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ABSTRACT

The reliability of supply in a power system is
atudied when the ayatem operates isclated as well as
interconnected to neighboring bower systems. wheﬂ
isolated, the reliability is evaluated combining the load
characteristics with the capacity outage probability
table, which represents all possibleroutagé events in the
genérating capacity. When the éystem ia interconected
with neighbdring power systems; the "equivalent assiatingh
unit method" is used to represent the asaisting systema as
asgisting generating units that are incorporated into the

generating capacity of the asystem of interest.

This approach to reliability ig implemented in a
conputer model that considers the effects' of generating
unit size; forced outége rates , maintenance schedules,
energy limitations on hydroelectric plants, tie—line
capacitiea, tie-~line outage rates, number of tie lines,

and firm capacity contracts.

(iii)



The rél@ability of supply in Alberta; when
interconnectiona with British Cdlhmbié and Saskatchewan
are cons;dered} varies considerably depending on .the
operating conditions imposed on the power‘ ;yétems.
Howe?er, ﬁnder the moast likely sacenario, thé reliability
of supply in _Alberta will be greatly incfeased by éhé
po£éntial capacity assistance, available from tﬁe
neighboring provinces. h Alberta might ’ délay‘ the

constructién of new generating facilities by 2 - 4 years.
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Chapter I

INTRODUCTION

The objective of thia project ia to studyr the
reliability of electric energy aupply in Alberta if it
were interconnected with British Columbia and
Saskatchewén, and to examnine effecta of such

interconnectiona on the future development of the Alberta

_electric ayatem. -

The atudy is limited to the atatic 'capaeity
requirement in the province, which can be conaidered to be
instal%ed capacity that must be planned and gonstr0cted in
advance of ayatem requirementa. _Inaﬁalled capacity muat
be aufficient to meet anticipated demand and provide
reserverfor the overhaul of generating equipment, outages'
that are not planned or acheduled, and some load growth

requirementa in exceaa of forecaata.

Probability methods rather ihan determiniatic methoda
are applied, to the atatic capacity problem, becauase they

provide an analytical baaia for capacity planning which

can be extended to cover capacity of interconnections,

effecta of generating unit aize and deaign, effects of



maintenance achedulea, and other ayatem parameters.

The Loasa of Load Expectation (LOLE) and the Loas of
Energy Expectation (LOEE) are the indicea choasen to
“meaaure* -the reliability of electric energy auppiy. At
the present time the LOLE index ias the moat widely used

probabilistic measure for assesaing the adequacy of ~a
given generation configuratibn.v The LOEE, although not as-
widely used as the LOLE, is expected to gain poéularity as
power sasysatems become more energy conatrained. Referencea
(11 and (2] present more information regarding the uae of

reliability indices in Alberta and throughout Canada.

At the present time, Alberta ia interconnected with
B.C. through a 500 kV tranamisaion facility. This tieline

is able to transmit at leaast 800 MW of electric power.

An application for approval of a tranamisasion 1line
interconnecting Alberta and Saskatchewan ia preasently
being prepared. Thia tieline may be a 240-kV facility

with a capability of 100 - 150 MW.

Recent atudiea, (referencea (3], [4]1), addressing the
astatic capacity requirements of this province, asaumed the

capacity asaiastance from B.C. to be fixed at 300 MW



)

througﬂouf the entire planning 'period of more than 30
yeara. Moreover, such capacity assistance was aassumed to
be fully reliable at the sending end of‘the tieline. The
interconnection with Sask. was not addressed in those

studies.

Thia atudy conaiders the effect of both Alta.-B.C. and
Alta.- Saak. interconnectiona on the reliability of supply
as well aa on the atatic capacity requirements in Alberta.
The individual interconnectiona conaidered é&re not limited
to a fixed capacity. Inastead, variable capacity
asaistance, which 1a dependent on the available reaerve
capacity in ‘the aesieting system(s), igs used throughout
the atudy period. Also, the capacity aeaiséance ias not
asaumed fully reliable but subject to scheduled and random

outagea of the asasiating ayatem(a).

Chapter 2 of this report presents the basic theory
used in this gstudy in order to evaluate the reliability'ef
power ayatema., It begina By conaidering an isoleted power
ayatem, then extenda the analysis to interconnected

systems.

Chapter 3 deacribea the computer model developed to

evaluate the reliability indicea of interconnected ayatema



uaing ghe.theory outlined in Chap@err2. T@e model ia made
up of two aeparate computer progranma. The firat one
treatas each individual ayatem aa an iasolated ayaten. Thé
second program interconnects the ayatema according to
uger-impoaed - conatraintas on - tr;namisaion linesa and

capacity contracts.

In Chapter 4 the model discussed in Chapter 3 ia used
td investigate the reliability .of aupply and the static
capacity reguirements of Alberta under specific operating

conditiona. Selected resulta are preaenf@d and diacuased.

Chapter ) preeeﬁts the concluaiona of thia atudy
together with comments on the method uaed,r and a sumnmary
of aavantages and disadvantages of. the computer model.
The lis£ of disadvantageé ‘represents a aource of topicsa
for further research and-developmént of the cémputer

model.



Chapter II

RELIABILITY OF POWER SYSTEMS

2.1 INTRODUCTION

A modern éower aystem ia complex, physically extenaive
and highly integrated. It aerves the function of
aupplying customeras with electric énergy as economicaily
and as reliably as posasible. Mo&ern aociety tendar to
expect the supply to ﬁe continuously available on demand,
but this is not quite posasaible due to randonm failures
‘which are generally outaide the control of the power

ayatem operators.

The complexity of a modern power ayatem makes it
necesaary to aubdivide the aystem ipto appfopiate ;
’aubsystems that 'éan be analyzed aeparately. Reliability
atudiea are then conducted on each aubayatenm. Typical
reliability studies are as followsa.

~ Reliability of the generating plants, in which each

plant or each unit in the plant ia analyzed separately.

-~ Reliability of the generating capacity, which ia



)

evaluated peglecting' the tranamisaion and diatribution

networks.

— Reliability of the tranamiaasion network, which is

evaluated neglecting the generating asources.

- thpoaite generation/tranamission reliability, in

which the network is limited to the primary tranamisaion

only.

- Reliability of interconnected ayastema, in which only
the generating capacity anq the intercohneéting

transmisasion linea are considered.
-~ Rellability of aubatationa and awitching atationa.
— Reliability of the protection aystema.

This chapter focuseas on tpe theory involved in
determining the reliability of-the generating capacity and
interconnected gayatena. ‘It specif*cally preaents the
theory needed to calculate the LOLE and LOEE of an
isolated ayatem as wéll as an inter&onnected ayatem.

Theae reliability indices are used in Alberta to determine

the adequacy of different generation configurationa.



2.2 ISOLATED SYSTEM

As atated earlier, the reliability of the generating
capacity in an isolated aystem is conventionally evaluated

neglecting the tranamission and distribution networks.
The ayatem representation in thia case ias aa shown in Fig.-

2.1.

Syatem generators

Total ayatem load

Fig.' 2.1 Cbnventional‘szatem modgl

The approach presentedAin this section for evaluating

the reliability indices of isolated syastema ia gé followa.



The output capacity and the probability of a forced outage

éf the generatora ‘are éombined to form a system capacity
outage pfobability tablé. Then tﬁe reaerve ’ capadity}
which dependa on the inatalled capacity and on the system
load; ia combined with the aystenm capaciﬁf ‘outage
probability table to determine reliébility indicea.: The
calculated indicea in this case do not reflect genergiion
deficiencigétat any particular .point within the network
but measure the overall adequacy of the generéﬁion ayatem.
Referencea [5] and [6] preaent evaluationa and-;ompariaona
~of different methoda for calcﬁlatingigenerating ayatem

reliability.

2.2.1 Generation ayatem model

The basic génerating_ unit paraﬁeter used in astatic
capacity evaluation is the probapility of finding the unit
on forced outage. This probabiiit§ representé ﬁtﬁe
unavqilability of the unit , and historically in power
syatemeapplicatioﬁa it is kno;n as thg forced 6utage rate

(FOR) .

In Alberta, the FOR‘ used for planning purposea is

calculéte& based on the performance of the paat five yeara



and ia -updated each year to reflect any changing
conditiona of the ﬁnits. Reference [3] preéents the

expreasion for the calculation of FOR. - This ia:

F.O0.H. x 100

FOR

]
{

- % IR 2.1

F.0.H. + S.H.

where:

F.0.H.: Forced cutage hours. ~ The total - time during
which arunit ia unable to supply energy to the syatem due
to a forced butage. 7

S.H. = Service houra. The totél time during whicﬂ‘a

unit is synchronized to the aystem.

The concept of FOR ia associatedrwith the modeling of
a generating unit'as a two;atate,unit which cénrbe found
'"ih service“, i.e; aupplying electric power to the syateﬁ
or "“"forced out", i.e. out 6£.servide for repairs, as shown

in figure 2.2.



Repair rate

Forced ) In

out > - service

Failure rate‘

Fig. 2.2 Two-atate representation of generating units

Thia model ia very adequate for unita with relatively

long operating cycles, such as baase load generating units
which are either operating or forced out of éervice.
Scheduled outages for maintenance purpoasea muat be

conasidered separately.

In the caae  of peaking or intérmittent operating
units, this model 18 leasas adequate because auch units
apend long perié&s' of time out of aervice, mainly for
economiéal or enviromental reasona, and they are b;ought
back to gservice only for ashort periodas’ of time, (e.g.
during peaking houra or at times when.it ia enviromentally
possible). Also, the mosﬁ critical period in the
;operation of a unit is the satart-up period, and in B
compariéon wi£h a base load unit, a peaking unit will have

fewer operating hours but many nore start-upas and

10



]

ahut—-downa.

