generation costs incurred for 

difforent power pl1untsin the period1970-1982" and by using unit 

fu~i consumption rates, the gross generation costs for inter-

connected system groups are determined os follows: 

Uroup U III L: Cos t 0 f U e 11 e r u L: i 0 11 ('1' L / kW h ) 

Lignite B.-

'Fuel Oil 19.-

Coal 22.-
I , 

Gas Tu rb i,ne 60.-

Dams 1.-
'.~ 

I 

\ ~ Lake ~nd River p • p • 2.-
! 

Nonc TEK Th e.rm,al 25.-
.:' 

Non-TE,I{ lIydro 2.-

The unit cost of import is taken as 10 TL/kWh by 

assuming the raees,of exchange as 1 $ = 320 TL and 1 DM = 120 
() 

'1' L. '1' II l! U nit C 0 tl t for I t 11 e u n sat i s fie d e 11 erg y d em and i s t a ken 



I I 

1 ' 

I 25 

For a power generation system composed of different 

typ~s of power plants, estimation of the availability which 

can be expected from.a ~iven installed plant is clearly of 

gre~t impo~tance, I since a change in ;this will be reflected 

closely in the plant margin and capital costs. Availability 

g en era 11 y r' e f 1. e c t s the tim e for w h i c h the II nit i s no t U V II i III b 1 e 

because of breakdown related to the time for which the unit 

is needed to run. The rate of breakdown for a unit (Le. the 

forced outage. rate - FOR) ~s calculated as 

FOR = Duration of Breakdown 
Duration Subjected to Breakdown 

where the duration subjected to breakdown is the sum of 

breakdown duration and the actual run time of that unit. 

For .all power plants considered in the model, FOR 

values are calculated and combined in order to obtain~he 

grou~ a~ailubiliti~s. Since the average generations are 

con~idered in the model, some proper allowances especially 

for the the rm a 1 un its are inc 1 u d e din t,h e fig u res tor e pre sen t 

the 9onsumption rate~ in plant auxiliaries. The availability 
; , 

indi~es used in the planning model are given in Tnble 7. 

BOGAZ1C\ ON\VERS\TES\ KOTUPHAt'lESI 
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TABLE 7- Availability Indices for generating groups. i 
i 

I 
I 

i Croup Pi(MW) ait 

i 
Lignite ~ 1710.5 0.82 

i I 
} 'Fuel oil 680 0.87 

3 Coal 211. 5 0.78 

4 Gas turbines 326.3 0.70 

is Keban 1370 0.96 

6 H.U~urlu-S.UR~rlu 546 0.95 

7 Sarlyar-G.Kaya. 438.4 0.94 

8 Hirf~nl1-K.KHprU 172 0.92 

9 Demirkoprii 69 0.95 

10 Kemer 48 0.93 

11 Almus 27 0.95 

12 Lake and River p . p . 278.1 0.70 --

In the model, the non-TEK thermal and hydro power plant 
, I 

generati6ns are handled by assuming average overall 

avail~bilities of 0.40 and 0.65, respectively: 

P'k ~ 0.40 p, 
: 1 t 1 

'-I P. k ~ 0.65 P. 
! 1 t 1 

V 

1 

V 

k,t' 

:: non-TEK thermal 

k,t 

group 

(V) 

1 = non-TEK Hydro group 
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On the other hand, the lake and river group power 

plants are modelled with a load factor of 0.50 in each 

period. Also, in accordance with the operating strategy of 

T.E.K., the! gas turbine group will be operated at most 3000 

hOUL'tl uUL'lng l~UI,. 

m 

E 'P' k .d
k 

:i 0.50.1' .. 0 
k=l ~ t t ~ t 

:;; 3000 P. 
~. 

~t, i=Lake and River group 

m 
E dkt k=l 

i=Gas turbine gr6up. 

3.~. INTERCONNECTED SYSTEM POWER DEMANDS 

I 

The power demand patterns of the interconnected system 
I 

for Ithe year ,1984 are obtained from the results of the fore-, 

ca sting p ackag e p rlog r am deve loped. by TEK in the pre s en t yea r • 
! I 

i I The .forecasting prognam utilizes the actual ho~urly loads . , 

supp~ied at each hour of the day during period 1970-1982. 
i 

Eac~1 month is repre~ented by its third week while -the days 

of the w~ek are cla:ssified into 5 groups: Monday, Wednesday, 

Saturday, Sunday and an equivalent day for Tuesday-Thursday 

,I , f' and Friday. By compar~ng energy consumption '~gures through 

wor!<:dllya llnd including the IJOtlUOIHll vUL'lutlun fUClOL'~~~ thu 

general trepd of yearly peak lo~d demand is obt~ined .. Daily 

and hourly varia~ion factors are employed to obtain th~ hourly 
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loads for the representative week of each month for period 

1983-1990 in terms of per-uriit (i.e. as th~ percentage of 

yearly peak load demand) values. 

From hourly load forecasting model, the load-duration 

curves for each month of 1984 are obtained. Since the model 
! . 

w il.l i.: I) 1111 i d U I' III-HI II I) II til P 111 1111 in g, tile 111011 L I II. Y l: II r. v l! IJ U r l! 

combined in 3-month groups and seasonal load-dur~tion curves 

are prepared. 

Load-duration curves are approximated by 3 average 

load levels: Base load, intermediate load and peak load. 

Thus" for each period, the average load levels and corres-

ponding durations in ~erms of hours are pbtained. These ~re 
I 

shown! in Table. 8. 

TABLE, 8-Average load levels and durations 
I il 

Load(MW) Duration(hours) .Load Level 
, 

Period 

1 3591 1760 

1 2 4673 324 

3 5289 100 

1 3644 1819 

2 : 2 4547 279 

3 5151 86 

1 3775 .1785 

3 2 4599 330 

.3 5171 93 

1 3843 1775 

4 2 4914 29"6 

3 5460 137 
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Load (MW) 

PD
Zt 

I I 

- -- --- ---:---'---~~----

I' ________ 1_.1. ___ • __ 
I ------'----- --. :------=::::.~---------t 

1 
1 ' 

. I 

; i 

I 

d , 2t 

Figure 2.! Approximation of the Load-duration Curve. 

(hours) 
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In Table 8, the,yearly peak power demand is taken as 
I 

the, forecasted value of 5600 MW. The approximation of a load-

duration curve by different load levels is shown in Figure 2. 

I 

The interconnected sy~tem energy demand for the year 

" 

1984 is ace e pte d as 34, 4 63 • 98 GWh" in the rno del ina ceo l' dan c e. 

with load forecasting program results. 

I 

i , 
3 ~ 4. CHARACTERISTICS OF IHYDRO OPERATION 

, 
There' are many conditions connected with hydro opera-

tions, such as uncontrolled flows and required releases of 

water for irrigation' or flood control, which take away from , , 

the ! Ii y' ate III 01) era tor BOlli C 0 £ the Cl 1 t c r n n t i v (! Il t hat hem i g h t 

h~ve ,if the water could be used entirely as desired for the 

benefit of power generation. The value of water changes from 

time to tim~,being ~IQwered during periods of high flow, and 
I 

increase~,during periods ,when flows,are low or 
I 

are being drafted at controlled rates of flow. 

when reservoirs 

. 3 
S~nce each m 

of water through a hydro plant will develop a definite amount 

of energy depending on the head of the reservoir, water is 

equivalent to fuel such as coal or oil for power generation 

purposes. 

Water supplies for hydro generation can have different 

values from time to time, and the use of hydro power must be 
. - ("-). 

integ,ratedinto the system power supply so that the lowest 

o vcr:1 1 1 cos t res 11 1 tu. 
I 
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In the lIluintenance planning model developed, i,t is not 

aime~ to perform statistical analysis on the operating rules 

of da~s' or on the distribution of water inflows. Using the 

avai~ab1e data re1~vant to water inflows and reservoir level 

'I 
patt~rns, all dams are assumed to have average water inflows 

throughout the periods of the year 1984. As a further step, 

I 
the fffects of a dry period which could occur once ~n 20 

year's for all. geographical regions 'are observed as an extreme 
, 

case for each s~enario in order to f~nd out the vaiiations in 
i 
i ' 

optimal maintenance BchcdulcB. 

\ 
i 1 

The average annual water inflows for the dams with 

i 

r eservo i r in 'interconnec ted sys tern are g ~ven in Tab1 e 9. 

I 

TABLE 9- AVllral:\(1 Infl,llwu for tho Dnl1ll1 

Average Annual Inflow 

3 6 3 
Dam m /sec. 10 In /year 

Keban 644.3 20318.64 

H.U~ur1u 169.4 5342.20 

Sar~yar 91.4 2882.39 

Ili r r hill 1 ' 79; 7 2513.112 

Demirkoprli ' I 29.'2 920.85 

Kerner 23.1 728.48 

A1mus ' , 22.9 722.17 

I' 

h d the distribution of annual average water For eac am, 

inflows into perio~s of the year is different. This ~s sho~n 

in Tab 1e 10. 
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.\.. . .. 
TABLE 10- Percentage distribution of average annual inflows 

to periods 

Periods 
I
Dam Operatins· Years 1. 2 3 II 

Kebfln 33 18. 7 60.2 10.i, 10.7 

Il.U~urlu 
, 

23 30.4 48 8 13.6 

SUrl.ynr 
I 

26 i,2 .8 32.9 7.9 16.4 
I 

Hirfanll. 23 30 52.7 7.9 9.4 

Demirkoprli 23 54.5 22.6 5 17.9 

Kem~r 24 . 55.7. 17.8 5.2 21. 3 
I 

Almus 16 24 59.3 8 j 8. 7 

For each dam, the percentage values given l.n Table 10 

I 

are used to determine the period water inflows. 

Gok~ekaya is a IIsecondaryll type dam since it's located 

on the same river with Sarl.yar, and its water. inflows are 

composed of releases from Sarl.yar. S.U~urlu and Kesikkoprli 

have the similar characteristics as Gokcekaya, since they use 

the water releases of H.U~urlu and Hirfanll., respectively. 

These consecutive power plants are grouped together such as 
I 

Sarl.yar and Gok~ekaya, H.U~ur1u and S.U~urlu, Hirfanll. and 

Since their reservoirs are very small as compared to the 

prl.mary plants, S.URurlu and Kesikkoprli generations are simply 
'j I 

r~{~~ed to H.U~urlu a~~ Hirfanll., iespectively, by ~~e ratios 

of respective water usage efficiencies~ 
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j=S.Ugurlu 

i=H.Ugurlu 

j==Kesikkoprli 

i==Hirfanl~ 
I 

'I In general, the seasonal structure of hydraulic system 

operation can be considered in 3 periods(15): 

a) Early Drawdown Season (October-December): Reser-

voirs 
I 

are drawn down, and I almost no 'forecasts of run-off are 
, I 

uvu:ilublc. 

h) T.U'tl\ 
I 

nrnwdown S(\1l1l0n (.1 It n lJ II r y - M /I r e h) : RUIJutvoiru 

are! still being drawn, but rUn-off forecasts might make more 
I 

sto~age available for use. 

I 

c) Rcfill-461dlS~uson (Aprii-~eptembcr): The spring 

run-off allows filling, and mostly hydro resources are 

I 
employed 1n the system. 

So, by assum1ng average water inflows throughout the 

I • . 
year, the pattern of reservo~r water levels for each dam can 

be ,approximuted. In the model, in tlccoruunce with- thu UtHIUm-

ption of average water inflo~s, the reservoir water levels 

during different periods have been taken as average values 

utilizing the approximated normal operating curves for each 

dam. Also,' end-of year target levels for reservoir ,v)olumes 

are imposed for each hydraulic power plant. 
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The amount of energy generated in a hydroelectric 

power plant is defined as 

where, 

k. = 1. 

h. = 1.t 

• G. 
~t 

A coefficient 

potential into 
! 

Water level of 

(m) 

used to convert the water 

energy, ' 

the res erv,o ir 1. during period t 

:', Git = The amount of water released for energy genera-
I 
i , 

tion during period t 3 (m ) 

Eit = Energy penerated 1.n period t (kWh) 

This relation can be converted to the following form 

1.n order to obtain the average power generation 'during a load 

: 

level k. 
I 

i I 

P' k lot == 

I 

G' k 1. t 

Wher,e Pi kt i S, the 'average power ou t put 0 bt a i ned dur i n~ load 

level k in period t, 'G
ikt 

is the amount of water released for 

generation during lo~d level k in period t anu U1tt ja the 
i ' 

du'ration of lOpd lev~l k;,in p~riod t. 

i 

Th~ term (k .• h. ) practically represents the amount of 
1. lot 

energy that can be gederated by ~na unit volume of water. For 

each dam' and period, these terms are obtained from th~ tabl~s 

prepared by D.S.t. for each dam showing the variation of 
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[ 

wat~r efficiency rates with altitude. This relation is shown 
1 
I 

in ,'£ublu 11 for K~ban. 

I 

TABLE 11- Water efficiency rates for Keban 

Altitude (m) 
I 

795 3.70 

800 3.50 

UO~ 3.35 

810 3.22 

815 3.08 

820 2.98 

825 2.82 

830 2.69 

835 2.58 

840 2.48 

845 2.40 

I 

I 
I ,. 

'Through the operation of a dam, the reservoir water 
",. .. . 

level has lower an~ upper limits ~eflecting the op~rating 
j"i 

eff~ciency und reliability. OperBtin~ u reHurvoir around it~ 

minimum critical level enchances the sys.tem risk resulting 

fro. the unc~rtaini~ies related to the expected water inflows 

i 
i n f u t u rep e rio d H. Ala 0, tho 0 f fie ion e yin 0 no r g y ,S 0 n e rut ion 

decreas~s due to the lowered reservoir level. 

On the other hand, operating around. the maxi~!fm 

res~rvo~rcapac~ty imposes a risk onto the system in terms of 

operating safety ~n cases of excess water inflows. Al·so,_ thi's 
I . 
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sit~ation can 1ead ' to the opportunity loss of the water ~n-

flay by overflowing from the filled reservoir. The upper and 

low?r limits on rcscrvoir'opornting wutor lovels ure given 1" 
! 

Table 12. 
I 

" i 

TABtE 12-, Operating ,1imits for the dams (h(m), 8(10 6 m3 )) 
! I . I 

h. 8. h. S. 
bam 

l. 
min l. min' ~ l. 

max max 
i 

Keban 813 14199.57 845 31001.59 

H.U~ur1u 178 777.50 199 1250.00 

Sa r'l. y n r. 460 756.60 1177 190D.30 

Gok~ekaya 377.5 730.00 392 1018.80 

Hirfan1l. ,842 3705.30 851 5750.,00 

Demirkoprli 221. 8 280.46 244.2 1105.40 

Kemer 252.7 97.62 293 460.05 

A1mus 772.2 215.60 804.5 1006.83 

3.5. SCENARIO SPECIFICATIONS 

The maintenance planning model is solved for different 

scenarl.os related to the cOllunissioningdates of planned invest-
I 

ments and yearly pow~r demand patterns in 1984. 

! The characteristics of the new investments' which are 

planned to be in operation and the corresponding connn~ssioning 

dates are given in Tab~e 13. 

'I 
I 



, , , 
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!Unit Planned cOlluuis s ion lng' \ 
Capacities , Date 

Power Plant TX12 e ..-Jt1l!l_ (Months) r J"'."'" •• f· . - 1 T 

Oym~p~nar .1-4 Dam 4x135 1-4-7-10/1984 

Aslantas 1-3 Dam 3x46 4-7-10/1984 
I 

Elbi~tan A-I Lignite lx340 7/1984 
! 

<;; ev rim Gas turbine lx60 10/1983 
i I 

Geothermal Natural stearn lx15 1/1984 

In the model, the maintenance requirements are employed 

i 
on1~for groups already i~ operation, by July 1983 and the 

pla~ned capacit~ additions are handled with appropriate 
I I 

availabilities and load factors in suitable 
I I I' , 

Oymap~nar and Aslanta§ generating units are 
I 

I 

generating groups. 

. I. 
~ncluded ~n Lake 

and 'River power plant group with an average availability of 
I 

0.70 and an overall load factor of 0.50 in respective periods. 

Elbistan A-l and Geothermal power plants are included in 

Lignite group with 0.70 availability whereas <;;evrim is 

considered in CIlS Turllinc gr.oup with the Hilllle nVililnbility 

figure~ 

The Imaintenance planning model is solved first by 

assuming the realization of all investments at pl~lt\Ued com-

missioning dates (Scenario code: IR). Then, the effects of 

possible delays in commissioning dates are consid~red in order 

to observe the shifts in maintenance schedules. This is 
r') 

! i' . . : • II 

performed by employing two morc scenur10s, namely the case 

ofJ~ix'monthsdelay';':~~(l "the' cnseor' one year delay"-

ill 1.!0I1111l11l,lIi.Olllllgdatl!1l for nil iIlVCIlL:lllclll'n (S('(!l1l1rin eollus: 

! 1 

i 
:,1 
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ID1 and ID 2)· The commissioning dates of planned investments , 
assumed in different scenarios are given in Table 14. 

