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e laBstTrRACT

In this study, the optimal operation and maintenance
|

schedules of integrated hydro-thermal power generating systems
are searched under different demand levels and operating
capaci;ies. The modelling ébproach aims to handle ‘the probleﬁ
in two parts..in thebfifst paft; a linear programming model
is Qonsttuqted that investigate§ the optimal seasonai
operation and maintenance ﬁélicies subject to power demand

satisfaction, capacity, water usage, energy generation,
i

: ' i ‘
importation and maintenance requirement constralints, The

objectiive function to be minimized constitutes of operating

costs of generating units, and the costs of imported and
. !

unsatiéfied energy deménds.

i

v o
i In the seCondlpart, using the results obtained for

different scenarios related to yearly peak power demand and
the conmissioning-dates of planned investments in part one, a
i ‘

furﬁher attempt is made to distribute the planned Capacity
outages (capac1t1es in maintenance) for each generatlng group

and‘season lnto monthB in termy of single gu nurutlng units
|

The!objective heré‘is considered as the levelization of

| ! H !

R . ! . ! : :

monthly risks{



'Thé risk level of some period is measured in terms of
"expected number of shortage days" ﬁﬁroughout that period
which is_calculated'by cbmpéring the distfibutions of avai--
lable ggnefating capacity and'daily peak demands. The loss-of-
1oéd'pfqbgbility (LO£P) method is employed in tﬁis part of

the stdudy which is a widely used index of reliability.
l

.Tﬁe first part ¢f the model, as applied to Turkish

! T :
Intgfcopnected‘?ower System, contains 429 variables and 326
cgﬁ$trulpta. The generatlong vnits™dn the system are handled
,sucﬁ_that‘the'model contains 5 thermal groups (1ignite, fuel
oii*‘cqal, gas tufbine'typé power plants and non-TEK thermal
uni%s) and 1? hydrb(groups (10 dams with resefvoirl lake and
river power plants:and non-TEK hydro units). 1984 is con-"
sidére& as the targét year for the model. |

i - . o |

: ,Thg gtudx»dbgs not laim to‘pgfform statistical analysis
on éhe 0peraping ruies of dams or on the distribution of water
infiows.vfhe;efor?, from the'daﬁa available, relevant to water

| . .
infiows and reservoirlqperating schedules, all dams ;re

assumed to have average water inflows throughout the periods
|

of the YGar 1984,

1

'{  The 1§ad'deﬁand pattern of the intercoﬁﬁected syétem
for;fhérjear 1984 is ?btained from the results of the hourly
1qadAf§rec§sting paqkage program developed by TEK in the
pqeéen; year. For each period, the load-duration curves are

approximatéd by 3 average load levels: Base load, intermediate

~
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{ | | ; ~
] :

! ‘ i
- load and peak load.
i .
i l o i :
{ . | ! ... . '
: Using the results of the cost minimization model for
| X (- -
j S
each scenario, a framework of optimal maintenance periods are
obtained for each group. In addition, the effects of different

lnﬁd demand figurué und’the delays incurred in commissioning
VdatES of new poweryplants on tﬁe maintenance policies can be
observed; The résuits1of this observation are combined with a
risk 1éVe1%zation procedure in the second»part,‘in order to
obtain a proper distfibution of the proposed maintenance

e .
capacities among the months of each period.

o~
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KISA OZET

ﬂ Bu §a11§mada, biitinlegik hidro—-termal gi¢ sistemle-

rinin farkll talep dﬁzéyleri ve igletme kapasitelerine ilig-
i : '

kin en iyi igletme ve bakim gizelgeleri aragtirilmigtir.

: o .

g | . | |
Modellemede benimsenen yaklagim, problemin iki bdliim-
de ele alinmasini UngBrmektedir.'Biriﬁci b8lUmde; gl¢ iste-
: oy ‘ l L

minin kargilanmasi, kapasite, su kullanimi, enerji liretimi,

dig alim ve bakim gereksinmeleri kisitlari altinda en iyi
mevsimsel igletme ve bakim politikalarinz araétlran bir dog-

rusél programlama modeli kurulmusgtur. En kiigliklenecek amag
: i 1 .

4 - . ‘ o-;. ) c'. . . ' . . »
iglevi, enerji {ireten birimlerin igletme maliyetleri ile

digaridan alinan ve karsilanamayan enerji maliyetlerinden '

oluémaktadlr. | L |

| :Ikinci bBlUmde ise, ilk b8lUmdeki jllllk maks imum giig
taléﬁi;ve planlanm1$'yat;r1m1ar1n devreye girig tarihlerine
i1%§kin farkli semaryolarain sonugléra kullanilmigtir. Burada,
mevsimler ve liretim %ruﬁlarl icin elde edilen blanlanmlg ba-
kim kapasitelerinin dylnra ve firetim birimlerine dafitimina

. f ‘ .
ybnelik olarak, aylik risk diizeylerinin dengelenmesini amag-

layan bir ydntem kullanilmigtair, .
- !

Bir ddnemin risk dlizeyi, o d8neme iligkin elverigli
Uretim kapasitesi ve glnllik tepe ylk dagilimlarinin kargi-
. . (V)
lagtirilmagiyla hesaplanan "Yokluk ginlerinin beklenen sayisi"

s ler : i : oo e
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i
olgusuyle belirlenmektedir. Galigmanin bu b&liimiinde, olduk-

ga yaygln bir guvenlllrllk gbstergesi olan "Yik kaybi olasi-

11§14 (LOLP—Loss qf_Loud Probability) kullanllmlgtlr.
. ‘ \ ‘
|

: . '
Modelin: ilk bﬁlumﬁ 'Tﬁrkiye Enterkonekte sistemine

1

uygulandlgl §ek11y1e 429 deglgken ve 326 kisittan olugmakta-

dlq Slstemdekl uretlm blrlmlerl, modelde 5 termik grup (lln—
yié, fuel oil, ‘taqkombru, gazrtdrblnll gsantrallar ve TEK diga

termlk blrlmler) ve 12 hidrolik grup (10 haznell baraJ, godl
ve!kanal.santrallarl ve TEK digi hidrolik birimler) olarak

ele alinmig, model uygulamasi 1984 yili i¢in yapilmigtir.

L~

Galigmanin amaci, baraj igletim kurallari veya su ge-

liri dagilimlarina iligkin istatistiksel bir analiz yapmak

deéildir. Bu yiizden, su gelirleri ve hazne igletim ¢gizelge-

-

lerine iligkin elde edilen veriler kullanilarak, 'tiim baraj-

larin 1984 yili boyunca ortalama su gelirleriyle galigacag:

varsayilmigtir.

Enterkonekto sistomin 1984 y1l1 dinemlerine iligkin
o i : ‘
gilg istemi deferleri, TEK tarafindan geligtirilen saatlik

yik t&hﬁini programinin sonuglarindan yararlanilarak elde
edil@igpif. Her dﬁné; igin olu@turulén ylik-siire égrileri,
3 fafkil-yﬁk dﬁze¥i (gaban yik, ara yﬁk ve tepe“yﬁk) yardi=
mliia ﬁakla§t1f11m1§t1r.

"L . : ot

(9]
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Maliyet en kiigiiklemesi modelinden farkli senaryolar
ig¢in elae edilen“sonugla: kullanilarak, her bir {iretim grubu-
na iligskin en iyi bakim dGnemlefinin genel gergevesi olugtu~r
rulmusﬁur. Ayrica, degigik yiik istemlerinin ve ﬁlanlanmls
yedi iretim birimierinin devreye giriy tarihlerinde oluga-
vbilecek‘ge;ikmeierin bakim ﬁolitikalarl tizerindeki etkiler}
de gazlenmi§tir. Bu gdzlemin sonuglérl,fgallsmanln ikineci
balﬁmﬁn&e bir'risk.dﬂzle§tifme y8ntemiy1e birlegtirilerek
ddnemler igin 8nerilen bakim kapasitelerinin en uygun aylik
dagilimi elde edilmigtir,

-

(o]
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L. INTRODUCTION -
o o o | o :

, 1= POWER SYSTEM' OPERATION AND MAINTENANCE

i
i i

E An . celectric power gupply system consists of generation,

'

. . B A
transmission and distribution systems, whereby electricity is

generated by a number of generating units in power stations,
thenltraﬁsmitted ét Wigh voltage to major consumption areas,
ahd ;hen qistribgted-to individual customers atprmymsshnﬂy
decreasing voltages. The‘entiru sysltem is often highly
interconnécted for economic and technical reasons,. The‘immnxant
aspects of the industry are very large economies of scale in

all phases of the operation and the fact that the finished
‘. ' '
product cannot-be stored in economic quantities. Therefore,

the nature of the industry is monopolistic. Another important
aspect of the industry is that it is the most capital

intensive of all industries in an economy, and requires an

'
¢

ever increasing capital outlay in the face of a constantly

growing demand. All these factors complicate the planning and
: | . i . .
operation problems oﬁ utility managements who have to plan

for and operate a total capacity larger than thé maximum ins-

tantenous power demand at any time(13).

!

o )
Electrical energy for power systems is normally

generated by an electromechanical conversion process.
: , 7

|
!
|
|
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¢ P

J

The mechanical energy used to drive electric generators is

develéped in two d{fferent“ways:
1.:! ‘ ] N

1. Conversion of heat energy into mechanical energy by

means of steam-turbines, gas turbines, diesel or gas engines,

L .
} 2. Applying the force of falling water to drive
| K P P

hydraulie turblpes. b @
! ,
 Although work 18 under way'onfdifect couverslon methods
of generating eléctricity, which include magnetohydrodynamics,
! ; P :

thermoelectric and thermionic conversion, and chemical fuel-
R ! . .
i o ' L .
cell; generation, present applications on power systems are
| ) | i
; , |
almost universally of steam-turbine-driven or waterwheel
'drivpn generators with some applications of gas turbines.
i [ . . . !
|

Successful operation of power systems requires attention
to qaféty for personnel and equipment and the provision of
service to utility cusfomers without interruption and at the

lowest feasible cost. As far as the daily operation is

¢
t

concerned, the main problem is the economic selection and
loading of generating‘units to satisfy a‘varying demand with
reasonable supply'reliability, Having forecast the system'load’
for the coming hours, the‘operation planner must select the
combination of units that will supply the expecged demand fr&m
the system over this period in accordance with a suitable
,dbjective function. This is called the unit commitment prob-

lem. The total load must then be allocated to the committed
(S

units and this in tufp,is known as the load dispatch problem.



I

]

! : . . .
The overall'objective is often taken as cost minimization.
) | i 4 . .
The generation scheduling problem is composed of these two
problenms.

|
h The scheduling problem during daily operation of a
‘ ( ‘

"power system must be handled in the framework of a longer term
; \ : ’

planning of gencration. This relation arives from the limited

availability of somelprimary energy resources and generating
cquipmenty Existence of limits on the availability of water

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

equipmentbfor preventive maintenance require that the total
syStem reéources must be programmed for periods of up to 12
months 8o as to best meet the demand from the system over

thaﬁ period of‘time. This use of generation scheduling has

also an important bearing on system capaci;y expansion planning.

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

the broader long term scheduling problem. This study aims to
i l : |

observe the operation and maintenance policies throughout the

periods of the year under different conditions and to deter-

‘mine the framework for daily syetém operation plans.
' ‘ ) !

As generating facilities  .increase in size, number
and complexity, the impact of maintenance schedules on power

system cost and reliability also increases. An electric
utility with a fossgil fuel capacity of 2000 Meguwutﬁa; for-
exémple; would spend»in’the neighborhood of $ 7,000,000

annually for plant maintenance(10). The reliability of operation



1
]
| ‘
=. | | ‘ 4 |
| | | |
1

P . \

N 3
i
4

b L . . L
generation costs and capital expenditures are affected by the

methods used to schedule maintenance, Techniques of maintenance

i . 1 ‘ : :
scheduling can jincrease system reliability 'and reduce costs

P A i .
simply by spreading maintenances more evenly throughout the
i b ! ' ) L

b
[
i _ . . .
| Tn peneral, malntenanve down Etlwen vary Freem kwo tu
o $ix weeks. During the down time of a unit, 1its capacity is
| ' ; . : ; ‘ .

fwﬁ not .available, and: the total installed capacity of the system
Sl ', c
' ig decveased. A reduction lu installed capacity unually
; . ' " .
results in a deterioration of reliability; in instances where

- ) ‘ . \

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 installation of new units,
unavailability of manpower and materials, work stoppages or

delays, or .changes in the load forecast. Although‘a schedule -

may have been carefglly formulated at the beginning of the
year,‘éudden'révisions may degrade the schedule later.

. 1 .
Especially for large systems, it is not uncommon for a

maintenance schedule to be revised frequently during the
. . 1 . '
T 4 ! i
year,
. . !
|

- ‘EI‘VWhen developing the model, an undérlying assumption is

T
P

that the cyclical monthly maintenance requiréd for each unit

which increases that unit's availability and efficiency is
o ! | .. [t} .
established in advance. Although the generating reserves may

P



be increased in the short run by postponing or avoiding
maintenance, subsequent increases in forced outages and

decreases in efficiency will eventually result., Increases in
: _ |
forced outages may lead to a more scecrious rescrve shortage
: - '
and a 'spiral of decreasing performance may be generated.
B I ! 0

: - . > ‘q .
. 'In addition to the cost and reliability of supply

during system operation, two important factors that must be

i . . - . . . o
considered in scheduling of generating unit maintenances are:

N

i
maintenance is a limited resource for most utilities, it 1is

1
1

- esgsential to recognize that it is impossible to work on
! . !
|

certain combinations of units at the same time.
‘ , ol

l N Lt i . - .
| © b) Control of the time between outages: Certain

. ' ! o : .
maintenance should be performed such that the average time
i : L ; ) ' !

between outages is one year, By recognizing when the last
. - i + :

i .
|

| , » , L
scheduled, or actual outapge took place and the ponuslible time

ol : ' )
range of the present outage, the planner takes advantage of
| . ;
theiflexibility in scheduling and insures that maintenance
will take place at fairly regular intervals.

|

1
2- NATURE OF THE §TUDY

il

S I - oo , o
As mentioned before, a prime requirement for any
electric utility system is the ability to fulfill

customer demands for power with some prescribed measure of
o o » ' -
reliability. So, a "Standard of supply", which is the extent

|

L a) Crew and manpower availability: Since manpower for



1
to:which a consumer can rely on his ‘electricity supply being
uvqilﬁble at a useful voltage and frequency, must be main-

tained. On the otherihand, successful operation of a power

Systep!requires the achievement of the lowest feasible cost,

.
e ! , :
”i Formulationy concerning power system operation are gene-

1

-rally ‘statedjin the format of mathematical programming models.

N '

Cost minimization 1s the main objective in these studies(2, 5
l

8 11 12,22 24 27,30). In addltlon,,modelling~approaches

conqernlng the rellabllity of supply which reflect Ehe

uncértainitiés in load demands and generating unit availabilities
are1bL1ng devclopcd(l 3,4,9,10,32), The stochastic: nature of

{
hydraullc systems 1n terms of water 1nflows and reservoir

1
i

. . . . 1
operatlnb rul es is modelle d mainly in studies concernlng the

P

,plannlng of reserv01rs(7 23, 29) : |

[

In this study, the optimal operation and maintenance

{
|
|
‘ .
héduleb of integrated hydro thermal power generating systems
' : )

are searched under different demand levels and operating
; |

capécities. A linear programming model is constructed that
investigates‘the optimal seasoﬁal oﬁeration and maintenance
pélicies‘subjecc to power demand satisfuction, capécity, vater
usage, energy genération, importétion and maintenance

. ]
reduirement constraints., The objective func;ion to be mini-
mizedvéonscituteSAftheppenwingcostg of'generatihg units, and
the costs of imported and unsatisfied enérgy dgmands.

. -
Using the results obtained for different scenarios



|
|
P

rellated ‘to yéarly peak: power demand and the commissioning dates

of planned investments in the optimization model, a further ‘

I :

attFmpt is made  t

|
| i

!

. P .
o distribute the planned. capacity outages

(i.e. capacities in maintenance) for each generating group

Lo - | . s . ' . .
andiseason'lpto months in terms of -single generating units.
| ‘ ‘ .

While doing this,

th'e "inhibited" periods of maintenance

i

implied by the optimization mndui,whiuh reflaoct the cconomive

of,bperation’are utilized when determining the feasible periods

for. generating unit maintenances. The objective here is

[

cpnsidered as the levelization of monthly risks.,

[

‘»*The:risk'level-of some period is measured in terms of the

"expected number of shortage days! throughout that period

v v !
which is calculated by comparing the distributions of available

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

probability (LOLP) method is employed in this part of the

study which is a widely used index of reliability.

! The ,study does not:
on ﬁhe operating rules of
inflows. So, by using the

flows and reservoir level

yeéf?i984.

¢ ) ‘ {
As a further step,
: f

éim to perform statistical analysis
aams or on the distribution of water
nvni]abie data relevant to water in-
patterns, all dams are stumed to

5_havé average water inflows throughout the periods of the /

the effects of a dry period which

could’occur once in 20 years for all geographical regions are
o ; ‘ ‘

observed as uan extreme casc For each scenario in order to
a v ‘ : .

find out the variations in optimal operating and maintenance

policies.
%
|
|
|



Before in;roducihg the model; it will be useful to

- give a summary of historical developments and some characteristics

of Turkigh eléctric prcr system, from the viewpoint of
anaiyzing the existing situation, |

o | !
3- DEVELOPMENTS AND CHARACTERISTICS OF TURKISH POWER.

" SYSTEM

The first power plant in our country has béen iﬁstalled
in Tarsus inv1902 and electrification studies emerged with the
cémmissioning of Silahtaraga power plant in 1913, Eléctricity
gcnérution servicey have been executed by forcign concessioned

corporations and then by municipalities during the first two
. [ | :

~dacades, The insufficient capucitvics of,existing power plants

foréed the newly émérging large-scale state industrial
entérpriseé such as K;rabﬁk Ifon and $teel, Izmit Paperworks,
and %ﬁmersank Texti1e £o instail their own power‘plahts. As a
conéequence; in th; electrical energy sector, the "auto-

0 : S S . . .

"producer'" institutions have emerged and some of these have

“helped to supply electrical energy for towns and cities in
C : i : .

. ! - - .- - -
the periphery to a certain extent. In this period,.which can
| ‘ : :
be called the period of "isolated power plants'", the desired

rate of:deveioﬁﬁent‘in the electrification of Turkey . has not
B ‘ ; K

beeﬁ achieved due to the isolated, inefficient and small
| y e ‘ '
capacity units whichwere unable to answer the needs of
i l ‘ ‘

i
¢

increasing demand for electrical energy. . ‘
ooy ‘ v ~

|-




Etibank and E.L.E.I., being authorized in the fields
of:énergy resources plaﬁning and electricity generation
stu&ies, have been fownded in 1935. These institutions
reulized tﬁc sceccond thermal power pldnt, Cutalagzr, in 1948
and;the first transmission line between this’power plant and
Istgnguf has‘been’coqstructed in 1952. After 1950, there has
beeﬂ a return to the mgﬁiation of concessioned companies in

{
electricity generation and "Kepez and Antalya Region Electric

Power Plants Company" and "Cukurove Electricity Company" (of

which Etibank has the biggest share) have been established.

i

.ii : : L , .
i: Rapid developments in industry, agriculture and

| ‘ . . . i
technology, and. the ever increasing electrical energy demand,

1

created the need to supply this demand- by using primary
th e .

natural resources and the necessity to unify the energy

|
1

generations suppliéed by different institutions. For this
L . | ‘ !

P

reason,'T.E.K. (Turkish Electricity Authority) was established

in Qctobef 25, 1970 through the L a w no.l312, Turkish
i co | o !

Electricity Authority, by having proprieted the already
f o ‘

- existing generatibn units which for that time being

controlled by the municipalities and autoproducers and

incorporaﬂéd them'to.the interconnected system;have been
. i :

organized the generétidn, transmission and distribution of
electrical energy in adccordance with the development plan

principles.

Development of installed power capacity of tte Turkish
clectricity sector through the years of institutional structure

changes is shown in tho following tablo,



l .
[

|
t

TABLE 1- Davelopment, of ]nstullud Power Capacity

[

|
| 1913
fi 1935
1950
1957
1962
1970
1975
1980
1981
1982

1983%

10 .

i

Installed Capacity
(MW)

* By October 1lst., 1983,

17.3
126.2
407.8
93?.4

1370.8
2234.9
4186.6
5118.7
5554.4
1 6640.4

6975.4

!In parallelwiththe developments in total installed

capacity, electricity supply and demand figures showed the

1

pattegn‘in Table 2 &uidgtheperﬁm1970—l982. As seen from the

table, the imported and restricted energy figures recorded an:

incféasing trend during the last decade. In addition, the

restrictions and cuts in energy demand 'in 1983 is expected to

be above 2000: GWh mainly due to restricted water inflows

!