To overéome thia problem, a metﬁod that conaidera the
effect of inﬁermittentmoperation‘ an& atart—-ups oﬂ the FOR
of generating uqits is prgaented in réference {71. The
method represents the unit as a four—ataté unit which can -
be fgund r"in Befvice“, “forced out in period of need",
,"forced:outu but not needed", and in "reserve‘shpﬁdown".
Reference [3] preasenta the expregéiona‘ uséq By thé
utilitieé in Alberta for th; calculation of the forced
outage probability aasociated with £he four—stéte model.

Thése are aa followa.

£(F.0.H.) x 100

FOP= —————————— % 2.2

£(F.0.H.) +.S.ﬁ.

where
FOP : Forced outage probability
1/ + /T
£ : Demand factor = - - :7 —— A 2.3

1/D + 1/r .+ /T
r s Average forced outage time

11



Total. No. of forced outagea

D : Average in-service time per occasion of demand.

S.R. x Total attempted astarts -

T Average reserve shutdown time between pefioda of

need, excluasive of perioda for maintenance or other

planned unavailability

Total attempted starts - Total start failuresa

S.R. = ——————————— e -—— ———— --

Total attempted starts

In summary, the generation ayatem podel used in atatic
capacity reliability evaluation ia mgde up of all the
exiating generating units connected to the network to
supply the asyatem load. Each generating unit ig

“repreaented by ita output capacity tégether with the

12



probabiiiéy of finding the unit on forced outage. Thia
probability ia normally referred to as the FOR and it can
be computed based on hiatoric data regarding the
performance of the unit. Expreasion 2.1 is adequate for
unita with long ope:ating cyclea, while expresaiona 2.2 Qé
2.6 are more appropiate for units with sashort operating

cycleé.

2.2.2 Capacity outage probability table -

After the individual unit FOR’as are kno@n, the
capacity outage probability table is developed; aa the
name suggesta, it ia a simple array of capaciiy levela and
their associated probability of existence.. Baaically, the
development of the table requires thé identificétion of
all poaasible outage eventa (e.g., in ‘a system:of fn“
units, this meanas "2 to the power n" eventa) and a
&etermination of the probability of the respéctive outagés
occurring. Since . the atatic capacity reliability
‘evaluation is more concerned with sygtem capécity outages
than with particular unit outagea, the probability of a
given total amount of capacity ﬁeing on outage haa to be
calculated. Thia ia presented aas a capa;ity outage

cunulative probability table aa deacribed in the following

13



example:

Example No. 1: Consider a asmall aystenm compriged of
ocnly three units, whoase characteriasticsa are presgented in

Table 2.1.

Unit Capacity “C" (MW FOR 1 - FOR
A 100 0.01 0.99
B - 150 0.02 . 0.98
C 200 0.03 0.97

Table 2.1: Unit characteriatics Example No. 1

- The probability of all poasible combinations of unita
being in or out are calculated aa shown in Table 2.2. The
‘cumulative column, which givea the probabiliﬁy of "“x" MW
or more on outage, is obtained by starting with the value
at the bottom of the probability column and adding

upwarda.'

14



Probability of

Units et "x'" MW or more
on outage MW :Probability on outage. P(x)
None o (0.99)(0.98) (0.97)= 0.§41094 1.000000
A 100 (0.01)¢0.98) (0.97)= 0.009506 0.058906
é 150 (0.99)(0.02) (0.97)= 0.019206 | 0.049400
C 200 €0.99) (0.98)(0.03)= 0,.029106 0.0301%4
A,B 250 (0.01>(0.02>¢0.,97>= 0.000194 0.001088
A,C. | 300 (0.01)(0.98) (0.03)= 0.000294 - 0.000894
B,C 350 (0.99)(0.02) (0.03>= 0,000594 0.000600
A,B,C 450 (0.01)(0.02) (0.03)= 0.,000006 0;000006

Table 2.2: Capacity outage probability table of Example

No. 1

The capacity outage probability table should be
recalculated eaéﬁ ‘time there are any changes in unit
rating}: FOR, unit retiiementa, or new unit additions.
Thia isa a signifieant requirement th;t ahould be
conaidered in writing the computer programa. Accordingly,
a better way of building the outage table is to ﬁse a
recuraive method, auch aa the method preaented in

reference [81.
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The recuraive method "adda" one unit at a time to
build an outaée table; the final outage table is obtained
after all the existing units have been “added"rto the

table.

The cumulative probability of a particular capacity of
"x'" MW after a unit of capacity "c¢" MW and fofced outage
rate "FOR" is "added", is given by:

P(x) = ( 1 — FOR »*#P(x)’ + ( FOR )»#P(x-c)* 2.7

where Pdx)’ and . P(x) denote the cuhulati#e
probabilitiea of the capacity outage atate of'“x“ MW
before and after the unit ia added. The above expresaion
ia initiated by aetting P(x)’= 1.0 for x < or = 0 and

P(x)’=0 for x > 0.

Example No. 2: Conaider the power ayastem of Example

No. 1. The recursive method works as follows.

Addition of unit A"

PC O = (1 - 0.01)01.0) + ¢ 0.01 >(1.0) 1.0

]
[}

P(100) (1 - 0.010¢C 0O) + ¢ 0.01 >(1.0) 0.01

16



Addition

PC 0O)
P(100)
P(150)

P (200)

Addition

PC O)

P(100)
P(150)
PC200)

P(2S0)

P{300)

P(350)

p<4oo>

0.02 >¢1.0
0.02 Y¢1.0)

0.02 >¢1.0)

D)

0.02 >(0.01)

03 (1.0

03 >(¢(1.0)
03) (0.0298)
03) (0.0298)

03)(0.02)

of unit “B*"

¢ 1-0.02)(1.00 +

(1 - 0.02)(0.01) +

(1 - 0.02)C 0 +

(1 -0.02C 0 +

of unit “C"

(1~ 0.03) (1.0 +¢0.

(1~ 0.03)(0.0298)+(0.03 ) (1.0
(1~ o.03>£o.02> +(0.03 ) (1.0)
(1- 0.03) (0.0002)+(0.

(1- 0.03) (0.0002) + (0.

(1- 0.03>¢ O) +¢0.
(1-“o.oé>< 0) +¢0.

(1-

0.03>¢ O) +¢0.

03) (0.0002)

i

= 1.0

0.0298

= 0.02

0.0002

1.0

0.058906

0.0494
0.030194
0.001088
0.000894
0.0006

0.000006

This approach can also be used for a multi-state unit,

i:e;, a unit which can exiat ;n one or more :derated or

partial output atatea as well ag .in the fully up or fully

down atates.

Equation 2.7 can be ﬁodified as follows to

include multi-atate unit represehtétiops:

P(x) =

n

7 E pieP’ (x-Ci)

i=1

17



whe;e

n : number of unit statea

‘Ci: capacity outage of state “i" for the uni£ being
added

pl: probability of exiatence of the unit atate "i"

Note: when n=2, Equation 2.q reducea to Equation 2.7.

2.2.3 System load model

The load impoéed on an electric power ayastem changes
every moment during the day, from day to dé&, from month
to month, and from year to year. The changing nature of
the 1load from one year to another can be taken into
account by apeéifying the peak demandrforecasted for each
year of aéudy. I1f seasonal changes of the load
characteriatica are to be conaidered, the year is
sub-divided into a number of perioda (typically montha or
weeksa) and the peak demand forecaated in each period is

specified.

Let ua asaume that for a given power ayastem, the year

ia divided into perioda of one month each, and that Figure

18



2.3(35 feéresents the chronological hourly load curve for
one of thease mohthly perioda. Curves such as the. one in
this figure, together with the relevant plant information,
are very uaseful for determining the scﬂedule of
. maintenance and energy production of each unit in the
ayatem when the period of intérest covera a few months, or
1 to 2 yeara, For 1long ,range planning 'atudieé, aa
considered here, iﬁ ia convenient t& transform this
chrqnological load curve into a load duration curve (LDC)
to represent the characteriasticas of the load ;as
illuatrated in Figure 2.3(b).

Aa with the chronological hourly load curve, the area
under the LDC measures the total energy requirements of
the aystem. However, the chronological sequence of loads
has been losat. In the LDC the abcissa‘repreaenté' the
number of houra during which the éystem load eéuals or
exceeds the associated amount of power on the ordinate.
By normalizing the load and time variables, ahy point on
the abciasaa (Xi) becomes the fraction of time for which
tﬁe load equala or exceeda the fraction of load
represented by the éssociated po%nt on the‘ordinaté (Yi>,
as sahown in Figure 2.3(c). The so—definéd normalized LDC
of the time perioda, together with their correaponding

peak demands and time lengths, conati;ute the asyatem locad
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Figure 2.3: Representation of the load of a power syatem.

(a): Chronological hourly loadsa.
Load Duration Curve.
Normalized Load Duration Curve




mnodel.

2.2.4 Losa of load expectation

The load duration curve is used in conjuction with the
capacity outage probability table to obtain the expectéd
number of hours in which the load will exeed the available
capacity. As shown 1in Figure 2.4, the reservea are
obtained by subtracting load from available capacity. On
this basis, a deficiency in available capacity, i.e., a
loss of load, occuras if the capacity on outage exééds the
reaservea. The probability of this outage ia read directly
from the capacity outage cumulative probability table, and

ias the loaas of load probability for one hour.

The aum of the loass of loéd probabilitiea in each hour
in the period becomea the expected number of hours in
which the load will exceed the available capacity in that
period. The index in thia case is deaignated as the loas
of load expectation (LOLE; and it isa measured in
houra/period. | |

.n ‘
LOLE = E:}(Ri) hra/period . ‘ 2.9

i=1
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Figure 2.4: Reserve capacity at hour "i"
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whére

Ri : resgerve ét houf I B

P(Ri) : probaﬁility of loaa of load in hour "i". Thia
value ia obtained difectl§ from thé capacity outagé‘
cunulative probability table.

n : total number of hours in the period.