I 

TAllLl..: 14- COI\ullisH.toninp, llUtuH of plul\l\ull il\Vll~ll\lul\lH 

Power Plant 

Oymap~~ar 

Oymap~nar 

°Yl'nap~nar 

Oymap~nar 

Ati liW!;tlu 

I 
As1antae 

As1anta!1 
I 

Elhiatlln A 

<;:evrim 
i 

Geothermal 

1 

Uni t Cap. (MW) IR 

1 135 1/1984 

2 135 4/1984 

3 135 7/1984 

4 135 10/1984 

1 4b 4/1~U4 

2 46 7/l984 

3 46 10/1984 

1 340 7/1984 

1 60 10/1983 

1 15 1/1984 

Scenario 

i ID 
1 

7/1984 

10/1984 

1/1985 

4/1985 

1/1985 

4/1985 

1/198.5 

4/1984 

7/1984 

1/1985 

4/1985' 

7/1985 

10/1985 

7/1985 

10/1985 

7/1985 

10/1984 

1/1985 

Using Table 14, the accumulated capacity additions in 
i 
I 

19841 with respect to' periods considered ~n the model. are 

obtained as ioTab1e 15. 
! 
I 

TABL'E 1,5- Piev.e10pment o,f capacity:additions through periods 
.. i' ,(MW) 

s ~ Vll ~11.·11.l 
I 
, 

IR 

I,\) l 
I . 

ID 
I 2 

IT 

210 391 

(i n 

Period 

III 

912 

·:'.10 

IV -
1093 

3 () 1, 

60 
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On: tl)e other hand, tl::!.e load demand forecasts 

unc1ert ai ~ t i ~ s r~la~ed to ye~rly peak load. In Table 8, the 
I , , 

app:roximated, average load levels and durations were given 

th~ forecasted yearly peak of 5600 MW(Case of forecasted 
I 

lopd damands-FL). In order to observe the variations in 

ope~ation and maiqtenance policies against the deviations 

from'~early peRk loud nnd corroAP9nding unergy fO~Q686tHI 
I ~ 

fa r 

two other load demand patterns are employed. These include 

I 
an overall decrease (lower loads) and an overall increase 

(upper loads) of 5 % in load demands for all load levels 
I 

(Cases of LL and UL). By using the same per-unit distributions 

for representative weeks of each month, the approximated 

load-duration curves of each period are obtain~d, while 

keeping the load level durations as in FL case for simplicity. 

The yearly peak loads are 5320 and 5880 MW whereas energy 

demands are 32,733.86 and 36,181.63 GWh for LL and UL cases, 

respectively. The averag~ load levels for these two scenarios 
" I 

are given in Table 16. 

'l'AllLB 16- Average load levels fa r 10 ad demand scenarios(MW). 

Period Load ILevel LL UL 

"1 1 3412 3771 
1 2 !~4 39 4907 

:3 4'376 5501 

1 3461 3826 

~ 2! 4319 4774 
3 4915 () 5432 

1 3586 3964 
3 2 4369 !~8 29 

3 4920 5438 

I 
: , 

1 3651 4035 

4 .2: 4668 5160 
" 5161 5705 ;3 
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As a result, a total of nine different scenarios have 
I 

bee~ tried includini three power demand patterns and three 
i 

differ~nt condition~ fdr the new ca~acity addition as shown 

in Figure 3. 
i 

I 

i 

I , 

, 
I 

; r· 

IR' I 

I 
I 

I 

I 

lU1 
I 

I 

ID2 

I 

Figu're 3. Outline of scenarios. 

UL 

FL 

LL 

UL 

FL 

LL 

UL 

FL 

LL 

In ~ddit~on, the same scenar~os have been applied 

iu;~umi,nB th~ Wllt:af inf10wH of n dry Wllt~H )'ullr \"hi(~h (~{H,1d 

occur once in twenty years for all dams by maki~g ~h~ 

necessary udjustments in wuter generntion efficiencies 

and load factors for hydro resources. 

.. 

. ,i 

., 
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'1' II C 1\1 Lli Ll u b tI U r v u L 1 U II d er 1 v e u u ~ u r e::l u 1 t 0 f the III 0 del 

appli~ationsfor different scenarios is related to the 
I ' 

hydrauli~ 'nature of ~he power system. As can be seen through 
! 

the ~n'alysis of opera~ing results, the leading factor in 
i I 
I • 

plarin1ng the operation and maintenance of the power system 
i'l 

• i 
1S the usage of hydro facilities in regulating the system 

s~pply against different power demand 'levels while performing 

the! required plant maintenan,ces • 
. I 

A second observation is that the first per~od of 1984 

(Ja~uury-March) will keep the highest risk since it incorporate 

thel lowest hydro generation potential and since it's the 
I' 1 
i 'r ' 

period which iSlhighly aifected from the delays incurred in 
I 

ne) capacity'additions: The detailed operating results are 

given in following sections. 
l 

4 1. CASE OF AVERAGE WATER INFLOWS 

Tile g (! n II r u 1 f r U III e W 0 r k 0 b t.: u i l\ lHl t II r 0 u gilt hell P P 1 i cut ion 
I 

of the planning model to all scenarios shows that the thermal 

power plUllt mailltenanbctl ure Hcheduled to the third /lnd 

ace 0 n d per. j 0 d B ( Ap r. i 1 - S e p t lllll h (. r ) w 11 e r 0 h Y tl r n 1I 1 i (~ 'g e l\ e rut ion' 

potential is maximum due to the high reservoir levels resulting 
I \ 

ftom the ~xpectedlwate~ ~nflo.ws especially in the second period 

and the obligation of keeping relatively high reservoir levels 

; "I 
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during summer months for irrigation purposes. This obligation 

also eme~ges from the requirement of satisfying the demand 

rluring the month in whieh thL! highcl:lt energy unrl peuk puwer 

demands occur, namely December. 

It has been observed that, whatever the investment 

cOlluuissioniQgdates and power demand levels are, dams with 

reservoir must operate through the aim of maximizing hydro 

1 

energy utilization, which is equivalent to generate when 

reservgir level 1S around its highest expected value. 

The optim~l maintenance schedules obtained for all 
.1 

nor~al (average) wfter year s~enarios are given in Table 17.a, 

b,c';! The corresponding operating results in terms of average 
, 

geneiations for the generating groups are given in Appendix 
. r 

I-A. i 

Iri order to i~bs~rv~ the variations 1n maihtenance 

cUpUCitllHI lIIorc urt:cctivl!ly, thl!p~rcl!lltagl! rliBtriGutlon uf 
i 
I 

mai~tenance capacities with respect to resource~ and scenarios 

I 
are.:given in Table '18. 

, I 
! 

I 

" 
\1 



I 1 

. I 

I 
I 

,. 

TABLE 17.a.Capncities in Maintenance-Case of IR(MW) 
i 
I 

SCENiWIO: NORMAL WATER YEAR - INVESTI1ENTS REALIZED 
I 

. Loads Decreased by 5 % Forecasted Loads 
: 

-. I • 

1726 L~gnl.te - - - - - 1726 -.. 

, . 
I 

Coal 212 - - - - - 212 -
I 

I 

LOn - - 680 - - 286 394 -
I 

Gas Turbine 3H6 - - - 3H6 - - -

Therm~l! Tot •. 598 - 2406 - 386 286 2331 -

Keban 1083 182 - 107. 620 487 - 263 

H. U~ur1u - - - 546 - - - 546 S.Up.urlu -~ 

Sar~yar 
I 

- - - 438 - - - 438 Gokcekaya 

Hirfanh 
172 - - 172 - -Kesikltoprii - -

Demirkoprii 69 - - 69 I - -- -
I 

I 

I 
Kemer - - 48 - - -. - 48 

, I 

".-' .- . , 

Almus 27 - - - 27 - - -

Dams I 

1110 365 i17 1079 647 7213 - 1295 
Total 

Lake . and - - 14 265 - - - 278 
River P.P. 

; . 
Hydraul~c lll0 365 131 1344 647 721:1 - 1573 
Total 

, 
I General 1707 365 2536 1344 1033 1015 2331 1573 

Tocal 

PERIOD I II III IV I II III IV 
I I 

, I , 

43 

Increased by 5 % 

- - 1726 -

- 212 - -

- 431 249 -

- - - 3ti6 

I" 642 1975 386 

908 - - 463 

- - - 546 

- - - 438 
, 

- 172 - -

- - 69 -

- - - 48 

27 - - -

946 '161 69 1495 

- - - 278 i 

946 161 69 1773 

() 

946 ,803 2044 2159 

I II III IV 
1 



TABLE 17.b. Cnpndt;i~A in Mfli.nt:~lllmr-(:\-CfIH~ o( Tnj(MH) 

SCENA1UO: NORl1AL WATER YEAR - INVESTMENTS DELAYED 6 MONTHS 

I 

44 

Loads Decreased by 5 % Forec~sted Loads Increased by 5 % I ! , , , 

Ligqite 
1
576 1135 I 

1283 427 1007 704 - - - - - -, 

! I 

Coal I· - 212 - , - - 212 - - - 212 - -, i , 
i I i 

I 

F.O~l - - '680 - - - 680 - - - 680 -
I 

I 
Gas iTurbine 326 - - - 326 - - - - - 326 -

Thertml.l Tot. 326 787 1815 - 386 1506 1111 - - 1227 1776 -, 

Keban 1305 65 -1 - 1239 - - 131 1292 - - 78 

H. ugurlu I 

- - - 546 - - - 546 - - - 546 s. U~urlu - -
, 

Sar~yar I 

156 - - 283 - - - 438 - - - 438 Gokcekaya 

Hirfanh - 172 - - - 172 - - - 172 - -Kesikkoprii 

Demi rkoprii - - 69 - _. - 69 - - - 69 -

Kemer 48 - - - - - 10 38 - - - 48 

A1mus 27 - - - - - . - 27 27 - - -, 

, 

Dams 
Total 

1536 237 69 829 1239 172 79 1181 1330 
_. 

69 1271 

I 

Lake and 240 38 - - - - 278 - - - - 278 
River P.P. I 

I 

Hydraulic 17U) 27,5 . ,69 H29 1239 17,2 357 1181 1330 .... 69 1549 
Totul I 

.. . . . -.- ... . . .. 

General 
I) 

2102 1062 1884 829 1625 1678 1468 1181 1330 1227 1845 1549 
Total 

I . 
PERIOD I II ,III IV I II III IV I II III IV 

I 

r 

; j 



TABLE 1l7.c. C~pacities 'in Maintenance-Case of LD2(MW) 

SCENARIO: NORMAL WATER YEA~ - INV~STMENTS DELAYED 1 YEAR 

I 

45 

Loads Decreased by 5 % Forecasted Loads Increased by 
: 

Lignite - 889 822 - - no 790 - - 1276 435 , 
\ 

Coal - 212 - - - 212 .... - - 212 -, 
I' 

1 

! 

F.qil - 680 680 680 - - - - - - -! 

; 

I Ga~ Turbine 326 - - - - 326 - - - - 326 
! 

Th~rmal Tot. 326 noo 1502 - - 1458 1470 - - 1487 1441 
1 ! 1 

, I 

Kehan 1370 - - - 922 448 - - 1370 - -I 

H. 4r~urlu '263 154 - 229 144 - - 402 96 - .1 -s. U~ur1u .. 

Sarl.yar. - 36 ;... 402 - - 119 319 438 - -Go~cekaya 

J;iirfanh 
12 1~~ 12 5 12 144 12 5 - - -K.~s~kkoprii j' I 1'1\\ : J " ., , . ," 

. , 
Demirkoprii - - 69 - - 69 - - - - 69 

.. 

Kemer· - -;i ..., 48 - - 48 - 48 - -
! 

A1mus 27 - - - - - - 27- - - -
i 

Dams 1671 234 81 684 1077 661 179 754 1953 - 69 
Total 

Lake and - 240 - 38 240 - 38 - 240 - -River P.P. 

Hydraulic 1671 474 Total 
81 723 1317 661 217 754 ~ln - 69 

() 

General 1997 1574 1583 723 l317 
Total 

~119 1687 754 ~192 1487 ~510 

PERIOD I II III IV I II III IV I II III 

5 :t 

-

-

-
-

-

-

- I 

450 

.-

172 

-

-

27 

649 

38 

687 

687 

IV 
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TABLE 18- Distribution of percentage capacities l.n maintenance 

THERMAL CAPACITY HYDRO CAPACITY TOTAL CAPACITY 
Scenario Scenario Scenario 

LOADS PERIOD IR ID1 ..!RL IR ID1 ID2 IR IDI ID2 

.Upper 1 32.1 4S.1 74.4 1S.9 22.4 37.3 
Loads 

2 21.4 40.9 SO.8 S.4 13. S 20.6 25.3 

3 65.'7 59.1 49.2 2.3 2.3 2.3 34.3 31.0 . 2S.7 

'I 12,9 (J () ,'1. ')2.') 2]. :1 '.lb,] 2(;.0 11 .7 

I 

Forecasted 1 12.9 12.9 21.9 I 42.0 44.7 17.4 27.3 22.4 
Luuuu 1 

2 9.5 50.1 49.8 24.7 5.8 22.4 17.0 28.2 36.1 

"I 

3 77 .6 37.0 50.2 12.1 7.4 39.2 24.7 28.7 

4 53.4 40.1 25.5 26.4 19.8 12.B 

Lower 1 19
1

.9 11. 1 11. 1 37.6 60.2 56.7 28.7 35.8 34.0 . 
LOqds 

2 ,... 26.9 37.6 12.4 9.3 16.1 6~ 1 , 18.0 26.8 

3' 80.1 62.0 51.3 4.4 2.3 2.7 ' 4216 32.1 26.9 

4 11).6 28.1 2/1.5 2.2.6 1/1.1 12.3 

The pprc~ntage distribution of capacities in maintenance 

l.n ferms of majorj power plant groups for different s~enarios 

is giVl!ll in Tuble 19'. It cun be obl:ll!rvl!u that, through thl! 

increasing load le~els and delaying investments, the total 
I ' 
i '; ) 

maintenance c~pacity is being trunl:lferreu from the fourth and 

'thi~d periods to t~e first two periods-especially to the first 

P (.l r {o d - i 11 () r c1 e r l: Olll,C;C t L: II C i \1 C. rt~ U He J l' 1\ II r fl. Y l' i ~ U l" 0 H "t h r lHq~ h 
; I . 

those periods by the scenario developments. Finally, since 
, 

the mouel ai~ls for the overall minimization of operating s'ystem 



TABLE 19- Percentage Capacities in MaintenancE: (Average ~.Jater Inflows) 

"_ .. --- .. - -- .. _._----- .~- .... -----~ ... 

-PERIOD 

LIGNITE COAL 

SCENARIO LOADS 1 2 3 4 1 2 3 4 1 

Ul 100 100 

IR n _. - 100 100 ---

Ll 100 100 

TIL 58.9 41.1 100 

ID1 Fi 75 -25 100 

Ll 33.7 66.3 100 

Ul 74.6 25.4 100 

ID2 Fl 53.8 46.2 100 

Ll 51.9 48.1 100 

J 

FUEL OIL 

2 3 4 1 

63.4 36.6 66.2 
/ 

42.1 57.9 45.3 

100 79 

100 94.3 

100 90.4 

100 95.3 

100 100 

100 67.3 

100 100 

KEBl--"~ _ -

2 3-

35.6 

13.2 

4.7 

32.7 

4-

33.8 

19.1 

7.8 

5.1 

9.6 

.... -~-

.l:'

....... 
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costs, the supply in the, las't twoperiods ~s improved 'at the expense 
i 

of the first two p~riods. The~mal group maintenances begin to 

shi~t from the third peri~d to the second and the hydro group 
I 

from the fourth :period to the first. This results in a high 
I , I 

opeiating'risk especially for the first period. 
i I 
i 

The variation'of water usage in Keban reservoir is 
I 

g i v ~ n i n Fig II r e '. for t 11 (' C 1\ Fl f' 0 f I: pre e 1\ H t l' cl 1 n 11 t1 d Pili n 11 d fl. !\f'; 
I 

seen from the figure, the delaying investments forced the 

JUII\ 1-1,) ul!l!ullIullltl! mort;! wuter during the first twoperiodl:l in order 

to fulfill the system demand where reservoir is at its highest 
1 

average level (period 3) and where the system demand is the 
I 

max~mum (Period 4). 

For the scenarios of average water inflows, unsatisfied 

power tlemund dOUB not l!XiBt exeupt tho :370.4 Gwh ullficit rOle 

the upper-load case when the investment delays ,are, one year. 

But, it is highly possible for some deficits to occur because 

of limitations due to fuel supplies and unforeseen breakdowns 

especially"in thermal power plants. In addition, there exists 

a high degree of uncertainty \ in assumed non-TEK availabilities 

and load factors. 