. I L v :
incurred in.the present water year. ‘

;
|

o

P P



| i ’ ! .
TABLE 2- Electrical

11

(G Wh)

|
i
|

In 1982, tha total generation of 26551.50Wﬁ. energy‘hasi

28324.9

been realized by the following institutions:

|

L i | : .
TABﬁE‘B— Distribution of 1982 energy generation among

institutions (Cyh)

]

!

e ; .
= ITnstitution

t S TLELK,

i

TOTAL

I

. . Concessioned Comp.
Autoproducers

Municipalities

'

Genoration
‘23243.1
1589.7
1659.
59.7

© 26551.5

4

87.5

o j=2}
. .

o

100.

o

Ngw

énergy,Supply—déﬁand relationship
3 | . 5
: ‘Total Actual
Year ‘Generation Import Supply Restriction Demand
1970 8623.0 - 8623.0 - 8623.0
1971 9781.1 - 9781.1 22, 9803.1 -
1972 11241.9 - 11241.9 5. 11246.9
1973 124252 - 12425.2 190. 12615.2.
1974 13477.0 - 13477, 250, 13727.
1975 15622.8 | 96.2 15719. 175. 15894,
1976 18282.8 332.2 18615, 140, 18755,
1977 20564.6 | 492.2  21056.8 777.1  21833.9
1978 . 21726.1 621, 22347.1' 1326. . 23673.1
1979 22521.9 ,  1042.9  23564.8 1625. 3 25190. 1
1980 | 23575.4 1341.1  24616.5 1753.4  26369.9
198iA 24672.8 1616.2  26289. 1655, 6 27944 .6
1982 26551.5 | 1773.4 1082.8 29407.7

P
{




‘84.3 percent of total capacity.

1

|
i

12

t
, 1‘ o
'/ T,E.K, has 'the biggest share 'in total installed
b | * :

capacity,ias well as in generation. In Table 4, the distribution

{ . ) . . .
of fotal lnstulleg cupacity dccording to regources and
| 3 ‘ . !
! ‘
'institutions is illustrated (October 1, 1983).
b . ' ) , .

i
b

| =
TABPE 4- Distribution of total capacity (MW).

i i
P

: , : Total
'1nstitution i . Thermal Hydro‘ Capacity A
TIE.K., 2929.7  2948.5 5878.2 84.3
Concessioned Comp, ! 106.0° 219.8 - 325.8 4.7
rAutoprOAucérs - - 614.1 : :12.2 626.3 9.0
Municipali?ies ..'; : 118.3 26.8 145.1 2.0
TOTAL | 3768.1 3207.3 6975.4 100

% 54, 46. 100
- {
Turkish power system includes isolated (i.é. not
interconnegted) generating units of 89.2 MW total capacity
whiéh have generated 530.2 GWh energy in 1982 (These figures

are .included in respective columns of capacity and

1
generation).

‘ .

In the operation and maintenance planning model, all

interconnected units are considered in terms of '‘generation,
| ‘ ) .

In maintenance planning, only the generating groups being

opééated‘by T.E.K. are considered which in turn correspond to

1

§
i - |
L ‘ N
| . : ) : e

: . : i
i :




‘group.

I1. A MAINTENANCE PLANNING MODEL

1- MODELLING MAINTENANCE PLANNING - i
' ‘ v N l

i--The electrical power system operation poses considerable

dlff}cultles through modelling since there are a variety of
i

power plants w1th dlfferent generation costs, capacities,

avax;abllltles, etc. On the other hand, the system power deménd
! .

i

I

is éﬁbject to,changes at different secasons, months, days and

i
I

even hours 'of the day.

'

) s — - N
l The aim of this study is to derive a framework for the

short,térm,operation and maintenance of integrated hydro-
‘ !

thermal power systems. It is possible to formulate the problem,

by employing various kinds of quantitative techniques such as
linear, non-linear' and dynamic programming. Due to the
flexibilities in modelling and solution stages, a linear
progrumming%médol,is developad whigh auuké to determine the
optimal operation and maintenance policies while satisfying
system éonstraints; In order to keep the model ;n feasonable
sizes, thelmodel is constructed so as to examine seasonal,
policies under different demand ievels and operating capacitigs.
Whilé doing‘this, the maintenance schedules are handled as the

average capacity outages during the seasons for eachrgenerating

t

!



1

i
i

5 : A further attempt is made to distribute the planned

!

maintenance capacities for each generating group and season

1

inﬁo months in terms of single generating units. The objective

i .

here is considered as the levelization of monthly risks.
oy i ‘ i

|

!
|
i . 1 . »

! Therefore, it can be said that the main philosophy
v | P ' ‘ _ .
of ithe study is to combine the two objectives in power system
i . 1 / y )
operation, namely the costs through operation and the reli-

ability of suﬁply. This part will serve for the derivation of

a general framework for the optimal maintemnance schedules.

., |
2. THE STRUCTURE OF THE MODEL’

{
i

i - -
The model searches for the optimal seasonal operation

and maintenance'policies subject to ﬁbwef demand satisfaction,
'caﬁacity, water usage, énergy generation, importation and
maintenance requircment construints. The objective function
to be minimized constituﬁes of operating costs of enérating

units and the costs of imported and unsatisfied energy demands.
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a. The constraints of the model:
i ' '
]

i) Load Demand Satisfaction: For each load level and
] 4 .

period, the supplied power (generation plus imported power)

plus@the unsatisfied power demand must be equal to the

1

powéﬁ demand.

n I
P. + I + = H = .« e
iil ikt ket Ukt “PDkt p k=1, » T i ,
, ‘ tnl,coo,.r i - v

- | | ' .

!
wherer

! f o S '
Pire : Average power generated by the power plant group i at
: ! . : ' : : !

| ! ) !

. load level k in period t.

i :’ ' B ’ ! [
[kt“} Imported power 'at load level k in period t.

i ‘ - .
Ult & Unsatisfied power demand at load level k in period t.
"k ; .
PDktvg Avérage power, demand at load level k in period t.

C ! : T . . ; .
ii) Relation of power generation and capacity: For each

load ieQel ahd‘pefiod, power generated by a power plant group

. : i | . .
.cannot exceed the available generation capacity.
|

[17aN

P a . (Pi_M' ) 3 i=l,...,n

ikt it it
: k=1,...,m
t=1,...,T :

()]
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where, .

aitf:,Availability coefficient of power plant group i in

v | .
. period t represen;ing the forced outage rates (break-

down probabilities) and some losses in generation.
. i .

P. :«Lnétalled capacigy of power plant group 1i.

' | ! .
M. !t Average capacity of power plant group i taken into

. maintenance in period t,

! ! :
| P - . . .
i iii) Water use in dams with reservoir: For each dam,

the

beginning reservoir volume plus the water inflow throughout

a pqriod must be equal to the end—offperiod reservéir volume
\plu;)fhe watér releésed for power;generation at different
| R ' . : : : i R
1oa$ levels and the water overflow from the filled reservoir
i : | '
during that Reriqd.

1
1
s
.L :m B ' ) .
o - ! - R, -5, _ =0 3; t=1,,...,T
Siti+ xit k§1 let SR d,t+l 2 ? i '
N CoRT e 3 i€ Dams with
é ‘ T reservoir.
i
\
where, ) ‘
1 1
H . : . :
§, l':; Reservoir volume of dam i at the beginning of period t.
it o ) _
S |
X.t : Average water inflow of dam i in period t.
e ! -‘ '
G.l : Amount of water released for generation purposes from
ikt ‘ .
| ‘ , . -
cregervoir of dam i at load level k in period t.
: ‘ ~
i ~
R " : The water overflow from filled reservoir i in period t.

it
: i



iv) Power generation in dams: For each load level and
. i

period, the average power generated by a dam is equal to the
| . > ]

amount%of water released for gen
: |
energyi;hat can be generated by one unit volume of water,
. i l ! X . :
divided by the duration of the load level.

eration times the amount of

I kihif'cikt )
Pirp =~y 3 t=l,...,T
B kt
' k—"‘:]v’act,“\

i€Dams with reservoir.
t

where,

ki,’: A coefficient used to convert the water potential into -
energy.

hitk: Wafer level of 'the reservoir i during period t (m.)

b ' .
(ki;hit represents the amount of encergy that can be generated
s : | ‘

by 1 unit volume of water) '
! |
»-dkti: Duration (hours) of load level k in period t.
RO B ;

1
{

v) Maintenance Requirements: For each power plant

: o oy . . . . . .
group, the total installed capacity mdst be maintained
| |

throughout the year.

o :
[ 't Pi‘

i 2 M- = e

| . 1t K

{

we
e

=l,...,0
i
, | o P '
whete,
N ' b o !
K fu the nuwher pf wonihe Gluratlon of malntenance) In

|- | b ) ‘
period. For monthly malintenances and seasonal plans, K=3,
: 1 .

3]
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vi) Import Restrictioné:/The total energy imported
i | N N
throughout the year has.an upper bound. Such a bound is wvalid

for ayerage power imports also.

: |
vii) Bounds on variables:

4 L , |

S{ .. S8, S S5j H i ;
: Plmin TV fyax 3 Y1t |
[ x -

: . »
IR ¢ 1 ;  ¥k,t
{ kt - m . 2 ? N
[ o ' !
; l
wheye, ‘
. b " '
i Siﬁin'u"d 81 are the minimum and the maximum
1 B
I

i K !
pormiunibla runurvuly volumen durloy oporation for dam I, and

'Imﬁis the maximum power import possible during any load level.
. :

|

|

vill) Nonnegatlvities:

‘ > TR
ikt * Sie * Rie oo Tke o Uke G 0 5 ¥i,kse.
I ; .

e Mg 6

"b. The Objective Function

The 'objective is the minimization of the total of
. ] + . . -

generation, import, and unsatisfied demand costs. i

e

l
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g nt :
Min, Z = z % d : . !
B t=1 {k=1 kt '[(al Do) (au‘Ukt)J .

n m
+ I b3 ’(agi Sd Pikt)}

i=1 k=1 : o

(
agi'is the unit cost of generation for power plant

.
i

t

aIvand o ?re'thé unit costs 0f imported energy and

~unsatisfied energy demand, respectively.

. 3= APPLICATION OF THE MODEL TO THE TURKISH INTERCONNECTED
{ SYSTEM -

i

1

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

‘The model,as applied to the Turkish Interconnectéd'Power

P » B oy 1
ting units in the ,system are handled such that the model :
a ' l ‘

“ : . - ' ' - ) -
contains 5 therﬁal groups (lignite, fuel oil, coal, gas turbine |
! oy 1
type power plants and non-TEK thermal units) and 12 hydro

! : |
! ! 13 : . .
proups (10 damns with resovvoir, lake and river power' plants
N ) ] . ) .
|

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

generating groups being operated by TEK are considered which

correspond to 85.4 percent of interconnected system installed

capécity. 1984 is considered as the target year for the model.
L ot RIS

N ‘ ' . . . )

The model is solved for various scenarios by using

(]

AU i . P
TEMPO (Techniques for Extreme Point Optimization) package in

Burroughs'B—6900 System at METU for each scenario, the process

—
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time varies between 1,5 to 2 minutes with a memory allocation
| | i .

of 1740 words.

3.1. THE STRUCTURE OF THE INTERCONNECTED SYSTEM

Turkish Interconnected Power System is composed of

,
o
)

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

uniﬁs) and hydro (dams with resgrvoir and generating units
in'naturulllukua undlfchrs) power plants which totally amount
to‘6886.2 MW. The dist;ibution of the total installed capacity
. D | ' -

among institutions and systems is given in Table'S;

t
i

TABLE 5~ Distribution of total capacity w1th respect to systems,
‘1nst1tut10ns and resources (MW).

i -

1 : ‘ Interconnected = » Isolated
Iﬁ;titution' Thermal Hydro Thermal, ' Hydro
TEK, . 2928.3 2948.5 WL -
vNon;TEK , 760.8 248.6 77.6 - . 10.2
Total '3689.1 1  3197.1 79. - 10.2
Syséems Toté} { o 6886.2 . 89.2

| \ . 0
1 TEK has the blggest share, 5876.8 MW, in our inter-
connected system which corresponds to '85. 4 percent of total

\
, .

sysuem capuacity. The generul characteristics of power plants

composing the TEK capacity are given in Table” 6.

P
1
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TABﬁE 6- Characteristics of TEK Interconnected Units

Power Plant ‘ Installed Cap.(MW) Unit Capacities(MW)

a) Lignite Group

Yatagan 420 N 2%x210
éoma—B | | | 330 | ~ 2x165
Seyitomer , 450 3%150
Tungbilek-B 300 _ 2x150
Tungbilek-A 129 | 2x32, 1x65
Soma A | bt v ’ZXéZ
fzmir 37.5 1xzd,3x5,1x2,5
TOTAL 1710.5

b) Fuel-0il: Group o

 Anbarli i 630 : 2x150, 3x110
Hopa - - o 50 . 2x25
TOTAL 680

b
c¢) Coal Group

Catalagzi - : 129 6%x21,5
_sﬁfah:ar_ N 82.5 . 2x30,1x22.5
- TQTAL - : 211,5
d) Gés»Turpines |

_A?iagaﬁ ' ! 120 4x%30
S;ydisehir‘ | 120 8x15
Bornova | 30 ’ r2x#5

H;zar | . 30 ' 2x15

E;gil ' | 16,2 1x16.2
Oéhcru 1 10.1 -

TOTAL | 326.3
1 ’

Therﬁic Total’. 2928,3 - o -



I
TABLE 6-

i
(Continued)

Power Plant Installed Cap.(MW)

22

Unit Capacities (MW)

l
e) Dams with reservoir

i

Keban

GENERAL TOTAL

1370 4x185),
| H Ugurlu . { | 500 4x125
éokcekaya | | ‘ 278.4 - 3%92,8
d %arlyar ’ . , 160 \4x40
- Hirfanly | 96 3x32
Kesikkdpri 76 2x38
Dcmirkﬁprﬁ 69 3}23‘
Kemer ! 48 3x16
S.Ugurlu 46 2x23
Almus {* o 27 3x§'
TOTAL | 2670.4
f) Lake and' River Groﬁp
ﬁogankeﬁt A+B 73.3
Kovada I+II 59.5
Hazar I+II 30.1
: Tortum 126.2
i .
| 'Cild;r _ 15.4
Ikizderel T 1501
Gaksuf i 10.6
gaé—gag 14.4
Oth;r>p¢pf | 33.5
TOTAL = . | 278.1 R
Hydra@lic Total 2948,5
5876.8

4x157.5
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L , N _ v
Thoe vnorpy _prpduqu by govncerating units {n lntercon=-

nected system 1s subject to somelosses such as consumption of
plant auxlllavies and nelwork losses, The uet energy consumed

. ' Do ‘ 3 ‘
i1s thus obtained by dropping these losses from gross plant
I o
generations. Thi's relation can be seen in Figure 1.
| ‘
Gross Generation —— Consumption of Plant

Auxiliaries
|

! : ‘
i . ‘ ;
; ‘ : ¥ : |

Net Generation

Imports —————r

\L | '

i 7 'Gross Consumption + Network Losses )

1

l ! . |

. .
Net Consumption

FIGURE 1- Interconnected System Generation-Consumption
* . Relationship-
1 : g

In addition to domestic generation, import possibilities
exist by the interconnections with Bulgaria and USSR since 1975.

The annual, upper ‘bound on energy import is determined as 1800

, ) s
GWh through the agreements with these countries. On the other

hand, the instantaneous maximum power that can be imported is

taken asv350,Mw.
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3.2. GENERATION COSTS AND POWER PLANT AVAILABILITIES

Cost of energy generation consists of two parts: Fixed
and variable., Tixed cost components are depreciation, interest
dharées on borrowed money, materials, labor, taxes, and other
expénses that continue irresﬁective_of the 1oad‘on the powerl
system..Vafiable paﬂt,containsthg costs ‘affected by the loading}
of generating units of different fuel or Qatef rates, and

| ' ,
purchase, or sale of power.

1

"By analyzing the unit generation costs incurred for
I .

'

different power plantsin the period1970-1982- and by using unit
fuéi consumption rates, the gross generation costs for inter-

connected system groups are determined as follows:

{ . i !
i '

{ B 4

i Group Unit Cost of Ceneration (IL/KWh)
E Ligniée . 8.- |
3 “Fuel 0il ' | 19.-
| | \
; Coal | : - 22.-

1 ; .

ﬁ | Gas"I.furbi{'neI ' 60 . -

j Dams - | 1.- ) : ,
i" Lake gnd Rive}\ﬁ.p. - 2.- | )

I , ,k“nNonTTEK Thermal - | 25.-%
| j © Noun-TEK Hydru Co ‘ 2.~

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

assuming the rates,of exchange as 1 $ = 320 TL and 1 DM = 120
TL.:Thé>unit cost forjthe unsatisfied energy demand is taken

“as 200 TL/kWh.
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For a power‘gene?ation system composed.of different
typgs of power plaﬁts, estimatiqn of the availability which
can Be;expected'ﬁnm,agiven installed plant is clearly of
great impoHtance,‘sinqe a change inithis will be reflected 1
closely in the plant margin and cépital costs, Availability
generalyy reflects the time for which the unit is not available
because of breakdown related to the time for which the unit

is needed to run. The rate of breakdown for a unit (i.e. the
. 1

forced outage.rate - FOR) is calculated as

Duration of Breakdown

FOR = Duration Subjected to Breakdown

where the duration subjected to breakdown is the sum of
: - ‘ ‘ .

breakdown duration and the actual run time of that unit.

l .
For all power plants considered in the model, FOR

values are calculated and combined in order to obtain "the
| ‘ ,

groﬁp availabilitiels. Since the average generationé are
considered in tﬁe model, some proper allowances espécially

for the thermal units are included invthe figures to represent
the:?onsumption rafeé in plant auxiliariesf The availability
indiées used in the planning model are given in Table 7.

P o ‘ |

~

soGAzict DNIVERSITES! KUTUPHANES!
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TAB%E 7- Availability Indices for generating groups.

t
. 1

i
IR
i-  Group

i | Pi(Mw) : it
‘3 L;gnitev o - 1710.5 0.82
,& 4Fue1'oi1 | - o 680 | 0.87
‘; Coal | ~211.5 0.78
‘L vGas turbines 3 ’ 326.3 , 0.70
5  Keban : 1370 0.96
6 A.Ugurlu-S.Ugurlu o 5406 0.95
7 .Saflyar—G,Kaya_ | 438.4 0.94
8 Hirfanli~K.KBpri 72 0.92
9 “Demirkﬁprﬁ‘ | | 69 0.95
10 Kemer . 48 \ - 0.93
1111 Almus - 27 ,'0.95
12 Lage_gn&‘Rivgy P.P- . 278.1 0.70

In the model, the non-TEK thermal and hydro power plant
, n l | : /
generations -are handled by assuming average overall
availabilities of 0.40 and 0.65, respectively:

B . ¥ k,t
1Pikt $ 0.40 Pl s ’
| : :
i \ i = non-TEK thermal group o
. < . . ¥ k,t
4 Pikt =10.65 Pl s ’ .
. ‘ i = non-TEK Hydro group
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Qn the other hand, the lake and river group. power
plants are model1ed with a load factof 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

hours durilng LYd4,

N

m ? . : .
| kEl'Pikt.dkt g O;SO.Pi.Dt ; ¥t, i=Lake and River group
| ,
m
D = I d
.i t k=1 kt -
T m : '
.. L 'L P, _.d, . $ 3000 P, ; 1i=Gas turbine group.
| t=1 k=1 1kt "kt ] 1 ,
3&3. INTERCONNECTED SYSTEM POWER DEMANDS C e

! The'powerAdémand'patterns oﬁ the intgrgonneéted system
for'#he'year‘1984 aré obtained from the résulté of the fore-,
castﬁng packaFe program deyeibped,by TEK in the prese?t year,
The~?orecastipg prbgnam utilizes the actual hourly loads
suppéied at each hour of the day duriﬁg period 1970-1982,

¢
Eaébymonth is represented by its third week while the days
of the wéek are ciaﬁsified into 5 groups: Mondhy,;Wednésday,

Saturday, Sunday and an equivalent day for Tuesday-Thursday
o o _ ‘ '

and Friday. By comparing energy consumption figures through

workdays and including the veasonal vaviation factors, the

general trepd of yearly peak load demand is obtained. Daily

and ﬁourly variation factors are employed to obtain the hourly
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loads for the rebresentative week of each month for period
N : I !
1983-1990 in terms of per-unit (i.e. as the 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
will connider sweansonal planning, the monthly curves are

combined in 3-month groups and seasonal load-duration curves
. ! R ‘ i

are prgpargd. |

|

. '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 terms of hours are obtained. These are
| i :

shown%in Table 8. ; , , |

TABLE;S—‘Average load levels and durations

it

Périod : ,io&d Lévei ﬁoad(MW)! Duration(hours)
SN 1 o 3591 1760
1 2 4673 324
| 3 5289 100
| S | . 3644 1819
2 ! 2 . 4547 279
: 3 . 5151 - 86
| I : 3775 , .1785
3 - 2 4599 330
. | 3 5171 93
1 _ 3843 1775

- | 2 | 4914 29%6
‘ i 3 o 5460 137



29

e e - -

|

ST Sm Bt e "o e w e r " r. .-,

P . - - -

T e e e e m mmeme mw e e e Ema - = g

Duration
(hours)

Load (MW)

Py

PD

Lt

*

d1t

oy

o

3¢

1

Approximation of the Load-duration Curve.

|
Figure 2.
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In Table 8,'the'year1y peak power demand is taken as

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

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

I
1

{. The 1nterconnected system energy demand for the year

1984 is accepted as 34,463,98 GWh* in the model in accordance

- i
H

w1th load forecasting program results;
i : . ‘ 4
3.4, CHARACTERISTICS,OF,HYDRO OPERATION -

i

There' are many conditions connected with hydro opera:

1
N 1

tioés, such as uﬁéonfrolled flows and required rgleases of
watér for‘irrigation!or flood controi? which take away from
theisyﬁtem oﬁcrator gome éf the alternatives that he might
hévé if the water could:be'used entirely as desired for the
bengfit of power generation. The.value of water changes from
time to tima;Nbeinggl?wered during periods of high flow, and
increased during peribds'when flows.are low or when reservoirs
afe:being Arafted at controlled rates of flow. Since each m3
of water through a hydro plant will develop a definite amount

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

equivalent to fuel such as coal or oil for power generation

l
purposes,

Water supplies for hydro generation can have different
values from time to time, and the use of hydro power must be
' . . . . (\’) -

integrated into the system power supply so that the lowest

' |
~overall cost results,
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 In the maintenance planning model developed, it is not

aimed to perform statistical analysis on the operating rules

'

of dams' or on the distribution of water inflows. Using the

available data relevant to water inflows and reservoir level
‘.‘ . . ‘ .

patterns, ‘all dams are assumed to have average water inflows

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

1

the %ffectsqu a dry‘pgriod which couid occur once;in 20
yearg for_all‘geogrgphical regions are observed as{an extreme
cgéeifor each scenario in order to find out the variations in
opti%él maintenance schedules.

| .