Reference (9] presenta a ‘more detailed explénation

reéarding this_methpdffof calculating the LOLE.

2.2.5 Loas of energy expectétion

The area : under the . LDC represents ) the ehergy
aggociated with the. apecified period and can be uased to
calculate:expeCtéd energy not supplied due to insufficient

installed capacity.

The probébilitiea of ﬂaving varying amounts éf
capacity unavailable are coﬁbined with the Lﬁc as"shown in
F;gure‘2.5. Any.putage of genefatingk capacity‘exceed;ng:
the feseive will result in a curtailmeﬁt of energy supplyE

Let:
01 =‘magﬁitude bf“thé capacity on outage.
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—— o — -
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capacity on outage “0Oi*

energy curtailment “Ei"

$ . Houra‘

Figure 2.5: Energy curtailment due to capacity outage
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- PCoLY = probability of‘ capacity out;ge equal £o Oi.
Value obtained from thelqutage capacity probability tabl;.
Ei = eﬁergy curtailed by dapécity outage equal to 01:
This energy curtailment is shown‘as the shaded area,in
Figure 2.5. The probable energy c;rtailed ia Ei#P(0i),
and the sum of these products becomes ’the tot;l;expected
enerQchurtailmént or loaa of energy exéectation (LOEE) in

the period represented by the LDC.

LOEE = > E41#P(01) ‘ : 2.10

i=1

where n is the total number of capacity levels in the

outage table.

Reference - (91 preaenta a more detéiled explanation
regarding this method for calculating the LOEE.
2.3 INTERCONNECTED SYSTEMS

The reliability of the generating capacity in a ayatem
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1

which 1ia interconnected with neighboring ayatems ia
conventionally evaluated neglecting the transmisesion and
distribution networks, but including the interconnecting

transmission 1linea. The aysatem representation in this

cage 18 as shown in Fig. 2.6.

Agaiated ayaten Aasiasting systenm(s)

Tie line(s)

Figure 2.6: éonventional repregentation of

interconnected ayatema

Thias section presenta the ‘“equivalent assisting unit*
approach to réliability evaluation of 1nterc§nnected
ayatema, (reference (91). The approach conasiata of
representing the agsaiating ayatems aa equivalent
mulFi—atate units that can be “*added" to the assiated
asystem. 'The aaaisted aystem can then be treated as if it

were an isolated ayatenm, "and itas reliability evaluation
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" can prdceéd as diacussed in the preceding section.

The equivalent mult;—gtate unit deséribes the aﬁility
of the asaiating system‘s' generating unita to accommodate
Lcapacity defiéienciea -in the assisted syatem.’ It takeé
in£o consideration the éffect' of factors such as tie-line
c;pacities, tie-line reliébilities, and number of rtie
liﬁes. In this aection, the equivalent asasiating unit
approach is glso used to consider the effect of firm
purchase capacity aéreements‘ion the reliability of the

asaisted system;

2.3.1 Equivalent asaisting unit approach

Conaider a ﬁower éystem, System No;l, interconnected
~to neighboring ayatenma, Noa. 2,3,,.},n aa sﬁown in
Fig.2.7." Assuhe' that system No.2,'the> assisting sysﬁém,:
ia supplying capacity aaéisﬁance“to System No.1, ’tge
assiaged‘ syatem,’and that tﬁe tie line’ between syatems
No.l and No.27;s a fully ‘reliable.transmission l}ne'of

infinite capacity.
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Syatem| . Aasiating ayatenm
No. 2

System

No.1l Systeh

Asaiated ayate No.3

Figure 2.7: “n" interconnecﬁed‘sxstems
Also, sasuppose that the capacit& ocutage probability

table of Syatem No.2 haa been derived, and is of the form

shown in Table 2.3.
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Sﬂaté Outage capacity Probability

1 01 (= 0) , P(O1)

2 , 02 P¢02) .
J 03 P¢03)
k Ok P(Ok)
n - On P(On)

Table 2.3: Capacity outage probability table of

sttem‘No. 2

Where Oi ia the amount of capacity on outage and P(0i)
ia the probability of occurrence of a capacity outage
equal to 0i. (Thia value ahould not be confused with the
cunmulative probability which represenpa the probabiiity of

occurrence of a capacity outage equal or greater than O1).

Syaﬁem No.2 haa a reserve "R"™ which ia the maximum

aasistance it can provide to System No.l.
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The differen£ levela of capacity assistance that
System No.2 can provide to Syastem No.l are derived from
ita capacity outage probability table. If there were n§
capacity on outaée.iﬁ the asaiating gyatem, it could
aaaiat Syatem No.ltwith a capacity equal to ita reaerve
"R". On the.other hand, if the asaisting system had an
outage of capacity equal to‘or greater than ita feaerée,

no capacity aasistance would be poasible.

Let uas assume that the reserve "R"™ in the assiating

system satiafiea the condition:
03 < R <= 0Ok .

Then, the capacity aassiatance probability table can be

derived as shown in Table 2.4.
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Staté Capacity asalatance Probability

1 AL = R - 01 (= R) P(O1)
2 A2 = R - 02 P(02)
J A3 = R - 03 . P(0O3)
. n :
k Ak = 0.0 E(Oi) B o
, 1=

Table 2.4: Caéacitz assistance probability table

of System No.2

Where "Ai" 1ia the 1level of capacity assistance that
Syatem No.2 can provide when it has an cutage of capacity
“0i*". The probability of a capacity assistance *"Ak = 0.0"
ia the summation-of all the probabilitieas of occurrence of
capacity outagea equal to or Vgreater than "R". Thia is
because, for any capacity outage equgl to or greater than

"R", the capacity assistance is equal to zero.

The capacity aassiatance table can be converted back to

a capacity outage probability table by simply subsatracting
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the amount of capacity of eaqh assistance level from the

reaserve as shown in Table 2.5.

State Capacity outégé K Probability
1 01 = R - Al (= O) P(01)
2  02=R- A2 PO
3 03 = R - A3 P(03)
n -
Kk Ok = R - Ak (= R) g P(01)
‘ - i=k

Table 2.5: Capacity outage probability table of

System No.2 conatrained to reseve capacity
Then, replacing the assistance levela "Ai" by their

corresponding expresaions given in the capadity assistance

table yields the capacity outagé tabie:shown‘in Table 2.6.

32



State . Capacity outage Probability

—— o — — — —— - —

1 01 (= O) P(01)

2 02 PC02)

J 03 P(03)
s n

k Ok (= R) E PO1)

Table 2.6: Equivalent aséisting unit model of

Syastem No.2

Thia table ia the equivalent assisting unit model of
Syaten Noi2. It representg the aasisting ayastem aas a
generating unit of capacity “R" with "k" different ocutage
atatea. In atate No.l, the outage capacity is equal fo
zero, i.e., the "unit* ia in the fully uptstate, aupplying
its fuil output. In sgéte "k'", the outage capacity is
equal to "R" go‘that the “unit" is in the fully down
atate. In atatea 2 to ")", the "unit* is in pértial

output or derated atate.
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Thé equivalent aaasiating unit can now be '"added" to
the generating model of System No.l1l, the assisted‘system.
Using the recursive method presented in section 2.2.2,
this equivalent "unié" can thua be incorporated into the
capagity outage prébability table of Syatem No.l and the

available capacity in that ayastem ias increaased by "§".

The evaluation of the reliability indices may now
proceed aa 1f System No.l were an isolated ayatem.
Sections 2.2.4 and 2.2.5 desacribe the - methodology

neceasaary to calculate LOLE and LOEE reapectively.

2.3.2 Tie line capacity

Congider that the transmisaion line interconnecting
System No.l énd‘ Syatem No.2 ia a fully feliable tie line
of finite capacity *Ct". In thia case, the aasistance
capacity that Syafem No.2 can provide to Syastem No.l isas
conatrained to either the reserve "R" or the tie 1line

capacity “Ct", whichever is leaas.

If the 'tie line capacity “Ct" were larger than the
reserve "R", then the equivalent aassisting unit model of

System No. 2 would be the same as presented in section
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2.3.1,'i.é., a "unit'" of capacity "R" with "k*" different
outage atates. Thia 1s because the aagiating asyatem can
provide a maxiﬁﬁm capacity assis£ance equal to its reaserve
“R"™ and thia amount 1ia not limited by the tie 1line

capacity "Ct*".

However, a situation nore often found in
interconnected power ayatema is Fhat the tie line capacity
“ct" isrsmaller than the reserve ?R". In this case, the
equivalent asasisting unit mogel of Sysatem No.2 |ia

constrained by the tie line capacity.

Conaider the capacity assistance probability table
presented in Section 2.3.1 (Table 2.4), a column may be
included showing the level of capacity asasiatance when the
tie-liné capacity "Ct" is considered. The ré;ult ia

presented in Table 2.7.
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Assistance'

Capaci@y . congtrained to
State asgiatance tie capacity Probability
1 A1 = R - 01 =R Ct ‘ P(0O1)
2 A2 = R - 02 - Ct P(0O2)
m Am = R - Onm T © - P(Om)
n+1 Am+1=R - Om+1 Am+1 P(Om+1)
3 A1 =R - 03 : Ay P07
, n
"k Ak =R -0k =0 Ak % P(0i)
- i=k '

Téble 2.7: Capacity asaistance probability table of

System No.2

In thia  table, the tie-line capacity "Ct*" is asaumed

to be between'the asasistance levels “m" and “m+1".
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Infstétes "1" to "m", the assisting aystem is able to
aupply a capacity asasiatance "Al" to "Amh reapectively,
however, the tie;line doesa not alloQ a capécity asasiastance
larger than its maximum tranafer capability *"“Ct" to flow
from the aasisting aystem to the asaisted aystem. Then,
given that the level of asaistance in states."l“rto “m" is
fixed to "Ct" these states can be combined into one single

state, which yields the result shown in Table 2.8.