I T,he' aV,erage ,af1~m,argin<\l costs of generation are given 

i n Tab 1 e 2 0, w h i c h s how s t rre reI a t i vel' y h i g her r i s k 0 f the 

first 'period result,ing from the employment of expensive 
I 

resoprc~s in generation. 

, : 
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Figure 4. Water usage ~n Keban reservoir (Forecasted loads) 
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TABLE 20- Costs of generation for different scenar~os (TL/kW:h) 

.. Average Cost Marginal Cost of Generation 
Sccnhrio of Generation Period 1 

, 

Period 
i I 

2 Pc dod 3 'Period 4 

IR 6.'41 20.36, 19.0 19.0 19.13 
1 

LL ID1 7.60 25.0 23.31 23.31 23.47 

ID2 7.95 ' 26.09 25.0 24.78 24.92 

! 
11R 7.12 23.63 
I 

22.03 22.03 22.19 

FL IDl 8.47 26.98 25.38 25.0 25.29 

ID2 8.83 27.62 25.89 25.65 25.80 

'IR 7.92 26.79 25.0 25.0 25.14 

UL ID1 10.13 64.02 60.22 60.0 60.0 

ID2 12.53 (10. 48)* 200.0 196.84 193.81 193.81 

i 

* Excludes unsatisfied demand. 

4.2. CASE OF DRY PERIOD WATER INFLOWS 

The scenarios considered for the case of average water 

infaows derived a general framework for the power plant 

maintenances. In order to examine the variations·of this 

frame~ork agains~limited availabi1it~ of hydro resources, a 

further step has been' taken for all scenarios rulated to com-

missiontng dates and power demands. 
, ,.' 

I 

To represent the dry period yeirly water inflows, the 
1 

distribution of to~al annual inflow incorporating all dams is 
/" 

() 

utilized. As can be deduced from Table 9, the average total 

• I 

i 
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annual inflow ~s 1060 ~3isec. An analysis employing the data 

of th'l) pud.ud 1~'~)O"ilI)U2 uvut' tutul UllllllUl Lllflowl:J 1:J\lOwl;Hl that 
I 

thelstandard deviation is S = 256.25 m3 /sec. Then, using the 

t distribution, 95 % confidence limit for the total annual 
; , 

inflow 
! 

i 
I 

is found as 

XO• 95 = X - t o. 95 . S 

XO. 95 = 1060 (1.645) (256.25) 
, 3 ' 

= 638.5 m /sec. 

This value ~s used to reflect,the dry period annual 
I' 

wate'r ' infl!lws for each dam by simply mUltiplying their average 
I 

ann~al inflOwfig~,relby XO. 95 /i. The values in Table 10 is used 
! 

to o~tain the corresponding seasonal figures. The dry period 

'annual water inflows are given in Tabt'e 21. 
! 
I 

TABLE 2l~ Dry period annual water inflows 

Annual Inflow 
3 

III /Bec Dam 

Keban 388.1 

H.U&urlu 102.0 

Sarlyar 55. 1 

Hirfanll 48.0 

Demirkoprli lL6 

Kerner 13.9 

Almus 13.8 

12238.59 

3217.78 

1736.16 

1513.91 

554.66 

438.79 

434.99 

:' i : . 1 :' 'J ~ i l ! 
In addition, the necessary adjustments related to water 

r-) 

efficiencies (reservoir levels) and load factors have been 

( '. 

" 

.'; 
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1 

made. The Non-TEK hydro power plants are assigned an overall 

availability of 45 %, whereas lake and river group is assumed 

t 0 h a v e a loa d fact 0 r ,0 f 3 5 ~. 

The optimal maintenance schedules obtained for all dry 

water year, scenarios are given in Table 22.a-b-c. The 

corresponding operating results in terms of average generations 

for the,generating groups are give~ in Appendix,I-B. 
1 . 

It has been observed that, being similar to the case 

of, U v e rug c w ute r in f i 0 w ~, the t r e ncl I:II! I! n i nth e 0 per at i o' n 0 f 

dams ,with reservoir so as to-operate through the aim of 

maximizing hydro ~nergy utilization appears more definitely 

"1 because of ~estricted hydro availabilities. Also, the 

llI11intollllllCO se.huuulo ultornutivt.lH fUL' ·hyUl'U pUWUl' ptUL\t~ gut 

1 

enlarged through the lowered operation times. 
I 

The percent~ge distribution of capacities i~ maintenance 

~n ~erms of major power plant groups for different scenarios 
i 

n ;\. .1 i \...l \ 

is given in Table 23. Also, the ~ercentage distribution of 
I 
I I 

total maintenan~e capacity for each scenario ~s given in 
I 
! 

Table 24. i 

I 

Due to the restricted hydr~ availabilit~ increasing , 
! amounts of energy deficit .emerge us shown in Tuldc 25. In 
I 

parlllel to the average water inflow scenarios, since the 

maintenance.capacities are being transferred to the first two 
i 

per i 0 d s, the fir s t _ per i 0 din cor p 0 rat e s a h i g h r i s k a~g a in. But, 

the decreased hydro availabilities cause the fourth period to 

have the mqximum risk level among other periods. 
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TABLE i22. a. Capac ities in Maintenance. Case of IR (MW) 

SCENARIO: DRY WATER YEAR - INVESTMENTS REALIZED 

Louus Dccrcuut:ld by 5 7- Forocuutud Londu Incrouul.1d by 5 ~ I 

Lignite , - - 1726 - - . - 1726 - - - 1726 -1 

Coal - - 212 - - - 212 - - - 212 -
" 

F.Oil - - .680 - - - 680 - - - 680 -
, 

Gas Turbine - - - 386 - - 386 - -I - 386 -

Thermal Tot. - - 2617 386 - - 13003 - - - 13003 -
- -
Keban 1310 - - - - 1370 - - - 370 - -

H.Ugurlu 546 - or - 546 - - - 546 - - -S. U~urlu 

SarJ,.yax; - - - 438 438 - - - - . - - 438 GokCekaya 
I 

Hir:fan h. 1 

11 161 - - q 159 - - - 172 - -Kesikkopril , 

I 

Demirkopril - - - ( 69 - 69 - - - - - 69 
: . 

Kerner - - - 4tl - - - 4B 413 - - -
! 

Almus 27 - - - 27 - - - 27 - - -
, 

Dams 
: 
, 1943: - 1 .13 714 1011 1439 - 220 621 1370 11 668 

Tti:t:al 
i .. 

, Lake and - - - 278 278 - - - 278 .,.. - -
RivTr P. P. 

i 1 

---r- ............. ~ ~~ .~ -
i Hydraulic 1943) 

! : ,13 992 1290 1439 - 220 899 1370 11 668 -Totifl' ~ , 
! 

; , 

General 
1~43 - 2630 1379 1290 1439 3003 220 899 l3iD' 3015 668 1 I Total I 

I 1 

PERIOD I II III IV I II III IV I II III IV 
: 
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TABLE 22.b. Capacities in Maintenance.Case.of ID1(MW) 

SCENARIO: DRY WATER YEAR - INVESTMENTS DELAYED 6 MONTHS 
.' 

; : Loads Decreased by 5 % Forecasted Loads . Increased by 5 % i 
, I" 

J .' ; 

Ll,gnl,te - - 1711 - - 160 1550 - - 875 836 -, 

Coal - - .212 - - 212 - - - 212 - -
I 
i , 

F .'Oil 
I - - 6BO - - - 6BO - - - 680 -1 I· i , 

I , 
I , 

Gas Turbine - ! - - 326 - - - 326 - - 326 -, 
I -

i 
i I Thermal Tot. - - 2602 326 - 372 2230 326 - 108'7 1842 -

I ' : 
, 

Keban 1370 - - - - 1370 - - - 1353 17 -
i -

, H. Ugur1u 
546 - - - 546 - - - 546 - - -S.Ugurlu --

Sanyar - - - 438 438 - - - 438 - - -Gok~ekaya 
I 

Hirfanh 
11 161 172 - 11 161 - - - - - -Kes ikkoprii! 

.. " 

Demi rkoprii, - 69. - - - 69 - - - 69 - -I:: • , I 

• - ,."<. '" ~-~ .. 
: 

Kerner - - - 48 - - - 48 48 - - -, 

. . . . . 
~ .--'-" ---.~ ~ ~ -- _.,-'-"-" ...;..;;.~~ ~ -----rv' ~-~-

A1mus 27 .- - - 27 - - - i 27 - - -
, 

" . 

Dams 1943 69 11 647 1011 1439 - 220 1059· 1422 28 161 
Total .' 

Lake and 278 - - - 278 - - - 278 - - -
River P.P. 

Hydraulic 2221 69 11 647 1290 1439 - 220 1338 1422 28 161 
Total 

General 221 69 
Total 

2613 973 1290 1811 2230 546 1338 2509 1870 161 

PERIOD I II HI IV I II III IV I II' III IV , -
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TA8LE 22.c. Capacities in Mainten"nce.C"be f () 
u "co 0' ID2 M\~ 

, 
SCENARIO: DRY HATER YEAR - INVESTMENTS DELAYED 1 YEAR 

Loads Decreased by 5 7- Forecasted Loads Increased by 5 7-I 

Lignite - - 1711 - - 367 1344 - I - 1058 652 -r 

Coal - - 212 - - 212 - - - 212 - -

F.Oil - - 680 - - - 680 - - - 680 -

OaR TllrhillP '\:.1 fJ - - - :1:1.11 ~ - - ~ ... :j :lh ~ 

TherJrtsl Tot. 326 - 2602 - 326 578 2024 - - 1270 1659 -
, , 

, 

Keban - 1370 ...;,: - 1370 - - - 1370 - - -
i 

I 

H.Ugurlu 546 - - - 546 - - - 5l,6 - - -S~UHlIrlu 

Sar~yar .438 - - - 43.8 - . - - 438 - - -G5kCi!kaya ... " .. 

Hirfanh - - 11 161 - - lL 161 - - - 172 
Ke~~kk5prii , " , , 

, y 

Demii:k5prii " ,.'- - 69 - - - 69 - 69 - -- - , 

i I 

I 

Kerner - - - 48 48 - - - - - - 48 
I 

i i I 

I I 

A1mus 27 - - - 27 - - - 27 - - -
i I 

, . 

Dams 1011 1;370' 11 278 2429 - 11 230 2381 69 - 220 
To~al I 

I I 

Lake and 278 
Riyer P. P. 

- - - 278 - , - - 278 - - -
! 

Hydraulic 1290 1370 11 27,8 2708 - 11 230 2660 69 - 220 
Total 

I 
General 
Total 

1616 1370 2613 278 3034 578 2035 230 2660 1339 1659 220 

I 

PERIOD I 11 III IV I II lIi IV I II III IV 
I 

I 

i -



___ TABLE 23-Eercentage Capacities in Maintenance (Dry Period water Inflows) .~---.. --~- --' -"---- .-------_.-_ .. _- -- -- .. 

PERIOD 

LIG~;rTE COAL FUEL OIL KEBAN 

SCENARIO LOADS 1 2 3 4 1 2 3 4 1 2 3 Ii 1 2 3 --
UL 100 100 100 100 

IR FL 100 100 -100 100 
) 

LL - 100 100 - 100 100 -

UL 51. 2 48.8 100 100 100 

IDI FL 9.4 90.6 100 100 100 

LL 100 100 100 100 

UL 61.9 38.1 100 100 100 

ID2 FL 21.4 78.6 100 100 100 

LL 100 100 100 100 

J-

4 

.-

\Jl 
0\ 
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I 

TAflLE 2'.- DiHtribution' of totlll Clip IHi j t y 1 11 IIIllintl.lnllllCU (i.) 

Scenario 
Loudli I Period IR J:.E.L .lE..2.... 

Upp'er 1 15. 1 22.8 ,45.3 
Londs 2 23.0 42.7 22.8 

3 50.7 31.8 28.2 
4 

I 
11.2 2.7 3. 7 

I , 
Forecasted 1 21. 7 21. 9 : 51. 6 

L:o ad s 2 24.2 30.8 , 9.8 
3 50.4 38.0 1 34.6 
4 3. 7 

I 
9.3 : ~.9 

I 

Low!er Loads 1 32.6 37.8 : 27.5 

i 2 1.2 23.3 
I I 3 44.2 44.5 44.5 
! 

I 4 2,3.' 2 16.6 4.7 
I : i 

TAB~E 25- Energy peficits (GWh) 
I 

I I 

Periods 
I 

Loads Scenario 1 2 3 4 Total 
1 
I 

1420.8 377.5 137!L6 3176.9 ! iR 
UL' . ID1 1622.5 1892.2 15.9 1706.5 5237.1 

J[)2 1622.5 1 ') I, 1 .9 'J 'J • 2529.5 5726.1) 
, I ' , " 

IR 1001. 5 208.1 255.6 1465.2 

FL· ID1 1208.7 1046.9 99.2 1259.3 3524.1 
I \):? ItS " 7 . 2 6/,6. tl 15. " ttl 0 I, • 6 I, () l/, • 0 

IR 
LL ID1 786.5 87.2 925.4 1799.1 

ID2 92(,).4 87.2 1280.8 2288.4 
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I 
4:.3. IHSTIUllU'l'ION OF MAINTENANCE CAPACITIES 

Nine different scenarios have been tried assuming that 

the dams would have average water inflows throughout the 

periods of the year considered. In add~tion, the same 
1 

l:Il!CnUripH Itavc been repeated for 11 prohllble dry water year in 

I 
order to observe the variations in operation and maintenance 

policies 1U case of hydro inavailability. Since the problem 

is modelled 1n a way such that to obtain the optimal 

seasonal mai~tenance schedules while satisfying the opera-

tional requirements, 
1 

the model results enable us to derive a 

framework for each power plnnt group in terms of operating 

characteristics as well as of maintenance. Using the results 

in Appendices I.A and l.ll, it can be observed that there 

exists a general tr~nd for all dams to operate especially 

around peak loads, and also in periods where the water accumu-

lation in reservoirs'is maximum. So, the operation and ma1n-
, 

I, " l , : 

te~anc~policies for ~ll groups are iegulated by this principle 

I 
in '8 way so as to'(perform the thermal capacity maintenances 

I 

in"!su~mer mDnths whe~e hydro resource utilization is preferred 

du~ to high reservoir levels. This relation emerges more 

de~initely in CLl~O lof limitod hydro uvuilability.suchthut 

th~ "inhibited" periods of maintenance for dams related to the 

efficiency of system operation can be obtained. 

I 

The scenarios, being related to conunissioning dates of 

. pl~nned investTl1!ens, and y'early power demand patterns, reflect. 
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I 
! • , • Bvt; ~t s certaLn that the chance of occurrence of each 

environmental c~ndition -i.e. each scenario- is different. In 

" orde~ to emphasize this difference an~ to realize a more 

realistic plan agains~ uncertainities in the future, the 

relative importance of each scenario is derived through 

probubiliticl:I. Utilizing thcforcc:.tl:!tll UluJe by 'l'.ILK. uuthori-

ties, the following prior probabilities are assigned to each 

state considered ~n the model. 

~ABLE 26- Prior probabilities of scenario components 

Power Demand Pattern 

Upper Loads (UL) 

forecasted Loads (FL) 

Lower Loadl:! (LL) 

Inyestment Commi~sioJ Dates 

Planned., due ,dat~s, j(IR)', 
• I •. J, ' •• ' J. ,.. 

Delay of s~x 
I 

months ,(ID l ) 

year, (10 2 ) 

Probability 

0.30 

0.60 

0.10 

Probability' 

0.80 

0.15 

0.05 

Using, these prior distributions, the probabilities of 

~ 1 dOt" as assumed in related scenarios are envLronmenta can ~ ~ons 

obtriined as in, Figure 5. 

(J 
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ID1 

I 

ID2 
I I 

• 

60 

UL 
0.240 

FL 0.480 

LL o.oao 

UL 0.045 

FL 0.090 

LL 0.015 

UL 0.015 

FL 0.030 

LL ·0.005 

Figur~ 5. Probability distribution of scenarios. 

So, the-percentage maintenance ca~acities obtained for 

Jiffurunt HcunurioH cun be weigbed by tbe corrcHponding probu-

bilities in order to obtain the dis~ribution of optimal 

maintenance schedules w~th respect to periods and power plant 

groups •. This Idistribution is shown 1.n Table 27.a for the case 

of average water inflows and in Table 27.b for dry ~eriod 
I 

water inflows by considering the major generating groups. 