{
i

|
o - :
| The average annual water inflows for the dams with
| \ | :
reservoir in interconnected system are given in Table 9.
o o _ ]
. g * :
S TABLE 9- Average Inflows For the Damus
: R e

Average Annual Inflow

|
{
i

Dam o ' m3/8ec. 10§m3/year
 Keban | 644.3 20318.64
" H.Ugurlu ‘_169.4 5342,20

Sariyar | 91.4 2882.39
o Hirfaaly ' 79.7 2513.42
. :Demirkﬁprﬁ o c 29,2 920.85
Keme; _ 23.1 728.48
Almus B 22.9 722.17

P

For each dam, the distribution of annual average water
inflows into periods of the year is different. This s shown

in Table 10.



1
I
{
\
'TAB}E 10- Percentage distribution of average annual inflows

| to periods

' i . | ‘ - _

i -

% : ‘ / | Periods

Dam - Operating Years 1 2 3 “ 4
Keban | 33 | 18.7 60.2 10.4 10.7
u.ugurlu - 23 30.4 48 8 136
Say}ynr _ 26 42.8 32.9 7.9 16.4
Hir%agli 23 30 52.7 7.9 9.4
ngirkaprﬁ - 23 54.5 22.6 | 5 17.9;
Kemer : 24 - 55.7. 17.8 5.2 21.3
Almus e 24 59.3 8 8.7

i

For each dam, the percentage values given in Table 10

‘ | . . ‘ :
are used to determine the period water inflows.

Gdkcekaya is a "secondary" type dam since it's located
on the same river with Sariyar, and its water inflows are
composed ofufeleases from Sariyar. S.Ugurlu and Kesikkdprii
have the similar characteristics as Gdkcekaya, since they use
the water releases of ﬁ.Ugurlu and Hirfahll, respectively, .

These consecutive power plants are ‘grouped together such as
‘ !

Sariyar and Gokcekaya, H.Ugurlu and S.Ugurlu, Hirfanli and

Red bklkpetl and uned In thils way lu‘muluLuuuuuc planulng wmodel,
| ‘

Since their reservoirs are very small as compared to the
b

primary:plants; S.Ugurlu and Kesikkdprii generations are simply

)
Loy,

related to H.Ugurlu and Hirfanli, respectively, by the ratios

of respective water usage efficiencies,

|



ijt,é qug?‘gikt 3 Vk,t ; j=S.Ugurlu
s - o i=H.Ugurlu
I | -
1 l v 3 . .e 33
| ijt s 0.65 Pikt ; Vk,t y 1=Kesikkodprii

i=Hirfanli

In general, the seasonal structure of hydraulic system

~operation can be considered in 3 periods(15): i

i : ; . ;
|
l

t \ .
volrs are drawnldown, and 'almost no forecasts of run-off are
i : ‘ : .

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

available,
i

3
|
! : f ‘ .
' . b) Late Drawdown Scason (January-March): Resetvoirs

N . [
’ . ' l. .
are still being drawn, but run-off forecasts might make more

|
storage available for use,

D S Lo :
c) Refill-hold:Stason (April-September): -The spring

run-off allows filling, and mostly hydro resources are

. ) |
employed 1in the system.

b o [

So, By éésuming average watei inflows throughout the
yéar, the battern 6fbresefvoir water levels for each dam cah
be approximated. ln the wmodel, in accordance with the asgum=
ption of average water inflows, the reservoir water levels
.during different periods have been taken as aQerage values
utilizing the approximated normal operating curves for each
dam, Also; end-of year target 1e§els for reservolr wvolumes
are impose@ for each hydraulic power plant,

\ .
!



34

The amount of energy generated in a hydroelectrid

powet planf is defined as

it i it Git

where,

!

; ki = A coefficient used to convert the water
E ﬁotentia} iﬁto eﬁergy,!
biﬁ = Water 1e§e1 of tHe resérvoir i during period t
! (m) |
: Git = The amount of water released for energy genera-
i
: tion during period t (m3)
Eit = Energy‘generated in period t (kWh)

This relation can be converted to the following form

in_bider to obtain the average power generation during a load
i : ‘ ‘

1evei'k.

[ H

1 i i 1

P . . . )

i 1k§ | jdkt ikt ‘
Wheré Pikt is, the avérage power output obtained during load

ikt

gene#atibn during load level k in period t and d,  is the

level k in period t, G, is the amount of water released for

[

! o o )
duration of load level k.in period t.
“.. The term (ki‘hiﬁ) practically represents the amount of
energy that can be generated by one unit volume of water. For
each dam'and»pefid&, these terms are obtained from the tables

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

o
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g

water efficiency rates with altitude. This relation is shown

|
in!Tublc[ll for Kehan.

TABLE 11- Water efficiency rates for Keban

Altitude (ms ‘ ' ' m3/kwh
o795 | - 3.70
800 . - ‘ | 3.50
805 | 3.5
810 | 3.22
815 | | - 3.08
820 2,98
5' : 825 | o 2;82
) 830 ' | ) 2;69
C 0 a3s i , | | 2.58
840 B - 2.48
o a4s o . | 2.40

!
. ) l B . 1
‘Through the operation of a dam, the reservoir water

iy
“ N

level has lower and upper limits fefleéting the operating

\‘
efficiency and reliability, Operating a reservoir around itws
minimum critical levelenchances the system risk resulting

|
{

! . ‘|. . : o
from the uncertainities related to the expected water inflows:

| | : : N :
in future periods. Also, the efficiency in energy generation .

decreases due to the lowered reservoir level. :
¢ : . ) ‘ .

On the other hand, operatiﬁg around. the maximgm
i | :

i
|
i
|
1

reservoir capacity imposes a risk onto the system in terms of

operating safety in cases of excess water inflows. Also, thi's
] N

i
b .

1 !
| L o |
| .
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! : : : i
sitgatéon_can lead to the opportunity loss of the water in-
; . {

flo? by overflowing from the filled reservoir. The upper and

lower limits on reservoir operating water levels are given in
A S ’ :

Table 12, o

| R

TABFE 12-10Operating limits for the dams (h(m), S(106 m3))
1: [ ' o FAB I ' . l
' |

| A T S, | h, S

Dam : *min _ *min' Tmax imax
Kgbgn 813 14199.57 845 31001.59
H.Ugurlu 178 777.50 199 ~ 1250.00
Sariyar | 460 756.60 477 1900. 30
Gokcekaya 377.5 730.00 392 1018.80
Hirfanly | ,4  842 3705.30 851 : 5750.00
Demirkdprii 221.8 280.46  244.2 1105.40
Kemer | 252.7 97.62 293 460,05
Almus | 772.2 © 215.60 804.5 © 1006.83

'3.5. SCENARIO SPECIFICATIONS

The maintenance planning model is solved for different

scenarios related to the commissioningdates of planned invest-’
B : i, o B { Co ;
ments and yearly power demand patterns 1in 1984,

| The characteristics of the new investments which are

pléﬁned‘to‘be in operation and the corresponding commissioning

- 1
dates are given in Tgbie 13.
A ‘ ! : ~

H
A
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i

TABLE113— Characteristics of planned investments

j
(I !

~ Unit Planned comnissioning' |
o o Capacities Date t
Power Plant .. Type (W) (Months) 3
i ) : !
Oymapinar 1-4 ~ Dam 4x135  1-4-7-10/1984 ‘
Aslantag 1-3 = ~ Dam | - 3x46 4-7-10/1984
| o ' ' . ‘ ;I
Elbistan A-1 . ° | Lignite 1x340 7/1984 \
! . ‘ ' o :
Cevrim ; ' Gas turbine ~ 1x60 - 10/1983
| ‘ j ' o
Geothermal ¢ Natural steam 1x15 1/1984

In the model, the maintenance requirements are employ
| i v ' . : -
only for groups already in operation, by July 1983 and the

plaﬁned'capacitj additions are handled with appropfiate

' H . .
{ v :

ed

1

availabilities and load factors in suitable generating groups.

| | | .

! : : . . . .
Oymapinar and Aslantas generating unlits are included in Lake

| : :
and 'River poyer plant group with an average availability of

0.7Q and an overall load factor of 0.50 in respective periods.,.

Elﬁistan A-1 and Geothermal power plants are included in

Lignfte group with 0.70 availability whereas Gevrim is

considered in Cas Turbine group with the same availability

'

figure,

The!maintenance planning model is solved first by
assuming the realization of all investments at planned com-
missioning < dates (Scenario code: IR). Then, the effects of

. ) . 1 Lo,
possible delays incommissioning dates are considered in order

to observe the shifts in maintenance schedules. This is
' ~

t

performéd by employfng two more scenarios, namely "the case

]

[ I . A N . . - ‘ ]
of six months delay" and "the case of one year delay"-

in gommingioninpdaten For all investments (Scannrio codos;:
! ! i

' : 0
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IDl-anq IDZ)' Thecmmd?shmingdates of planned iﬁvestments.

assumed in different scenarios are given in Table 14,
G ’ ! ! ) ) i

o ' : : v
TABLE 14= Conwigafoning dates of planned investwents

Scenario
Power Plant © Unit  Cap. (MW) w1y , 1D,

Oymapinar - IS 135 171986 7/1984  1/1985 |
Oymapinar ! 2 135 4/1984  10/1984  4/1985
Oymapinar 3 135 7/1984 1/1985  7/1985
Oymaplﬁar o 4 135 - 10/1984  4/1985 = 10/1985
Anlantag : ] ht h/Lul4 L0/ LYBh h/LuBh
Aslaﬁcaé o 2 46 . 7/1984  1/1985  7/1985
Aslantas - / 3 46 10/1954 ~ 4/1985  10/1985
Elhichn A 1 340 7/1984 1/1985  7/1985

| cevrgﬁ | 1 60 10/1983 4/1984 © 10/1984
Geothermal | | 15 1/1984 7/1984 1/1985

} U31ng Table 14 the accumulated capacity additiohs in

1984 with respect to perlods considered in the model are
obtglned ag in Table 15. 1
i

TABLE ‘15~ Development of capac1ty addltlonsvth;oggh periods

DR (Mw) PR
1 | ;

‘! o : Period '
Sconurio ' i L S e : 1V
— I : [

IR { 210 391 912 ~ 1093

L“L ' “ an 210 491

-
: - - - 60




|

|
!
| o |
|

On! the other hand, the load demand forecasts have:

dnﬂertaiﬁties rqlated to yehrly peak load., In Table 8, the

l

upprox1maLLd ave ruge load levelb and durations were given for

the forecasted yearly peak of 5600 MW(Case of forecasted
|

load dumands bL) In order to observe the variations in

operatlon and maintenance policies against the deviations
EREE ' : : '
from yearly pecak load and corresponding onergy forecasts,
| : [ ’
two other load demand patterns are employed. These include

an 0verallldecrease (lower 1oads)'ahd_an overall increase
(upper lans) of 5 Z in load demands for all load levels

(Cases of LL and UL). By using the same per-unit distributions
for representative weeks of each month, the approximated

‘16ad;duration curveé‘ofreach period aré obtainbd,'while
keeping the load level durations as in FL case for simplicity.
The yearly peak loads are 5320 and 5880 MW whereas energy
deménds are 32,733.86 and 36,181.63 GWh for LL and UL cases, .

respectiﬁeiy. The average load levels for these two scenarios
. 1 ‘

are given in Table 16.

!
TABLE l6-’Average load levels for load demand scenarios(MW).

1 |
|

Period Load 'Level LL ' UL
| 1 ' 3412 T 3771
1 2 4439 4907
: k) 4976 . 5501
o 1 | 3461 3826
2 2! 4319 4774
i‘ 3 4915 e 5432
5 1 3586 P 3964
3 9 4369 ; 4829
; oy 4920 - 5438
e S 3651 B 4035
4 , 2. 4668 , 5160
P 3
| =

5161 - 3705



i
i .
: As a result, a total of nine different scenarios have

beeq tried includin% three power demand patterns and three
i N . .4

. t . . ! . .
dlfgerent conditions for the new capacity additions as shown

|
]

in Figure 3, =~ = 0o
. z o H
' A ! : '

1 : LI\ - FL

LL

ID?o - FL

o —— L
Figure 3. Outline of scenarios.

In addition, the same scenarios have been applied

asguming the water inflows of a dry water yeariwhich could
occur once in twenty years for all dams by making the

necessary adjustments in water generation efficicncies

and load factors for hydro resources.
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4— RESULTS AND OBSERVATIONS

i

Phe muin observation derived as a result of the model
applications for different scenarios is related to the
| ' |
hydraulic 'nature of the power system, As can be seen through

SO . i . ‘
the analysis of operating results, the leading factor in

P | ‘ o o
planning the operatlon and maintenance of the power system

|

is the usage of hydro facilities in regulating the system

sqpply against different power demand 'levels while perfdrming
i ' | :
the?required plant maintenances. :

A second obsérvation is that the first period of 1984
(Jabuary—March) will keep the highest risk since it incorporates

thezlowest liydro generation potential and since it's the

; . A : ! ) !
period which isihighly affected from the delays incurred in
| i .
. i . 1
new capacity ‘additions, The detailed operating results are

i
. : . o .
given in followilng sections. , f

1.
'

4?1, CASE OF AVERAGE WATER INFLOWS :

“The genurdl(frumcwork obtained through the application
oflthe:planning model to all scenarios shows that the thermal
power plant muintenunkes are scheduled tovthe thifd and
sccond ﬁeriods (April-September) where hydraulic "generation
potentidl.%s maximum due to the high reservoir levels resulting
fﬂﬁm the. expected! water ‘inflows especially in the second period

and the obligation of keeping relatively high reservoir levels

|
1



‘during summer months for irrigation purposes. This obligation
R 1 : ‘ i ‘
also emerges from the requirement of satisfying the demand

during the wonth in which thoe highest energy and peak power

demands occur, namely December.

It has been observed that, whatever the investment -
commissioningdates and power demand levels are, dams with

reservoir must operate through the aim of maximizing hydro

I

‘ | : ‘ '
energy utilization, which is equivalent to generate when

reservoir level is around its highest expected value,

vTHe optimal mai%tenance schedules obtained for all

normal (average) water year scenarios are given in Table 17.a,

i

b,cy The corresponding operating results in terms of average

generations for the generating groups are given in Appendix
S B I 7
I_A oi
| |
. i In order to.wbserve the variations in maintenance

capacities more elfectively, the percentage distribution of -

|
I . . .

maintenance capacities with respect to resources and scenarios
Pl . S ) ‘

are given in Table '18.

i . |
1 [ H
i .
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TAB%E 17.a. Capacities in Maintenance-Case of IR(MW)
. ‘ t 1‘ | .

SCENARIO: NORMAL WATER YEAR - INVESTMENTS REALIZED
i ‘

43

‘;Loads Decreased by 5 7 Forecasted Loads Increased by 5 7
Lignite - |- 1728 - | - | - j1726).- | - | - |1726} -
- - i : N . . ! - N
Coal | 212 - | = V- | - | - | 212l - | - 212 - | -
: : i :
|F.0i1 - |- lesol - | - | 286 394] - | - | 43| 249] -
| ' : ’ :
Cas Turbine 386 - - - 386 - - - - - - 386
*|{Thermal Tot.| 598| - |2406| - | 386] 2862331 - | - | 642|1975| 386
Keban 1083 182{ - | 107{ 620 487} - 263| 908| - | - 463
H.Ugurlu ]
S.Upurlu > - - 54? - - - 546| - - - 546
Sariyar _ _ _ _ _ _ _ _ _
Cbkoekaya ’ | 438 438 438
Hirfanli . '
Kesikkgprsi | ~ | 272 172 172 -
Demirkﬁpfﬁ - - §9 - - 691" - - - - 69| -
1 .
Kemer - - 481 - - - ] - 481 - - - 48
Almus 21y - |- |- 2711 - |- | - 270 - | - | -
D ; . : | ) ) -
ams 1110| 365| 117{1079] 647] 728| - |1295| 946| 161| 69{1495
Total : _ :
Lake .and - - " 141 2651 - - - 2781 - - - 278
River P.P. : v '
|Bydraulic 1110{ 365| 131[1344] 647] 728] - |1573| 946| 161{ 69{1773
Total : '
f ! . i ) :
ngeial 1707 365]2536 (1344{1033 {1015 2331|1573 946, 803 {2044 |2159
a H
PERIOD‘ ' 1 {rx izl ovy) 1 |11 11| 1v | 1 | II |III]| 1V
i | ‘ '

I

I
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'I‘MSLE 17 b, Cupnmhea in Maintenance-Case of H) (MW)
- SCENARIO: NORMAL WATER YEAR - LNVLblMLNTb DELAYED 6 MONTHS

|

b4

i

%oads Decreased by 5 7 Forecasted Loads Increésed‘by 57
Lignite - |,576]1135| -' | - {1283 427| - | - |1007| 704]| -

é .

|Coal - f212f - b= |- 212 - L - - ] 212) - | -

P o :
F.0il. - |- {680} - |~ |- |e680f - |- |- | 680]-

.5 -
Gas 'Turbine { 326{ - - - 326f =~ - - - - 326 -

|Thermal Tot.| 326| 787|1815| - | 386|1506|1111| - | - |1227]1776] -

Keban 1305 65| -| | - |1239} - | - | 131{1292| - | - 78
H.Ugurlu _ _ _ _ _ _ _
S.Upurlu . 346 546 - |- | s46
Saflyar _ _ - _ _ B _ _
Gokeoekaya 156 283 438 438
Hirfanli ‘
Kesikkdpri 172 ‘ 172 1721 - -
Demirkopri - - 69| - - - 69] - - - 69 | -
Kemer 48 — - - - - 10{ 38 | - - - 48 |
Almus A R i 20 A A T
Dams 1536 237| 69| 8291239 172| 79{1181{1330{ - | 69 |1271
Total .
Lake and 240f 38|+ |- |- |- |21~ |- |- |- |27
River P.P. : .
Hydraulic  |1976| 275]. 69| 829{1239] 172 357{1181 {1330 - 69 {1549
Total ' i
General 2102 (1062 |1884 | 829]1625|1678 | 1468 |1181 1330 |1227 1845 {1549
Total .
PERIOD 1 |1z frixlov | r jrzfrrz)ov |1 fIrfInn|oaw




TABLE 17 c. Capacxtles in- Malntenance—Case of LD2(MW)
SCENARIO NORMAL WATER YEAR - INVESTMENTS DELAYED 1 VEAR

45

- t . 3

Loads Decreased by 5 7 Forecasted Loads Increased by 5 7 v
Lignite - | 889 822) - | - | 920} 790| - | - [1276] 435] -

Coal - 22y - |- |- {2a2|=- |- |- {212 - |-
o | ' :

F.0il - |- jes80| - |- {- |esol- |- |- |es80]"
Gas Turbime | 326| - |- |- |- [326]- |- |- |'= |32]|-

Thermal Tot.| 326 (1100 (1502| - | - [1458(1470] - | - |1487 |1441] -

b ' ' I . ) i . '
Keban 1370( - |- |- |922)448| - |- 1370| - |- |-,
H.Ugurlu 263 's4| - | 229} 144~ |} - |a02| 96|~ 1| - |as0
S.Ugurlu !

Saflyar- _ _ SRR I | - - -
Gogekaya “ 36| - | 402 119 | 319 | 438

mirtanls ol oaafws| 12| s|az2 fwal| 12| si- |- |- |2
Kesakkdpri , {177 T4yl S R N

Demirkspri |- |--| 69{- |- | 69]- |- |- |- | 69]-

‘ .