State Cap. asasistance - Probability
m
1 tom . Ct E PCO1)
i=1
m+1 Am+l = R - Om+l - P(Om+1) .
3 Aj = R - 0j P03
n
k Ak = R - Ok = 0O ' E P(O1)
i=k

Table 2.8: Capacity aasistance probability table

conatrained to tie—-line capacity
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« Thie asaistance table (Table 2.8) can be converted
back to a capacity outage probability table by subtiacting
each level 6? capacity aséistance from the maximum
capacity aaéiatance; which now corrésponds to theitie-line

capacity “"Ct". The result is shown in Table 2.9.

State . Cap. on outage Probability

-
1 tom ‘ . 'Ct - Ct =0 zii%(Oi)
o " =1 '
m+1 | Ct - Am+l " pcom+Dd
3 - ct - A3 - P(03)
* Ct - Ak = Ct e mei)

1=k

‘Table 2.9: Tie—line Eénstrained equivalent

asgisting unit model of System No.2
Table 2.9 ia the .équiValent agaiating unit model of

38



'System'Nol2 (the asaisting ayatemn) constraihed by éiveh

tie—line capacity.

For ~the purpoae of an orderly presentation of the

theory in the following sections, thertable'ia reorganized

as shown in Table 2.10.

State . Outage capacity Probability
1 ‘ 01 (= O) ' - P(O1)
2 02 , P(02)
3 . 03 © PO3Y’
K Ok (= ct> P(Ok)

Table 2.10: 'Tie-line constrained egdivalent

agsisting unit model of Syastem No.2

In Table 2.10 the: atatea have begn aimply re-numbered
so that, State No.1 now represehﬁs all the'states‘"l to m"
of .the' previoua table while P(O1) cérresponda to . the-
aumation of their brobabilitiea. Alao,"ihe probability of

dutége atate "“k" in Table 2.9 has been named "P(Ok)" in
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Table 2.10.-

The asgumption of a ;00% reliable tie-line ia; of
courae, not atrictly valid. A more realiatic situation in

this respect is diacuassed in the next Section.

2.3.3 Tie line reliability

Conaider that the tranamisasion line interconnecting
Syatem No.l1l and System No.2 is of finite capacity "Ct'" and
that it ia not a fully reliable tie line, i.e., it haa an

unavailability factor “FORL" greater thaﬁ éero.

The tie line can exiat in two atatea: the'"fully up"
atate, in thch the fuil capac#ﬁ& “Ct" can be tranamitted,
~and the "fully downJ ataﬁe, in which the tfansmissiod’line
ia out of servié;.' The two—-atate médel of ﬁhe tie iine
can then beArepresented by a "tie line capacity outagg

probability table" (Table 2.11).
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K Staté ‘ Tie capacity outage Probability
1 0.0 1 - FORt

2 . Ct ' FORt

Table 2.11: Tie-—-line capacity outage probability

table. Single tie—line

In order to include the tie line unavailability factor
in.assessiné the equivalent assisting unit of System No.2,
it is neceassary to combine the capacity states of thé“tie
line with those of the equivalent assiating unit obtained

from the assistiné ayastem.

Conaider the tie line constrained'equivalent aasiating
unit derived in section 2.3.2 (Table 2.10). The
combination of +that table with the above tie 1line tabler

can be carried out aa followa.

Firat, create a probability afray, which givea the
probabilities of all poasiblé events. Then identify the
amount of capacity on outage corresponding to each event.

(Refer to Table 2.12).
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Equivalent unit | Tie capacity atatea

cgpacity atates | 0.0 . . Ct
' Jevent;s outage
I 0.0 A —
01 (=0 { p(Oi)(l—FbRt) "P(01)(FORt)
{ 02 . Ct
02 y P(O2)(J.:—FO‘R1:m)W, P(02) (FORL)
- | . : .
- { . .
. T T )
. 03 " Ct
o3 - 1 p<03>(1—FOR;-_> P(03) (FORE)
| I ct " ct

Ok (=Ct) | P(Ok)(1-FORt) P(0Ok)> (FORt)
-Table 2.12; Tie—line and asaisiing unit gtates
Noﬁe:r The capacity on outage of each event (the
event’s oﬁtage)zis given by the largeat of either the tie
- line outage Eapacity or the equivalent assisting unit

outage capacity..

Second, obtain the capacity outage probability table

from the probability'affay b& taking each event’s outage
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capacity iogether with ita probability of occurrence and

arranging the eventsa as shown in Table 2.13.

State Outage capacity Probability

1 01 (= 0) © P(01)> (1-FORt)

2 02 P(02) (1-FORt)

J 03 ' P(G3) (1-FORt)
k

k Ok (=Ct) P(0Ok) (1-FORt) +FORt E P(Oi)
i=1

Table 2.13: Capacity outage _probabilitv table

conatrained by tie-line capacity and unavailability factor

The sgsummation of all the probabilities "P(0id" in
outage atate "k'" ia, by definition, equal to unity becauée ;
it representa the summation of all the probabilifies of
outage events in the generating syatem. Theréfore, the -
equivalent asaiating unit model of System No.2 conatrained-
to tie line’ capacity "Cﬁ“ and iﬁcluding tie ‘1iné'

unavailability “FORt"™ ia aa ahown in Table 2.14.
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1 01 (= 0O) P(01) (1-FORL)
2 02 P(02) (1-FORL)
3 03 P(03) (1-FORE)
Kk Ok (=Ct) P(Ok) (1-FORt) + FORt

Table 2.14: Equivalent assisting unit model gg:sttem

No.2 conatrained to tie-line capacity and

unavailability factor

2.3.4 Number of tie lines

When more than one tie-line interconnects System No.1
and Syatem No.2, the tie line capaciiy,outage probability
table ia not aa aimple aa that given in Table 2.11.
Inatead, the tie table can be nmade up of man§ capacity
outage levela. In fact, the number of levels can be "2 to

the power n", where *“n® is the total number of tie lines.
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Whatever the number of capacity outage levels,rthe procees
to obtain the equiyalent asaisting unit model of the
assisting system (including all the tie l%nes) is the sane
as that presented in section 2.3.3. The only difference
is that the probability array in this: casge has "k .x n"
outage events instead of "k x 2" outage events fer the

cagse of one tie line.

For the purpose of this discussion, consider System
‘No. 1 and System No.2 ipterconnected by two _tie lines of
capacities C1 and C2 and unavailability factors FOR1 ‘and
FOR2 respectively. Also, assume C2 > Cl and Ct = C1 + C2
ias the total interconnecting capacity between the aystems,

aa ahown in Fig. 2.8.

Ci, FOR1

System ’ Syatem

No. 1t} e No. 2

C2, FOR2

C2 > Ci, Ct = C1 + C2

N AL AL B AL A A A T4 A

The tie line capacity outage probability table can be
derived in the same manner as for the generating units, by
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either idé;tifying :all the outage states or by "adding*®
one tie line at a time using the recursivéz method
explained infsection é.2.2. Refering to the systém in
Figuré 2.8, the outage s;ates and associated probabilities

may be identified as shown in Table 2.15.

Tie line Tie line
on outage Cap. on outage Probability

None 0.0 ‘ ‘ P’ (0)=(1-FOR1) (1-FOR2)
Tie No. 1 Cl P’ (C1)=(FOR1) (1-FOR2)
Tie No. 2 c2 . P’ (C2)=(1-FOR1)> (FOR2)

Both ) Ct =Cl+C2 - P’ (Ct)=(FOR1) (FOR2)

Table 2.15: Tie-lines capacity outage probability

table. Case with £wo tie—linea

) .It will.' be assumed th;t outage level ™C1i" is
immediateiy lower than outage level “03" and thaﬁrouﬁage
level "C2" is immediately higher fhan outaée level "OJJ.
Then, thg probability arfay“for the combined tie table and

‘the equivalent unit table is:
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Eq.unitl

———— —— — — — - — - — — — — S S T Gt s Ui S o T s Tt e ek S A S A S S i} ey S U S S S

01 (=0 |

03 I

Ok(=Ct) |

Table 2.16: Tie-linea and aaaisting

0.0
P(O1YP’ (O)
02

P(O2)P’ (O

03
PCO3YP* (O)
ct

PC(OKkIP’ (O

Ci

cl.

P(O1>P’ (C1)

“Cl

P(O2)P’ (CL)

03
P(03)P’ (C1)
Ct

P(OK)P* (C1)

Tie capacity states

c2

Ct

c2

“P(O1)YP* (C2)

c2

P(O2)P’ (C2)

c2.
P(03)P’ (C2 )
ct

P(Ok)P”’ (C2)

Cct
P(O1)YP’ (Ct)
ct

P(02)P’ (Ct)

ct

P(03)P’ (Ct)

Ct

P(OkO>P’ (CtD

unit states

The outage table obtained from the above probability “

array ia given in Table 2.17.
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'Staté* Outage capacity : Probability

1 01 (=0) PC(0O1)OP’ (O)

2 02 o Pwo2>p* (o)
(new) c1 P’ (C1) E(Oi)
: i=1 ~
3. 03 - P(03) [P’ (O)+P* (C1)]
| ey
(new) o2 _ P’ (C2) E(Qi)
'. 1=1 '
Tk Ok (=Ct>  POK) [P’ (OY+P’ (C1)+B* (C2)1+D” (CH)

Table 2.17: Egﬁivalent assisting unit model of System No.2

constrained to tie-line cagécities and wunavailability

factors

Apart from power tranamigaion 1limits related to
phyaical conatrainta, utilitigs may regulate power,flow
levela aa a matter of contract or agreement. Thia aapect

is discﬁsaéd in the next Section.
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2.3.5 Firm capacity contracts

- The equivalent asaisgting unit approach can also be
uased to analyae the effect of interconnection agreementa
on the reliability of the generating capacity. Many
agreementa between different utiliiies can exiat and it is
not poassible to diacuss them exhauativel? in thisa report.
However, a very basic and common agreement, the firm
capgcity contract, is considered in thia section. The use
of the equivalent assisting unit approach subject to
interconnection agreementa will be illuatrated. It is
posaible that Alberta may have agreements of the firm
capacity type with B.C. ‘and/or Saskatchewan in tﬁe
future. (Rgference (3] extends the analysis to other

typea of capacity contractad.