Especially for the case of dr~ period inflows, the 
, I _I 

maintenance schedules for dams proposed by the model results 

contain alternative Boluciona due to tho loworod lead factor 

of these groups. So, the "inhibited" perio,ds of maintenance 

for each dam which result: from the differences in water usage 
{ ! 

efficiencies ~hrough p~riods emerge more definitely. ~hese 
'; 

peFiods are: Periods 2 and 3 for H.U~urlu-S.U~urlu, Sar1yar -

~ 

I 

"i 
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Gokcekaya and Kerner, periods 3 and 4 for Keban, period 3 for 

Hirfanll-KesikkoprU and Alrnus, and period 1 for DemirkoprU. 
: I 

All fur Uti Lhu upurut.:Llll;!. tlyulclIl c[fil!icIlCY il:l CUllC(,H'llCU. t.:l\u 

chara6teristics of hydraulic units in terms of feasible 
i 

maintenance periods must be considere4 in developing an 
I 

effidient maintenance program for the whole system. 
I 

'[ , 
TABLE 27.u. lJitltribution of muintenunce ucheuulc!:I-uvcrugc in

flows (%) 

Group 

Lignite 

i 
Fuel Oil 

, , 
Coal 

, 
Keb~n 

H.U~ur1u 

I 
Saq.yar 
! I 

Hirfanll 
I 
i 

Kerner 

1 

61.8 

1.3 

2. 
I 

0.2 

27. 

Per.iuu 

2 3 4 

12.9 87.1; 

35.4 64.6 

48. ' 52. 

19.2 19. 

98.7 

0.8 97.2 

97.9 0.2 1.6 

12.8 60.~ 

I 
TABLE 21.b. Distribution of maintenance schedules-dry period 

inflows (%) 

Period 

Group 1 2 3 4 

Lignite 
5.2 94.8 

Fuel Oil 
100. 

18. 82. 
(J 

Coal 
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qr. MAINTENANCE SCHEDULING BY CONSIDERING THE RELIABILITY OF 

SUPPLY 

1- MAINTENANCE SCHEDULES AND SUPPLY RELIABILITY 
-" 

.1 

A tl in \II 0 tl I.: u u C il:l i 0 II H, I.: 11 c I.: VI U III C U I:l LJ r C H U f I.: h C q u u li I.: Y 

I • 
of a ma1ntenance schedule a~e: 

~i) The reliability of operation, and 

(ii) Gener~tion and capital costs. 

'" I 

The m~intenance is generally sc~eduled to equalize the 
I 

net, reserves over tre course of the year. The outages are 
I 

scheduled in' 
I 
; 

a sequential, irreversible process and in order 

of size, i.e. the larger units first(lO). The periods for each 
, I 

out~ge' are selected so that the current minimum net reserve -
I 

over the year is maximized. 

I , 

, 
An! alternative is the levelization of the probability' 

of ~ot meeting dail~ peak lo~ds (Loss-of-load probability -
I 

I I I 
LOLP) for each peri~d. This approach requires estimated unit 

forped outage rates and a distribution for daily ~eak loads. 
I 

it ~s reasonable to assume that use of the criterion of equal 

-or levelized- risk, or reserve, also minimizes the capital 

co~t, S1nce generating reserve requirements are mini~ized in 

the long run. 
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Through the use of monthly LOLP calculations, it's 

I " Pos13~ble to level Ithe rel~ability oV,er a particular year by 

: . " I proper schedulLng of unit maintenances. Leveled reliability 

maiptenance schedulqs are attractive because" the reliability 

i I 
of one month is not improved at the ~xpense of anoth~r. 

I . 

In addition, the fuel cost~-are minimized over the 

-
year by maximizing the 'total utilization of the most efficient 

units and minimizing the total utilization of the least 

efficient units. Consequently, new, larger, more efficient 
! 

units should be outaged when reserves are highest -i.e. when 
I 

the loss-of-load probability is smalle~t-, and not at the 

same time.1 This rule has the effect of minimizing the 'demand 

on, and the utilization of, less efficient units. It is a 

reuHonuble aH~umption, therefore, thut lcvulizing the risks 

also corresponds, approximately, to a minimum total fuel cost. 
I . , j ~ ;' • 

Based on these characteristics, it's concluded that the objec~ 

tivu will be the risk levelization, i.e. the minimization of' 

the maximum ri~k over the year, in the procedure of unit 

mai~tenance assignmepts. 

The reliability of supply as determined by the genera-

! 
tion/demarid bulance can be assessed in vuriouH ways, for 

example(l9) : 

"1 index (a): the probable number of times a curtailment 

of supply will occur in a given period of time-the fooSS of 

loa~ probability. 
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Index (b):the probable ratio of demand energy not 

supplied to total demand energy-the loss of energy probabi-

lity. 

( 

Index (e): the probable interval between failures to , 

meet the demand, and the duration of such failures. 

The. loss of load probability is a widely used index of 

reliu,bility which can be assessed in several forms differing 

in the frequencies' or ways in which the generation/demand 

co~~arison~ are made, as follows: 

I 
i 

(i) the prob~bility of not meeting demand above some 

speyified proportion of the expected peak-may be quoted as, 
I 
I 

fori example, the number of. years per l~O years in whi~h in-

sufficient generatiori is expected; 

(ii) th~ expect,d ~umber of days per year on which 

• 1 •• I 

1nsuff1c1ent gerieratiori to meet the peaks of the days are . i . 
exp~c ted;· 

i 
(iii) It~eexp~cted number of hours per yedr during 

Whifh insuf~icient geri~rati6n will be available. 

In the study, since the monthly maintenanc~ are 

co~sidered by having prepared the load-duration ~urves uS1ng 

the daily power demanU distributions, the second way of 

comparing the g~rreration/demand figures in terms of daily 

peak loads is preferred. 

))" 
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I 

If b.d L is the number of days in the time period 

considered in which ~he peak demands lie between Land L+b.L, 

shortage wiill occur when the cumulative probability of 

generutiun is equal to orlcl:Hi thun L, thut: iii FG(L). The 

I 
expected number of shortage days will be FG(L).b.d L , and over 

the whol,,~ time poriod, wj th 11 \llnXimlllll (1 ()IlHl1Hl 1. , tho. Teli .. 
p 

ability measure will be 

L 
J p FG(L) dd

L 
o 

The distribution of daily peaks for each month are 

d(lrivnd ' ftol1l til£! rnfl'\I]tfl of tho lond fornellflt"inp' prolf,rum 

developed by T.E.K. as in the optimization model. The distri
I 

bution of .available generation capacit~ is obtained ~s a 
I 

result of the further !analysi.s performed on the forced outage 

rates (F.D.R.) employing the major power plants in the inter-

'" 
connected system • 

iIi I 

part of the study, the results of the seasonal planning model' 
. !. 

for different scenarios are utilized in order to dis~ribute 
. 

. the planned capacity outages for each generating group and 
I 

:"' f, 

season into months in terms of ~lngle generating units. While 
I 

do~!,ng thi~, the distribution of optimal maintenance capacities 
! , 

der.ived in Part 11.4.3. are considered for thermal and hydro 

grQUps in or: uer 
I • 

~o huve un efficient muintenunce progrum 
I 

against ·future uncertainities related to new capaci(1?y additions 
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and power demand levels. This reasoning will also satisfy the 

need to maximize the1hydro energy to be generated while ob-

serving additional objectives of hydro operation such as 
I 

irrigation ~nd flood ~ontrdl. In addition, as an important 

aspect, the interaction maintained between the two parts of 

the :analysis -name;ty, using the output of the, first part as 

an ~nput for thesecond~ causes the set of feasible monthly 

unit maintenance schedules to decrease which is almost the 

malq limiting facto~ faced in scbeduling procedures. 

2- ~ISK LEVELIZATION PROCEDURE 

2~l. NEW CAPACITY ADDITIONS AND POWER DEMANDS 

I 

The risk Ilevelization procedure can b.e applied to the 
I . 

existing ~roblem by using the results of each scenario in-

dep~ndently in order to obtain the corresponding unitl mainte

nand~ schedule. Instead of this, a mo~e realistic assumption 

is made employing the consideration of the commissioning dates 

for .theplanned investments and· power demand patterns as 

g i v ~ n in Tab 1 e 2 6. ! By at t a chi n g the p rio r p'r 0 b a b iIi tie s t 0 

each planned investme~t, and aisuming tbe same availability 

figures as ,in. the,:optimization model for these power plants, 
I . 

the following, figures ~n, terms of installed and available 

capacities 'are obtained: 

I 
I 
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TABLE 28~ Distribution of installed. and available capacity 
additions (MW) 

P E R I 0 D 

1 2 3 4 -,-, 

Installed Cap. 168 154 439 175 
Capacity Additions 

Available Cap. 119 108 335 123 

Installed Cap. 168 322 761 936 
Cumulative Additions 

Available , Cap. 119 227 562 685 

I The generations of the new investments are approximated 

by simply dropping t~eir c~mulutive available capacity 

figur~s from daily pe~k loads for each month and period. 
! 

I, 

On the 0 the r han d, the yea r 1 y .p e a k i s t a ken as· 5 6 5 6 

MW' which is the expected value of the ,distribution ~n Table 

Using the por-unit distribution of hourly louds and . 
assuming the yearly peak as 5656 MW, daily peak load dis

! 
tributions are prepared for each month. , 

I 

! 

2~2. DISTRIBUTION ;OF OUTAGE CAPACITIES 

I 

The probability of having available various comb ina

tiohs of units is c~mputcd from thri binomial expansion, where 

each uni t i is characterized by its long-term probability 

·1 
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I 

of gein g ava~lable Pi' and not available qi. For N identical 

units of type s, the expansion is 

••• + 

Each tor 111 0 f the c X JHl n wi 0 11 giVOH till! probahility of II 
I 

I ; • 
cap~c1ty equ1valent to the sum of the included p .• With 2N 

1 

t e r n~ s, the 0 val u a t ion 0 f t h i 8 e x p II n 8 ion i 8 i III P 0 8 Bib 1 e un 1 e s s 

N i~ small. If necessary, this can be made so by grouping the 

units into typical cl,sses tnd sizes. 

As a resuli of un analysis performed on the durations 
L 

of breukdow'n and operation for tho lIIajor power plants in the 

inte~connected system, the forced outage rates (FOR) are 

calculated as shown in Table 29. Mainly due to lack of 

available data for many years, same FOR values are assumed 

for the generating units of the same power plant. In 

addition, FOR value of 0.10 is assumed for Yat~gan and Soma~B 

power plants for which no operational data are available. 
, 

i· 

\ I t· \ I , . 
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TABLE~ Generating Unit Forced Outage Rates of Power Plants 
Co t1 Aid ere d Ii n L OT~ PAn a 1 Y B j B 

Power Plant No 2 of Units Unit CaE' (MW) F.O.R. 
;. 

Anbarl~ 3 110. 
"I 

I 0.0.6903' 

" 2 150 

Hopa 2 25 0.03941 
I 

! 
Yatagan 2 210 0..10.0.0.0. 

Soma B 2 165 0.1000.0 

Seyitomer :.\ 150' , 0.1:.1554 
I 

TUllCbilck B 2 150 0.0805 
i 
I 

Tu~~bilek A 11 65 
, 0.08935 

" 2 32 

Son,a A 2 22 0.02841 
I: 

! 
izmir 1 20 

I 

i" 3 5 0..11423 
I 
I 

" , 1 2.5 
I 

Keban 4 185 
0.01441 

" 4 157.5 
, 

4 125 H~Ugurlu 0..00127 

Sar~yar 4 40 0.02833 

Gok~ekaya 3 92.8 
I 

0.08800 

Hirranl~ 3 :.\2 0.00896 
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For each power plant, the binomial expansion values are 

attached to the correspqnding capacity figures in order to , 

obtain the probability distribution of outage-or available-

capacity. This procedure is given in Table 30 for AnbarlL 

P O\oJll r. 1) 1. 11 Il t • 

I 

TAULE 307 Di~tributi~n of Available apd Outage Capacities
ANBARLI' 

1 

P. = 3x110 + L 2x150 = 630 MW 
'! 

q 0.06903 

p = 0.93097 

Capacity Cumulative 
Avai1ab1e(MW) Capacity Outage(MW) Probability Probability 

630 0 
5 

0.69932 1. 00000 P 

I 110 3p 4 0.15556 0.30068 i 520 q. 

1150 2p 
4 0.10371 0.14512 480 q 

i 

3p 
3 2 0.01 L53 0.04141 . ~ 1+1 0 220 q 

2610 6p 3 2 O.OO]HI, OI.OO6Hl 370 q 

.. : 2 3 
300 330 p q 0.00029 0.00297 , 

, i 'I .\ 
0.UU1l1 O.OO26H :.!ou J/U bp"q 

3p 2 3 0.00086 0.00097 220 410' q 

2pq 4 0.00004 0.00011 150 .480 

3pq 
4 0.00006 0.00007 110 520 

I 5 0.00000 0.00000 0 630 q 

j 
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~he calculated capacity di~tributionH of analyzed 

power plants are combined together and classified in 50-MW 

1 • 

groups ~n ,order to: form the group distributions. In the 

analysis, 3 maiJ gr~ups are considered: lignite (1710,S MW), 
1 

fuel oil (680 MW) and large dams (2404.4 MW). Through the 
, ,I 

combination of these distributions, the distribution 'of total 
I 

capacity outage is obtained which represents a capacity 
, 

fig~re of 4794.9 MW - 70 per cent of the interconnected system 

installod p owe r capacity , Tho gencruting sroups thu t uro not 
I 

con'sidered in LOLP analysis are ,simply dropped from daily 

peak Ipads by their ml1ximum available generations as assumed 

in the planning model. The di~tribution of outage capacitie~ 
: .! 

for the groups and total capacity are given in Tables 31-35, 

-I 

whereas the distributions of consideied power plants are given 

in Appendix II. The probability and cumulative distributions 

[ 0 r t It e tot u 1 cup u cit you t u IS l! i B !:I how n i n FilS u r u S I 6 u 1\ d 7" 
I 

2.3. DISTRIBUTION OF DAILY PEAK LOADS 

) 

By taking the yearly expected peak as 5656 MW, the 
: I:: I,' ' I: " 

per-unit values for fhe daily peaks for each month are 

ourivuo from the hourly loud for<!cuHting progrum rcsults. 'rhc 

~is't~~bution of per-unitized daily peak demands are given ~n 
\' ,I 

Table 36 and Figure 8. 

'i 
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TABLE CD--
LIGNITE GROUP (P. = 

1. 
1710,.5 MW) 

Capac'i ty Ou tage (MW) Probability Cumulative Probability 
I 

"! 
0 0.266847 1.000000 

50 0.08/1862 0.733153 

100 O.OOC>27U 0.6/,8291 

150 0.228594 0.642013 

200 0.1230l18 0.413l119 

250 0.033729 0.290371 

300 0.085069 0.256642 

350 '0.071455 0.171573 

4~OO : 0.030177 0.100118 

450 0.02.0864 0.069941 , 
I I 500 . 0.022018 0.049077 

550 0.012592 0.027059 

600 0.004898 0.014467 

650 0.004101 0.009569 

700 0.003005 0.005468 

750 0.001141 0.002463 
, 

800 0.00053 L, 0.001322 

850 0.000444 0.000788 

900 0.000213 0.000344 

950 0.000061 0.000131 
I 

1000 0.000040 0.000070 

1050 0.000023 0.000030 

1100 0.000006 0.000007 

1150 0.000001 0.000001 

1200 0.000000 0.000000 
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! 

TABLE 32. 
! 

FUl~L-OIL GROUP 
, 
i 
I 

(P. = 680 MW) 
1. 

I , 

Ca~acity Outage(MW) Probab i1 i ty 
I 

I 0 0.645284 

50 

100 0.143540 

150 0.107620 

200 I 0.018653 

250 0.022178 

300 0.005326 

350 0.002165 

400 0.000926 

450 0.000166 

500 0.000095 

550 0.000010 

600 0.000000 

: .i 

I 

73 

Cumulative Probability 

1.000000 

0.35/,716 

0.300679 

0.157139 

0.049519 

0.030866 

0.008688 

0.003362 

0.'001197 

0.000271 

0.000105 

0,000010 

0.000000 
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TABLE 33 

LIGNITE AND FUEL OIL GROUPS (P. = 2390.5 MW) 1. . 

cap'acity Out'age(MW) I 

1:1 
I 

o 
50 

100 

150 

200 

250 

300 • 

350' 

400 

450 

500 

550 

600 

650 

700 

750 

800 

850 

900 

950 

1000 

1050 

1100 

1150 

1200 

125 a 
1300 

1350 I 

Probability 

0.172192 

0.069180 

0.04'6940 

0.188746 

0.106765 
I 

0.069403 

0.102400 

0.074222 

0.047004 

0.039217 

0.030887 

0.019446 

0.012073 

0.008784 

0.005506 

0.002998 

0.001860 

0.001134 

0.000588 

0.000310 

0.000176 

0.0000~7 

0.000040 

0.000021 

0.000013 

0.000006 

0.000002 

0.000000 

Cumulative Probability 

1.000000 

0.827808 
i 

0.758628 

0.711688 

0.522942 

0.416177 

0.346774 

0.244374 

0.170152 I 

0.123148 

0.083931 

0.053044 

0.033598 

0.021525 

0.012741, 

0.007235 

0.004237 

0.002377 

0.001243 

0.000655 

0.000345 

0.000169 

O.OOOO!:i:l 

0.000042 

0.000021 

0.000008 

0.000002 

0.000000 

(j 

.. I 

I 
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I , TABLE 34 
DAM9 (KEllAN, 1l.UCURLU, SAIUYAR, G.KAYA, .1I1RFANLI) (Pi = 2404.4 MW) 

I 

Capacity Outagc(MW) Probability Cumulative Probability 

0 0.583040 1.000000 

50 0.083954 0.416960 

100 0.173664 0.333006 

150 0.061528 0.159342 

200 0.056203 0.097814 

250 0.019260 0.041611 

300 0.0'13272 0.022351 
I 

350 0.005559 0.009079 

400 0.001882 0.003520 

450 0.001157 0.001638 

5UO 0.000249 0.0004Hl 

550 0.000156 0.000232 

600 0.000043 0.000076 

I 

650 0.000024 0.000033 

• 7,00 0.000006 0.000009 

750 0.000003 0.000003 

I!i 800 0.000000 0.000000 
i 

(' 

J . 
) , 

() 

I ' 
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77 
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Figure 6'. Probability distributi,on of total available 
! oapaoi~y. 
i Cumulative , 
I : 

: Probability, 
: . 