Kemer - S e 48 - |- 48 | - 48| - |- |- |
Almus 271 - |- |- -] 27 1 - - - 27
Dams 1671 | 234 | 81| 684 1077 | 661 | 179 | 754 1953 | - 69 | 649
Total :
Lake and _ 240 | - 38 { 240 | - 38 | - 240 | - - 38
River P.P.
Hydraulic  fooo |47 | 81| 723 1317 661 | 217 | 754 192 | - 69 | 687
Total :

. : [
General 1997 {1574 [1583 | 723 1317 P119 {1687 | 754 192 [1487 1510 | 687
Total - :
PERIOD 1 sz lozx v | r jrrjron)ov | 1 |11 {11z | 1v
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TABLE 18- Distribution of percentage capacities in maintenance

THERMAL CAPACITY  HYDRO CAPACITY TOTAL CAPACITY |

Scenario Scenario Scenarilo
LOADS PERIOD ° IR  IDy ID, IR ID] IDp IR IDy 1IDy
Upper 1 - - - 32,1 45.1 74.4 15.9 22.4 37.3
Loads ’ _ .
2 21.4 40.9 50.8 5.4 @ - - 13.5 20.6 25.3
’ 3 657 59.1 49.2 2.3 2.3 2.3 34.3 31.0 25.7
) 12,9 == G001 52.5 29.3 36.9 26,0 11.7
N ) : | ‘ o | ,
Forecasted 1 12,9 12,9 - 21.9 42,0 44.7 17.4 27.3 22.4
Loada 1 ’
! 2 9.5 50.1 49.8 24,7 5.8 22.4 17.0 28,2 36.1
s ! : |
N 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 12.8
Lower 1 19.9 111 11,1 37.6 60.2 56.7 28,7 35,8 34.0
Loads ; ' |
a . 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 42)6 32.1 26.9
’ .
L b == = 45,6 28,1 2405 22,6 14,1 12,3

E The pprcéntége distribution of capacities in maintenance |
in %grms of major]pdwer plant‘groupg for different sﬁenatﬁos
is';iQén in Table 19. 1t can be observed that, through cthe
inc%eésing 10ad‘ieﬁélsland deléying investments; Fhe total

o

muintenancé cdpacity“is,being transferred from the fourth and

'thifd periods to the first two periods-especially to the first
' b . . . .. ..
perjod—in order to meet the increased eneryy llgu103h§h10ugh

. ; ’ ! . e .
those periods by the scenario developments. Finally, since

vthe}mﬁbl aﬁﬁ for the overall minimization of operating system



TABLE 19- Percentage Capacities in Maintenance (Average Water Inflows)

i “PERTIOD
, LIGNITE COAL ' FUEL OIL KEB
SCENARIO LOADS 1 2 -3 1 2 4 1 2 3 1 2 4
L o- - 100 - 100 - - 63.4 36.6 66.2 - 33.8
' r
IR L - - -~ 100 - - 100 - - 42.1 57.9 45.3 35.6 19.
- B & S - 100 100 © - - - - - 100 79 13.2 7.
UL -  58.9 41, - 100 - - - 100 94.3 - -5,
Iy FL - 75 =25 - 100 - - - 100" 90.4 - 9.
1L - . 33.7 66, - 100 - - - 100 95.3 4.7 -
UL - 74.6 25.4 - 100 - - - 100 100 - -
ID, FL -  53.8 46.2 - 100 - - - 100 67.3 32.7 -
IL -  51.9 48. - 100 - - - 100 100 - -
.-

LY
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costs, the supplyin the last twoperiods is improved at the expense

of the first two periods. Thermal group maintenances begin to

shift from the third period to the second and the hydro group

i . l : '
'froT the fourth period to the first. This results in a high

ope?atingfrisk especially for the first period.
o ! Lo : !

i

| :
piven in Figure 4 for the case of Forecasted load demands. As
[ ’ '

3 . c 3 . ' 3 N . .
i The variation of water usage in Keban reservoir ‘is

seen from the figure, the delaying investments forced the

dam to accumulate more water during the first twoperiods in order
} ' ‘ ’ ’

to fulfill the system demand where reservoir is at its highest

l

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

- |
maximum (Period 4).

o
For the scenarios of average water inflows, unsatisfied

'powcr demand does not exist except the 370.4 Gwh deficit for
the upper-load case when the invesﬁment delayglare one year.
But, 1t is highly possible for some deficits to occur because
of limitations due to fuel supplies and unforeseen breakdown;
especially.in thermal power plants., In addition, there exists

a high degree of uncertainty in assumed non-TEK availabilities

1
i

. i )
and load factors.

. . . . 7 '
‘The~avgrage‘and.marginql costs of generation are given

in Téble 20, which shows the relatively higher risk of the
. ‘ ! |

first}period resulting from the employment of expensive
. ‘ i

resources in generation. .
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TABLE 20- Costs of genération for different scenarios (TL/kWh)

. Average Cost Marginal Cost of Ceneration
Scenario of Generation  Period 1 Perlod 2 Leriod 3 Period 4
P ; I 1 !
IR S 6,41 20.36. 19,0 19.0 19,13 -
|- | | . !
LL | ID, 7.60 25.0 23.31 23,31 23.47
i . . : ! o
1D, 70950 26.09 25,0 24.78 | 24,92
J : - | L v
ilR 7,12 23.63 22,03 22.03 22.19
FL . ID, 8.47 . 26.98 25,38 25.0 25.29
1D, 8.83 27.62 25.89 25.65 25.80
IR 7.92 26.79 25.0 25.0 25.14
UL 1D, 10.13 64.02 60.22 60.0 60.0
S | ' - C
ID, ~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
inflows derived a general framework for the power plant
maintenances. In order to examine the variations of this

framework againsfllimited availability of hydro resources, a

. | . ;
further step has beeﬁ taken for all scenarios related to com

missioning dates and power demands.
Sy |
Tolrepresent the dry period yearly water inflows, the
; | »

{ . . .
distribution of total annual inflow incorporating all dams is
-~ i -

utilized; As can be deduced from Table 9, the averagéﬂtotal
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B
1
t

anqualrinflow is 1060 W3[éec. An analysis employing the data
I V .

of %hh purivd 195051982 over total wunnual inflows showed that

theistandard deviation is § = 256.25 m3/sec. Then, using the

t distfibutiong 95 % confidence limit for the total annual

P ) !

inf%qw ig found as |

B
0.95 - 0.95 .

i ) C
, | |
: S ‘

| Xy g5 = 1060 - (1.645)(256.25) = 638.5 n°/sec.

{ \ ; P

§ This value is used to reflect:the dry period annual

! : ‘! ‘ : ’ ‘ '
water'inflows for each dam by simply multiplying their average

annual inflow figure:by X, 95/2. The values in Table 10 is used
1 . ! . .

to obtain the corresponding seasonal figures. The dry period

“annual water inflows are given in Table 21,
|
l _
i

TABLE 21- Dry period andual water inflows

i Annual Inflow

Dnml,v : ‘ m3/suc | ‘ 106m3/yeur
Kebaﬁ - 388.1 12238.59
H.Ugurlu | . 102.0 o 3217.78
Sariyar _ 55.1 1736.16'
Mirfanli 48.0 1513.,91
Demirkdpri 17.6 - ' 554.66
Kemer | 13.9 .. 438.79

Almus - ' 13.8 : 434,99

3 - N . 4 B
v LS TR IS B

Ih‘addition,‘the necessary adjustments related to water

' ~
efficiencies (reservoir levels) and load factors have been

1
l




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

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

to have a load factor .of 35 7%.

The optimal maintenance schedules obtained for all dry
water year¢scenarlos are given in Table 22.a-b-c. The
correspondlng operatlng results in terms of average generations

for the, generating groups are given in Appendix.I-B.

It has been observed that, being similar to the case

of average water inflows, the trend seen in the operation of
. . i .
dams with reservoir so as to operate through the aim of

maximizing hydro energy utilization appears more definitely i
o . . e s ‘
because of.restrlcted hydro avallabllltles. Also, the

malnl.ununtu sun.dult alternativaey fov hydro power plants pet

enlarged through the lowered operatlon times. ;

L |

4 | RN

. . . . cl -

The percentage distribution of capacities 1n malntenance
: i .

in. terms of maJor power plant groups for different scenarios
TERIE
is glven in Table 23. Also, the percentage dlstrlbutlon of
| ; | BN t :
| . - ]
total malntenanqe capac1ty for each scenarlo is given in N

P

Table 24, - R

t
!

o ‘ b _

b I ! ' T, P . ! .

| _Due teo the restricted hydro availability, lncreasing
R b .

nmo%nte ofveoergy deficit emerge asd shown in Table 25. In
pargllel to the everege water inflow scenarios, since the
’marntenence-capacities are being transferred to the first two
periode,'the firstiperiod incorporates'a high risk again. But,’

theldeereased hydro availabilities cause the fourth period to

have the maximum risk level among other periods. |
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TABLE{ZZ.a.’Capacities in Main;enance . Case of IR (MW)

SCENARIO:‘DRY WATER YEAR - INVESTMENTS REALIZED

[

i

53

}Loud? Ducrcuued‘by 57 Forecasted Loads | Increased by 5 %
Lignite - - 1726 | - - |- 1726 - - h726 |-
Coal - |- l212)- |- |- |212l- |- |- [|o212]-
F.0i1 - - |- (680~ |- |- le80of- |- |- |e680]-
Gas Turbine | - - - 386 | - - 386 | - - = 386 | -
Thermal Tot.| - |- [2617[386 |- |- Boos|- |- |- bhoos|-
Keban 1370 |- |- |- |- Q30|- |- |- R370]- |-
H.Ugurlu R
S.Ugurlu 546 ' 1546 f- |- - |s46 |- {- |-
Sariyar = _ _ - _ - -

Gokcekaya | 438 | 438 - - 438

'Hirfanll . _ ~ _ : .
Kesildcpri 13 }59 172 11§ 161

; i .

Dem%rkﬁprﬁ - - - 69| - 69 { - - - - _ 69
Kemer - - - 481 - - - 481 48| - - -
Almus 21l |- |- | el |- - | oe2r|- |- |-
Dams l1943| - |, 13| 7141001 |1439 | - | 220 621 1370 | 11 668
Total ; S

|Lake and | _ F _ | _ |o7g|278|- |- |- |278(- |- |-
River P.P, .

. , % ,

~i|Hydraulic  |yq949 - 13| 992{1290 {1439 ] - | 220 899 1370} 11| 668
Total: h Co

General 1943 | - 2630|1379 {1290 {1439 |3003 | 220 | 899 [1370 {3015 | 668

Total f . '

PERIOD T {rrfrxx v | 1 |1z |rzx|av | 1 | 1x{1iz| v

]
{
1
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TABLE 22.b, Capacities in Maintenance.Case of IDq (MW)

SCENARIO: DRY WATER YEAR - INVESTMENTS DELAYED 6 MONTHS

: Loads bDecreaﬁed by 57 Forecasted Loads |' Increased by 5 7
.y ‘ :
L%gnlte - - 1711} - - 160 (1550 - - 875] 836 -
Coal - |- 22y - [ - j2i2l- |- |- |212)- |-
) 5 :
[Foiv - f - | -lesof- |- |- |eso|- |- [- |esof-
! : : P . P .
C oo ! .
Gas Turbine | - +| - - 1326}~ |~ |- [326]~ |- |326]=
Thermal Tot.| - |'- |2602| 326| - | 372[2230| 326| - [1087 1842| - | = |
Keban 1370 = | - |- |- fw370f - |- |- |i353| 17} - §
| _ - ,
JH.Ugurlu S B _ _ _ _ _ _ : ;
S. Ugurlu 546 | - 546 546 ) o
Sariyar o 3 _ ] _ _ _ ;
Gokgekaya - B - 438 438 438 !
- | :
Hirfanli 1
, R - |- |- |12~ |- 11| 161 .
Kesikkdpriy | - o el : ! A
bemirkaprﬁ; —,; ‘69_‘— - - :_69 - = - 69 - -
Kemer |- |- |- | w8l- |- |- | 48| 48|~ |- |-
Almus A T 22 i i e (- B I Bl
Dams 1943{ 69 | 11 | 647[1011]1439| - | 220[1059-{1422 | 28] 161
|Total . i v
Lake and 278 - (- |- |218]- |- |- |218}- |- |-
River P.P.
Bydraulic  |,501| gg| 11| 647]1200{1439] - | 220[1338 {1422| 28| 161
Total :
|General 1221 | 69{2613| 973{1290 (1811 [2230] 546 {1338 |2509 [1870| 161
Total :
PERIOD T {11 frrz|{Tv | 1 {IT {1IT1|Iv | I | IT |III | IV
| pu




TABLE 22.c. Capacities in Maintenance.Case of Lb, (MW)

SCENARIO: DRY WATER YEAR ~ INVESTMENTS DELAYED 1 YEAR

55

PERIOD

1I

-.'l Loads Decreased by 5 7 Forecasted Loads Increased by 5 7
Lignite , |- |- |u711] - |- | 367|1344] - |'= lios8| 6s52] -
Coal - - |- 22| - |- {212l - |- |- |o212] = |-

|F.0i1 - |- |e80| - |- |- |e80|- |- |- |esol-
Gam anhinp Y201 — - - 320 = - - = = Yo | =
Thermal Tot.| 326 ( - (2602 - | 326| 578(2024] - | - |1270{1659| -
Keban - - |170f = |- 0| - |- |- |70 - |- |-
H.Uﬁurlu : - _ _ _ - _ p _ _ _

S Upurlu \546 546 . 546
Saflyar 1. - - gl - - - 38| - - -
CBkoekaya 438 - - 4381 - 4
Hirfanli | _ | _ 11| 161] - | - 11 61| - |- |- |172
Kesikkdpri |« ‘
! L \( V
Demirkdprii | - = - 69| — - - 69| - 69| - -
P '
' .
Kemer - - |- 481 48| - |- |- - - - 48
.

Aius A N R R R R T R N
P ' !
Dams - 1011|1370 11| 2782429 - 11| 2302381 69] - 220

Total < ‘ :
Lake and '278 P - - 278 | - - - 2781 - - -
Riyer P.P.
Hydraulic  |190(1370| 11| 2782708 - 11| 230{2660] 69| - | 220
Total S
General 1616 [1370 2613 | 278 {3034 | 5782035 23026601339 [1659 | 220
To;al .
T
I x| 1v {1 | IL jurz} Iv}y I § IL JIL1I| IV




. ;,< ABLE 23~ Percentage Capacities in Maintenance (Dry Period Water;Iﬁflohg) e
o - “PERIOD ,
_ LIGNITE A COAL -~ - FUEL OIL o " KEBAN
SCENARIO LOADS - 1 2 3 4 1 2 3 ! 2 3 s 1 2 3
UL - - 100 - - - 1000 - . - - 100 - - 100 -
IR FL - - 100 - - - 100 - - < 100 - - 100 -
RE— . ) - -
. - - 100 - - - 100 - = - 100 - 100 - -
UL - 51.2 48.8 - . - 100 - - - - 100 - - 100 -
1D, FL - 9.4 90.6 - - 100 - - - - 100 - -~ 100 -
LL - - 100 - - - 100 - - - 100 - 100 ~ - -
UL -. 61.9 38.1 - - 100 - - - - 100 - 100 - -
) 1D, FL - 21.4 78.6 - - 100 - - - - - 100 - 100 - -
LL - - 100 - - - 100 - - - 100 - - 100 -

96



TABLE 24~

57

Distribution of total capagity in maintenunce (%)

Scenario

Logds -t Period IR 1Dy IDZV‘
Upper 1 15.1 22.8 45,3
Loads 2 23.0 42,7 22.8
3 3 50.7 31.8 28.2
oL 4 11.2 2.7 3.7

| ' : _
~Forecasted 1 21,7 21.9 51.6
Looads 2 24,2 30.8 9.8
: 3 50.4 38.0 34.6
_ 4 3.7 9.3 | 3.9
P ‘ : ,
Lower Loads 1 32.6 37.8 27.5
; - 2 - 1.2 23.3
L | 3 44,2 44,5 44,5
| | 4 23,2 16.6 . 4.7
i | ,
TABLE 25-§Engrgy Peficits (GWh) |
| b l Pefioﬂs
Loads Scenario 1 2 3 4 Total
_ ds :
| 1R 1420.8 377.5 - 1378.6  3176.9
UL ID; ' 1622.5 1892.2 15.9 1706.5 5237.1
T 1Dy  1622.5 1541.9 33, 2529.5  5726.9
S i i 8 ,
| IR 1001.5 208.1 - 255.6  1465.2
FL ID; - 1208.7 1046.9  99.2 1259.3  3524.1
1Dy h547.2 646.8 15.4  1804.6  40L4.0
] IR "; ' — — — - C—
LL : ID1 786.5 87.2 - 925.4  1799.1
ID9 . 920.4 87.2 - 1280.8  2288.4
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4.3. DISTRIBUTION OF MAINTENANCLE CAPACITIES

58

erent scenarios have been tried assuming that

thgvdams would have.average water inflows throughout the

periods of the year considered. In addition,

scenarios have b
: |

|

~the same

cen repeated for a prohuhlc dry water year in

order to observe the variations in operation and malutenance

policies in case of hydro inavailability. Since the problem

is modelled in. a
[ .

way such that to obtain the

optimal

seasonal maintenance schedules while satisfying the opera-

tional requirements,

. | : . ,
the model results enable us to derive a

framework for each power plant group in terms of operating

characteristics as well as

i

of maintenance. Using the results

in Appendicés I.A and 1.8, it can be observed that there

\ .
exists a general

around peak 1oads,

Lo

lation in reservoirs'is maximum.

tenance ‘policies for all groups are

trend for all dams to operate especially

sl

and also in periods where the water accumu-
So, the operation and main-

regulated by this principlei

in 'a-way so as toyperform the thermal capacity maintenances
1

in"{summer months where hydro resource u
due to high reservoir 1evels.
déﬁinitely'in_cuqe
tﬁé "inhibi;ed" per

efficiency of system operation can be

The sdenarios,

[

and yearly power demand

ijods of maintenance for dams related to

obtained.

tilization is preferred
This relation emerges more

lof limited hydro availability such- that

being related to commissioning dates of

patterns, reflect

the
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i |

uhuidifﬁuruﬁt utdtuu ol nature, or ;nQiruumuaLuL uunﬁltlunu.
P
Bu;; it's certain that the chance of occurrence of each
enviFonmental cbnd?fidh ~i.e,. egchusdenario— is\different. In
ord%n to emphasize this difference<an& to realize a more
realistié plan agains£ unpertaiﬁitiés in the future, the
felative importance of each scenario is derived through
probabilitics. Utilizing the forecasts made by T.8.K, authori-
i .

ties, the following prior probabilities are assigned to each

state considered in the model.

TABLE 26- Prior probabilities of scenario components

<Powér Demand Pattern v Probability

Upper Loads -(UL) . - 0.30
Porecasted Loads (FL) k 0.60
Lower Loads (LL) : 0.10
Investment Commiésio& Dates ! . Probability -
P1anﬂedhdue:@atesvﬂlR); o . : : E | 0.80
¢ ‘ ,‘ | . ‘ .
Delay of six months,(IDl) : , 0.15
Ny .
Delay of, one yearf(IDz) 0.05

'Using‘theSe prior distributioms, the probabilities of

environmental conditions as assumed in related scenarios are
obtained as in Figure 5. ‘

|
|
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= - UL 0.240
| : IR
| \ FL__ 0.480 - .
__EE__ 0.080
R » UL ,
| _ —YL 0,045 o
1 : 1D, L ;
1 ‘ 0.090 !
1 o LIl 0.015
| ' i
| t ].__EE__ 0.015
' . ID ' ‘
| 2 FL__ 0.030
| L L L 0.005

. ’ :
Figure@S.'Probability distribution of scenarios.

|

ISo, the percentage malntenance capacities obtalned for

dLLLuruuL scenarios can be weighed by the Lorreapondlnb proba-
I
bilities in'order to obtain the distribution of optimal

maintenance schedules with respect to periods and power plant

groups. K This pistributionvis shown in Table 27.a for the éaseE

of average water inflows and in Table 27.b for dry period

l »
water inflows by considering the major generating groups.

ESPeciélly for the case of dry period inflows, the

malntenance schedules for dams propbsed by the model results

contain alternative golutions due to the lowarad lcad ﬁactor

of these groups. So, the lnhlblted" periods of maintenance

for eéch‘dam which result:

! !
3 i

efficiencies through periods emerge more definitely. These

periods are: Periods 2 and13 for H.Upgurlu-S.Ugurlu, Sariyar -

!

N L

from the differences in water usage
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Gskcekaya and Kemer, periods 3 and 4 for Keban, period 3 for

Hirfanli-Kesikkdprii and Almus, and period 1 for Demirkdprii.
- N ! | : .

As Lar as Lhe opurating system efficicency is concerned, the

charadteristics of hydraulic units in terms of feasible
| ' .
maintenance periods must be considered in developing an
) . ’ . 1 .
efficient maintenance program for the whole system.
o - :
!

1.1 N

TABLE 27.a. Distribution of maintenance schedules-average in-

flows (%)

i |

| Period
_ Grouwp . 2 3 4
Lignite ﬁ - 12,9 87.1 -

L - | , : :
Fuel 0il i - 35.4 - 64.6 - -
Coal | | - 48, 52, . -

‘ ! V ‘ . l i . ‘ H
Keban = . 61.8 19.2 - 19.
H.Ugurlu | R - - - 98,7

o o
Sariyar ! 2. - 0.8 97.2

|
Hirfanli 0.2 979 0.2 1.6
| o |
Kemer z 27. - 12.8 60.2

. ‘ : o
TABLE 27.b. Distribution of maintenance schedules—-dry period
L inflows (%)
l

7 | Period
Group | _J;_ _JL_ _JL_ —JL—
Lignite v - 5.2 C94.8 -
Fuel 0il | - T 100. B
Coal . - 18. ’ 82. " -
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l

I11, MAINTENANCE SCHEDULING BY CONSIDERING THE RELIABILITY OF
SUPPLY I | |

1- MAINTENANCE SCHEDULES AND‘SUPPLY’RELIABILITY

—
!

N

As in most decisions, the two measures of the quality

. ) . '
of 'a maintenance schedule are:
o I
? : !
o (i) The reliability of operation, and
i (ii) Generation and capital costs,

I Voo
The maintenance is generally scheduled to equalize the

net{reserves over tpe course of the year. The outages are
| ,
scheduled in a sequential, irreversible process and in order
i ‘ :
i C L
of size, i.e. the larger units first(10). The periods for each
’ : t

outage are sclected so that the current minimum net reserve -

over the year is maximized,

! P [ T b

i Anj alternative is the levelization of the probability’
! 1o . 1

of not meeting daily peak loads (Loss-of-load probability -
! ' N

! ! ! . . : . .
LOLP) for each period. This approach requires estimated unit
forced outage rates and a distribution for daily peak loads.
It is reasonable to assume that use of the criterion of equal

~or levelized- risk, or reserve, also minimizes the capital
. : . - . K . 'Ml -
cost, since generating reserve requirements are minimized 1n

the long run. . !
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1 , ‘
b Through the use of monthly LOLP calculatlons, it's
L,

possible to level ithe re11ab111ty over a partlcular year by

proPer sebeduling of unit maintenances; Leveled reliability
o S : !
mai?tenance schedules are attractive because’the reliability
offeﬁe/mogth%is ngt(improved et the expense of another.