Let ua aaaume that Syatem No.l has a firm purchase
capacity contract of "Cc" MW with Syastem No.2. Thia means
that Syatem No.2 guaranteea that amount of capacity
asaiatance to Syatem No.l, regardleaa of its reaerve, and
also rega;dless of difficulties that it could experience

during the duration of the contract.

49



For ﬁodeling purpoaea, the firm . capacity "Ce*" 1ia
asaumed fully reliable at the sending end of the
transmiésion line that interconnects the assisting systen
with the asailsted ayatem. Then, the capacity outage
probability table that represents the firm capacity ét the

sending end ia:

State Outage capacity Probability
1 0-0 1.00 -
2 Ce 0.00

Table 2.18: Capacity outage probability table of firm

capacity assistance at sending end of tie-line(a)

.If the tie 1line were a fully reliable tranamission
line, the above table would be the equivalent aaaiasting
uniﬁ model of the firm capacity assiétance of Syatem No.2
and it could be "added" to Syatem No.l. In thia caae,
given Wthat thié . equivalent unit can exist only in one
atate (outage = O, probability = 1), the addition of thisas
equivalent unit to the capacity outage probability table
of Syatem No.l1l will produce no chénges in the probability
of outages, only the available capacity in}:that s}atem
will increase by "“Cc" MW becauae a ‘'"fully reliable unit*

-
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ia being added.

If there were only one tie line with an unavailability
factor "FORt", then the firm capacityxassistance "Cc“
would be aubject to outagea on the tie line. In thia
case, it is necessary to combine the tie line capacity
outage table with the firm capacity equivalent agaiasting
unit (valid at the sending end of the tie line), in order
to incorporate the reliability of the tie 1line in the

equivalent assisting unit model. -

Conaider the tie 1line capaciﬁy outage prdbability
table (Table 2.11) presented in section 2.3.3. That table
combined with the outage table of the firm capacity

equivalent unit givea:

State Outage capacity Probability
1 0.0 1 - FORt

2 Ce FORt

Table 2.19: Equivalent assisgting unit of firm capacity

aaaiatance. Caae with one tie—-line

oAt 4 ST AL

The above table ia the equivalent aaaisting unit model
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of the firm capacity asaistance conaidering tie 1line
unavailability. This *"unit* can now be "added" to the

generating ayatem of Syatem No.1.

In the case of more than one tie 1line, the sane
proceas should be followed. The only difference is that
~the tie line table will have aseveral atateé, and combining
the tie table with the firm éapacity outage table will
involve more events than in the case of one tie line. The
aituation waa diacuasased in aection 2.3.4 above, which

preasenta a case with two tie lines.

After the firm capacity equivalent asaiating unit hasa
been added to the generating syatem of Syatem No.l, there
could be further aasistance capacity, depending on the

following conditions.

- If Cc < Ct < R, then a capacity asaistance of Ct-Cc

MW ia atill possaible.

- If Ce¢ < R < Ct, then a capacity assistance of R-Cc

MW ias still poasible.

In both cagea, the capacity assiastance added to the

firm capacity is not under the contractual agreement, so
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it has té be treated aas capacity aasiatance asubject to
availability and random outages on the asaisting systenm.
Then, an equivalent asaiating unit model of the capacity

aasiatance added to the firm capacity can be obtained as
deacribed in gsectiona 2.3.1 to 2.3.4, and it can be édded

to the generating capacity of System No.l.
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Chapter III
A COMPUTER MODEL FOR RELIABILITY ASSESSMENT OF

INTERCONNECTED POWER SYSTEMS

3.1 INTRODUCTION

The computer model developed for reliability
asseésment of interconnected ayatems isrcomposed of fwo

separate programa.
- The Isolated Syatem Program. (Ia.Pgm.).
- The Interconnectd Syatema Progran. (In.Pgm.).

Both programa are written in FORTRAN 77 and were

compiled using an IBM mainframe computer.

The model‘pe?forma a yearly calculation of reliability
indice;. Thease indiceas are the Loaa of Load Expectatiﬁn
(LOLE) aAd the Loss of Energy Expectation (LOEE). The
year can be divided into a number of periods selected’by
the user, and reliability calculgtiona a;e carried out for

each period. The annual reliability indices are the sum
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of the indicea calculated for each period. Referencesa
{10] and (111 present inasights for the design and

application of generation planning programsa.

The Is.?gm., és its name suggesta, treata each
individual power asyastem as ;n isolated syastem. If, for
instance, a study involves three interconnected systems,
then it ia neceasary to execute the Is.Pgm. threé times,
one for each power aystem. In each run, the Is.Pgm.

creates a magnetic disk file containing the necesaary

information to execute the In.Pgm. 1later.
The major functions of the Is.Pgm. are:

- to read and check the 1npu£ data,

- to determine a maintenance schedule for thermal

plants;

- to determine -the capacity output of hydroélect:ic
plants,

- to build the capacity outage probability table,

- to create a magnetic disk file containing
appropriate information to éxecuté.theiIangm, and

- to calculate the LOLE and LOEE of the isolated

system.
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The In.Pgm. reads the magnetic diak filea created in
each run of‘the Is.Pgm. It also reada data related to tie
lines and‘intgrconnection agreements. The program then
carries out the yearly calculation of reliability indices
conaidering the effect of interconnectiona between power

ayatema. Ita major functiona are:

- to read and check input data, |

- to open and read" the disk files of syatema to
interconnect, ‘ h

- to calculate the equivalent aasiating unita of
assisting aystems, recognizing conatraints and certain
types of agreements,

- to add the equivalent asaisting units to the
capacity outage probability table - of the apecified ayatem
undér study, and 3

- to calculate the LOLE and LOEE of thersystem under

study.
Fig. 3.1 preasenta a diagrém of the operation of the

mode; for a case of three interconnected syatems, labeled

A, B, and C.
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FIRST RUN

Manual Input

Data
System A

SECOND RUN

Manual Input

Data

Syatem B

THIRD RUN

Manual Input

Data

Syatem C

Execution

Magnetic Disk

<>
FiTe |

Ia.Pgm.

Standard
output

Execution

Is.Pgn.

.Syst.
A
N—

Magnetic Disk

File

FOURTH RUN

Manual Input

Data
Interconn.

In.Pgnm

Standard
output

Execution

Is.Pgnm.

Syst.
-
~———

Magnetic Diak

~vTTe |

Standard
output

Syst.

S~~~ 1
~———

Standard
output

Figure 3.1. Operation of the r_np_d_e_l._fgr. 3 interconnected gystems
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3.2 ISOLATED SYSTEM PROGRAM

The basic sequential functions of the Is.Pgm. are

outlined in the steps following.

- The program reads aystem data, auch aa generator
characteriaticas, load duration curvea for each period,
etc. It alao reada a aet of parameters that controls the

execution of the program.

- A maintenance achedule ia determined for the thernal

generating units.

. - The program determinea the output capacity of the
hydroe;ectric generating units to meet the expected

hydro—-energy production.
- The program builda the capacity outage probability

table of the generating system. The table incorporates

the effect of ascheduled outagea due to maintenance.

- Information needed to execute the In.Pgm. ia created

and written onto a magnetic disk file.
~ As an option, the program calculates the.reliability
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indicea of the isolated. ayatem, combining the load
characteristica with the capacity outage probability

‘table.

The above functiona are performed by the MAIN program
and the subroutines INGM, INLM, INOP, MAINT, HYD, and

RELIN.

The MAIN program controls the overall operation of the
program and calls the subroutines. It also readé the top
portion of the input data file, writes the‘magnetic diak
file used by the In.Pgm, and printa the annual LOLE and

LOEE.

Subroutinea INGM, INLM, and INOP read and check the
input data. IﬁGM (INput Generation Model) reada and
checks the genergtor " characterigtica. INLM (INput Load
Model) reads and checks the load characteriastics. INOP
(INput OPtiona) reada and checks parameters that control

the various options and featurea df the progranm.

Subroutine MAINT produces a:mainténance schedule for

the thermal unitas of the ayatem.
Subroutine HYD calculates the output capacity of the
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h&dfoelectric ayatem such that expected energy prdduction
in each period ia satiafied. HYD also modifiea the Load
Duration Curvea (LDC) by removing the energy asupplied by

hydro plants from the load of the ayatem. °

Subroutine OUTAB (QUtage TABle) builds the capacity

outage probability table in each period of the year.

. Subroutine RELIN (RELiability INdicea) calculatea the

LOLE and LOEE in each period.
Fig. 3.2 presents a flow éhart of the MAIN program
shdwing the sequence in whiéh each gsubroutine is called.

" Varioua aapecta of the program and the analyaias performed

are discusased further in Subsections 3.2.1 - 3.2,7 beioé.

3.2.1 Input  data

A list aummarizing the input data to the Ih.Pgm. ia

presented as followa.