': 1.0 

i 0.8 
I 
i 

, 0.6 

1'0.4 

0.2 

3600 4000 4400 4800 Available 
Capaoity(MW) 

Figure 7. Cumulative probability distributiono~total 
available oapaoity. 



! ' 78 

, 
TABLE 36- Daily peak. ,loads through-months. 

I 
No.Of No.Of 

MON'TH LOAD(PER-UNIT) DAYS MONTH LOAD(PER-UNIT) DAYS 

JANUARY 0.9215 4 JULY 0.9471 13 

0.9200 4 0.9359 9 

0.916l, 1.3 0.9336 5 

0.9003 5 0.9214 4 

0.8893 5 

FEBRUARY 0.8826 5 AUGUST 0.9159 5 

0.8781 4 0.9134 4 

0.8667 12 0.9129 14 

0.8616 4 0.9070 4 

0.8491 4 0.9037 4 

MARCH 0.9687 14 SEPTEMBER 0.9204 4 

0.9637 5 0.9039 12 

0.9412 4 0.9003 5 

0.9374 4 0.8892 4 

0.9345 4 0.8670 5 

APRIL 0.9434; 4 OCTOBER 0.9275 5 

0.9412 12 0.9259 13 

0.9355 4 0.8979 4 

0.9191 5 0.8971 5 

0.,896&: 5 0.8578 4 

MAY: 0:.94.08 1 4 NOVEMBER 0.9
1
648 4 

0.9221 5 0.9576 14 
"1 
,i 

0'.9130 11, 0.9196 4 

0.8965 4 0.8192 4 

0.86~1 4 0.8909 4 

JUNE ' 0.89'54 5 DECEMBER 1.000 5 
i 

4 0.9951 4 0.8884 

0.8823 13 0.9725 12 

0.8606 4 0.9706 5 

0.8606 L, o . 961(B) _5 

I I 
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2.1,. ClIARACTEltlS'l'lCS OF TilE PROCEDURJt; 

In the risk levelization procedure, the comparison of 

generation and demand is performed th,rough the distribution 
I 

of tdtal available generation capacity and the distribution 

of daily peak loads for each month as shown in Figure 9. 
I ~ 

Daily Peak Loads (MW) 

L3 ~ -1-
, I 

L4 ..... --

L5 .. -I -

" 

" 

I I 

I 

1\ 
I 

System capacity 

Days in month 

l!igu.re 9.0utlin[e'pf monthly LOLP calculations. 

The rillk levL~ll in term!! of "expcctl.lu llllmber of, shortuge 

days" for ?- month is calculated with LOLP method from the 

relation 

where, 

R. = 
~ 

n.. 
E 

j =1 
d .. F (r.) 

J 0 J 

Ri: Risk level or month i in ternH.! of 
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I .of shor1tage days during~the month. 
I 

d.: Number of days for' which the system is subjected JI 

to peak 1 oadL .. 
J 

F (r.): The cumulative probability of outage capacity oJ· 

being greater than or equal to r .. 
J 

Since the total syst~m capacity C is defined as 

C = L. + r. anti since F cr.) = F (C r.) 
J J 0 J G J 

for each peak load L. and 
J 

reserve capacity r . , 
J 

it is conclllded 

t hat l!' 0 ( r j) is e qui val en t t c;> F G (L j ), i. e. the c u mu 1 at i v e pro .... 

bubility of generation being le8~ thun or equul to peak loud 

L. as defined previously. So, the cumulative probabilities of 
J 

1 

available and outage capacities can b~ used alternatively. 

As an application, the risk. level for March 1984 by 

assumLng no new capacity additions and no maintena~ces at all 
'J. i. ) 111 

during that month is calculated in Table 37. 

Table !37. Calculation of the risk level for March 1984 

EXPECTED 
CUM. PROB: No.Of 

Per- I ADJUSTED 'DEMAND No.Of GENERATION OF SHORTAGE 
Unit- MW DAYS LOAD (MW) LEVEL DAYS LEVEL GENERATION DAYS 

0.9687 5479 14 3831 
3800-3850 19 3800 0.001475 0.028025 

0.9637 5451 5 3803 

0.9412 5323 4 3675 
3650 0.000253 -0.002024 .. I 3650-3700 8 

0.9374 5302 4 3654 ,,-:. , 
r-, 

0.9345 5286 4 3638, 3600-3650 4 3600 0.000~40 0.000560 
0.030(,09 

M=r=r:t=2; ... :::rr-" 

,,-
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I 
In Table 37, the yearly peak is taken as 5656 MW, and 

a load of 1648 MW is dropped from all daily peak loads in 

order to optain the adjusted load figures. This load drop 

corresponds to the total of maximum available generations of 

existing power plants (non-TEK, coal, gas turbine, lake and 

river groups and small dams) and imported powe~ which are not 

corisidered in the analysis. It should be noted that the 

dropped generations still kehp their related uncertainties 

with them and the analysis is current on~y for the considered 

part of ,the system. 

I In the levelization procedure, the expected ne~ 
, 

capacity additions i~ cumulative terms are again dropped from 

the daily peak loads fbr the months of euch period by thoir 
I 

muximum uvuil~bl~ ~eneruclon~ U6 were 6bown in Table 28. 
,"I 

l 

Through the process of maintenance scbeduling, the effect of 

planned outage (i.e. the maintenance) ,is approximated by 
I 

ipcreasing the daily peak demands by the capacity of plant 
I 

; 

under planned outage. 

The flow chart of the risk levelization procedure ~B-

giv~n ~n Figure 10. The procedure' ~s composed of following 
i I 

step s ':. : ":1. 

i • " t 1 

i~' Initialization: By assuming the expected figures 

,I I; I • dd" I 1 
for:the yea~ly peak Joad and the new capac1ty a 1t~on8, tle 

, 

initial month'l'y' risk levels are calculated using the per-unit 
I 

va lues 1n Table 36,. In addition, the maintenance p-,;iority lists 
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reflecting the fra~ework of optimaf maintenance capacities 
I 

pro~osed by the optimization model are prepared for the 
, 

mon~hs. Within a priority list the units are to be ordered 
I I I ' 

for'maintenance in decreasing installed capacities. 

ii. Maintenance scheduling by considering monthly 

risks: The month with the minimum risk level is selected and 

the generating unit maintenances are scheduled for that month I 

until a new minimum-risk month emerges and/or no units are 
I 

left 1n the list. 

iii. Termination: The procedure terminates when there 

remains no unscheduled units. 

While scheduling unit maintenances, the following con-

ditions are considered: 

a) It 1S possible to schedule at most one generating 

uni~ of a power plant for maintenance 1n the same month. This 

is, a technical restriction adopted by T.E.K. resulting from 
. . j 

the limitations in maintenance c~ew and material availabilities., 

b) The maintenance schedule must be performed 1n the , 
, 

framework proposed by ~he optimization model from the view-

point of operational economics. 

'" 

c) In any month, the unit with the largest capacity 

must be considered first among the can~idates sabisfying the. 
I 

, i 
conditions a and b. The units with higher availability are 

, M 

IIchodulod firut in COtH! of t~qllt11 CUllUl\ill~II. 



Initialize monthly risk levels 
and.maintenance priority lists 

Select the month with 
tho lul1\lll1UIII rluk .level ·1 

Schedule the first unit in 
the list for that month 

: 

Update the risk level 
and the priority list 

YES 
I 

.minimum 
risk 

level? 

NO 

NO 

, , ~ 

Fig u r e 1 O. Flo w - C h art 0 f the R i s k Level i z a t ion Pro c e d(u) r e • 

. ~. 

,. 
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The Imaintenance of TEK power plant groups not consider

ed ~n the analysis are scheduled in the beginning of the 
I 

procedure accordingly with respect to the distributions 

obtained as a result of the planning model. 

3- RESULTS AND EVALUATIONS 

The defined procedure ~s applied to a major part of 

the inte~connected TEK power plants containing all lignite 
, 

and fuel oil generating units and large dams with reservoir 
, , 

(Kuball, 1l.Ugurlu, Sar~yar, Gl.\kt,;l!lwya and llirfanl~) which 

I 
tot~lly amount to 82 % of TEK installed capacity. 

As a first step; without considering maintenances, two 

cases are handled for the calculation of monthly risks such as~ 

'I 
a) The ,c a s e 0 f non ewe a pac i t y add it ion sin 1 9 84 . -

b) 1ho reali~ation of the e~pectcd amount,of ne~ capa-

f-ity, a~Q~tionH, asin.:rl;l,ble 28, \o?hicl.l constitutes the initial 

fra~e fot the risk levelizatibn p~ocedure. The associated 

r i sit pat t ern s a r e~ s h own a s "a " and "b " in Fig u r e 11, res pee -

tivuly. 

The annual risk levels are 0.201225 days/year and , 

o . 0 q 8 9 4 0 d u Y s / yea 11 £ ~ rca 1:1 e s 'a and b. II Y ass u min g the lye a r 1 y 

standard risk level ~s 0.08 days/year(32), it can be said 

thad the system will incur an annual risk which is 2.5 times 
. I 

I 
() 

larger than the standard level in caso of no new capacity addi-

tions, even though ino maintenances are concerned. 
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Beginning with the risk pattern b, the risk levelization 

procedure is applied as explained previously. The levelized 

risk pattern obtained is shown in Figure 11 <18 j"C"'. The 

monthly risk levels for different cases are given in Table 38. 

TABLE 38- Horithly risk levels for different cases 

! Levelized Risks 
No Investment Expected Investment Through Maintenance 

_____ MONTH Realization Realization Schedules 

1 0.001302 O. 000·241 0.005933 

2 0.000018 0.000000 0.005726 

3 0.030609 0.008357 0.009638 

4 '! 0.005053 0.000278 0.006325 

5 0.002090 0.000054 0.006725 

6' 0.00010_1 0.000000 0.005490 . 

7 i 0.008226 0.000000 0.008006 
. , , 

8 0.001242 0.000000 0.00('>939 

9 0.000663 0.000000 0.007471 

10 I 0.001503 0.000000 0.004976 
I 

I 

11 0.017830; 0.000000 0.008352 

12 0.132'588 0.000010 0.008737 

TO'l'ALI 0.201:225 0.008940 0'.084318 

A s are fl tl 1 t 0 f m a i n ten a nee R c h (' d II I i 11 g t Ii r () ugh t Ill! 

risk leve1ization procedure, the unit maintenance schedules 
, (J 

obta~ried are given iri Table 39. Since the generating units 

of a certain' power plan,t are assumed to have equal forc~d 

outage ratesthro~gh operation,jthe distinction be~ween the 
\ 
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I 

spe~cific- units are not emphasized. This situation results 
I " 

mairly from the lack of bfeakdown d~ta for many years in 
I i 

ter~s of single,generating units for each power plant. By 

hav~ng available th~ unit-by,unit analysis of breakdown and 
I I I 

operation times, a more detailed and improved schedule can be 
I 

obtained. 

On the other hand, the generating groups of coal, gas 

turbine, lake and river groups and some small dams are not 

included in the ~nalysis due to the related breakdown duto 
I 

coverlng short periods of time. Dropping these units by their 

maximum available generation from daily peak loads can cause 

the monthly risks to be underestimated. Rut, the fact which 
, -

should be noted is that the analysis performed covers only the 

considered portion of the system capacity while the 

unconsidered units still keep the uncertainity lof 'generation 

with themselves. The power import and non-TEK unit generations 

are also included in this group. 

The Ilna1ysis employeu reqUires the comparison of 

gUllurution cupucity with the daily peuk lauds through months. 

A more detailed analysis employing the comparison of generation 
I 

capa~ity with all load levels-i.e. the lond-durntion curve os 
t I J 

~I who~u~through euch mo'nth will reveal the precise relationship 
.j;~,'; ~ jC.,,\,( I:. ~ I:i I 

bet~een the supply and demand sides of the existing system. 
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TABLE 39- Unit maintenance schedules derived from the risk 1evelization 
procedure (MW) 

"I M 0 NTH 
" 

1 2 3 4 5 6 7 8 9 10 11 12 ---- --------
Keba~ 157.5 185 157.5 157.5 - 185 185 185 157.5 

I 

H. Ugur1u 125 125 125 125 

S.Ug~r1u 23 23 

Sar~yar 40 - 40 40 40 
I 

G.Kaya 92.8 92.8 921.8 
i 

Hirfanh 32 - 32 32 

K.Koprii 38 - 38 

AlIlbarLl 110 110 15U L50 110 - 1 

Hopa; , 25 25 
I , 
I 

Yatagan 210 - 210 -
Sorna·n 165 165 

, 
T .Bilek B 150 - 150 

Seyit Orner 150 150 - 150 

T. Bilek A 32 65 32 

S.orn~ A 2,2 22 -
lzmir ' -I 20 - 17.5 

D<1I115 Total 157.5 44'3 - 227.5 157.5 185 465.8 442.8 447.3 

F. Oil Total 135 110 150 150 - 25 no 
Lignite Tot. 22 360 315 434 380 199.5 

GENERAL TOT. 179.5 443 227.5 292.5 470 465 584 565 690.3 552.8 447.3 

(~ 

) ! ,-
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IV, CONCLUSIONS 

A co llIlIl 011 e h 11 rile t (! r i H tic 0 f l~ Ill! r g y 1110 d ld s i. s t hut t h u y 

I 

are subjected to some specific assumptiorts while being unable 

to answer all questions related to the real system. For 

instance, in mathematical programming optimization models, 

the variables which must be determined through mutual in-

t era c t ion s are to be, con sid ere d as par arne t e r s. So, it' s no t 

pOAsible to dl.,rine 11 lI\ocinl IIA thp IIbl'lilll or I'hp OIlU yi(llrlil1~ 

I 
t It e II III IJ/'! t P rl! e i He" Hc)lullOIlI:l( l6). 

l' 

I, In this study" a'n attempt is made to combine the two 

objectives in powe~ system operation and maintenance 
:'1 

planning, namely the costs through operation and the reliability 

of supply. An approach is developed in'which the problem of 

I 
maintenance planning is handled in two parts. In the first 

! 

I 1" "1 " part', a ~near programm~ng mode ~s constructed thGt 

, , 
investigates th~ optimal seasonal maintenance policies subject 

, , 

to v~rious operational constraints such as power demand 

sati~faction, capacity, wa~er usage, :energy geneI'ation, 

impo~tation and maintenance requirement, while the objective 1 

! 

IS t~e minimization of total systelll costs. 

! 

By using t,he, results obtained, f.or different scenarios 
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of' p1~nned investments in the optimization model, a further 

attempt~s made'to distribute the planned capacity outages 

for ~ach generating gro~p and season into months in terms of 
I 

single generating units. Hhile doing this, the "Inhibited" 

periods of maintenance implied by the optimization model which 

reflect the economics of operation are utilized when determining 
I 

the
i 

feasible periods for generating'unit maintenances. The 

obj~ctive here ~s considered as the levelization 6f monthly 

risks. 

In the stud,y, it 
I 

~s aimed 
1 

to emphasize the various 

ef£~cts on oper~ting policies and maintenance schedules for the 
i 

system caused hy/different dqlllilnd pllttcrllH, IH!W CLipucity 
1 I 

additions and annual water inflows. It is possible to obtain 

more ~etullud results in terms of system operation and 

maintenance policies by analyzing the distribution of new 
, 1 

capa~ity additions and power demands to a deeper extent.' Also, 

" by employing additional different cases for annual water 

inflows that represen~ the corresponding probability 

distributio,n, the relative Heights of different scenarios can 

be obtained more precisely. 