: ‘ ', !
i; In addition, the fuel costs.-are minimized over the

yéar by maximizing(the ‘total utilization of the most efficient
unlts and minimizing the total utilization of the least
efficient units, Consequently, new, larger, more efficient

. v |

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

. |
the loss-of-load probability is smallest-, and not at the

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

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

reasonable assumption, thercfore, that 1evelizing the risks

also corresponds, approx1mate1y, to a minimum total fuel cost.

Por Al |

Based on these characteristies, it's concluded that the objec=

l

tLVL will be Lhe rLsk levelization, i.,e. the anLmlaatlon of’

the maxxmum rlbk over the yeur, in thL procedure of unit

malntenance a531gnments.

‘! The reliability of supply as determined by the genera-

~ Lo : . : :
tion/demand balance can be assessed in various ways, for

o ' !
example(19):
T S

q' index (a);the.probable aumber of times a curtailment

of eupply will occur in a given period of time-the loss of

load probability. |

i
|
1
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!
t

Ihdex (b):the probable ratio of demand energy not
supplied to total demand energy~the loss of enérgy probabi-
lity, | |

(

xndéx (c):thelprobuble interval between failures to ~

meet the demand, and the duration of such failures.

o

The loss of load probability is a widely used index of

reliability which can be assessed in several forms differing

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

comparisons are made, as follows:

1;- (1) the probability of not meeting demand above some
I ;
specified proportion of the expected peak-may be quoted as,

forgexample,rthe number of years per 100 years in wﬁich in-

sufficient generation is expected;
I . .
E (ii) the expected number of days per year on which
| . . ! . ' .
insufficient generation to meet the peaks of the days are
i | ;o ’ . )
expécted;x : { ' : -
. i ! | ‘ . 1
o (iii)fthcveprcted number of hours per year during

whi?h insufficient gerderation will be available.

‘ .
In the study, since the monthly maintenance are

‘ s i

considered by having prepared the load-duratlon curves using

~

the:daily power demand distributions, the second way of
comparing the generation/demand figures in terms of daily

peak loads is preferred. ‘ ‘ ~



h{ 1f AdL is Ehe number of days‘in the time periond
considered in which the peak demsnds lie between L and L+AL,
‘shortage wéll occur when the chmulative probability of
gene ruLLon is equal to or less thuan L, thht is FG(L). The
expected number of shdrtage days Qiil be F,(L).Ad , and over
the whole time period, with a maximum demand 1‘1)’; the reli-
‘ability measure will be

L

Py
Aof 1G(L) ddL

The:distributionwof daily peaks for each‘month are
derived from the.redultn of the 1ond‘fnrucunting program
dejeleped by TiE.K. as in the optimization model. The distri-
bution of:a;ailable geheration capacity is obtained as a
result:of“the further analysis perfothed on the forced outage
rates (F.O.R.),employing the major power plants in the inter—' §

connected system,

i

Whlle con31der1ng the reliability of supply in thlS

'
t
v

he‘study, the results of the seasonal plannlng model’'

¢ .
part of t

i
l

for different scenarlos are ut111zed in order to dlstrlbute

.the planned'capaclty outages for each generating group and

seésoﬁ into months in terms of slngle generating units. While
l

doing thls,

derived in Part II.4.3.

the dlstrlbution of 0pt1mal malntenance capacities

are considered for thermal and hydro

groups in order to have an fflLanL maintenance probrum
{ ! ‘

.against future uncertainities related to new capacity addltlons

|
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and power demand levels., This reasbning will also satisfy the:

neeq to maximize the hydro energy to be generated while ob-

serving additional objectives of hydro operation such as
- ‘ .

irrigation and flood control., In addition, as an important

aspect, the interaction maintained between the two parts of

1 T~

the ana1y51s —namely, using the output of the first part as
an 1nput for the second- causes the set of feasible monthly
,unlt maintenance schedules to decrease which is almost the

malu 1LmLL1nb detor faced in sche dullng procedures,

i
i
i
i
( !
i

'2- RISK LEVELIZATION PROCEDURE

2.1, NEW CAPACITY ADDITIONS AND‘POWER DEMANDS
f . . ‘ ,‘ "V | » ' I : A

? The risk !levelization proceduré can be applied to the
) SR , '

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

dependently in order to obtain the corresponding unit| mainte-

!

nance schedule. Instead of this, a more realistic assumption

is %adé employing the consideration of the commissioning dates
fér;the‘planﬁed investments and~§ower demand patterns as
given in Table 26. By attaching the prior probabilities to
each blanned investmept, and assuming the same availability
figureé.as;in,théﬁéptimization model for these power plants,'
the‘following|figures in;terms of ‘installed andAavailable

capacities 'are obtained!

'(\’)
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!

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

PERTIOD

: Installed Cap. 168 154 439 175
‘Capacity Additions ‘
o Available Cap. 119 108 335 123

_ Installed Cap. 168 322 761 936 -
Cumulative Additions ‘ :

Available Cap, 119 227 562 685
; .

! The generations of the new investments are approximated

by simply dropping their cumulative available capacity

figures from daily peak loads for each month and period.
i ! : .

? On the other hand, the yearly peak is taken as 5§56

MW which is the expected value of the distribution in Table

26. | |
|
| _ ‘ B ‘
Using the per-unit distribution of hourly loads and

ass?ming the yearlyipeék as 5656 MW, daily peak load dis-
triﬁutions are prepared for each month,
P i ‘ i

| : |

!

i oy ’ v

2;2, DISTRIBUTION OF OUTAGE CAPACITIES

Lo o ! : ’ |
-

Thé'pfobability of having available various combina-

tiogs of units is computed from the binomial expansion, where
each unit i is . characterized by its long-term probability

~
i
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P, . ! : B
of Qelng available P and not available q;. For N identical
{ ’ ;

uniﬁs of type s, the expansion is

Each term of the expansion givas the probability of a
capacity equivalent to the sum of the included p; - with 2V
terms, the evaluation of this expansion is impossible unless

N is small, Ifbnecéssary,'this can be made so by grouping the

1

units into typical clqsses ?nd sizes.

As a result of an analysis performed on the durations

- ) .
of breakdown and operation for the major power plants in the
interconnected system, the forced outage rates (FOR) are
calculated as shown in Table 29, Mainly due to lack of

. : i

available data for many years, same FOR values are assumed

for the generating units of the same power plant., In

'

addifion, FOR value of 0.10 is assumed for Yatagan and Soma-B

power plants for which no operational data are available.
s ! )
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TABLE 23- Generating Unit Forced Outage Rates of Power Plants
Considered in LOLP Analysis

1

Power Plant No, of Units

) i 1
AnRar 1. | 3

o : . )
Hopa- 2

‘ ,

;

Yatagan : ‘ 2

i i
Soma B ‘ 2

'Sexitdmer ' 3

l
Tuquilek B 2

i : i ] .
Tuncbilek A A

i . ! .

i " ‘ )
Soma A | | 2
iz@ir ’ 1

;u k)

!

. i"l ‘ L1
Keban ; 4
|!| o 4
o _ b
H.Ugurlu 4
Sariyar ' 4
Gokgcekaya : 3

Hirfanlzi 3

Unit Cap.(MW)

110
150
25
210
165
150
150
65
32
22

20

185
157.5
125

40

32

F.0.R.

0.06903

0.03941

0,10000
0.10000
0.13554

0.0805

0.08935

 0.02841

- 0.01441

0.00127

0.02833
0.08800

0.00896

0.11423 -
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For each power plant, the binomial expansion values are
attached to the corresponding capacity figures in order to
obtain the probability distribution of outage—-or available-

capacity. This procedure is given in Table 30 for Anbarli

power plant,
!
[

TABLE 30- Distribution of Available and Outage Capacities-

ANBARLI - |

: . | ‘
P 3x110 + 2x150 = 630 MW

iiT
q = 0.06903
p-= 0.93097
?
Cgpacity Cumulative

Capacity Outage(MW) Probability Probability

Available (MW)

' 630 0 p 1.00000
| 520 110 ' 3p%q 0.15556 0.30068
; 480 150 | 20 0.10371 0.14512
Far0 20 ape® 0.0115) 0.04141
| 370 o 6p3y2 0.007384 0,00681
' 360 330 © p2q> . 0.00029 0.00297
‘ % U 310 op~q’ 0.00171 0.00268
J ézo‘ 410 | 3p2¢>  0.00086 0.00097
150 480 2pg” 0.00004 0.00011
110 520 T 0.00006 0.00007
0 630 - qQ° 0.00000 0.00000

! ' 5

0.69932




: The calculated capacity distributions of analyzed
i : ‘ .
power plants are combined together and classified in 50-MW

P,
groups ln_order‘to|form the group distributions. In the
l

ana1y91s, 3 maln groups are considered: lignite (1710.5 MW),

fucl oil (680 MW) and 1arge dams (2404 4 MW). Through the

|
¢

combination of these distributions, the distribution 'of total

‘capacity outage is obtained which represents a capacity

i . :
fig&re of 4794.9 MW - 70 per cent of the interconnected system
installed power capemhw » The gencrating groups that are not
conéidered in LOLP!anaIysis are:simply dropped from daily
peak 1hads by their maximum available generations as assumed
in the plapning model. The distribution of putage capacities
for the groups and total capacity are given in Tables‘31—35,
wheteas the distributions of considered power plants are given

in Appendix II. The probability and cumulative distributions

for the total capacity outage is shown in Figutea;ﬁ and 7.

2.3. DISTRIBUTION OF DAILY PEAK LOADS

) _ A
By taklnb the yearly expected peak as 5656 MW, the

[ BN todid A ¢ i

- per- unit values for the dally peaks for each month are

dcrivcd from thc hourly load forecasting progrum results. The
dlstrlbutlon of per unltlzed daily peak demands are given in

. |
Table 36 ‘and Flgure 8.




TABLE 31.

LIGNITE GROUP (P,

Capacity Outage(MW)
P i

ni
H

0
50

100

- 150

600

650

700

1000
1050
1100

1150

1200

1710.5 MW)

72

Cumulative Probability

"Probability

0.266847 1.000000
0.084862 0.733153
0.006278 0.648291
0.228594 0.642013

0 0.123048 o.41§419
0.033729 vo.29b371

"~ 0.085069 0.256642
'0.071455 0.171573
0.030177 0.100118
0.020864 0.069941
0.022018 0.049077
0.012592 0.027059
0.004898 0.014467
0.004101 0.009569
0.003005 0.005468
0.001141 0.002463
0.000534 0.001322
0.000444 0.000788
0.000213 0.000344
o.oooooi 0,000131
0.000040 ¢.000070
0.000023 0.000030
0.000006 0.000007
0.000001 0.000001
0.000000

0.000000
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TABLE 32. :

{ . | |
FUEL-OTL GROUP (Pi=l6&)MW)
ﬁ : : - .
| i

73

Cagacity Outgge(ﬁw) " Probability
,li 0 ,;\  0.645284
| 50 | | 0.054037
' 100 0.143540
150 ! 0.107620 |
200 | o 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

1.000000

0.354716

 0.300679

0.157139

0.049519

0.030866

Cumulative Probability

0.008688

0.003362
0.001197
0.000271
0.000105
0.000010

0.000000




. : TABLE 33
LIGNITE AND FUEL OIL GROUPS (Pi = 2390.5 MW)

|
: |

Capﬁ?ity Qutage(MW) vProbabiIity Cumulative Probability
fv‘ 0 0.172192 1;oooobo
50 0.069180 0.827808
100 0.046940 0.758628
150 0.188746 0.711688
| 200, 0.106765 10.522942
250 0.069403 0.416177
. 300 0.102400 0.346774
| 350¢ 0.074222 0.244374
| 400 0.047004 0.170152
| 450 0.039217 0.123148
1 500 0.030887 0.083931
1 550 0.019446 0.053044
600 0.012073 0.033598
650 0.008784 0.021525
700 0.005506 0.012741
© 750 0.002998 0.007235

800 0.001860 0.004237
850 0.001134 0.002377
900 0.000588 0.001243
950 0.000310 0.000655
1000 0.000176 0.000345
1050 0.000087 0.000169
1100 0.000040 0.000082
1150 0.000021 0.000042

1200 0.000013 0.000021 -
1250 0.0000006 . 0.000008
1300 0.000002 0.000002
0.000000 0,000000

1350

i
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' DABLE 34

DAMS (KEBAN, H,UCURLU, SARLYAR, G.kAY}\., HIRFANLT) (Pi = 2404.4 MW)
! . . - Coa

Capacity Outage(MW) Probability

Cumulative Probability

‘ 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 0.013272 0.022351
350 . 0.005559 0.009079
400 0.001882 0.003520
450 0.001157 0.001638
500 0.00024Y9 0.000481
550 0.000156 0.000232
600 0.000043 0.000076
650 0.000024 0.000033
700 0.000006 0.000009
750 ' 0.000003 0.000003
1 800 0.000000 0.000000

0
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o | TABLE 35

DISTRIBUTION OF TOTAL' CAPACITY OUTA:GE' (LIGNITE GROUP, FUEL
OIL .. GROUP AND DAMS) (P‘i = 4794.,9 MW) ‘
; b ! ' . ’

Cui)‘u‘clty‘Othugu(Mw) vl’rububility Cumulative Probability
W0 : 0.100395 1.000000 |
50 | 0.054791 ‘ 0.899605
o100 0.063079 . 0.844814
| 150 L 0.136596 0.781735

200 0.100180 . 10.645139
250 _ 0.092299 , 0.544959
300 0.101940 ~ 0.432660
| 350 . 0.083880 0.350720
400’ - 0.066657 0.266840
450 ' 0.055053 0.200183
500, N 0.043799 0.14513
1 ss50  0.031745 0.101331 |

| 600 o 0.022713 | 0.069586
650, 2 0.016391 0.046873"
. 700 0.011102 0.030482
! 750 . 0.007250 0.019380
" 800 o ©0.004733 0.012130
850 | 0.003001 0.007397
o900 0.001826 0.004396

1950 0.001095 0.002570 _
1000 | . 0.000648 0.001475
1050 ! | 0.000369 0.000827
1100 0.000205 0.000458
1150 ' 0.000113 0.000253
1200 ~0.000062 0.000140
1250 0.000032 0.000078
1300 | 0.000023 0.000046
1350 0.000012 0.000023
1400 o 0.000006 0.000011
1450 0.000003 0.000005
1500 0.000002 0.000002

“1550 0.000000 0.000000
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" Probability
.- ‘ : h !
- 0.20] !
' ‘ 1
| |
1 0.10f |
a —~N—— S . k : ‘
o - 3600 4000 4400 4800 Avellable
T | , ~ Oapaoilty(Mw)
| : . | | v ‘
Pigure 64 Probability distribution of total available - |
{ . capacity. ’ : : :
, Cumilative SR
: Probability
i | | o . B o |
110 A
L 0.8]
|
I ‘ 0.6 o
l'l;'o‘o4-f .
I 0.2 i
b . s ; —— )
" 3600 4000 4400 ' 4800 Availeble |
| : Capacity(Mw)
1
P .
Figure 7. Cumulative probability distribution of-total

. available capacity.
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TABLE 36- Daily peak loads through-months.

[

: No.Of | No.Of
MONTH LOAD(PER-UNIT) DAYS MONTH LOAD(PER-UNIT) DAYS
JANUARY = 0.9215 4 JuLy 0.9471 13
| 0.9200 b | 0.9359 9.
. 0.9164 13 0.9336
0.9003 | 5 0.9214 4
0.8893 5 '
FEBRUARY 0.8826 5 AUGUST 0.9159
- 0.8781 4 | \ 0.9134
| 0.8667 - 12 , 0.9129 . 14
, 0.8616 4 - 0.9070
0.8491 4 0.9037
'MARCH 0.9687 14 SEPTEMBER 0.9204 4
' 0.9637 5 © 0.9039 12
~0.9412 4 0.9003
0.9374 4 0.8892
0.9345 4 0.8670
APRIL ' 0.9434 4 OCTOBER 0.9275 5
3 0.9412 12 © 0.9259 13
0.9355 4 : 0.8979
0.9191 1 5 ; 0.8971 .
y 0.8968 | 5 e 0.8578
MAY | ﬁ 0.9408 4 NOVEMBER 0.9%648
. . 0.9221 5 | 0.9576 14
! '0.9130 14 0.9196
- 0.8965 4 , 0.8192
0.8661 4 0.8909
JUNE © o 0.8954 5 DECEMBER 1.000
i 0.8884 4 | 0.9951
0.8823 13 o 0.9725 12
. 0.8606 4 | ~ 0.9706 5

0,8606 4 - 0.9618 -5




79

! ‘ |
| :
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Figure 8. Diétributipn‘of'daily:peak loads in months,.
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2,4, CUARACTERISTTCS OF THE PROCEDURE

' In the risk levelization procedure, the comparison of

!
gengratign and demand is performed through the distribution

: : |
of FOtal available generation capacity and the distribution

) ! )
ofigqily peak loads for each month as shown'in Figure 9.

Daily Peak Loads (MW)

\ i :
c §§ T ; System capacity
*+]. ; :
Ly |- jz r3
L2 TCI ¥ ra
L3{= -1~ - ¥ g
Lile S- - ¥
4 w i | . | ‘
BT T
i ! :'» ol i' r 1
' : l] | ! :
‘i § 1 | | l | |
Lo " " 1
o I . | : [
e ' 1‘:‘- : I :l
: !
! | ! | ' R
dy dg d3 d4 dj ] Days 1in month

'

Eig&re 9.'0utlinmrpf monthly LOLP calculations,

 The risk level; in terms of "expected number of -shortage
days" for a month is calculated with LOLP method from the

relation

where,

Ri: Risk level of month i in terms of expected number




| of shor'tage. days during-the month.
IR

d.:
]

i

Number of days for which the system is subjected |

to peak 1bad'Li. l

i
Fo(rj); The cumulative probability of outage capacity -

being greater than or equal to r..
Since the total system capacity C is defined as

C = Lj + rj and since Fo(fj) = FG(C.— rj)

1

- for each peak load Lj and reserve capacity rj, it is concluded

L.
J

that Fo(rj) is equivalent to FG(Lj), i.e., the cumulative pro-
bability of generation being less than or equal to peak load

as defined previously. So, the cumulative probabilities of

'

available and outage capacities can be used alternatively.

As an application,'the risk level for March 1984 by

assuming no new capacity additions and no maintenances at all

A ©, o h
during that month is éalculated in Table 37.

Table 37. Calculation of the risk level for March 1984

Per—,
Unit’

|

- o EXPECTED

o | ‘ N - CUM. PROB.  No.Of
ADJUSTED 'DEMAND No.Of GENERATION  OF SHORTAGE

MW DAYS LOAD(MW) LEVEL DAYS LEVEL GENERATION DAYS

0.9687 5479 14 3831

0.9637 5451 5 3803
0.9412 5323 4 3675
0.9374 5302 4 3654 !

0.9345 5286 4 3638 3600-3650 & 3600 0.000140 _0.000560

N~

3800-3850 19 3800  0.901475  0.028025

4

| 3650-3700 8 3650 0.000253 - 0.002024.

3 ‘.'A

. T0.030600
fome S vos e o B e ST

co-so
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In Table 37, ghe yearly peak'iS»takén as 5656 MW, and
a 1§ad of 1648 Mﬁ ig dropped from all daily peak loads in
order to obtain the adjusted load figures. This load drop
corresponds to the total of maximum available generations of
existing power plants (non-TEK, coél, gas turbine, lake and
river groups and small dams) and imported powe} wLich are noé
“considered in the analysis. It should be noted that the
dropped generations still keep their reiated uncertainties
with them and the analysis is cu;rentAon}y for the considered
pa;tlof,thé system,

‘l In the levelization procedure, the expected.neﬁ
capaciéy_additions in cumulative termg are again dropped from
the Qaiiy‘peak loads for the months of cach period by their
Muxiﬁum available hcnerution; us were shown in Table 28,
Th;gugh the process of maintenance scheduling, the effect of
plénned outagé (i.e. the maintenance)'is_approximéted by
inc%easing ghe dail; peak demands by the capacity pf piant

undér planned outage.,

i The flow chart of the risk levelization procedure is_
given in Figure 10. The procedure is composed of following

i . i ! ) | |
steps?. ‘ U S T ' R
| ‘ gt e A I i
§ i.'Initialization: By assuming the expected figures

. 1 ot ; ‘ ' . . . . ' .
for!the yearly peak load and the new capacity additions, the

iniﬁial ﬁoﬁthiy‘fisk levels are calculated using the per-unit
1

' valﬁes in Table 36. In addition, the maintenance priority lists




1

reflecting the framework of optimal maintenance capacities

- | " ‘
proposed by the optimization model are prepared for the

|
1

_ mon?hs. Within a ?riority list, the units are to be ordered
. | i |

‘for maintenance in decreasing installed capacities,

é' ii. Maintenance scheduling by considéring monthly
risks: The month with the minimum risk level 1s éeiected and
the generating unit maintenances are scheduled for that month
until a new minimum—r?sk month emerges and/or no units are

left in the list.

iii., Termination: The procedure terminates when there
t

remains no unscheduled units.

While scheduling unit maintenances, the following con-

1
ditions are considered:

‘a) 1t is possible to schedule at most one generating
unit of a power plant for maintenance in the same month., This

is.,a technical restriction adopted by T.E.K. resulting»from
H 1 . . .
the limitations in maintenance crew and material availabilities.:

A

|
b) The maintenance schedule must be performed in the

framework proposed by the optimizatioﬁ‘model from the view-
I

point of operational economics.