General data,

~ Description of the study
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Read top of
input datafile

!

call INGM, INLM, and INOP
to read and check remaining
input datafile

!

call MAINT
to develop maintenance
achedule for thermal plants

!

Loop for each‘: \\A
period in year

i

Derate capacity output
of thermal plants to
conaider maintenance

O ()

Figure 3.2: Isolated System Program Flow Chart
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call HYD .
to schedule hydroelectric
unita and modify LDC

}

call OUTAB
to build capacity outage
probability table

?

call RELIN
to calculate
reliability indices

!

Write magnetic
disk file

next period

Print annual
LOLE and LOEE

Figure 3.2 (cont’d): Isolated Systenm Program Flow Chart
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‘~ Number of periodas per'xear (1, 2, 3, 4, 6, or 12)

- Fbrecast of annuél peak locads (Up to 30 years)

Thermallplantg (up to 100>, for each generator,
- Name |

- Outbut capacity (MW) |

- Eor;ed outage rate, FOR, (per unit)

- Planned outéée raté, POR,(pe; unit)

-~ Maintenance claasa (MW)

Compoaite hydro plant, for each period of the year,
- Minimum output capacity (MW’
- Maximunm 6utput capacity (MW)

~ = Expected electric énergy-generation (Gwﬁ)

Load model, forieach period of the year,

- Ratio period peak /'annual péak (per unit)

- Period lenéﬁh C(hours)

- Load duration cufve (Qerl unit5 as a discre?e set sf‘

pointﬁ (up to 40 pointa)

Optionsa,
-~ Maximum allowed number of capacity levela 'in the
capacity outage probability table (max. 2000)

~ Minimum probability to end calculation of outage
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table (per unit)

-~ Minimum allowedrcapacity step for the outage table

- Option to print outage table

-~ Option to develop maintenance schédule

- Option to pre;lude maintenanee in a specific period

~ Option to perform calculationa for compdsite hydro
plant

- Optiona to requeat célculation of LOLE and/or LOEE

—-Option to requeat detailed output

- Specification of atudy years

- Option to write output onto magnetic digk file

3.2.2 Maintenance sqhgdule

Prior to perfqrming any reliability calculation, a
maintenance schedule muat be prepared. It will éffect
equipment availability in each of the time periods. hThe
information needed  includes -the apecified éime
requirements for acheduled outages (given by the POR’a),
the maintenancé class aasociated with each unit, and the

regserve capacities in each Bf the time perioda.
The algorithm, which has been extracted from reference
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(121, achedules maintenance for the ugita belonging to the
largeat mnaintenance clasa in the periods where the
regervea are the greateat. For the unita of .the aecond
largest maintenance class, maintenance is acheduled in the
perioda where the remaining reserves are greatest, and aso

on.

The algorithm begina by calculating‘the regerve for

each period aas followsa.
Regerve = Inastalled capacity - Peak load

The total maintenance requirements for a particular

clasa ia calculated by,

E PCRi # MAINTi

= Total maintenance requirement of maintenance

MWDAYS

clasa, MW-days

"PCRi = Capacity of unit *"i", MW

MAINTi Maintenance requirement, daya per year

i = Index of units in maintenance class

A maintenance block repreaenta  the amount of

maintenance that could be performed by the removal of a
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apecific capacity for the entire period:

MAINTBK = MAINTCL * Tp
= Maintenance, space avallable in oné
maintenance block, MW-daya
MAINTCL = Capacity of maintenance claaa
Tp = Length of period, days

The number of blocka required for each maintenance

claas is calculated as,
No = MWDAYS / MAINTBK

The blocka are aasaigned asequentially t; ;he period
that has the 1argést maintenance gspace. An approximation
must be made for a fractional block (i.é. when the number
of blocka is not an ;ntéger). It is not possible to
subdivide the period, ‘therefore, for any remaining
maintenance, the class size muat be adjuated to allow the
maintenance to extend over the entire period. The

capacity of the fractional block ia calculated as followa.

CFB = REMAIN / Tp
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= Eatimated capacity for fractional maintenance
block, MW
REMAIN = Maintenance requirement for fractional block,

MW-days

A probability distributioﬁ of Eperfofming maintenance

for arparticular maintenance claas is determined by,
Pi = Ni / No

= Probability of ﬁefforming maintenance for claas
in period "i" V
Ni = Number of maintenance blocka scheduled in:period
AR |

No = Total number of mainfenance blocks.
' Finally, in every period of the year the capacity of
each unit ia derated accordihg' to the probability of ‘
maintenance and the maintenance requirement, i.e.,
PCRn’ = PCRn # ( 1 - Pi#*MAINTn/Tp)
Where PCRn’ & PCRn are the derated & original peak

continuoua rating of unit “n" reapectively.
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3.2.3 Treatment of hydroelectic planta

fhe Ias.Pgm. treats the‘hydroglectric plants as one
single compoasite plant, which is considered fully reliable
and with no maintenance requirementa. References [12] and
[13]' show the application of thia treatment of hydro

planta by two commercial computef models.

These assumptions’ are valid for the power syatema in
Alberta and Saskatchewan, which have relatively amall
hydro capacity compaEed to inastalled thernmal capacity.
However, for a power aystem asuch as Britiaﬁ Columbia‘’a,
which ia compoaed almosp entirely of hydro facilities, the
aésumptions are qot valid. In this case, hydro plants
have to be treated as if they‘were thermal plants and, if
applicable, their ‘oﬁtput capaciiy ahould be penalized to

account for water shortages.

There are generally two types of conventional hydro
planta. The first, run-of-river hydro; ia typically an
‘installatiqn which has minimal atorage and probably a low
head. VUnita in thia type of inatallation tend to be baae

loaded, because the rivef flow and regervoir
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characteriatics dictaté continuous operation.‘ The second
type of conventional hydro ias the pondage or aimple
storage hydro. Unita in theae inatallationa are usually
scheduled during peak load time perioda because the

ayatem’a incremental fuel cost is higheét at theae timesa.

The run—of-river energy produced by the asasociated
type of hydro unita is  accounted for Sy subtracting a.
conastant capacity from every ‘hou¥ly load in the period.
This capacity value is provided as inﬁuﬁ data. After
run—-of-river energy is used, theée may be remainiﬁg energy
which can be used for peak shaving. In auch aituations,
the progrém uaea the remaining capacity and energy of the

hydro unit to reduce the peak loads as much as possibie.,

After the program calculates the achedule of byaro
energy production, 1t proceeds to remove the loads
supplied by hydro faciliﬁies from the LDC. The resultant
LDC représents the loads that have to be supplied by the
thermal planta, and the reiiability calculations are
carried qut combining this modified LDC with the capaéity

outage probability table of the thermal generating system.

The hydro schedule is déveloped for each period of the

"year (and is carried out) by the aubroutine HYD. This
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aubroutine receives (from the MAIN program,) the LDC, peak
load, and length of time corresponding to the period for'
which a hydro schedule is to be develdped.' It alao

receives tﬁe necesgary data that deacribes the behaviour

of the compoaiﬁe hydroelecric plant. These data are, .

- The minimum output capacity, MW
— The maximum ouﬁput capacity, ﬁw

~ The expected electric’energy generation, MWh.

The minimum output ‘capécity represents  the
runeof—fiver portion of the coméqsite hydro plant, an@ ita
value ié normélly dictgted Ey the‘rivér flow rate and/or
- the characteristicsrof the reaservoir. Alao; fhe‘éupply of;‘
Water“downstream from the dam is a‘factor that shoul& be
conaidered when determining the 'minimqﬁ output of a hydfo

plant.

The maximum 6utput capacity is normally given by the
generator rating.  However, in some caaesa during the
winter periods, the maximum ocutput 1ia derated due to

formation of ice on the reservoir.

The expected electric enefgy“géneration,ias its name

suggesata, ia  a . figure arrived ét. ;atatisticaily,
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congidering the paat hydrological conditions and weather

patterna of the region.

It ia worthrnoting that, although the Ia.Pgm. assunmesa
a fully reliable hydroelectric ayatem, forced outages of
the hydro plants can be accounted for by derating thé
maximum and minimum output capacitiea proportionally to
their FOR’s.

Derated capacity = ( 1 - FOR ) * Output cabacityf

The algorithm begina by calculating the run-of-river
enérgyl or ‘“base energy" (becauage it ia used to supbly
base loads) i.e.,

Baae energy = Minimum capacity # Length of time.

.The remaining energy and capacity available for peak

shaving is determinéd;
. Available éﬁeigy = Expected energy - Baée energy
Available capacity = Max%ﬁum outﬁut - MinimuT output.
fbe algorithm)now atarta an itegétive pro?egé iq whic§
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it achedulea capacity to “peak ahave" the LDC and
calculatea the aassociated energy. At the end of each
iteration, it comparea the acheduled capacity and
agsociated energy to‘the available capacity and available

enérgy regpectively. The following situations may arise,

i) Scheduled capacity < Available capacity

Aasociated energy < Available epérgy.

In thias aituation, the program increasea the acheduled

capacity and it atarta a new iteration.

ii) Scheduled capacity < Availlable capacity

Aasociated energy = Available energy.

In thia case, all the available energy 'hés been
generated and no further capacity can be sheduled. The
iterative proceass - enda and the algo;ithm now proceeda to
mo&ify the LDC iﬁ order to remove the loadas supplied by

hydrd plants, as shown in Fig. 3.3.

111i) Scheduled capaciﬁy = Available capacity

Aassociliated energy < Available energy.
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ORIGINAL LOAD DURATION CURVE

Available energy

Capacity < Available cap.