'I 

Through the,analysis of operating results, it ~s 

concluded that the leading factor in planning the operation 

and maintenance of the po~er system ~s the usage of hydro 

facilitiea in regulating the AyAtfllll IHlpply IlKainHt difftlrllnt 

maintenances. So, the planning models which will employ the . , , . 
1 ' 
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" 

. '. 
~nter~ct~on between water inflow, usage and reservoir'levels 

rathe~ .than assum~ng average overall figures will represent a 
I ! 

I 

better framework for the description' of hydro system operation. 

When' scheduling' generating unit maintenance, the main 
I I 

aim is to satisfy all the constraints imposed on the system 

while:keeping it as reliable as possible, i.e. still satisfying 

the. load demand with a reasonable assurance of continuity. 

The constraints on the system can be very diverse and often 
I 

unpr~dictable: they include crew and 
\ 

material availability, 

seasonal limitations, 
I . 

sudden forced-outages, deviations from 

forecasted peak loads, possible delays to be incurred in com-

missioning dates of new investments, future expec.!=ations 
I 

related to water inflows, etc. So, a decision making proceaB 

performed for such a complex system must consider the above 

l!hurul!t~ril:lticl:l us detailed as posl:lible in order Ito 'resolve 

the u n c e r t a i n ties related to the future. 
I,. I: r. 

~uc~ a process, which iS,of introductory nature, is 

searched for by decomposing the problem into two parts in 

which theecono'm'ics '~i!operation and the reliability of 

suppi y , ~re handled'c?ns~qutively by aiming to achievt feasible 
! 

maintenance ~chedule pa~terns for generating units. Finally, 

it can be concluded that Ithe main benefit obtained through the 

modelli~g of power System operation is the derivation of 

sYl:ltam structure and functioning in datail through data 

colI e c t i on and mod e 1 imp 1 em en tat 'i on • 



APPENDIX I. OPERATION RESULTS IN TE~MS 

OF AVERAGE GENERATIONS 

(UNIT:MW) 

I 

• I 

A. CASE OF AVERAGE WATER INFLOWS 
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SCENARIO: NORMAL WATER ~EAR-INVESTMENTS REALIZED (LOADS DECREASED BY 5%) 
" 

PERIOD I' II III IV 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

POWER DEMAND 3412 4439 4976 3461 4319 4915 3586 4369 4920 3651 4668 5161 

LIGNITE 1415 1415 1415 1415 1415 1415 1193 1193 1193 1653 1653 1653 

COAL - - - - - - - - - - - -
, 

F.OIL 592 592 592 443 592 592 35 395 395 592 592 592', 

GAS TUR. - - - - - - - - - - - -

TEK TH.TOT. 2007 2007 2007 1858 2007 2007 1227 1588 1588 22/.5 22/,5 22/,5 

KEBAN 192 968 968 812 643 1257 1315 1315 1315 227 1281 1281 

H.UCURLU - 4Q9 518 296 518 518 30 518 518 1"41 - -
SARIYAR 345 28 412 - 151 160 235 160 263 28 119 278 

. 
HiRFANLI 84 158 

i 
158 - - - 158 158 158 - - 126 

, '. 

DEMiR KOP. 64 66 66 
, 

31 66 - - - - - - -
i 

KEMER 19 -I 45 45 45 45 4 - - - 17 45 

AUf US ' \ - - - 14 26 - 26 26 26 - - -, 

TEKl'DAMS .TO. 706 1631 2168 1167 1384 1980 1769 2177 2280 428 1418 1797 

'l'EK LAlill ,HI. lU6 289 289 '273 416 416 I, '2 "/ 131 539 4b6 '*93 607 , 

NON-TEK TH. - -. - - - - - - - '- - -,. , 

NON-TEK HY. 162 162 162 162 162 162 162 162 162 ',162 1,62 162 

TOT.GENERAT. 3062 40"89 4626 3461 3969 4565 3586 4058 4570 3301 4318 4811 

IMPORT 350 " 
3?0 350 - 350 350 - 311 350 350 350 350 , 

TOTAL SUPPLY 3412 MI39 4976 3/,61 4319 1,915 3586 '1369 l,920 3651 .4668 5161 

UNS. POWER ,DE. - - - - - - - - - - - -, 
I i 1 I 
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SCENARIO: NOl{MAL WATER YEAR-INVESTMENTS REALIZEU (FOllliCASTEU LOAUS) 

PERIOD I ! II III IV' 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

POWER DEMAND 3591 4673 5289 3644 4547 5151 3775 4599 5171 3843 4914 5460 

LIGNITE 1415 1415 1415 1415 1415 1415 1193 1193 1193 1653 1653 1653 

COAL 165 165 165 - 165 165 - 74 110 165 165 165 

F.OIL 592 592 592 509 509 509) 478 478 478 592 592 592 

GAS TUR. 

TEK TH.TOT. 2172 217~ 2172 1924 2089 2089 1671 1744 1781 2410 2410 2410 

KEBAN 201 1066 1116 748 529 1159 1315 1315 1315 290 1231 1231 

H.UCURLU 409 518 296 518 518 30 518 518 ;125 - 292 

SARIYAR 351 - 412 118 412 412 59 132 412 28 121 275 
, 

HtRFANLI ~,84 1~8 158 - 1.58 158 158 - 126 

DEMiR K(jP. 64 66 66 - 30 . 11 66 

KEMER 19 - 45 45 45 45 2 - 45 - 24 30 
, 

. ALMUS 14 26 - 26 26 26 - I -

TEK DAMS TO. 720 1700 2315 1221 1530 2134 1592 21/,9 21,7', Il73 1388 193/, 

TEK LAKE RIo 187 289 289 273 416. 416 351 543 543 447 604 604 

N9N-;-TEK TH., 
. - .!' 

NON~TEK HY.~62 162 ~62 162 162 ~~2 162 162 162 162 162 162 

TOT.GENERAT. 3241 4323 ~93,9 3581 4197 48Ql 3775 4599 4960 3493 4564 5110 

IMPORT 350 ,350 350 63 350 350 - - , 211 350 350 350 

TOTAL SVPPLY 3591 4673 5289 3644 4547 5151 3775 4599 5171 3843 4914 5460 

I 
UNS. POWER DE. -
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS REALIZED (LOADS INCREASED BY 5%) 

PElUOD 
, 

LOAD LEVEL 

POWER DEMAND 

LIGNITE 

COAL 
, 

F.OIL 

GAS, TUR. , 

TEK TH.TOT. 

KEB~ 

H. UCUlU.U 

SARIYAR 
, 

HtRFANLI 

DEMiR KOP~ 

KEMER I 

ALMUS , 

TEK DAMS TO. 

TEK LAKE RI. 

NON-TEK TH. 

NON-TEK RY. 

TOT.GENERAT. 

IMPORT 

TOTAL SUPPLY 

UNS. POWER DE. 

I' . i. ;t 

i 

3771 

1415 

165 

592 , 

-

2172 

77 

-

350 

84 

64 

20 

-

596 

187 

304 

162 

3421 

350 

3771 

-

1 

2 

4907 

1415 
" 

165 

592 

-
! 

2172 

996 

409 

- , 

158 

66 

-

-

1630 

289 

304 

162 

4557 

350 

4907 

-

I. 
" , 

3 1 

5501 3826 

1415 i415 

165 

592 

-

,2172 

1025 

5113 

412 

158 

!66 

45 

-

2224 

289 

304 

1(i2 

5151 

350 

5501 

-

'·-1 , .• 

) I i 
I 
I 

110 

467 

-

1992 

869 

296 

118 

-

-

45 

14 

1342 

273 

-

162 

3770 

56 

3826 

-

"" -' 

11 

2 

4774 

1415 

110 

467 

, -

1992 

853 

518 

412 

-

-

45 

26 

1854 

416 

-

162 

4424 

350 

4774 

-

111 IV 

3 1 2 3 :1 2 3 

5432 3964 4829 5438 4035 5160 5705 

1415 1193 1193 1193 1653 1653 1653 

110 165 165 165 165 165 165 

467 520 520 520 592 592 59,2 

- - - - - - -
, 

1992 1878 1878 1878 2410 2410 2410 

1315 1315 l315 l315 275 1167 1167 

5113 30 5113 5113 125 - 210 

412 42 229 412 28 121 275 

- 158 158 158 - - 126 
L 

- - - - 28 17 66 

. 45 2 - 45 - 24 30 

- 26 26 26 - - -

2290 1574 2246 2474 457 1330 1875 

416 351 543 543 447 604 604 

222 - - ,31 208 304 304 

162 162 162 162 162 162 162 

5082 3964 4829 5088 3685 4810 5355 ,. 

350 - - 350 350 350 350 
" 

5432 3964 4829 5438 4035 5160 5705 

- - - - - - -
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SCENARIO': NORMAL' WATER YEAR-INVESTMENT DELAYED 6 MONTHS (LOADS DECR. BY 5%) 

PERIOD I II III IV 
I 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

POWER DEMAND 3412 4439 4976 3461 4319 4915 3586 4369 4920 3651 4668 5161 

LIGNITE 1403 1403 1403 1246 1246 1246 1105 1105 nos 1415 1415 11.15 
I .-

COAL 165 165 165 no no no 165 165 165 165 165 165 
~ 

F.OIL 592 592 592 592 592 592 395 395 395 592 592 592 

GAS TUIt. - - - - - - - - - - - -
TEK TH.TOT. 2160 2160 2160 191.8 1948 19L.8 1665 1665 1665 2172 2172 

KEBAN 60 690 897 691 672 1294 1315 1315 1315 535 1315 1315 

H.UCURLlJ - /,(1) SIB llJh !j I,B SIB JI 51,B SIB 127 - 185 
I 

SARIYAR 363 - I 191 118 412 412 40 236 412 17 169 323 

RtRFANLI 84 158 158 
-
158 158 158 126 ,-- - - ,- - -

I 

DEMiR KBp. 64 166 66 - - - - - - 20 '66 66 

KEMER ' 21 - 30 45 45 45 2 - 45 - 18 45 

ALMUS - - - 15 26 - 26 26 26 - - -
TEK ,DAMS TO. 593 1324 1861 n64 1673 2269 1572 2253 2474 699 1568 2061 

TEK LAKE RI. 139 139 139 130 186 186 187 289 289 268 416 416 

NON-TEK TH. i8 304 304 - - - - - - ,_ - -
NON-TEK RY. 162 192 162 162 162 162 162 162 162 162 162 162 

TOT.GENERAT. 3062 4089 4626 3~04 3969 4565 3586 4369 4590 3301 4318 4811 

IMPORT 350 350 350 57 350 350 - - DO 350 350 350 
" 

I 

TOTAL SUPPLY 3412 4439 4976 3461 4319 4915 3586 4369 4920 3651 4668 5161 
I I 

UNS. POWER 'DE. - - - - - - - - - - -
I 

i " 
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SCENARIO: «NORMAL WATER YEAR-INVESTMENTS DELAYED 6 MONTHS (FORECASTED LOADS) , 

PERIOD 

LOAD LEVEL 

POV{ER DEMAND 

LIGNITE 

COAL 

F.<;lIL 

GAS TUR. 

TEK TH. TOT. 

KEBAN 

R.UCURLU 
I 

SARIYAR 

HtRFANLI 

DEMiR KOP. 

KEMER 

ALMU!:i 
' . 

. .. 
TEK DAMS TO. 

TE~LAKE RI. 

NQN-TEK TH. 
.. 

NON-TEK RY. 
I 

TOT.GENERAT. 

IHPORT I 

TOTAL SUPPLY 

UNS. POWER DE. 

I ; . II ~, 

1 

3591 

1.403 

165 

592 

-

2160 

-

-

321 

Olt 

. 
64 

, 
20 

- \. '. 

490 

126 

304 

162 

3241 

350 

3591 

-

I 
j 

... "1 
I 

. I 

I 

2 

4673 

1403 

165 

592 

-

2160 

708 

409 
I 

160 

158 

! 66 

-

~ 

< • 

1502 
I 

195 

304 

162 

4323 

350 

4683 

-

.. 
I 

! 

~ 

5209 

1403 

165 

592 

-
2160 

919 

518 

412 

158 

66 

45 

-
2118 

195 

1
304 

162 

4939 

350 

5289 

-

i. J 
I' , 

II 

1 2 

3644 4547 

1049 1049 

110 110 

592 592 

- -

1751 1751 

846 784 

296 518 

118 412 

- -
- -

45 45 

15 :lb 

1320 1785 

128 195 

217 304 

162 162 

3578 4197 

66 350 

3644 4547 

- -

III IV 

3 1 2 3 1 2 3 

5151 3775 4599 5171 3843 4914 5460 

1049 1297 1297 1297 1415 1415 1415 

110 165 165 165 165 165 165 

592 395 395 395 592 . 592 592 

- - - - - - -

,1751 1857 1857 1857 2172 2172 2172 

1315 1315 1315 1315 428 1273 1273 

' 518 31 518 518 115 - 345 

412 21 339 412 24 150 275 

, 99 150 158 158 - - 61t 

- - - - 201. 66 66 

45 2 - 42 - 23 33 

- :!.() :L() 26 . - - -
2389 1554 2356 2471 587 1510 2056 

195 202 224 224 268 416 416 

304 - - 304 30l. 304 304 

162 162 162 162 162 162 162 
I 

4801 3775 4599 5019 3493 4564 5110 

350 - - 1.53 350 350 350 

5151 3775 4599 5i71 3843 4914 51.60 

- - - - - - -
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS DELAYED 6 MONTHS (LOADS 
IN8REASED BY 5 7.) 

PERIOD I' n III 
! 

LOAD LEVEL 1 2 3 1 2, 3. 1 2 3 1 

POWER DEMAND 3771 4907 f 501 3826 4774 5432 3964 4829 5438 4035 

LIGNITE 1403 1403 1403 1125 1125 1125 1221 1221 1221 1415 
! 

COAL 165 165 165 110 110 110 165 165 165 165 

F.OIL I 
592 592 592 592 592 592 395 395 395 592 

GAS TUR. 229 229 229 - - 270 - - 78 149 

TEK Til. TOT. 2'J!39 2389 23B9 Ul27 1027 20~7 17Ul l7Ul lU59 :,U21 
I 

KEBAN - 447 902 841 935 1315 1315 1315 l315 l+57 .-- ~ - - -
H. UCURLU - llU\) SIB 2% !) 113 !; lB :31 ,)JI.l 51B 115 

, 
SARIYAR 275 412 412 152 412 412 ~ 265 412 20 

H1RFANLI 84 158 158 - - , 34. 158 158 158 -

DEH1R KOP'. - 64 66 66 - - - - - - 20 

KEMER 17 14 45 45 45 45 - 11 45 -
I 

ALMUS - - !- 15 26 - 26 26 26 -

TEK DAMS TO. 440 1507 2101 1349 1936 2324 1530 2293 2474 619 
I 

TEK LAKE RI. 126 1'95 195 128 195 195 187 289 289 284 

NON-TEK TR. 304 304 304 304 304 304 304 304 304 304 

NON-:TEK RY. 162 162 161 162 162 162 ,162 162 162 162 
I 

TOT.GENERAT. 3421 4557 5151 3770 4424 5082 3964 4829 5088 3685 

IMPORT 350 350 350 56 350 350 - - 350 350 

TOTAL SUPPLY 3771 4907 5501 3826 4774 5432 3964 4829 5438 4035 

UNS. POWER DE. - - - - - - - - - -
I ~, 
: ' I, 

1,-"', . " 
.• ' .! (I 1 I: )! 

i 
., ... 

, I I : 

,J 
I . 

t • 

IV 

2 

5160 

1415 

165 

592 

270 

2/1il2 

1290 

-
170 

-

66 

24 

-

1551 

351 

304 

162 

4810 

350 

5160 

-

3 

5705 

1415 

165 

592 

270 

2MI2 

1290 

:130 

275 

105 

66 

30 

-

2096 

351 

304 

162 

5355 

350 

5705 

-
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS DELAYED 1 YEAR (LOAD DECREASED BY 5% 

PERIOD I 1 II III IV 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

POWER DEMAND 3412 4439 4976 3461 4319 4915 3586 4369 4920 3651 4668 5161 

LIGNITE 1403 1403 1403 1160 1160 1160 IP8 1178 1178 1403 1403 1403 

COAL 165 165' 165 110 110 110 165 165 165 165 165 165 
-

F.OIL 592 592 592 592 592 592 395 395 395 592 592 592 

GAS TUR. - , - - - - - - - - '- - -
1 

TE~ TH.TOT. 2160 2160 2160 1862 1862 1862 1738 1738 1738 2160 2160 2160 
I 

KEBAN i - 1~2 689 637 833 1315 1315 1315 1315 745 1315 1315 
1 

H.UCURLU - 435 435 299 501 501 , 31 518 518 88 118 445 

SARIYAR 151 412 412 245 401 401 36 257 412 - 286 286 

! 84 
I 1 

HiRFANLI 158 158 - - 117 150 158 158 - - 158 

IlI~Ml H lall'. (,I. (,(, (,(, - - '2'J. '- - 1. !IJ G(, (,(J 

I 

, KEMER 11 45 -- 45 45 45 45 2 - 45 - 24 30 

ALMUS I - - - 14 ,26 - 26 26 26 - - -
TEK DAMS 1'0. 310 1268 1805 12/11 1806 2/100 1560 227 /1, 2/.75 851 1810 2303 

l'EK LAKE RI,. 126 195 ~95 139 139 139 126 195 195 128 186 186 

NON-TEK TH" 304 304 304 - - 2 - - - - ,.- ..,. 