¢) In éﬁy month, the unit with the 1argest.capacity

must be considered first among the candidates satisfying the.
. - i

i - . e o .
g i i igher availability are
conéltlons a and b. The units with hig L2 y

seheduled first in case of equal capacitien,




Initidlize monthlyrrisk levels
and maintenance priority lists

84

thyd

milnimum

Select the month

riuok

with 1

Level l

Schedule the first unit in
the list for that month

T

Update the risk level
and the priority list

Still
the month
with minimum

NO

risk
level?.

YES

Any

YES more !NO
' units

{

in the
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Figure 10. Flow-Chart of the Rislk Levelization Procedure.
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;The‘maintenance of TEK power plant groups not consider-
ed in the analysis are scheduled in the beginning of the

‘
procedure accordingly with respect to the distributions

obtained as a result of the planning model.

'3- RESULTS AND EVALUATIONS

The defined procedure is applied to a major part of
the:interconnected TEK power planés containing all lignite
and_fuelloii generét@ng units and large dams with\reservoirr
fKeﬁun, L.Ugurlu, Sariyar, GO8kgukaya and Hirfanli) which

totall& amount to 82 7 of TEK installed capacity.

l

t

As a first step, without considering maintenances, two

cases are handled for the calculation of monthly risks’such as:
U . , _ .
a) The case of no new capacity additions in .1984. -
;_ . b) Ihe_realiiqtion of the expected amount of new capa-

city. additions as in.Table 28, which constitutes  the initial

frame for the risk levelization procedure. The associated

risk patterns are shown as "a" and "b" in Figure 11, respec-

tinly. ; ! :

i
i

A
|
|

The annual risk levels are 0.201225 days/year and '
0.0Q8940 days/yean_fgr cases a and b, By assuming thélyearly
staddard risk level as 0.08 days/year(32), it can be said
thaé the system will incur an annual risk which is 2%5 times

| : ‘

larger than the standard level in case of no new capacity addi-

tions, even though ;no 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 as !"c¢'", The

monthly risk levels for different cases are given in Table 38.

TABLE 38- Monthly risk levels for different cases

Levelized Risks
Through Maintenance
Schedules

I b
Expected Investment
Realization

No Investment

_MONTH Realization

L 0.001302 0.000241 0.005933
2 0.600018 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 | 0.000101 0.000000 0.005490 -

7 é 0.008226 0.000000 o.oosooe
8 10.001242 0.000000 0.006939
9 | 0.000663 0.000000 10.007471
10 i - 0.001503 0.000000 0.004976
11 0.017830 0.000000 0.008352
12 1 Oai52588‘ 0.000010 0.008737
rorTall  0.201225 | 0.008940 0.084318
z
é As a resuft of maintenance scheduling through the

risk levelization procedure, the unit maintenance schedules
| (o]
obtained are given in Table 39. Since the generating units
of a certain“poWer planF are assumed to have equal: forced
outage rates through operation,’the distinction between the
;o ! : :



1
1
i
i }' 3 3

'

Spekific’units are not emphasized. This situation results
. ‘ “ ’ .
malply from the lack of b;eakdown data for many years in

- : B , . 5
terms of single generating units for each power plant. By

'
i
H 1

having available the unit-by-unit analysis of breakdown and

| ' ! . !
operation times, a qoreldetailed and improved schedule can be
obtained.

!
i
On the other hand, the generating groups of coal, gas

turbine, lake and river groups and some small dams are not
: ,

included in the analysis due to the.related breakdown data
! 26
covering short periods of time. Dropping these units by their

. . t !
maximum available generation from daily peak loads can cause

the monthly risks to be underéstimated. But, the fact which
should be noéed is that the anélysis-pérformed covers only tﬁe
con;idered portion of the syétem capacity thle the
uncohgidered units still keep the uncertainity’of'generation
with themselves. The power import and non-TEK unit generations

are ‘also included in this group.

The analysis employed requires the comparison of

|

generation capacity with the daily peak loads through months.

A mdre,detailed analysis employing the comparison of generation

capacity with all load levels-i.e. the load-duration curve ag

{

Lot : i
a whole-through each month will reveal the precise relationship

i

: ; 1 | :
sides of the existing system,

PR i

bétweeﬁ the Suppiyrahétdemand



TABLE 39 Unit maintenance

procedure (MW)

1
Keban
H.Ugurlu
S.Ug@rlu
Sariyar
G.Kayar ]
Hirf;nll
K.Koprii
Ambﬂ;ll

Hopa .
!

. Yatagan
Soma ‘B
T.Biiek B -
Seyit Omer
T.Bi}ek A
Soma A

lemir

Dams Total
F.0il Total

Lignite Tot.
GENERAL TOT,

!

1

89

schedules derived from the risk levelization

179,

MONTH

12 3 4 5 6 7 8 9 10 11 12
157.5 185 =~ 157.5 157.5 - - - 185 185 185 157.5

- 15 - - - - - - - 125 125 125

- W3 - - - - - - - 23 - -

=40 - = = = = = = 40 40 40

- - - - - - - = - 92,8 92,8 92.8

- 32 - 32 R 32

- 38 - 38 - - - - - - - -

I i

-~ = = = 110 110 150 150 - = 110 -

- T - - 25 - - - - 25 - -

i ! |

- - - - - 210 - 210 - - - -

- - - - - - 165 - 165 - = - -

- - - - - 150 - - 15 - =~ -

- - - - - - 150 150 - 150 - -

e - - - 32 65 32 - -

2 - - - = - - 2. - - -

- erd - - - - 20 - 17.5 - -
157.5 443 - 227.5 157.5 - - - 185 465.8 442.8 447.3

- - - - 135 110150 150 - 25 110 -

22 - - - - 360 315 434 380 199.5 - -

5 443 - 227.5 292.5 470 465 584 565 690.3 552.8 447.3
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!

[V, CONCLUSIONS

A common churucteristic of energy models is that they
are subjected to some specific assumptions whiie Seing 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-

~teractions are to be considered as parameters. So, it's not
possible to define a model as the "best" or the one yialding

! . . \
the "most precise” golutions(l6).

- In this study,‘ah attempt is made to combine the two

: . v .
objectives in power system operation and malntenance

planning, namely the costs through operation and the reliability
of supply. An approach is developed in:'which the problem of

i ‘ I .
maintenance planning is handled in two parts. In the first

i

| . . . :
part, a linear programming model 1is constructed that-

‘ : : . . ‘ L .
investigates the optimal seasonal maintenance policies subject

i
i
b

to various operational constraints(such as power demand
sati;faction, capacity, water usage, energy genevation,
impoftation and &aintenance requirement, while the objectivey
b S - ;
is the minimi?ation'of total system costs,
! : ! - !

[}

5. By using nhe.résults obtained. for different scenarios

rolated, to yoarly peakgpower doemandand Lhe comaise londng daten



91

of planned investments in the optimization model, a further
| .

attémptuis made to distribute the planned capacity outages

t

for each generating group and season into months in terms of
S

single generating units. While doing this,‘the "Inhibited"
periods of maintenance implied by the optimization model which
reflect the.economiFs of operation are utilized when determining

the feasible periods for generating unit maintenances. The
objective here is considered as the levelization of monthly

'
—~—

risks.’

|
i

g In the study, it iﬁ aimed to emphasize the various
H ‘ | ‘ P A ! . :
effects on operating policies and maintenance schedules for the
t . 1
1 M | —

system caused by different demand patterns, ncw capucity

; . P : . . ‘
additions and annual water inflows. It is possible to obtain

, !
.muré detuilcd results in terms of system operation and
‘maiﬁtenanceApoliciés by analyzing the distribution of new
vcaﬁééity‘additibﬁsmand power demands to a deeper extent.' Also,
by employing additgoﬁal‘different cases for annual water
inflows that repreéen¢ the correéponding probability
distribution, the relative weightsy éf different scenarios can
be obtainéd more precisély.

Through the analysis of operating results, it is
coneluded that the léading factor in planning.thé operation

and maintenance of the power system is the usage of hydro

facilities in regulating the aystem supply against different

~

)

power demand lovels while performing Lthe vequired plant

méinéeﬁancés. So, the planning models which will employ the

T [ ' ' o . } 1



1nterect10n between water lnflow, usage and reservolr levels

rather than assumlng average overall flgures will represent a
better framework for the descrlptlon of hydro systen Operatlon.

' 1
| .

Whenischeduléng’generating unit maintenance, the main
. P !

aim 1

R

to satisfy all the constraints imposed on the system

whiiefkeeping-it as reliable 'as possible, i.e. still satisfying

;-
i

the load demand with a reasonable assurance of continuity.
The constraints on the system can be very diverse and often

i
unpredictable; they include crew and nmterkﬂ availability,

o~

seasonal limitations, sudd en forced- outages, deviations from
forecasted peak loads,.possible delays to be incurred in com
leSimUﬂg dates of new investments, future expectations

L
related to water inflows, etc. So, a decision making process

performed for such a complex gystem must consider the above
tharutt ristics as detalled as possible in order?Lo resolve

the uncertaintkm ''related to the future.

v

v [ IR P g ER I ko ! : - !
. Such a process, which is of introductory nature, is

searched for by decomposing the problem into two parts in

which the economics of operation and the reliability of

suppiy'ete handled'conseoutively by aiming to achieve feasible
| : .
‘maintenance schedule patterns for generating units. Finally,

it can be concluded that  the main/benefit obtained through the

modelling of power system operation is the derivation of

system structure and functioning in detail through data
v h m
collection and model implementation.



APPENDIX I. OPERATION RESULTS IN TERMS
OF AVERAGE GENERATIONS
(UNIT:MW)

A. CASE OF AVERAGE WATER INFLOWS

3
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS REALIZED (L.OADS DECREASED BY 5%)

3412

" PERIOD - B T I ) 111 v
LoaD LEVEL | 1 | 2 |3 |1 {2 {3 |1 {23 |1]2]s3
POWER DEMAND |3412|4439]4976/3461|4319] 4915|3586 4369|4920| 3651 4668|5161
LIGNITE 11 1415|1415(1415{1415|1415{1193{1193{ 1193|1653 1653{1653
COAL e T i B B T R ) e e
F.OIL 592| 592| 592| 443| 592| 592| 35| 395| 395| s592| 592| 5921
GAS TUR. -t-1-1-1-4t-1-1-1-1-1-1-
TEK TH.TOT. |2007|2007|2007|1858|2007|2007|1227|1588| 1588| 2245| 2245| 2245
-~ |KEBAN 192 968| 968| 812| 643{1257/1315{1315{1315| 227|1281|1281
H, UGURLU - | 409| 518| 296| 518| 518 30| s18| s18| 141 - | -
SARTYAR 345/ 28 12| - | 151] 160| 235| 160| 263| 28| 119 278
" |HiRFANLI 84| 158| 158| - | - | .- "| 158 158 18] - | - | 126
DENMIR KOP. | 64| 66 66| - | - |- |'= |- |-1 3-] 66
KEMER 190 - | 45| 4s| 45| as| 4| - | - | - | 17
ALMUS - - - 14| 26 - | 26| 26| 26/ - | - | -
TEK /DAMS .TO. | 706|1631|2168]|1167|1384]1980|1769]2177|2280| 428|1418{1797
TEK LAKE R, | 186] 289 289| 273] 416 ave| 427 131] 539 46o] 493] 607
NON-TEK TH, | = | = f - |- |- |- |- |- |- |- 1]-1]- |
NON-TEK HY. | 162| 162| 162| 162| 162 162| 162| 162| 162| 1162] 162| 162
TOT. GENERAT. 3062|4089 |4626 3461|3969 |4565|3586]4058|4570| 3301 |4318]4811
IMPORT 350| 350| 350| - | 350| 350| - | 311} 350| 350| 350| 350
TOTAL SUPPLY 4439|4976 3461|4319 4915|3586 4369 4920 3651 4668|5161

UNS. POWER DE.

|

~

451
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS REALIZED (FORECASTED LOADS)

_ PERIOD 1 11 11T v
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|38434914 5460
LIGNITE *  |1415[1415(1415[1415|1415]1415|1193|11931193|1653| 1653 1653
COAL 165| 165| 165| - | 165] 165 - | 74| 110{ 165| 165| 165
F.OIL 592{ 592| s592| 509| 509| 509 478| 478| 478| 592| s592| 592
GAS TUR. - - -0~ -1-1-1-1-1-1-1-
TEK TH.TOT. |2172|2173{2172|1924 |2089 {2089 {1671 |1744 |1781 2410|2410 2410
KEBAN 2011066 |1116| 748| 529|1159{1315|1315{1315| 290|1231|1231
H.UGURLU - | 409| 518] 296| 518| 518| 30| s518| 518|:125| - | 292
SARIYAR 351| - | 412| 118 412{ 412| s9| 132] 412| 28| 121 275
HIRFANLI : | 84| 158 158 = | = |~ | s8] 1s8| 158 - | - | 126
DEMiR koe. | 4| 66| 66 - |- |- |- |- |- 30| 11| 66
KEMER 19| = | 45| as| as| 45| 2| - | 4s] - | 24| 30
|amus ool b - ] 1a) 26| - | 26| 26| 26] - 1| - | -
TEK DAMS TO.| 7201700 |2315|1221 |1530 |2134 [1592|2149 (2474 | 473|1388|1934
TER LAKE RI.| 187| 289| 289] 273| 416| 416| 351| 543| 543| 447| 04| 604
NON-TEK TH. | = | = |~ |- |- |- |- 1{- [~ |- 1-1-
NON-TEK HY. | 162| 162| 162 162| 162 162| 162| 162| 162| 162| 162] 162
TOT. GENERAT. [3241 [4323 (4939 |3581 [4197 |4801 {3775 {4599 {4960 |3493 | 4564|5110
{mport | 350| 350{ 350| 63 350 350| - | - | 211| 350| 350| 350
TOTAL SUPPLY |3591 [4673 |5289 |3644 |4547 |5151 |3775 |4599 5171 |3843 |4914 | 5460
UNS.POWER DE| - | - | = | = |- |- |-|-1-|~-1|-1]-

~
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" SCENARIO: NORMAL WATER YEAR-INVESTMENTS REALIZED (LOADS INCREASED BY 57)

PER1OD

1 11 111 1v
toabteveL | 1 |2 |3 |1 |2 |3 {1 {23 |1]2]3
POWER DEMAND |3771|4907|5501|3826|4774 5432|3964 4829|5438 4035|5160 |5705
LIGNIIE 1415[1415]14151415(1415[1415{1193 {1193]1193 |1653 |1653 (1653

COAL | 165| 165| 165| 110| 110| 110| 165| 165| 165| 165| 165| 165|
F.OIL 592| '592| 592 467| 467| 467 520| 520| 520| 592| 592| 592

GAS, TUR. S T T A EET EE RN R I S I
TEK TH.TOT. |2172|2172|2172|1992|1992|1992|1878(1878(1878 241024102410
{KEBAN 77| 996{1025 869 853{1315{1315[1315]1315| 275|1167|1167
H.UGURLU " . - 4091 518 296 518) 518 30| 518) 518 125] - 210
saRTYAR | 350| - | 412 118] 412| 412| 42| 229| 412} 28| 121 275
|HtRFANLI g4l 158 158| - | - |- | 158] 158| 1s8] -~ | - | 126
DEMIR KGP. 6u| 66 66| - | - | - |- |- |- | 28| 17] e6
|KEMER | 20| - | 45| 45| 4s|.4s|  2) - | 45| - | 24| 30
AIMUS 1= f= |- | s 28 - | 26f 26| 260 - |- |-
TEK DAMS TO, | 596|1630|2224 1342|1854 |2290(1574|2246 |2474 | 45713301875
TEK LAKE RI.| 187| 289| 289| 273| 416| 416| 351 543| 543| 447| 604 | 604
NON-TEK TH.. | 304| 304| 304} - | - | 222| - | - | 31| 208| 304 304
NON-TEK HY. | 162 162| 162| 162} 162| 162| 162] 162| 162| 162| 162| 162
TOT.GENERAT, |3421|4557|5151{3770 4424 | 5082|3964 {4829 5088 |3685 [4810 |5355
IMPORT 350| 350 350| 56| 350| 350| - | - | 350 350| 350 350]
TOTAL SUPPLY |3771{4907 3826|4774 |5432|3964 |4829 | 5438 |4035 {5160 |5705

UNS.POWER DE.

(e




SCENARIOE_NORMAL'WATER YEAR-INVESTMENT DELAYED 6 MONTHS (LOADS DECR. BY 5%)

PERIOD I : 11 III - Iv

LOAD LEVEL | 1 | 2 | 3 j 1 |2 | 3 |1 2 | 3 1] 21| 3

POWER DEMAND| 3412| 4439 4976] 3461 4319] 4915| 3586 4369[49201365114668]5161

LIGNITE 1403| 1403| 1403 1246 1246| 1246/ 1105| 1105|1105 | 1415 | 1415 | 1415 |
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| S92 592
L S R F T A I B B A B A EP AP

~|TEK TH.TOT. |2160|2160|2160|1948|1948|1948|1665|1665{1665|2172 (2172

~|KEBAN 60| 690| 897| 691| 672|1294|1315{1315|1315| 535|1315(1315
HLUGURLY - | aov| sis| zoo| sisl siel 31| sis| sis| 127] - | 1es
SARIYAR E 363] - | 191} 118} 412 412 40| 236} 412 >Al7» 169 323
HIRFANLT | 84| 158| 158| - | - |- | 1s8| 158| 158 - |- | 126
DEMIR KUP. 64| 66| 66/ = | - |- |- |- |~ | 20| 66] 66

(kmr | 21| - | so| 45| 45| as| 2 - | 5| - | 18| 45
amos |- |- |- | 15| 26{ - |. 26| 26 26/ - |- |-

TEK DAMS TO.| 593|1324|1861|1164(1673|2269|1572|2253|2474| 699|1568 |2061

TEK LAKE RI. 1 139] 139f 139{ 130f 186| 186 187| 289| 289| 268| 416| 416

NoN-TEK TH. | 8| 304| 304/ - |- |- |- |- |- |- |- |-

NON-TEK HY. | 162| 162| 162| 162| 162| 162| 162 162| 162| 162| 162 162

TOT.GENERAT. | 3062|4089{4626|3404|3969|4565|3586 |4369 |4590|3301 |4318 |4811

IMPORT | 50| as0| 350 57| 350| 350| - | - | 330| 350| 350 350

TOTAL SUPPLY | 3412|4439|4976|3461|4319 (4915|3586 4369 (4920|3651 [4668 |5161

UNS.POWERDE| -~ | = | = | - |- |- |~ |- |- |-|-]-

: R A - © g . It
NIL . . i v ot i e .
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{

éCENARlO}”NORMAL WATER YEAR~INVESTMENTS DELAYED 6 MONTHS (FORECASTED LOADS);

- PERIOD B SR 11 111 v

roapteveL | 1 [ 2 3 {1t |2 {3123 l1|2]3

POWER DEMAND| 3591| 4673| 5289 3644} 4547|5151|3775|4599|5171}|3843|4914| 5460

LIGNITE | 1403| 1403 1403|1049 1049| 1049|1297 (1297 1297|1415/ 1415|1415
COAL 165 165| 165 110 110| 110| 165| 165| 165| 165| 165| 165
F.OIL | s92| s92| 592| 592| 592| 592| 395| 395| 395| 592 1592 592
GAS TUR. - - 1-1-4{-1-1-1-1-1-1-1-

TEK TH,TOT. |2160| 2160} 2160} 175111751{1751|1857|1857|1857 2172 2172 2172

KEBAN - | 708] 919| 846| 784{1315|1315]1315|1315] 428]1273}1273
HUBURLU .| - | 409| 518) 296| 518| 518 31| 518| 518| 115\ - | 345
SARIYAR | 321} 160| 412 118| 412| 412| 21| 330| 412| 24| 150| 275
HIRFANLT | 84| 158 158) - |- |.99] 158| 158| 158) - | - 64
DEMIR k8P, |' 64| '66| 66| - |- |- |- |- |- | 204 66| 66
KEMER T2 - | es| as| 45| 45| 2| - | 42| - | 23] =a|
Aamus | =L {3 - 15| 26| - 20| 26| 26} - | - | -

TEK DAMS TO. | 490|1502{2118|1320|1785|2389|1554|2356|2471| 587|1510]2056

TEK LAKE RI.| 126 195| 195| 128| 195| 195| 202| 224| 224 268| 416 416

NON-TEK TH. 304 304{ 304 217 304) 304 - - 304( 304| 304) 304

NON-TEK HY. | 162| 162| 162| 162| 162| 162| 162| 162| 162| 162| 162| 162]

TOT.GENERAT. | 3241|4323 4939{3578|4197{4801|3775|4599{5019|3493{4564{5110

IMPORT 350| 350/ 350{ 66| 350| 350| - - 153] 350} 350} 350

TOTAL SUPPLY |3591| 4683|5289 3644 [4547515113775[459915171{3843{4914(5460

UNS,POWERDE, - | - | - (- |- |- |- |-1-|-1]-1-

(o]



SCENARIO: NORMAL WATER YEAR-INVESTMENTS DELAYED
INGREASED BY 5 %)