Base energy

Minimunm odtput capacity

MODIFIED LOAD DURATION CURVE

Figure 3.3: Hydroelectric schedule to “peak ghave" the LDC,
and load modification
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In thias caase, all the available capacity haa been
scheduled to peak shéve the LDC, but the available energy
has not been totally exhausted. Therefore, the glgorithm
moves the acheduled capacity to a lower point in the LDC,
auch that the asgocliated energy produced matches thé
available energy. In thia type of aituation, the hydro
planta are no longe¥ acheduled to “geak shave' the LDC,
rbut to "off-load" the thermal planta. The iterative
procesa enda and the program proceeda to modify the LDC,

as shown in Fig. 3.4.

3.2.4 Capacity éutage probability table élgorithm

The capacity outage probability table is built by the
aubroutine OUTAB in each period: of the vyear. The
.subroutine implementa the recursive method preasented in

Chapter 2, section 2.2.2.

The algorithm builda the table by adding ohe unit at a
time to the existing table. Before any unit is added, the
ohtage table containa one single capacity level, 1i.e.
capacity on outage = 0.0, with pfobability of occurrence =

1.0. The table is completed after the laast generating
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ORIGINAL LOAD DURATION CURVE

Energy = Available energy

Available capacity

|
!
!
I
I

!
|
!
i _~———— DBase energy
|

|
W////////{/////////A‘#//////// I——— Minimum output capacity

'MODIFIED LOAD DURATION CURVE

Figure 3.4: Hvdrog;egtric;_g_l;ggg;g to Yoff —locad'” thermal plants

and load modification
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unit has been added tb the table.

The subroutine can be deacribed as being composed of
three major sections; In the firat secﬁion~ the
pgobability of outage of the exiating capacity'leVels in
the éablg arehrECalculaﬁed each time a generaiing unit ia
added. In the aecdhd sectioﬂ the algorithm détermineq new
ou£age capacity levels and calculates their corresponding
probébility of ocdurrence; The new levela are added to
the bottom of the existing table. In the lasat séctién,
after éll genefating units are added, the algorithm aorta
the ‘table, arranging the ouﬁage capacity levela in

aacending order.

To limit the number of capacity levela in 'the table, .

the asubroutine haa two built-in features.

a) If, when adding a :unit; a new capacity ieVel‘
results closer to an exiasting Capaciﬁy level . than a
user—apecified capacity atep, then the new leve;:is simply

disregardéd.
b) If,egfter adding seyeral units, the prqbability

calculated -for a neWVCQpacity level is amaller than a

4user—specified value, the table is considered completed.
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(typical valuea to complete the table are i.O*E-S to

1.0%E-6) .

The subroutine also hasa a safety feature that sastops
execution and prints an error measage when the nﬁmber of

capacity levels asurpasseas a user—apecified maxiﬁuh value.

Figure 3.5 ahowa the flow chart of subroutine OUTAB.

3.2.5 Reliability indicea algorithm

.

Thé reliability indicea  are ;alculatéd by the
subroutine RELIN in each pefiod of the Year. ‘In order to
calculate-the Loasa of LdadrExpectaﬁion and the Losé of
Engfgy Expectatiéh} RELIN implementé the methods deacribed
in Chapter 2, séction 2.?.4 andr aection ' 2.2.5

reapectively.

The aigorithm | that ’“computes‘ the LOFE begipa
caléulating thg‘ regserve capacity inr each hour of the
period by aubtractiﬁg the hodrly load froﬁ‘the’available
capacity. The hourly ioads are obtained ffam fhé modified

LDC and the available capacity ia the total inatalled
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Ia
probability <
min. probability
specified

yes

Add new level'
to outage table

Ia
total levels

> maximun
llowe:

‘yes

Print error no
Ressage

next level

next generator

Sort outage table.
capacity levels in
ascending order

/Print table /

‘Figure 3.5 (cont’d) Flow ghart of subroutine OUTAB
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thermal capacity, derated to acecount for maintenance as

deécfibed in section 3.2.2.

Once thé reaerve at a apecific hbur is known, the
aigorithm obtainarthe probability of ouﬁage of a capacity
equal to or larger than the resérve at that hour from the
capaéity dutage probability table. This vaiue is the
probablility of loas of load at that‘héur. To bomputé ﬁhe
LOLE, the algorithm adda the hourly loaa of . load

probabilitiea calculated througout the entire period.

Tﬁe LOLE algorithm haa a built-in feature that atopa
the calculationa when an hourly loss of load,probabiliﬁy
becomes émaller,than the minimum probability apecified by

$

the user.

The -algorithm éhat computesa the LOEE | begins
'calculating tﬁe .hour of the period iat 'which the
‘correéponding reserve is the closest to the firat outage
capaéity lével in the §utage table. It 'thén prbceedsrto
calculate the'ene:gy curtailment associated with the first
outage 6£ capaéity and ;t multiplies the ;alculatéd energy

by the probability of occurrence of the capécity outage.
The algofithm repeata the process for the second level
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of © outage capaciﬁy of tpe table, and so on, until it
ceris all the‘capaciﬁy levela in the outage table. Thén
the algorithm Computéa . the ' sum of ail the
“energy—probability? : prqducﬁs, which repreaeﬁts the
expec£ed value df.energg notr'suﬁplied in £he . period, or

the period LOEE.

Fig. 3.6 presents the flow chart of subroutine'REpIN.

3.2.6 Reporting caéabilit{ea

The 1IS.Pgm. producea a report which containa the

following aectionsa.

- A repfoduction,oflthe inpu£ data file
- Maintenance achedule

- Hydroelectric achedule for every period of the ?ear

Capacity outage probability table for every period

Reliability indicesa for every period

- Summary of annual reliability indices -

The aize of the repoft dependé on the dpfions and

feaﬁures used in the' execution of the progran., The
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Loop for each

hour of the period

T

'l at this hour

Calculate reserve

..l

Obtain probability of loss of
load from capacity outage table

next hour

: Is
probability <
min. probability
specified

no

Compute LOLE adding-up hourly
loss of load probabilities

- Figure
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_//'Loop for each

capacity outage level
1

Calculate hour at which
reserve is the closest to
this capacity outage level

$

Calculate associated
energy curtailsent

3

Calculate the product
energy curtailment times
probability of occurrence

next capacity level

Calculate LOEE adding-up all
“energy-probability" products

Print LOEE

Figure 3.6 (cont’d). Flow chart of aubroutine RELIN

83



reproduction of the input data £ile aa well aa the aummary
of ‘annﬁal reliability indicea are alwayé printed. The
. maintenance and hydroelectric achedulea are printed only
if they are developed by:thé pfogram.‘ The capacity outage
7 probability table and the reliability indicea, calcualted
in each ‘period, can be printed in detail or in aummary

form, depending on the option selected by the user.

The reproduction of the input datafile ias intended to
- allow the uager to verify the input data after execution of

the Is.Pgh.

The maintenance achedule contains the following

information.

- A table ashowing the peak demand, installed capacity,

and reserve capacity for each period of the year.

- Aé‘many téb;es as there are maintenance ciaséea
' defined in the generator détag startiﬁg E@ith the largest
maintgnance cla;s; Each " table cqntains the maintenance
aschedule for generﬁtora belonging to a particulgr‘

maintenance claaa. The information in thia tables is,
- the maintenance blocks assigned to each period

84



- the'probability of maintenance in éach period, and

~ the maintenance apace available for the next claas.

The hydroelectric achedule is developed in each period

of the year and it contains the following information.

-~ The characterigticas of the compoaite hydro plant,
namely the minimum output , the maximum output, and the

expected energy production (input data). -

— The period peak demand (MW) and period length

(hours).

- The calculated energy demand in the period (GWh) and

load factor (in per unit).

- The energy and capacity allocated to baae

generation.

- The energy and capacity available for

“peék—shaving".
- The actual energy and cépacity ascheduled by the
program to either "peak—ahéve" £he LDC or to "off-load"

thermal plants.
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- The coordinates on the LDC, where thé capacity is

scheduled.

- The modified LDC, i.e., the reasultant LDC after the
energy aupplied by hydro plants haa been removed from the

load.

The detailed report on the capacity outage probability

table contains two asubsectiona.

a) A subsection containing the following information:
- total number af capacity levelsa | |
- maximum allowéd number of capacity levelas
— minimum probability apecified to end thertable
- capacity level at which the ‘minimum probability

waa reached.

b)> The table itaself, in the form of a matrix of 6
columns and aa many rows as necesaary to cover éll the

capacity levels ahd‘fheir correaponding probability.

-

The summary ohtput contains only”the information in

(a) above, while the table itaelf ia omitted.
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The‘report‘on the calculationa of reliability indices,
printed in detailed forﬁ, containa the following

information.

‘a) The hour by hour calculation of loas of load
probability, which ahowa in each line,
- the hour 7

the reaerve at thia hour

~ the loass of load probaﬁility for this hour, and

-the cunulative ioss of load probability computedAup

to this hour.

Thia aection of the report has asa many  lines as hours
in the period for which the calculatéd losa of load
probability is larger than the minimum probability

specified by the ﬁser.
b)> The LOLE for the period. -

¢) The 1level by level calculation of energy not-
supplied, which.sﬁb@s in each line:
-, the capacity 1eve1;
- the hour at which the feserve is‘the closeat to the
capacity ;utage le?el,

~ the energy.associated‘with an outage equal to the
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capacity level,
- the product “energ&-probability"{ referred to aa the
. energy not aupplied, éQa
- the cumulative "energy-probability"” = products,

computed up to thia capacity levei.

Thias asection of the report has a number of linea equal
 to the number of capacity levela of the outage table for
which the “energy—-probability" produéts are larger than

the minimum pfobability specified by the user.
d) The LOEE for the period.

The aummary output, if requeated by the; user, shows -
only the LOLE and the LOEE for the period. It omita the
report' on hourly calculationa of l,loss‘ of load’
probabiiitieé as well as the level by level computgtion of

energy not supplied.