NON-TEK HY. 162 162 162 162 162 162 162 162 162 162 162 162 

TOT.CENEHA'f. 3062 1,089 (,626 3'105 ]969 11.%5 35tH, (,%1) '1570 3]01 11318 (,8ll 

IMPORT 350 350 350 56 350 350 - - 350 350 350 350 

" 

TOTAL SUPPLY 3/.12 Md9 '.976 3461 [.:319 I~H5 3586 4Jb9 4Q20 3651 46b8 5161 
I .. ,. 

UNS • POWE'R' DE. I.Li ' L,'. :', :';;1 - - -: .- - . - . - - -

,.\ 

'! 
. I 

i 

. I 
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS DELAYED 1 YEAR (FORECASTED LOADS) 
I 

I I I I PERIOD II III IV 
I 

LOAD LEVEL' 1 2 3 1 2 3 1 2 3 1 2 3 

PQWER DEMAND )591 " Ci 7:J 52BIJ :.HI',', ',5/,7 5151 'J7J'J 1,5~~ !.)1i'1 :.sut,'J 4~14 5460 
, 

, LIGNITE 1403 1403 1403 1151 1151 1151 1187 1187 1187 1403 1403 1403 

COAL 165 165 165 110 no 110 165 165 165 165 165 165 -
F.OIL 592 592 592 592 592 592 395 395 395 592 592 592 

- --~ , 

GAS TUR. - - - - - - - - - -
I 

TEK TH.TOT. 2160 2160 2160 1853 1853 1853 1747 1747 1747 2160 2160 2160 

KEllAN - 677 1020 667 682 1172 1315 1315 1315 623 1315 1351 I 

H.UCURLU - 423 473 296 518 518 31 518 518 100 70 391 

SARIYAR 308 233 412 118 412 412 52 183 375 - . 274 312 

lI1.RFANLI HI, 158 158 - -
'-' 

117 150 15U l5U - - 158 
.' , .. 64, 66 66 23 19 66 06 DEMIR KOP. - - - - -

KEMER i 19 - 45 45 45 45 3 - 30 - 18 45 

AU-tUB - - - 15 26 - 26 26 26 - - -

TEK DAMS TO. 476 1558 2174 1140 1683 2287 1576 2200 2',22 742 17',3 2289 

TEK LAKE RI. 139 139 139 128 195 195 128 186 186 125 195 195 

I 

304 304 304 304 304 304 162 304 304 304 304 304 NON-TEK TH. 
! 

NON-TEK HY. 162 162 162 162 162 162 '162 162 162 162 162 162 

TOT.GENERAT. 3241 4323 4939 3588 ',197 4801 3775 4599 4821 3493 4564 5110 
- I 

IMP,ORT 350 350 350 56 350 350 - - 350 350 350 350 

TOTAL SUPPLY 3591 4673 5289 3644 4547 5151 3775 4599 5171 3843 4914 5460 
-' 

UNS. POWER DE. - - - - - - , - - - - - -
: 

. i' . 
- . '. ,. "! 

, ... 
I • J 

• I \ ~ • 

\ 
, t 

I • , 
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SCENARIO: NORMAL WATER YEAR - INVESTMENTS DELAYED 1 YEAR (LOADS INCREASED 
. , I' BY 5%) 

: PERIOD I II III IV 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

PO~ER DEMAND 3771 4907 5501 3826 4774 5432 3964 4829 5438 4035 5160 5705 

LIGNITE 1403 1403 1403 1054 1054 1054 1284 1284 1284 1403 1403 1403 

COAL 165 165 165 110 110 110 165 165 165 165 165 165 
I 

F.OIL 592 592 592 592 592 592 395 395 395 592 592 592 

GAS TUR. '229 229 229 - - 229 - - 109 213 270 270 

TEK TH.TOT. 2389 2389 2389 1756 1756 1985 ~844 1844 1953 2373 2430 2430 

KEBAN - - - 820 1006 1315 1315 1315 1315 603 1315 1315 

iI. uCURLU - 488 264 296 518 518 31 518 518 96 102 376 
~ 

SARIYAR :l56 64 160 24l. 412 412 - 2% 412 - 228 412 
I 

RiRFANLI 8l. 158 158 - - 146 156 158 158 - - 59 
~ 

I -
DEMiR KOP. 64 66 66 - - - - - - 20 66 66 

KEMER 22 - - 45 45 l.5 - 10 liS - 17 45 

AlMU'Sl '. . ~ . \ ~J ~ I { ,,": l". \ ' .. , \ i.. Ii , 
14 26 ..! " 26 26 2'6 I - - - -/ -

. . .. . - .. . .. . .. 
TEK DAMS ,TO. 427 776 649 1420 2007 2436 1528 2324 2474 719 1728 2273 

. 
TEK. . LAKE . RI • . 139 139 193 128 195 195 126 195 195 128 186 186 

. . .. . , .. - . .... . ,. 

NQN-:-:T\EK·TH. 304 ' 304, 304 304 304 304 304 304 304 304 304 304 
. . 

NON-TEK RY. 162 162 162 162, 162 162 162 162 162 162 162 162 

TO'!'. GENERA'!'. 342.1 3770 3643 3770 4424 5082 3964 4829 5088 3685 4810 5355 

IMPORT 350 350 350 56 350 350 - - 350 350 350 350 

'TOTAL SUPPLY 3771 4120 3993 3826 4774 54~2 3964 4829. 5438 4035 5160 5705 
- - -~ - --

UNS. POWER DE. 
I _ 787 1508 - - - - - - - - -

('J 

'i 
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APPENDIXI.B. CASE bF DRY PERIOD 
I 

WATER INFLOWS 

··1 
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i . I 
SCENARIO: DRY WATER YEAR-INVESTMENTS REALIZED (LOADS DECREASEb BY 5 %) 

" il )1 

" 0 
., 

j 
PElUQI> , " 1 , . ' 11 111 IV 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

POWER DEMAND 3412" 4439 4976 3461 4319· 4915 3586 4369 4920 3651 4668 5161 
, ' 

I,IGNITE til 15 ; 1/115 I'Jl5 1/115 1/11.5 1/.15 119'3 1191 1193 1 ()S) 1653 1.653 

COAL 165 165 ! 165 165 165 165 no 110 110 165 165 165 

F.OIL I 592 '592 592 592 592 592 395 395 395 592 592 592 

GAS TUR. 270 270 270 121 270 270 - - - - - 66 
-

TEK TH.TOT. 2442 2442 2442 2293 2442 2442 1698 1698 1698 2410 2410 2476 

KEBAN - 176 843 - - 316 1015 1310 1310 170 1315 1315 

H.UCURLU - 130 - 207 518 518 - 88 ,474 - - -, 

SARIYAR 57 412 412 154 412 412 71 289 412 22 0 0 

H1RFANLI - 158 .158 - - ,- 158 - - - - -
0 

DEMiR Kl)P. 37 66 66 - - - - - - 14 - -

KEMER , - - - 39 45 45 - 1 43 - 1 -
. , ' , { . , , 

AlMUS' : - - - - - - 21 25 25 - - -
.. , .. - .~ .. . . - .. ".~. . ,. 0'" .. 00 

'l'EK 4ANS\.'l'O. 94 9(12 1479 399 Y'/15 12Yl 12M) 1712 2263 206 1316 1315 
... .' 

TEK LAKE RI. 110 289 289 209 136 416 207 543 543 340 176 604 
i , 

, 
NON-TEK TH. '304 .304 30l• 304 304 30l. 30t. 304 304 304 3011 304 

NON-TEK HY. 112 1,12 112 112 112 112 112 112 112 112 112 . 112 , 

'l'O'l'~GENERA'l'. 3002 '1089 4620 3317 3YUY '1565 358b 4369 4920 3372 4318 4811 

IMPORT 350 350 350 144 350 350 '0 0 0 279 350 350 

TOrAL SUPPLY 3412 4439 4976 3461 4319 4915 3586 4369 4920 3651 4668 5161 
, 

UNS • POWER DE. - - - - - - - - - . - - -
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I 
SCENARIO: DRY WATER YEAR 1- INVESTMENTS REALIZED (FORECASTED LOADS) 

, PERIOD 

LOAD LEVEL 

POWER DEMAND 

LIGNITE 

COAL 
r 

F.OlL 

GAS TUR. 
! 

TEK TH.TOT. 

KEBAN 

H.l!CURLU 

SARIYAR 
, 

: 

HtRFANLI 

UEMiR KUlI. 
I 

KEMER 

AiMus 

TEK DAMS TO. 

TEK LAKE Rl. 

NON-:-TEK TH.! 

NON-TEK HY. 

TOT.GENERAT. 

IMPORT 

TOTAL SUPPLY 

UNS • POWER DE. 

1 

3591 

1415 

165 

592 

270 

2442 

-

24 
, 

-

-
51. 

-

-

77 

179 

304 

112 

P115 

350 

3'.65 

126 

I 
1 

2 

4673 

1415 

165 

592 

75 

2247 

_I 

-

38 , 
-

-
-
, .', -

38 

-

304 

112 

2702 

·1 
i 
I 

292 

2993 

1680 

[ 

I 

3 

5289 

1415 

165 

592 

-
2172 

-

-

-

-

-
-

, 

-
-
I ... 

304 

112 

2588 

350 

2938 

2351 

.. ~. .,. ~ .. ~ ,..'- -, 

II 

1 2 

3644 4547 

1415 1415 

165 165 

592 592 

58 270, 

2230 2442 

"i -

207 518 

154 412 

- -

- -

39 45 

- -

399 975 

250 -
304 304 

112 112 

f3294 3833 

350 350 

3644 4183 

- 364 

III IV 

3 1 2 3 1 2 

5151 3775 4599 5171 3843 4914 

1415 1193 1193 1193 1653 1653 

165 110 110 110 165 165 

592 395 395 395 592 592 
: - - - - 270 "-

2172- 1698 1698 1698 2680 2410 

- , 1068 1310 l310 219 l315 

518 - 76 518 - -

412 207 373 g12 22 -
.... 15 8 158 158 - -

- - - - 14 -
45 - 1 43 - 1 

- 21 25 25 
-- -

975 1454 1942 2466 255 1316 

- 207 5/13 5'13 ll16 -
304 304 304 304 304 304 

.' 
112 112 112 112 112, 112 

3563 3775 4599 5122 3768 4142 

350 - 49 76 350 350 

3913 3775 ',599 5171 38l,3 4492 

~238 - - - - 422 

3 

5460 

1653 

165 

592 

-
2410 

1315 

- , 

-

15 

-
-

-

1330 

-

304 

112 

4156 

350 

l,s06 

954 
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SCENARIO: DRY WATER YEAR - INVESTMENTS REALIZED (LOADS INCREASED BY 5 %) 

PERIOD 

LOAD LEVEL 

POWER DEMAND 

LIGNITE , , 

COAL 

F.OIL 
, 

GAS TUR. 

TEK 'I'll. TOT. 

KEBAN 

1\, UCURLU 

SARIYAR 

HtRFANLI 

DE~tlR KOP. 

KEMER 

ALMUS 
~ 

TEK DAMS TO. 

TE~ LAKE RI. 
- -

NONT,TEK 'Ttl~~: 
-, . - ... ,'.-. 

~QN7TEJ,<,HY. 

- " TOT.GENERAT. 

IMPOln 

TPTAL $UPPLY 

UNS,POWER DE. 

!' 

, , , 

I 

1 2 

3771 4907 

1415 1415 

165 165 

592 592 

270 -

2/1/12 2172. 

- -
' 2/t -I 

- 38 

- -

5L, - I 

- -
- -

n 38 

179 - I 

304 304 
"j".' " - - -

1,12 p2 
I 

3115 2626 

350 3~0 
- --
3465 2976 

306 1931 

II 

3 1 2 

5501 3826 4774 

1415 1415 1415 

165 165 165 

; 592 592 592 
----

- 270 -

2172 2/1',2 2172 

- - -I 

- 172 SIB 

- 154 -412 

- - -

- - -

- 39 45 

- - -

- 365 975 

- ' 250 -, 
_ 304 304 304 
. 'r .. · 

p2 112 112 
,- - ' -

2588 3472 3563 

350 350 350 -
2938 3822 3913 

2563 4 H61 

III IV ,-

3 1 2 3 1 2 3 

5432 3964 4829 5438 4035 5160 5705 

1415- 1193 1193 1193 1653 1653 1653 

165 110 110 no 165 165 165 

592 395 395 395 592 592 592 
-----
- - - - lOY - -

2172 I('<JH I (,I)B I (,I)H 2519 'lA I () 2/11 () 

- 1264 1310 1310 25 1315 1315 

SIB - 2()7 518 - - -
412 200 412 412 22 - -
- ISH 158 158 - - 15 

I 

- - - - 14 - -
45 - 1 43 - 1 -

- 21 25 25 ,- - -

975 1643 2172 2466 61 1316 1330 
I 

- 207 543 543 416 - -
-

304 304 304 304 304 304 304 
, -- ---
112 ,1l2 

I. q2 _ 112 112 112 112 

3563 3964 4829 5122 3411' 4142 4156 

350 ,- ~ 316 51 350 350 
- - -
3913 3964 4829 5438 3462 4492 4506 

1519 - - - 573 668 1199 
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SCENARIO: DRY!WATER YEAR-INVESTHENTS DELAYED 6 i'10NTHS (LOADS DECREASED BY 5 %: 
I 

i 
.:PERIOD 

LOAD LEVEL 

POWER DEMAND 

LIGNITE 

COAL 
I 

F.OIL 

GAS TUR. I 

TEK TH.TOT. 

KEBAN 

H. UCURLU 

SARIYAR 

HiRFANLI 

DEMiR KOP. 

KEMER 

ALMUS 
I 

TEK DAMS TO. 

TEK LAKE 'RI. 

NON-TEK TH. 

NON-TEK HY. 

TOT.GENERAT. 

IMPORT 

TOTAL SUPPLY 

UNS • POWER DE. 

I
I ,.' 

;; . I} I: 
I 

, • I... 

·1 
1 .'. ! 

1 

3412 

1403 

165 

592 

229 

2389 

-

24 

-

-

54 

-

-

77 

121 

30':' 

112 

3003 

350 

3353 

59 

I II 
, 

2 3 1 2 
I 

4439 4976 3461 4319 

1403 1~03 1403 1403 

).65 165 165 165 

592 592 592 592 

- - 270 270 

2160 2160 2430 2430 

- - - -

- - 165 518 

38 - 154 412 

- - - -

- - - . -

- - 39 '15 
i - - - -

38 1- 358 975 

- - I· 94 148 

304 304 304 304 

112 112 112 112 

2614 2576 3298 3969 

350! 350 163 350 

2964 2926 3461 '1319 

1475 2050 - -

. 'i 
• { _. .~,. <6", • 

- I 

III IV 

3 1 2 3 1 2 3 

4915 3586 '.369 4920 3651 4668 5161 

1403 948 948 948 1415 1415 415 

165 110 110 110 165 165 165 

592 395 395 395 592 592 592 

- - - - 61 ~ -
2160 1452 1452 1452 ~253 t2172 t2172 

- 1228 1310 1310 61 P15 315 

518 - 306 518 - - -

412 200 412 412 22 - -
... 158 158 158 - - 15 

- - - - 14 - -

liS - I il3 - ] -
- 21 25 25 - - -
975 1607 2212 2466 97 1316 1330 

- 110 289 289 259 t'" -

304 304 304 J04 304 304 304 

112 112 112 112 112 1P 112 

3551 3-786 4369 4623 3025 3904 3918 

350 - - 297 243 350 350 

3901 3586 4369 4920 3268 ~254 lil 268 

1014 - - - '383 ll14 893 

. I I (~ 

I : 
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SCENARIO: DRY WATER YEAR-INVESTMENTS DELAYED ? MONTHS (FORECASTED LOADS) 
, 

I 
,PERIOD I II III IV 

J.:f 

i 

LOAD LEVEL '1 2 3 1 2 3 1 2 3 :1 2 3 

POWER DEMAND 3591 4673 5289 3644 4547 5151 3775 4599 5171 3ti43 4911+ 5460 -

LIGNITE I 1403 1403 1403 1359 1359 1359· 99L 991 991 1415 1415 1415 
i 

COl\L 165 165 165 no uo 110 165 165 165 165 165 165 
, : 

F.OIL , ,592 592 592 592 592 592 395 395 395 592 592 592 
, 

, I 

270. 124 GAS, TUR. 229 - : - - - - - - - -, I , 
, 

TEI< TH.TOT. 2389 2160 2160 2331 2061 2061 1551 1551 1551 2296 2172 2172 
I 

KEBAN - - - - - - 1310 1310 1310 - U91 1315 
i.". 