6 MONTHS (LOADS

99

PERIQD

14 11 111 IV
toaptevEL |1 | 2 |3 012 |3 |1 |23 |1|2]3
POWER DEMAND | 3771| 4907| 5501 3826|4774/ 5432| 3964| 4829 5438] 4035 5160] 5705 ,'
LIGNITE 1403| 1403| 1403| 1125| 1125| 1125| 1221]1221| 1221| 1415| 1415 1415
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. 229| 229} 220 - | - | 270| - | - | 78| 149 270| 270
TEK THLTOT. | 2389} 2389] 2389] 1827|1827/ 2097 1781) 1781] 1859] 2321| 2442} 2442
KEBAN - | 47| 9v2| s41| 935|1315{1315|1315| 1315| 457( 1290|1290
1. USURLY | avy| s1s| 290] s1a| sus| s 518] 5180 115| - | 330
SARIYAR 275| 412| 412| 152| 412| 412| = | 265| 412| 20| 170| 275
HIRFANLI 84| 158| 158] - | - |. 34| 158 158 158) = | - | 105
DEMIR KOP. | ~64] 66| 66 - | - | - | - |- | < 1 20/ e6] 66
KEMER 17| 14| 45| 45| 45| 45| - | 11| 45| - 24| 30
AIMUS - (= 1= | 15| 26 - 26{ 26 26/ - | - | -
TEK DAMS TO.| 440|1507|2101|1349|1936|2324|1530|2293| 2474| 619|1551|2096
TEK LAKE RI.| 126 195/ 195| 128| 195| 195| 187| 289| 289| 284| 351| 351
NON-TEK TH. | 304 304| 304| 304] 304| 304| 304| 304| 304| 304| 304| 304
won-TEK mY. | 162| 162| 162| 162| 162| 162| 162| 162| 162| 162| 162| 162
TOT.GENERAT. | 3421 4557|5151 3770{ 4424|5082| 3964 | 4829| 5088|3685 | 4810|5355
|port 350| 350| 350| 56| 350| 350| - | - | 350| 350| 350| 350
TOTAL SUPPLY | 3771|4907|5501]3826|4774|5432] 3964|4829| 5438|4035 5160 5705
UNS.POWERDEf - | - | - | - |- -}-1-1-1-1|-1]-
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS DELAYED 1 YEAR (LOAD DECREASED BY 57

PERIOD I T 111 I

LOAD LEVEL 1 2 3 1 2 | 3 1 2 3 1 i 2 3

POWER DEMAND 341214439 14976 |3461 14319 |4915 13586 |4369 ]4920 |3651 |4668 [5161

LIGNITE 14031403 {1403 |1160 {1160 {1160 |1178 |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= t-1-1-1- 1-

TEK TH.TOT. |2160|2160 |2160 [1862 [1862 [1862 [1738 |1738 [1738 2160 |2160 [2160

KEBAN | - | 152| 689 637 8331315 1315 1315|1315 | 745 [1315 [1315
H.UGURLY - | 435] 435( 209 sou | s01| 31| >s18( 518| 88 118] 445
sARTYAR | 151| 412 412| 245| 401 { 401| 36 257{ a12| - | 286 286
WiRFANLI | 84| 158| 158| - |- |117| 150|158 158| - |- | 158
{oemin kv, | 64l 66| 66| - |- 2] - |- vl 19] 66| 66
|keMER 11| 45| 45| 45| 45| 45| 20 - | 45| - | 24| 304
AIMUS - - |- 4] 26 - | 26| 26| 26]- |- |-

i TEK DAMS TO.| 310 1268 (1805 {1241 |1806 [2400 1560 |2274 |2475 | 851 |1810 [2303

TEK LAXKE RI; 126§ 195 195 139 | 139 | 139 126 1951 195] 128 | 186 | 186

.|NON-TEK TH., | 304 304|304 |- |-~ 2l - |- |- |- |- |-

NON~-TEK HY. 162 162 | 162 162 { 162|162 162 | 162 | 162} 162 | 162 | 162

TOT. CENERAT, |3062 14089 14626 [3405 [3969 141565 3586 4369 4570 |3301 [4318 Ja811

IMPORT 350 350 350 56| 350|350 - - 350 35'0_ 350 | 350

TOTAL SUPPLY [3412 |4439 |4976 [3461 [4319 |915 3586 (4369 4920 3651 {46068 [5161

UNS.POWER' DE.| '+ | Lo EURN A R - | -1 - - o
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SCENARIO: NORMAL WATER YEAR-INVESTMENTS DELAYED 1 YEAR (FORECASTED LOADS)

3
i

| PERIOD - T 11 IIL 'l

!

oap LEVEL | 1 | 2 [ 3 {1 2|3l ]2 |3 |1]2]3

P¢WER DEMAND {3591 [4G73 15289 {30644 [A54T7 5151|3775 14599 [5L71[3843 4914 5460

|LIGNITE 1403 (1403|1403 [1151 1151 {11511187{1187 (1187|1403 |1403 1403
COAL 165 165 165] 110] L10| L10] 165| 165| 165 165| 165/ 165
F.OIL 592 592 592 592| 592| 592] 395] 395 395| 592] 592 592
Gas TR, |- |~ |- |- |- - |- 1-|-|-1- |-

TEK TH.TOT. |2160]2160|2160(1853|1853[1853[1747|1747|1747 216021602160}

KEpaN . | - | 6771020 667| 682{1172{1315 (1315|1315 623 |131511351
H.USURLU | - | 423] 473| 206 | 518 | 518| 31 518 518| 100| 70| 391
SARIYAR - | 308 233 412] 118 412| 412 52| 183|375~ . | 274 | 312
mReanLI | 84| 1ss| 158 = |- | 1i7) 10| uss | s |- |- | 1s8
DEMIiR K6P. | 64. A66 66| - | - 231 - | - |- ] 19) 66| 66
KEMER ; 19] - 451 45| 45| 45 3 - 30§ - 181 45
ALMUS = = [ 15| 26|< | 26| 26| 26|- |- |-

TEK DAMS TO.| 476 (1558 (2174|1140 [1683 [2287 [1576 |2200 |2422 | 742 (1743 |2289

TEK LAKE RI.| 139| 139| 139] 128| 195| 195| 128 186 186| 125} 195| 195

NON-TEK TH. | 304| 304 | 304 | 304 | 304 | 304| 162| 304 | 304 | 304 | 304 | 304

NON-TEK HY. | 162| 162 162| 162| 162| 162|162 | 162| 162| 162| 162 | 162

TOT.GENERAT. [3241 [4323 14939 3588 4197 4801 |3775 |4599 |4821 |3493 [4564 |5110

IMPORT | 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 DEf - | = | = | = | = |- | - |- |-|-]|-|-

: . . i
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SCENARIO: NORMAL WATER YEAR - INVESTMENTS DELAYED 1 YEAR (LOADS INCREASED
N N : o ‘ BY 5%)

c

_PERIOD B 11 I ‘ v

Loap LEVEL | 1 | 2 |3 |1 |2 {3123 }|1]|2]s3

|POWER DEMAND {3771 49075501 3826 {4774 54323964 |4829 15438 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
F.OIL . | 592| 592| 592| 592| 592] 592| 395| 395| 395| 592| 592| 592
GAS TUR.  |.229| 220| 229] - | - | 229] - | - | 109| 213| 270} 270

TEK TH.TOT. }2389)2389)2389]1756(1756]1985 1844 1844 {1953 {2373 (2430|2430

KEBAN 1 - 1 - | - | 820f1006{1315{1315[1315]|1315] 603 {1315 1315
H.UGURLU | - | 488 264 296 518 518 31| 518 518| 96| 102| 376
SARLYAR 256( 64| 160| 244 412) 412} - | 290| 4L2| - | 228 412
HIRFANLL | 84| 158| 158| - | - | 146| 156| 158| 158| - | - 59
DEMIR KGP. | 64| 66| 66{ - |- |- |- |- |- | 20| 66| 66
RKEMER | 22 - |- | 45| 45| 45|~ | 10| 45)- | 17| 45
Aus c TR |- E) e ae | 4 [ 26| 26| 26| - | - | -

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

NON-TEK -TH. | 304 | 304 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304

NON-TEK HY. | 162] 162] 162} 162| 162 162 162| 162| 162| 162 162 162

TOT., GENERAT, [3421 3770 364313770 14424 15082 13964 [4829 15088 13685 [4810 |5355

IMPORT 350| 350§ 350" 56§ 350 350 - - 350 3504 3501} 350

'TOTAL SUPPLY 3771 4120 3993|3826 (4774 5432 3964 (4829 5438 {4035 [5160 {5705

UNS.POWER DEJ - | 787\1508| - | - | - | - |- {-|-1-1-

t
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SC‘ENARIO:' DRY WATER YEAR-INVESYTMENTS REALIZED (LOADS

1

104

DECREASED BY 5 %)

| PERLOD N 11 111 1v
LOAD LEVEL | 1 | 2 {3 |1 |2 {3 |1 ]2 {3 |1]2]3
POWER DEMAND |3412 4439 |4976 |3461 431914915 |3586 {4369 |4920 3651 |4668 {5161
LIGNITE — [141501415 (1415 {1415 {1415 [1415 1193111931193 {1653 1653|1653
COAL 165| 165|165 165| 165| 165| 110 110{ 110| 165| 165| 165
F.OIL | 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.UGURLU - | 130] - | 207} 518 518] - 88| 474 = | - | -
SARIYAR 57| 412| 412 154| 412 412| 71| 289| 412f 22/ 0 | O
HIRFANLI - |1sal1s8| - |- |~ |58~ |- |- |- |-
| DEMIR KUP. 371 66f 66|~ |- |- |- |- |- |- |-
KEMER - |- |- 39| 45| 45| - 1] 43] - 1] -
ALMUS™ |- S S IR I I B S8 BT B3 I I
TEK naMs, To. | 94| 942 (1479 | 399 | 975 [1291 {1260 [1712]2263| 206{1316 {1315
TEK LAKE RI.| 110| 289 | 289| 209| 136 | 416| 207| 543| 543| 340| 176| 604
NON-TEK TH. | 304| 304| 304 304 | 304 | 304| 304| 304| 304| 304| 304| 304
NON-TEK HY. | 112] 112] 112) 112] 112} 112] 112 112] 112] 112] 112} 112
TOT GENERAT. [3002 [4089 [4620 3317 3969 14505 | 3580 [4369 |4920 {3372 [4318 [ 4811
IMPORT 350 350 350| 144| 350 350) 0 |0 | 0 | 279| 350{ 350
TOTAL SUPPLY [3412 4439 |4976 | 3461|4319 |4915 | 3586 | 4369 | 4920 3651|4668 (5161
UNS.POWERDE| - | - | - | - | - |- |- |-|-|~-1|-1]¢%

o~




SCENARIO: DRY WATER YEAR — INVESTMENTS

105

REALIZED (FORECASTED LOADS)

" PERIOD 1 b 11 111 v
LOADLEVEL | 1 | 2 |3 |1 |2 |3 |1 |2 |3 |1]2]s3
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
COéL 165 | 165 165 | 165 | 165 165 | 110| 110| 110| 165 165 165
F.OIL 592 | 592 | 592 | 592 | 592 { 592| 395| 395 | 395| 592 | 592 | 592

|eas TUR. 270| 75y~ | ssl270}- |- |- |- [2r0[- |-
TEK TH.TOT. [2442 [2247 2172 [2230 |2442 |2172{1698 {1698 {1698 2680 |2410 |2410
KEBAN - =t |- |+ |- |- ‘|roes|13101310| 219 [1315 [1315
H.UCURLU 260 - |- |207]s18)518[- | 76[518f - |- |-
SARIYAR = | 38| - | 154|412 412 207 373 412} 22} - |-
HIRFANLT |- |- |- |- |- |- |158 158 158| - |- 15
Duqln KyYr. LY - - - - - - - Y -
KEMER - |- |- | 39| a5 45]- 1| 43 - 1] -
ALMUS - - - - - - 201 25 25§ - - -
TEK DAMS TO.| 77| 38|~ | 399 | 975|975 {1454 {1942 [2466 | 255 [1316 {1330
TEK LAKE RI.|[179 |- - 250 | - - 207 | 543 ] 543 ] 416 | - -
NON-TEK TH.. | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304
NON-TEK HY. | 112|112 | 112|112 | 112 | 112] 112{ 112 112 | 112 112 { 112
TOT.GENERAT. B115 [2702 [2588 13294 [3833 B563 [3775 (4599 [5122 [3768 [4142 (4156

| napore 350 | 292 | 350 | 350 | 350 | 350 | - 49| 76 350 350 {350
TOTAL SUPPLY 3465 [2993 [2938 [3644 [4183 3913 [3775 4599 |5171 |3843 |4492 4506
|uNs.POWER DE| 126 f680 o351 [~ [ 364238 |- |- |- |- |422] 954




SCENARIO: DRY WATER YEAR - INVESTMENTS

106

REALIZED (LOADS INCREASED BY 5 %)

'

PERIOD I 11 111 IV
roap LEVEL | 1 | 2 | 3 |1 f2 (3|12 |3|1]|2]s3
POWER DEMAND (3771 [4907{5501 |3826 4774|5432 |3964 4829 {5438 [4035 {5160 [5705
ﬁiGﬁITE!: 1415 1415|1415 |1415 1415 1415 119311931193 [1653 |1653 |1653
COAL 165| 165| 165| 165| 165| 165| 110| 110| 110| 165| 165 165
F.OIL 592 592| 592| 592| 592| 592| 395| 395 395| 592| 592 592
GAS TUR. 270) - - 270 - - - - - 1094 = | -
TEK TU.TOT. |2442|2172]2172]2642 [2172]2172 | 1698 [1698 | 1698 2519 |2410 [2410
KEBAN - - |-, |- |- |- |2esli310]1310] 25[1315[1315
1L UGURLY caq| = [ = |72l sws|swe|- |27 |swe|- |- |-
SARIYAR - 38| - 154412412 200] 412|412 22{- |-
HIRFANLI ol I I I R I IDLLA LN LN Rl 15
DEMIR KOP, 54| - 1| - - - - - - - 14 - -
KEMER - 1= 1= | 39] 45| 4s]- 1| 43] - 1| -
ALMUS - - - - - - 21| 25| 25]- |- |-
TEK DAMS TO.| 77[ 38| - | 365| 975| 975|1643 {2172 |2466 | 61 [1316 (1330
TEK LAKE RL. | 179| - | - [ 250( - |- 207|543 543] 416f - |-
NONTTEK ‘TH.. | 304| 304| 304 | 304 | 304 | 304] 304| 304 | 304 304 | 304 | 304
NON-TEK HY. | 112| 112| 112| 112| 12| 112[112] 112] 112 112 112 112
TOT.GENERAT. |3115 | 2626|2588 [3472 |3563 [3563 {3964 |4829 (5122 [3411 {4142 [4156
|mporr | 350 350( 350| 350{ 350 350| -~ |- {316 51f350] 350
| TOTAL SUPPLY {3465 |2976 [2938 [3822 3913|3913 3964 |4829 |5438 |3462 |4492 4506
UNS.POWER DE| 306 [1931(2563| 4| s61[1519| - | - |- | 573| 668 {1199
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SCEQARIO; DRY 'WATER YEAR-INVESTMENTS DELAYED 6 MONTHS (LOADS DECREASED BY 5

~ 'PERIOD 1 N . 111 1V

LOADLEVEL | 1 | 2 | 3 [ 1 |2 |3 |1 |2 {3 |11{2]{3

POWER DEMAND (3412 4459 4976 {3461 [4319 |4915 |3586 [4369 (4920 3651 [4668 {5161

LICNITE ; 1403 {1403 1?03 1403 1403 14031 948 948 948 11415 {1415 11415
COAL | 165| 165| 165| 165| 165 | 165| 110| 110 { 110 | 165 | 165 | 165
F.OIL 5927 5921 592 ] 592 ] 592 592 3951 395|395 ] 592 | 592 | 592
GAS TUR. 229 - |- lawofarol- [~ |- |- | s1{- |-

TEK TH,.TOT. [2389 {2160 |2160 {2430 {2430 |2160 1452 1452 (L1452 ?253 2172 172

KEBAN |- |- {- |- |- [- Q228310310 61 1315 }315
|B.vGURLU | 24| - |- |165|518|518| - |306|518|-" |- |-
SARIYAR - 38| - | 154|412} 412} 200|412 412} 22|~ |-
HIRFANLT |- |- (- |- |- |- |1s8|158[158 |- |- 15
EMIR kBB, | sS4 - |- |- |- |- |- |- |- 1 w|- |-
KEMER [ - |- = |30 45| 45] - 143 - e
ALMUS - - e - 2 2s|oes(- |- |-
TEK DAMS TO.| 77| 38|~ '| 358] 975| 975|1607 |2212 |2466 | 97 [1316 1330
TEK LAKE RI.| 121| - | -y | 94| 148/ - 110 289 289 | 250 | ~ | -

NON-TEK TH, | 304} 304 304 | 304 | 304 |.304| 304 304 [ 304 | 304 | 304 { 304

NON-TEK HY. | 112 112|112 112 112 112| 112} 112} 112 | 112 | 112 | 112

TOT.GENERAT. 3003 2614 {2576 |3298 3969 {3551 {3586 4369 4623 3025 3904 13918

IMPORT 1 350 350| 350 163 350 350 - - 297 | 243 1350 | 350

TOfAL SUPPLY {3353 [2964 (2926 {3461 |4319 |390L |3586 [4369 |4920 3268vé254 4268

1UNS.POWER DE.| 59 |1475 (2050 - - i014y - - |- 383 | 414 | 893



SCENARIO: DRY WATER YEAR-INVESTMENTS DELAYED 6 MONTHS

108

(FORECASTED LOADS)

PERIOD

1 I 111 IV
Loap LEVEL |1 | 2 | 3 |1 |2 |3 |1 ]2 3 1|2 |3
POWER DEMAND [3591 4673 [5289 {3644 (4547 {5151 |3775 [4599 [S171 |3843 4914 [5460
LIQNITEx 1403 [1403 [1403 1359 {1359 |1359-| 991 | 991 | 991 [1415 [1415 [1415
fcoar 165 | 165 | 165 | 110 | 110| 110 165 165 | 165 | 165 165 | 165
F.OIL - |/592| 592 592 592 | 592 5921 395| 395| 395 | 592 | 592 | 592
GAS TUR. 229 = |- fe2rof- - - |- |- 14— |-
|TEK TH.TOT, |2389 [2160 [2160 [2331 [2061 2061 [1551 [1551 (1551 [2296 (2172 [2172
KEBAN - |- |- |- 1- |- [30f1310[1310] - |1191 1315
|1, UGURLY 241 - | = |134)518) 518} - | 482|518~ |~ |-
SARIYAR - | 38|~ |u1s4]412{412]| 208 367] 412| 22| - |-
NLKFANLL - - - - - i I58 1 158 | 158 - - L5
DEMIR KOP. 54| - I D 4| - -
KEMER - |- |- ] 39| 45 45]- 1| 43)- 1| -
ALMUS T R N I 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
[mon-TEK WY. | 112{ 112 112|112 | 12| 112] 112} 112] 112) 112 | 112 112
TOT.GENERAT.:BOOBE2614;2576 3190 (3452 |3452 |3775 |4599 4722 |3006 [3780 |3918
| IMPORT 350 3507350 56| 350 350| - | - | 350| 350{ 350 350
TOTAL SUPPLY [3353.[2964 [2926 [3247 [3802 [3802 {3775 [4599 [5072 3356 |4130 {4268
e— DE;.238§1169ﬁ2363 398 | 7451349 | - | - | 99| 487 784 1192

R
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SCENARIQ: DRY WATER YEAR-INVESTMENTS DELAYED 6 MONTHS (LOADS INCREASED BY

5 %)
© PERIOD 1 11 111 v
lroavever | 102 13 |1 ]2 sl ]2]31]2]5s
POWER DEMAND | 3771| 4907} 5501| 3826 4774| 5432| 3964| 4829| 5438 4035| 5160| 5705
LIGNITE . | 1403{ 1403| 1403| 1164| 1164] 1164| 1187] 1187 1187] 1415| 1415] 1415
{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. 229 - | = | 2700 = | - | -.] - | - | 124 - | -
TEK TH.TOT. |[2389|2160|2160| 2136| 1866| 1866 1746 1746| 1746| 2296| 2172| 2172
KEBAN - - - - - - |1310] 1310{ 1310, - | 1191} 1315
H.UGURLU 24{ - | - | 134| 518} 518 ~ | 482| 518 - | - | -
SARTYAR | - | 38| - | 154] s12| 412 202 402 412] 22 - | -
HiRFANLI = b= == |- |~ | ves 158 158 - | - 15
DEMLK KUP. sel - === 1-1-1-1- w - |-
KEMER = - |- 39| 45| 45| - 1| 43| - 1 -
|amus - - L= - |- 21 25 25 - | - | -
TEK DAMS T0. | 77| 38 - | 326 975| 975[1691| 2378 2466 36| 1192| 1330
TEK. LAKE RI.| 121| - | = | 117 = | - | 110{ 289 289 259 - | -
NON-TEK TH. | 304| 304 1304 304|. 304 %504 304 304 304 304] 304| 304
ﬁbﬁ—iéﬁ av. | 112 112] 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| s6| 350| 3s0] - | - | 350 350 350 350
TO&AL SUPPLY | 3353| 2964| 2926| 3051} 3607| 3607 3964| 4829 5267 3356/ 4130| 4268
UNS.POWER DE| 418|1943|2575] ,775{ 1167|1825 - | - | 171 679) 1030| 1437




SCENARIO: DRY WATER YFAR-INVESTMENTS DELAYED 1-YEAR (

110

LOADS DECREASED

BY 5 7)
PERIOD i 11 III Iv
LOAD LEVEL 1 2 3 1 2 1 3 1 2 K} 1 2 3
POWER DEMAND [3412 4439 [4976 (3461 [4319 {4915 |3586 |4369 (4920 [3651 4668 (5161
LIGNITE 1403|1403 |1403 |1403 |1403 [1403 | 936 | 936 | 936 [1403 (1403 [1403
COAL . 165| 165| 165| 165| 165 | 165| 110| 110{ 110|.165| 165| 165
F.OIL 592| 592 592| 592| 592| 592 | 395 | 395| 395 | 592 | 592 | 592
GAS TUR. 153 - | - | 229{223|- |- ‘|- 53| 153 - | -
TEK TH.TOT. |2320|2160 (2160 [2389 (2383 |2160 {1440 [1440 [1493 [2313 |2160 |2160
|xeBAN -l -1- |- |- |- [280[t310 1320 1313151315
H.UGURLU 24| = |- |146| 518|518~ |412{s8]- |- |-
SARIYAR - | 38| - |1s4|s12]412] 200412612 22|~ |-
HIRFANLI - = |- |- |- |- |18]1s8|1s8|l- |- | 15
DEMIR KBP.. | S54f -, |- i IR C R I I B U S
KEMER - p = = | 39| 45| 45| - 1| 43] - 1] -
AIMUS - - - 1- 1= |- | 2| 25| 25|~ |- |-
TEK DAMS TO. | 77 '38| - | 339 975| 975 [1656 [2318 [2466 | 49 {1320 [1330
TEK LAKE RL.| 121| - |- | 87]195|- | 74|195|195|121] - |-
NON-TEK TH. | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304 | 304
NON-TEK HyY. | 112 112 112|112 112|112 | 112 | 132 | 112|112 {112 | 112
TOT.GENERAT. |2927 |2614 [2576 [3231 [3969 [3551 [3586 [4369 [4570 {2899 [3892 [3901
mPoRT | 350 350 | pso| 231|350 [ 3s0- |-, |3so|172| 350/ 350
TOTAL SUPPLY [3277.[2964 (2026 [3461 [4319 (3901 [3586 [4369 [41920 3070 [4242 [4256
UNS.POWER DEJ 135 [1475 [2050 | - | = pow4| - | - | - |s81 427 | 905"

1
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SCENARIO: DRY WATER YEAR-INVESTMENTS DELAYED 1 YEAR (FORECASTED LOADS)

. PERIOD |

UNS. POWER DE.

1 oI 111 v
LbAD LEVEL | 1 | 2 |3 |1 |2 |3 |1 |23 |1]2]3
POWER DEMAND |3591 |4673{5289 |3644 |4547| 5151|3775 4599|5171 3843|4914 | 5460
LIGNITE  |1403 (1403|1403 (13031303 |1303|1036 1036|1036 1403 (1403|1403
cdéL 165| 165} 165| 110| 110{ 110| 165| 165| 165| 165| 165| 165
F.OLL 592| 592| 592| 592| 592| 592| 395| 395| 395] 592| 592| 592
GAS TUR. 37y - |- | 22902290 - | - |- |-"]270 - | -
TEK TH.TOT. |2197|2160|2160 |2234 |2234 | 2005|1596 | 1596|1596 | 2430| 2160|2160
, KQBAN - |- |~ |- |~ |- |t3Lo]13101310] ~ (1191|1315
H.USURLU ! 241'= | - | 134 518 518| - 487 501 | - - -
SARLYAR - | 38| - | 154| 412| 412 200| 412] 412 22| - | -
HiRFANLI - - |- 1- - 1= |158] 158} 158} ~ | - 15|
DEMIR KOP, 54— |- |- 1= |- 1- |- 1- w4l - |-
KEMER - |- |- 39| 45| 45| - 1] 43| - 1) -
ALMUS - - - - - |- 21|~ 25| 25| - |~ |-
rex paws 0. 77| 38| - | 326] 975| 975(1689|2303 |2648| 36{1192{1330
TEK LAKE RI. | 121| - | - | 117| - | - 74| 195) 195 121} - | -
|NON-TEK TH.. | 304 | 304| 304 | 304 | 304 | 304| 304 304| 304| 304 | 304| 304
I VO INRES NTES INNES INRES INREA R TS WUEY EE) R EE N EFE AP AT
TOT.GENERAT. {2811 [2614 |2576 |3093 |3625 {3396 {3775 {4599 4655|3003 |3768 3906
IMPORT . | 350| 350| 350| 350| 350| 350"~ | - | 350| 49| 350| 350
(oAt ;surpLY [3161 |2964 |2926 [3443 3975 [3746 [3775 [4599 5005 |3052 |4118 4256
4301709 |2363 | 201| 572 |1405| = | - | 166 791| 796 [1204
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SCENARIO: DRY WATER . YEAR-INVESTMENTS DELAYED 1 YEAR (LOADS INCREASED BY 5%)

i

PERIOD | -~ & 1 . 11 111 1V

LoaDLEVEL | 1 | 2 | 3 |1 {2 |3 {1213 ]|1/|213

POWER DEMAND |3771|4907|5501 |3826 |4774|5432 3964 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
P.OIL - | 592| 592| 502| 592| 592| 592| 395| 395| 395|592 592 592
GAS TUR. | 229 = | = 220~ [« | = |- [« [us|- |-

TEK TH.TOT. |2389|2160|2160 2045 1816|1816 1785|1785 1785|2275 |2160 2160

 |KEBAN - 1= - - - |- |3ofsiofisio] - 1191131

uovtvri | 24| - | - | 134 s18[ s18] - [ s18f300( - [ - |-
SARIYAR " | 38| - | 154| 412] 412] 200] 412] 412| 23] - -
HERFANLI | - | - |- |- |- |- [1s8{1s8| 158~ |- | 15

g DSYETR N BV R A IR I I e O |- |-
KEMER - |- |- |- | 39| as| 45| - | 1} 43f{- | 1|-
maMus ¢ .| = - fi= | = |- |- | 21} 2] 25| - |- |-
TEK DAMS:TO. | 77| 38|~ | 326] 975| 975|1689 |2424(2338] 361192 |1330
TEK LAKE RI.| 121| = | - | 117| - |- | 74|195|195|121| - |-

NON-TEK TH. | 304} 304| 304 | 304 304| 304} 304| 304 304! 304 | 304 | 304

NoN-TEK HY. | 112| ti2] iz w2 iz tiz2| e ez e o] 12 12

TOT.GENERAT, 3003 261412576 |2904 13207 13207 {3964 }4819 |4733 |2848 13768 13906

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 DE,] 4201194312575 57211217 11875} ~ - 3

kG
n

L1400 [1L0A2 11449

o
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APPENDIX II. DISTRIBUTION OF OUTAGE
CAPACLTIES
| :
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R s . o

| . _ ]
SEYITSMER (3x150 = 450 MW) q = 0.13554
b L . P = 0.86446 .
R :
Caﬁacity Outage (MW) Probability Cumulative Probability
P I . . 1
| 0o, ; . 0.64600 1.00000
1 . | .
| 150: o 0.30386" 0.35400
{ 300 ' 0.04760 0.05014
I .
450 . ' 0.00254 0.00254
1
I‘ . ‘
YATAGAN (2x210 = 420 MW) q = 0.10000
| p = 0,90000
! 3 I ‘ ‘ . 3 : . -. »
Capacity Outage (MW) Probability Cumulative Probability
0, : 0.81000 : 1.00000
210 0.18000 0.19000
420 o 0.01000 0.01000
SOMA-B (2x165 = 330 MW) q = .0.10000 ’
‘ : p = 0.90000
Capécity Outage (MW) ‘Probability Cumulative Probability
0 0.81000 - 1.00000
' t
165 o 0.18000 0.19000
330 - 0.01000 0.01000

t



§
|
|

0.0805

g !
TUNCBILEK-B (2x150 = 300 MW) q
S ) 0.9195

i ! p
! ' :

o

Capacity Outage (MW) " Probability Cumulative Probability

0 0.84548 -

1.00000
150 0.14804. 0.15452
300 0.00648

0.00648

0.08935"

- TUNGBILEK-A (2x32,1x 65 = 129 MW) q
: 0.91065

P

|
i

Cnphvfty Qult ape(MW) Probability Cumulative Probability

0 ' 0.75519 1.00000
32 0.14819 . 0.24481
YA B ©0.00727 0.09662
65 0.07410 0.08935
g
97 0.01454 0.01525 -
129 0.00071 ! 0.00071
|
i.“““ o ‘ ' 4
l |
. {
SOMA-A (2x22 = 44 MW) ¢ = 0.97159
[ : p = 0.02841
I | |
Capacity Outage(MW) " Prbbability ~Cumulative Probability =
T — |
L0 ©0.94399 1.00000 !
22 , 0.05521 0.05601
TV N 0.00081 0.00081

o)



TZMIR (3x5+1x2.5+1x20 =

o ; I
l .
Capacity Outage(MW) .

37,5 MW) q-
P

Probability.

o

0.11423
0.88577

116

Cumulative ?robability

]

.0 0.78459
1175  0.10118
’ }‘ 20 0.10118"
% 37.5 0.01305
| ) ." ”|
ANBARLI (3x110+2x150 = 630 MW) q
y 0

|

Probability

0.06903
0.93097

11.00000

0.21541
0.11423

0.01305

Cumulative Probability

' Cupdcicy Outage(MW) -

50 .' |

| 0 . 0.69932 1.00000
110 0.15556 0.30068
150 1 0.10371 0.14512

220 0.01153 0.04141
260 ! _ 0.02307 . 0.02988
300 . 0.003864 0.00681
330 0.00029 0.00297
370. 10.00171 0.00268
410 0.00086 0.00097
480 0.00004 0.00011
520 0.00006 0.00007
630 0.00000 0.00000
HOPA (2x25 = 50 MH) q = 0.03941
| "p = 0.96059
‘CapacityaOuLage(MW) Probability Cumulative Probability
0 0.922773 1.00000
25 ) 0.07572 0.07727
0.00155 0.00155



KEBAN (4x157,5+4x185

Capacity Outage(MW)

0
157.5
185
315

342.5
370
472.5

! 500

527.5

1 555
630
657.5

1

!
H.UBURLU (4x125 = 500 MW)

117

Cdpacity Outage (MW)

0 .
_125*
- 250

375"

500

|

q = 0.00127.
p = 0.99873

1370 MW) q = 0.01441
p = 0.98559

Prdbability Cumulative Probability
'0.89037 1.00000
0.05207 0.10963
0.05207 0.05756
0.00114 0.00549
0.003043 0.00435
0.00114 0.00131
0.00001 ' 0.00017
0.00007 0.00016
0.00007 0.00009
0.00001 0.00002
0.00000 0.00001
0.00000 ‘ o.ooodo‘A

Cumulative Probabiiity

0.99493
0.00506
o.doooy
0.00000

0.00000

Probability .

1,00000
0.00507
0.0000L
0.00600

0.00000

(o]



SA&IYAR
!
i

(4x40 = ieq MW) q
p

Capacity Outage(MW)

n
GOKCEKAYA (3x92.8 = 278,4 MY) q
: ‘ : ‘ P

Capacity

80

120: ’

0

40,

160 |

92.8

OQutage (MW)

0

185.06

278.4 ¢

HIRFANLI

(3x32 = 96 MW)

Outage (MW)

Capacity
0

32

64

Probability

0.02833
0.97167

118

Cumulutive?Probability

0.89141

0.10396

10.00455

0.00008

0.00000

Probability

0.08800
0.91200

1.0000

0.10859
0.00463
0.00008

0.00000
i

Cumulative Probability

q
p

Probability

0.75855
0.21958
0.02119

0.00068

non

0.00896
0.99104

1.00000
0.24145
0.02187

0.00068

Cumulative Probability

0.97336
0.02640
0.00024

0.00000

1.00000
0.02664
0.00024

0.00000



119

‘LIST OF REFERENCES

1-'"Allan,R.N., F.N.Takieddine,'"Generator—Maintenance

i
|

“Schéduling Using Simplified Frequency-and Duration-

‘Reliability Criteria", Proc.IEE, Vol.124, No.l10, pp.873-
i . ' I ) : :

'880, October 1977.
Lo i

g

i

‘2—}Ar1kan,Y;,lM.k:inan, "Elektrik Enerjisi Uretim;nde Opti-
) .
A%muﬁ Sistem Isletmesi Icin Modelleme ve C6ziim Yéntemi',
%T?TAK YI.Bixim!Kongresii MAG Elektrik Seksiyong Tebligle—
 iri,~izﬁi;, Ekim‘1977.
'3-2Arnoff;E.L., {.C;Chambersg "On the Determination of
v |
JOptimum &uuurve Genuratiog Cupucity in an Electric Utilicy
éSystem;, in: E:H,Bowman, R.B.Fettéf", "Analysis fér

Production and Operations Management'", Richard D.Irwin

Inc., Illinoié[ 1967 AT
.v . I .
4- Aydub;A.K., A.D.Pﬁtton, "A Frequency and Duration Method
! Lo _Arvlﬁ,‘. ) ) o .
For Generating System Reliability Evaluation", IEEE Trans.,
"PAS., Vol.95, No.6, pp.1929-1933, Nov./Dec. 1976.

. |
5- Banger,G., K.Inan, "Elektrik Enerjisi Uretiminde Isz:

Santrallart fe¢in Oluasrl bir Bolyilewe Modeli", V.Ulusal

Yaneylem.AfustxrmaSL Kognresi, Eskigehiry Mayis 1979.



11~

120
|
‘Billinton,R., RlJ.Ringlee, A.J.Wood, "Power-System

Reliability Calculations", M.I.T. Press, 1973,

‘Birlik,z., "Baraj Planlamasinda Sans Kisitli Bir Yaklasim",

V.Ulusal Yﬁneylem Arastirmasi1 Kongresi, Eskigehir, Mayais
1979, ’ i

1 i . B
Booth,R.R., "Optimal Generation Planning Considering

Uncertainity", IEEE Trans. PAS., Vol.91, pp.70-76, 1972,

Booth,R.R., "Power System Simulation Model Based on
Probability Analysis", LEEE Trans. PAS, Val.9l, pp.62-67,

1972.

Christiansce,W.R., A.U.Palmer, "A Tcchnique for the
Automated Scheduling of the Maintenance of Generating.

Facilifiés", IEEE Trans, PAS. Vol.91, pp.137-144, 1972,

DR ! RSP R |

Cote,G., M.A.Laughton, "Stochastic Production Costing in

" Generation Planning: A Large Scale Mixed Integer Model',

13_\.

'~MafhematicaItBrogfaﬁming Studyi‘ZO—Applications, Amsterdam,

October 1982.

Giiven,Y.Gaglar, "Electricity Generation with optimal

Bupply Rellabitley", Ph.D.Thesls, Dept. of Opetr,Res.,

-

University of Lancaster, U.K., 1975.
V . L . ‘ i

| | |

Given,Y.Gaglar, "Operational Research and Electric Power

' System Operation", presented at the Second International

. . . ~
Research Comference on Operational Research, Stratford,
! ’ '

U.K., 1976, . _ .



. ‘ , - . . - 121

14~  James,L.D., Robert R.Lee, "Economics of Water Resources

15-

16-?Kavrakog1u,f.;

17~

18-

19-

20-

21-

22-

N.Y., 1975.

%Planning", Tata McGraw=-Hill Publishing’Companf Ltd., New

‘Delhi, 1971.

i

L

| o '
:Kavrakoglu,i.(Director), "Mathematical Modelling of Energy

Systeﬁs", Advanced Stydy Institute, Istanbul, 1979.

t
1

|

étlrmu31'3.UTusal Kongreéi,‘izmir, 1977. |

Ravrakoglu,l., G.Kizitltaun, "Multiobjective Decisions in
i

i
|

Power Systems Planning", Bopazici University, Istanbul,

1981,

1
' !

Kavrakoglu,l., (Proje Yoneticisi), "Elektrik Tasarrufu
: |
Arastirma Projesi", Bogazigi Universitesi Teknoloji ve

|
Sistem Arastirmalari Enstitiisii, lstanbul, 1979.

. . . ‘
Knight,U.G., "Power Systems Engineering and Mathematics'

‘Pepgambn Press, 1972.

i §
Meta Systems Inc., '"Systems Analysis in Water Resources

Planning", Water Information Center, Inc., N.Y., 1975,

Miller,Robert H., "Power System Operation", McGraw-Hill
, U.S.A., 1970.

ot - 1
Inc.
tog e Ce ko S

"Ulusal Enerji Modelleri", Ydneylem Aras-— .

Muckstadt,J.A., S.A.Koenig, "An Application of Lagrangian

: | - .
Relaxation to Sch§du1ing'in Power Generation Systems'",

!

Tech;Repdrt No.265,‘Dept.of Oper.Res., Cornell University,

o)
|

"
|



122

e

23- 0zden,M., L.Kavras, M.Alper, "Keban ve Karakaya Barajlarz

clcin Bir Benzetim Modeli™, V,Ulusal Yéneylem Arastirmasi
. ‘ . ‘ ‘ .

C Kowgresi, ksklgehlre, Mayis 1979,

| .

244APang,C,K,, H.C.Chen, "Optimal'Short—Term Thermal Unit

fiCommitment", LEEE Trans. PAS; Vol.95, pp.1336-1345, July/
: ,

i August 1976,
itl !

25« Robertu,l,5., od., "Bhnargy: Mathematlen aud Modulua",

i

.  Society for Industrial and Aﬁplied Mathematics, Pennsylvania
! : | . .

. 1976. |

| . : ' |
b :

|
i

26—{Sear1,M.F., ed., "Energy Modelling", Resourcéé for the

thure, Inc., Washington D.C.,‘1973.

|

| ;
S Do | . L - . . .

27- sterling,M.J., M.R.Irwing, "Constrained Dispatch of

%Active‘Ppwef by Linear Decomposition", Proc. IEE Vol.1l24,

No.3, pp.247-251, March 1977.
! ’ !

N
i

Sulliﬁhn;R;Lx, "Power System Planning", McGraw-Hill Inc.,

28—
S T

1977,

29- "Bir Akarsu Uzerindeki Bir Seri Hidroelektrik Tesisin Op-
'timal Boyutlandirma ve Igletmesi", TBTAK Yéneylem Arag-
o |

tirmasi Bolimii, 1982.
‘ [ .

30- "Dogrusal Programlama Metodu Tle Tiirkiye Uzuwn Ddnem Elek-
trik Eﬁerjisi Uretim-tUketim lnecelemesi", TEK, PKD-262,
Eyldl 1982,

o~



T | | 123
o !
"1983-1986 Tlrkiye Uretvim=-Tketim lncelemesi™, T.E.K,

s PKD-248, Mayis 1982. ‘
L : |

© nasyon Daireéi Baskanligr, PKD-58, Nisan 197?,

i

"1982 yili Sistem Giivenilirligi", T.E.K. Planlama ve

- !
1978.

1
¢ i

| Mayis 1982,

.
Mayis 1983,

t

Genel Karakﬁeristikleri", T.E.K.,, PKD-260, Mart 1982,

"Givenilirlik Etddi Denemesi”, T.E.K. Planlama ve Koordi-

Koordinasyon'!'Dairesi, Baskanligr, Uretim Planlama-No.10, -

"1981 Y1li1 Isletme Faaliyetleri Raporu"; T.E.K., YTSD-176,
"1982 Yili lgletme Faaliyetleri Raporu", T.E.K., YISD-191,

MTirkiye'deki Tﬁrmik ve Hidrolik Santrallarin Dagilimi ve



	Tez5750001
	Tez5750002
	Tez5750003
	Tez5750004
	Tez5750005
	Tez5750006
	Tez5750007
	Tez5750008
	Tez5750009
	Tez5750010
	Tez5750011
	Tez5750012
	Tez5750013
	Tez5750014
	Tez5750015
	Tez5751001
	Tez5751002
	Tez5751003
	Tez5751004
	Tez5751005
	Tez5751006
	Tez5751007
	Tez5751008
	Tez5751009
	Tez5751010
	Tez5751011
	Tez5751012
	Tez5751013
	Tez5751014
	Tez5751015
	Tez5751016
	Tez5751017
	Tez5751018
	Tez5751019
	Tez5751020
	Tez5751021
	Tez5751022
	Tez5751023
	Tez5751024
	Tez5751025
	Tez5751026
	Tez5751027
	Tez5751028
	Tez5751029
	Tez5751030
	Tez5751031
	Tez5751032
	Tez5751033
	Tez5751034
	Tez5751035
	Tez5751036
	Tez5751037
	Tez5751038
	Tez5751039
	Tez5751040
	Tez5751041
	Tez5751042
	Tez5751043
	Tez5751044
	Tez5751045
	Tez5751046
	Tez5751047
	Tez5751048
	Tez5751049
	Tez5751050
	Tez5751051
	Tez5751052
	Tez5751053
	Tez5751054
	Tez5751055
	Tez5751056
	Tez5751057
	Tez5751058
	Tez5751059
	Tez5751060
	Tez5751061
	Tez5751062
	Tez5751063
	Tez5751064
	Tez5751065
	Tez5751066
	Tez5751067
	Tez5751068
	Tez5751069
	Tez5751070
	Tez5751071
	Tez5751072
	Tez5751073
	Tez5751074
	Tez5751075
	Tez5751076
	Tez5751077
	Tez5751078
	Tez5751079
	Tez5751080
	Tez5751081
	Tez5751082
	Tez5751083
	Tez5751084
	Tez5751085
	Tez5751086
	Tez5751087
	Tez5751088
	Tez5751089
	Tez5751090
	Tez5751091
	Tez5751092
	Tez5751093
	Tez5751094
	Tez5751095
	Tez5751096
	Tez5751097
	Tez5751098
	Tez5751099
	Tez5751100
	Tez5751101
	Tez5751102
	Tez5751103
	Tez5751104
	Tez5751105
	Tez5751106
	Tez5751107
	Tez5751108
	Tez5751109
	Tez5751110
	Tez5751111
	Tez5751112
	Tez5751113
	Tez5751114
	Tez5751115
	Tez5751116
	Tez5751117
	Tez5751118
	Tez5751119
	Tez5751120
	Tez5751121
	Tez5751122
	Tez5751123