II. UCURLU 24 - - 13/, ·518 518 - 1,82 518 - - -
I 

SARIYAR - 38 - 154 412 412 208 367 412 22 - -

llil{FANLl - - - - - ,... r ~.it3 151.3 1SS - - 15 

DEMiR KOP. 54 
1 

14 - - - - - - - - -

KEMER 
! - - - 39 45 45 - 1 43 - 1 -

ALMUS - - - - - - 21 25 25 - - -
! \... 

TEK DAMS TO. 77 38 - 326 975 975 1698 2343 2466 36 1192 1330 

TEK LAKE RI. 121 - - 117 - - 110 289 289 259 - -

NON-TEK TH. 304 304 304 304 304 304 304 304 304 304 304 304 

. NON-TEK HY. 112 112 112 1.12 112 112 112 112 112 112 112 112 
I 

TOT. GENERAT • '. . ! 
3003; 28141 2576 3190 3452 3452 3775 4599 472:2 3006 3780 3918 

I 

IMPORT 350 ,350: '350 56 350 350 - - 350 350 350 350 

TOTAL SUPPLY, 3353· 2964 2926 3247 3802 3802 3775 4599 5072 3356 4130 4268 
i 

238: 
I 

I ,UNS • POWER DEl 1709, 2363 398 745 1349 - - 99 487 784 1192 
.. .-

: 
I' 
I, 

I I 
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SCENARIO: DRY WATER YEAR-INVESTMENTS DELAYED 6 MONTHS (LOADS INCREASED BY 
5 %) , 

I PERIOD I II III IV 

LOAD LEVEL 1 2 !3 1 2 3 1 2 3 1 2 3 

p'OWER,DEMAND 3771 490] ,5501 3826 ,,4774 5432 ,3964 4829 5438 4035 5160 5705 
, ' i -

LIGNITE 1403 1403 1403 1164 1164 1164 1187 1187 1187 1415 1415 1415 
I 

COAL 165. 165 165 llO 110 no HiS 165 16S 165 165 165 

F.OIL 592 592 592 592 592 592 395 395 395 592 592 592 

GAS TUR. 229 - - 270 - - - - - 124 - -1 i 

TEK TH.TOT. 2389 2160 2160 2136 1866 1866 1746 1746 1746 2296 2172 2172 

KEBAN - - - - - - 1310 1310 1310 - 1191 1315 

H.UCURLU 24 - - 134 518 518 - 482 518 - - -

SARIYAR I - 38 - 154 412 412 202 402 412 22 - -

H1RFANLI - - - - - - 158 158 158 - - 15 

UEMl1t KlW. 5/1 .- - - - - - - - 1'1 - " -
KEMER - - - 39 45 45 - 1 43 - 1 -

, ALMUS I 21 25 25 - - - - - - - -
I 

TEK DAMS TO. 77 38 - 326 975 975 1691 2378 2466 36 1192 1330 

TEK' LAKE RIo 121 - - 117 - - 110 289 289 259 - -
, , 

NON+-TEK THV ',304 ~304 '1304 304 , 304 ;304 i 304 304 304 304 304 304 
, - -

NO~-TEK RY. H2 112 112 112 112 112 112 112 112 112 112 112 

TOT.GENERAT. 3003 2614 2576 2995 3257 3257 3964 4829 4917 3006 3780 3918 

IMPORT 350 350 350 56 350 350 - - 350 350 350 350 

TOTAL SUPPLY 3353 2964 2926 3051 3607 3607 3964 4829 5267 3356 4130 4268 

UNS • POWER DE. 418 1943 2575 1775 1167 1825 - - 171 679 1030 1437 

(; 

I ' 
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SCENARIO: DRY WATER YEAR-INVESTMENTS DELAYED 1 YEAR (LOADS DECREASED 
BY 5 %) 

PERIOD .1 II III IV , 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 

POWER DEMAND 3412 4439 4976 3461 4319 4915 3586 4369 4920 3651 4668 
I 

LIGNITE 1403 1403 ~403 1403 1403 1403" 936 936 936 1403 1403 

COAL 165 165 165 165 165 165 110 110 110 "165 165 
" " " . 

F.qIL 592 592 592 592 592 592 395 395 395 592 592 

GA$ TUR. ~53 - - 229 223 - - - 53 153 -

TEK TH.TOT. 2320 2160 2160 2389 2383 2160 1440 1440 1493 2313 2160 

KEBAN - - I - - - - 1280 1310 1310 13 1315 

H.UCURLU 24 - - 146 518 518 - 412 518 - -

SARIYAR - . 38 - 154 412 412 200 412 412 I 22 -I 

HtRFANLI - - - - - - 158 158 158 - -

DEMiR KOP. 54 - - - - - - - - 14 -I" 
I 

KEMER - - - 39 45 45 - 1 43 - 1 
! 

ALMUS - - - - -, - 21 25 25 - -

TEi. D"AMS TO. 
I 

77 138 339 975 975 1656 2318 2466 49 1320 -

TEK LAKE RI. 121 - - 87 195 - 74 195 195 121 -

NON-TEK TH. 304 )04 304 304 304 304 304 304 304 304 304 

NON-TEK HY. 112 112 112 112 112 112 112 112 112 112 112 

TOT.GENERAT. 2927 261'1 2576 3231 3969 3551 3586 4369 '1570 2899 3892 
" "" " " "" ----:-

Lt:1PORT 350 ~~O pSO 231 .350 31'5.0 - - 35Q 172 350 , 

1 

TQTAL" SUPPLX 3277: 2964 2926 3461 4319 3901 3586 4369 '19LO 3070 4242 

UNS. POWER DE. 135 1475 2050 - - ~014 - - - 581 427 

I , 

r 

3 

5161 

1403 

165 

592 

-

2160 

1315 

-

-
15 

-

-

-

1330 

-

304 

112 

3901 

350 

4256 

905' 



! 
I 

III 

SCENARIO: DRY WATER YEAR~INVESTMENTS DELAYED 1 YEAR (FORECASTED LOADS) 

i PERIOD j ! i , II III IV 

L~AD LEVEL 1 2 3 1 2 3 1 2 3 1 2 ~ 

POWER DEMAND 3591 4673, 5289 3644- 4547 5151 3775 4599 5171 3843 4914 5460 
I 

LIGNITE 1403 1403 1403 1303 1303 1303 1036 1036 1036 1403 1403 1403 
, 

C04-L 165 165 165 110 110 110 165 165 165 165 165 165 

F.OIL 592 592 592 592 592 592 395 395 395 592 592 592 
" 

GAS TUR. . 37 - - 229 229 - - - - 270 - -
I 

, 
TEK TH.TOT. 2197 2160 2160 2234 2234 2005 1596 1596 1596 2430 2160 2160 

KEBAN - - I - - - - 1310 1310 1310 - 1191 1315 . 

H.UCURLU i 24 - - 134 518 518 - 487 501 - - -
~. 

SARIYAR - 38 - 154 412 412 200 412. 412 22 - -
~ , 

H1RFANLI - - - - - - 158 158 158 - 15 

DEMiR KOP. 54 - - - - - - - - 14 - -, 

KEMEl{ - - - 39 '15 I~ 5 - 1 I LIJ - 1 -

ALMUS - - - - - - 21 ~ 25 25 - - -

TEK DAMS TO. 77 38 - 326 975 975 1689. 2393 2t.48 36 1192 1330 

TEK LAKE RI. 121 - - 117 - - 74 195 195 121 - -

.' NON-TEK TH.' 304 304 304 304 304 304 30t. 30t. 304 304 304 304 

NON-'1'EI\ IIY, I I ~~ 11 ? I I ;! II ;! I D. II ~~ I I ~I II ;! 112- 11:1, 117. .112 

TOT.GENERAT. 2811 2614 2576 3093 3625 3396 3775 4599 4655 3003 3768 3906 
.. i .,~ 

IMPQRT ; 350 350 350 350 350 350 - - 350 49 350 350 
~'.-. .. . .. . .. , ." .. . , ~. • . • I' . ,.- .. " 

,!,O'rAl. iSUPPLY 3161 296/~ 2926 3"'13 3975 37tl 6 3775 LI599 50CJ5 3052 4118 11256 
.. , .. j 

UNS • POWE~ DE. 430 1709 2363 201 572 1405 - - 166 791 796 1204 
, I 

. . .. .. 

- . ~ • ..t . '" I 
. , 

, :. J : I . 

.. ! 
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, , 
SCENARIO: DRY WATER, YEARrINVESTMENTS DELAYED 1 YEAR (LOADS INCREASED BY 5%) 

, 
i ., . 

,PERIOD , I : II III IV ' . 

LOAD LEVEL 1 2 3 1 2 3 1 2 3 1 2 3 

POWER DEMAND 3771 4907 5501 3826 4774 5432 ~964 4829 5438 4035 5160 5705 

LIGNITE 1403 1403 1403 1114 1114 1114 1225 1225 1225 1403 1403 1403 

COAL 165 165 165 110 110 110 165 165 165 165 165 165 

F.OlL 592 592 592 592 592 592 395 395 395 i 592 592 592 

CAS TUR. 229 - - 229 - - "" = ... 115 g "" 
, 

TEK TH.TOT. 2389 2160 2160 2045 1816 1816 1785 1785 1785 2275 2160 2160 
I 

KEBAN - - - - - - 1310 1310 1310 - 1191 1315 

. H.UCURLU , 24 - - 134 518 518 - 518 390 - - -, 
; I 

22 SARlYAR - 38 - 154 412 412 -200 412 412 - -

HtRFANLl - - - - - - 158 158 158 - - 15 

mllilR Kt}P. ~'I .. - - - - - - - 14 - -
, 

KEMER - - - ·39 45 "45 - 1 43 - 1 -
: \ 

AlMUS : "'" , - . , . - - - - 21 25 25 - - -
I 

TEK PAMS:TO. 77 ~38 1- 326 975 975 1689 2424 2338 36 1192 1330 

TEK LAKE Rl,. 121 oJ· - 117 - - 74 '195 195 121 - -.. 
NON-TEK TH. 304 304 304 304 304 304 304 304 304 304 304 304 

I 
NON-'l'EK HY. 112 112 112 112 112 112 112 112 112 112 112 112 

TOT~GENERAT. 3003 2614 2576 2904 3207 3207 3964 4819 4733 2848 3768 3906 

IMPORT 350 350 350 350 350 350 - 10 350 47 350 350 , 
'" 

TOTAL SUPPLY 3353 2964 2926 3254 3557 3557 3964 4829 5083 2896 4118 4256 

UNS. POWER nE. I, /.0 19/, J 2S75 572 1217 JB75 - - 355 L 1-" 0 1.0/,2 1.",,9 

j, 
I' 

I . 

f 
- . 

. . 

~ J: _ i ; i. :,1. ; : 
\ 
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APPENDIX II. DISTRIBUTION OF OUTAGE 

CAPACITIES 

. I 



'1-· 

i 
SE~tTOMER (3x150 = 

I 
I 

Capacity Outage(MW) 

0 

150: 

300 

450 

450 MW) q = 
p = 

0.13554 
0.86446 

Probability 

0.64600 

0.30386 

0.04760 

0.00254 

YATAGAN (2x2l0 420 MW) q = 0.10000 
P 0.90000 

I 
Capacity Outage(MW) Probability 

o 0.81000 

210 0.18000 

420 0.01000 

SOMA-B (,2x165 = 330 MW) q 0.10000 
p = 0.90000 

Capacity Outage(MW) Probability 

o O.H1000 

165 0.18000 

I 330 0.01000 

I 

114 

Cumulative Probability 

1.0000p 

0.35400 

0.05014 

0.00254 

Cumulative Probability 

1.00000 

0.19000 

0.01000 

Cumulative Probability 

1.00000 

0.19000 

0.01000 



TUNCBiLEK-B (2x150 
, 
300 MW) q = 0.0805 

p 0.9195 

115 

Capacity Outage(MW) Probability Cumulative Probability 
j 

o 0.84548 1.00000 

150 0.14804 0.15452 

300 0.00648 0.00648 

TUNCBiLEK-A (2x32,lx 65 129 HW) q = 0.08935 
P 0.91065 

, ~-

"~:"~~.l!.!!..!:.i..'!:'y __ C]..\I I~ :I/!: P_ (~1\~) I' I'llhilh iii I y c: 1111111 I II I j v u I' I" n II II II I I I I Y 

! 0 

32 

.. 164 

65 
I.! 

I 

97 

.. 129 

l. " 

S OMJ\- A( 2:x 2 2 
i 

e; 1,1, MW) q == 

p 

0.75519 

0.14819 

0.00727 

0.07410 

0;01454 

0.00071 

0.97159 
0.02841 

Cupdcity O~tBge(MWj 
i 

Prbbability 

, 
.1 o 0.94399 

22 0.05521 

44 t ; 0.00081 

1.00000 

0.24481 

0.09662 

0.08935 

0.01525 

0.00071 

Cumulative Probability 

1.00000 

0.05601 
i 

0.00081 



! 

: i 
;:1 

! 
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iZMiR (3x5+1x2.~+lx20 = 37,5 MW) q-= 0.11423 
P.= 0.88577 

Capacity Outage(MW) 
I 

a 

17 • 5 

20 

37.5 

! ' 

I ' 

Probability 

0.78459 

0.10118 

0.10118' 
I 

0.01305 

Cumulative Probability 

/1.00'000 
I . 

0.21541 

0.01305 

ANBARLI (3x1io+2xI50 = 630 MW) q = 0.06903 
p = 0.93097 

Capacity Outage(MW) 

0 

110 

15 a 
220 

260 

300 

330 

370 
i· ' ' 

410 
, 

480 

520 

630 

HOPA (2x25 = 50 MW) 

Capacity,Outage(MW) 

o 

'" I 

t5 

50 

. , 
Co ", 

q 
p 

= 
= 

Probability 

0.69932 

0.15556 

0.10371 

0.01153 

0.02307 

0.00384 

O.OOO~<) 

0.00171 

0.00086 

0.00004 

0.00006 

0.00000 

0.03941 
0.96059 

Probability 

0.9227:1 

0.07572 

0.00155 

Cumulative Probability 

1. 00000 

0.30068 

0.14512 

0.04141 

0.02988 

0.00681 

0.00297 

0.00268 

0.00097 

0,.00011 

0.00007 

0.00000 

Cumulative Probability 

I .00000 

0.07727 

0.00155 (; 
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KEBAN (4xI57,5+4xI85 = 1370 ~W) q = 0.01441 
P = 0.98559 

Caeacity Outage(MW) Probability 

0 0.89037 

157.5 0.05207 

185 0.05207 

315 0.00114 

,342.5 0.003043 

370 , 0.00114 

472.5 0.00001 

,r 500 0.00007 

527.5 0.00007 
'[ 555 0.00001 i 

630 0.00000 

657.5 0.00000 
I 

Il.UCURLU (llx125 .. 500MW) q g 0.00127. 
p = 0.99873 

Capacity Outage(MW) Probability 
I 

i a 0.99493 
I 
! 
I 
i 
I 125 0.00506 

250 0.00001 

375 0.00000 

500 0.00000 

.C 

Cumulative Probability 

1.00000 

0.10963 

0.05756 

0.00549 

0.00435 

0.00131 

0.00017 

0.00016 

0.00009 

0.00002 

0.00001 

0.00000 

Cumulative Probability 

1.00000 

0.00507 

0.00001, 

0.00000 

0.00000 

() 



SARIYAR 
I 
I 
: 

(4~40 = 16q MW) q = 0.02833 
p = 0.97167 

! 
i 

Ca~acit~ Outage(MW) 

! 

, 
I 
I 

i 

o 

40 

80 

120 
1 I 

160 

Probability 

0.89141 

O. 10396, 

10.00455 

0.00008 

0.00000 

118 

Cumulative Probability 

1. 0000 

0.10859 

0.00008 

0.00000 

~BK~EKAYA (3x92.8 = 27~,4 MW) q = 0.08800 
I p = 0.91200 

Capacity Outage(MW) Probability 

0 0.75855 

92.8 0.21958 
I 

l85.6 0.02119 

278.4' 0~00068 

HtRFANLI (3x32 ~ 96 MW) q ~ 0.00896 
p = 0.99104 

Capacity Outage(MW) 

':1 
I 
I. 

! 

o 

32 

64 

I}' !.! 

Probability 

0.97336 

0.02640 

0.00024 

0.00000 

! ' , ~ 

Cumulative Probability 

1..00000 

0.24145 

0.021B7 

0.00068 

Cumulative Probability 

1.00000 

0.02664 

0.00024 

0.00000 
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