The aummary of annual reliability indicea containa the
annual LOLE, in houra/year and in days/yeér, as well as

the annual LOEE in MWh.
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3.2.7 Tests

Thia gection pfesenta the teata conducted teo evaluate
the accuracy of the is.Png The testa consist of
—coﬁparisons of reaulta obtained using this program and
reaulta aupplied by the. IEEE for ita Reliability Teat
Syatem (RTS). The following liat summarizea the testa

conducted on the Is.Pgm..

— Comparison of capacity outage probability tabies
‘? Compariaon of probabiliti of loas of load at .peak
hour

- Compariason of LOLE for a 364-day period

The required information regarding the IEEE Tesat
Syatem, taken from reference [9]1, is presented below. It

includes,

— The generating units and their reliability data

(Table 3.1)

-:The weekly peak loads as well as ther daily peak
loada given in pér cent of the annual peak (2850 MW) and
‘in per cent of the weekly peaks respectively. (Table 3.2

and Table 3.3)
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Unit ' Number Forced Schedule

aize of outage maintenance
(MW) units rate * (wka/year)
12 5 0.020 2
20 4 0.100 2
50 6 0.010 2
76 4 0.020 3
100 3 0,040 3
15S 4 0.040 4
197 3 0.050 4
350 1 0.080 5
400 2 0,120 6

Table 3.1: IEEE Test System. Generator Data

Peak load Peak load Peak load Peak load

Week (%) Week (%) Week (%) Week (%)
-1 86.20 14 75.00 27 75.50 40 72.40
2 90.00 1S 72.10 28 81.60 41 74.30
3 87.80 ‘16 80.00 29 80.10 42 -74.40
4 83.40 17 75.40 30 88.00 . 43 80.00
5 88.00 18  83.70 31 72.20 44 88.10
6 84.10 13 87.00 32 77.60 45 88.50
-7 83.20 20 88.00 33 80.00 . 46 90.90
8 80.60 21 85.60 34 72.90 47 94.00
9 74.00 22 81.10 35 72.60 48 89.00
10 73.70 23 $0.00 36 70.50 49 94.20
11 71.50 24 88.70 37 78.00 S0 - 97.00
12 72.70 25 89.60 38 69.50 51 100,00

[
- W

70.40 26  86.10 39 72.40 52 95.20

Table 3.2: IEEE Teat Syatem. Weekly peak loads aa per cent
. of annual peak
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Peak load

Day (%)
Monday ) . " 93,0
Tuesday - 100.0

" Wednesday } 98.0
Thuraday 96.0
Friday 94.0
Saturday o 77.0

Sunday . 75.0

Table 3.3: IEEE Test System. Daily peak loads as per cent
of weekly peak ) : :
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-:Gengrating data, auch as unit capacity, number of
ﬁn}ts, and forced outage ratea, were input directly to the
Is.Pgm. No maintenance of thermal unita waa conaidered.
A Load Duration Curve was derived éombining the per cent
peak locada given ¥n Tablea 3.2 aﬁdzs.é and entered into
the progranm. The reaults obtained,uéing the Is.Pgm. aa
well as ‘the correaponding reasulta aupplied for thia teat
syatem are presented in Tableas 3.4 and 3.5, showing very

satisfactory agreement.

3;3 INTERCONNECTED SYSTEMS PROGRAM

The baaic aequential functiona of the In.Pgm. may be

outlined by the following steps.

- The program reads data regarding tie lines,
intercohnegtion agreements, as well as parameters to

control the execution of the pxogrém.
- The program opena and reads the magnetic diak files
of the power ayastema to be interconnected. The magnetic

disk files are created in each run of the Ia.Pgnm.
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, IEEE-RTS (1) Ia.Pgnm.
CAPACITY ON
OUTAGE ' CUMULATIVE CUMULATIVE DIFFERENCE
(MW) PROBABILITY (2) PROBABILITY
0 1 1 -0.0000%
100 0.547601 0.547600 0.0002%
200 0.381328 0.381327 0.0003%
265 0.335566 0.335565 0.0004%
400 0.261873 0.261873 0.0002%
556 0.084578 0.084577 0.0006%
600 0.062112 0.062112 0.0008%
950 0.007491 -0.,007491 0.0013%
1200 0.000791 0.000791 0.0038%
+ 1500 0.000040 0.000040 0.0000%
Notes:

1.- Reliability Teat System. Figurea from reference {9]
2.- Only a few states of the Outage Table are presented.

CASE

Probabiiityrof loss
of load at peak-hour,

(days/day)

LOLE for 364-day period,

(days/year)

0.084578

1.3689

0.084577

1.37516

Table 3.4: Comparison of capacity outage probability tables

0.0004%

Note: .

1.- Reliability Test Syatem. Figures from reference

[91

i S Seme Sammmurte e

and LOLE for 364-~day period
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- Optionally, it reducea the number of capacity levels
in the cépacity 6ﬁtage probability tablés. This function
is referred as "rounding" and is intended only .for Qaving

in'computer time.

- The program determinea the mode of operation between
the aystem under study and_the ayatema interconnected to

it.

- The equivalent aaaisting unit models of the syastema

interconnected to the ayastem under atudy are determined.

- The program adds the equivalent asassiasting units to
the capacity outage probability table of the system under

study.

- Finally, the program calculatea the reliability
indices of the system under atudy, combining tﬁe Vload
characteristica with the capacity outage'ppobability table

which now includes the equivalent aasaiasting unita.
The above fpnctidna are performed by the MAIN progranm

and the subroutinesi;INPFS. EQASU, FCASU, OUTAB, MULTAB,

OUTIE, RELIN, and ROUND.
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The MAIN program controls the overall execution of the
Iangm. ‘énd calla the subroutines INPFS, EQASU, FCASU,
MULTAB, RELIN, and ROUND. It_—opena‘and reada the files
creatéd by the Is.Pgm. MAIN also determinea the mode of
operation between the ayatem aelected for atudy énd the -
power gaystens inﬁeréonnected to it, and controls the
logica of the program e.g., by calling the ‘appropiate
asaubroutinea in order to simulate the appropiate mode of
operation of the powerrsystems.‘ The laast function of MAIN

ia to‘print the annual sumnary of reliability indices.

The In.Pgm. ia. capable of aimulating the following

modes of operétion between power ayatens,

. = The syétem under study suppl&ing capacity asaiatance

to a neighboring systen

- The - ayatem under atudy "receiving firm capacity

assistance from a neighboring syatém

- - The aystem under study receiving capacity assistance
from a neighboring ayatenm, aubJect'to available reserves
and random outagea in the aaaisting syatem, and

- The aystem under atudy receiving both f£firm capacity
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asaiatance and capacity aaaiastance aubject to availability

" in the asaisting éystem.

Subroutine INPFS (INPut File 5) reads and checka the
inpuﬁ’data file which contaihs the information on tie line

characteristica and firm purchaae capacities;'

Subroutine EQASU (EQuivalent ASsisting Unit)
calculates tﬁe equivalent asaiéting unit for the case of
capacity asaiastance subject to reaserves and random outages
in the aasasiating ayaten. EQASU callas the aubroutinea

OUTAB and OUTIE.

Subroutine FCASU- (Firm Capacity  ASaisting Unit) .
calcuiates the equivalent asaiating unit for the caae of

firm capacity asaistance. FCASU calls subroutine OUTAB.

Subroutine OUTAB (OUtage TABle) deriveas the tie-line
capacity outage probability table, which representas all
poaaible atatea of the tie lines interconnecting two power

systems.
Subroutine QUTIE (OUtage table - TIE ﬁable? combines

an equivalent asaisting unit ) model with a tie-line

capacity outage probability table. it implementas the
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probability array‘method outlined in section 2.3.3.

éubroutine MULTAB (MULti-atate unit outage TABle)
''adds'" the equivalent asaisting unit modeltto the capacity
outage'probability table of the aystem under atudy. It
implementa the recuraive metﬁod preaented at the _end of

section 2.2;2.

Subroutine RELIN (RELiability INdicesa) calculatea the
LOLE and the LOEE in each period of the year.  The same

‘subroutine is used in the Ia.Pgn.

Subroutine ROUND is uased optiénally to round the

capacity outage tablea to a apecified capacity increment.

Fig. 3.9 presents a flow chart of the MAIN program
showing ita major functiona aa well as thé “sequencé in
‘which the subroutines are called. Further details
regarding the respective algorithma are presented rin

Subsectiona 3.3.1 - 3.3.8 below.
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Read input data //

\,

Start-loop for each period]/-

Read data of aystem under atudy

Open nagnetic disk file. Read & Print
headings of files of syatens to interconnect
// (from magnetic disk file)

i

CALL ROUND (if requested): Round the
outage table of aystem under satudy

i

<LStart loop for each power aydtenj>'——--—--

Ia this
the system under
atudy

yes

akip this aystem

Compute total interconnecting
capacity between this ayatenm
and the aystem under study

3

Read data of this aystem '
(from nagnetic disk file) {

Figure 3.7: In.Pgm. Flowchart of MAIN gfogran

- 98




Is firm yes

purchase capacity
negative

no

system under
atudy receives
asaistance

Is firm yYes

syster under study
assists thia aystem

Calculate new available
capacity and reserve in
syatem under study

purchase capacity
=0

no

agsistance
is firm

assistance ls
aubject to
availablility

Compute total capacity assistance:
firm capacity plus remaining
assigtance subject to availability

]

CALL FCASU:
Determine firm capacity
equivalent assisting unit

)

CALL MULTAB:

unit to outage table of
ayatem under atudy

Add firm capacity eq. aasisting

Fiqure 3.7 (cont’d): In.Pam. Flowchart of MAIN program
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CALL EQASU:

Determine the eq. aasisting uniy
of capsacity assistance subject
to availablility

¥

CALL MULTAB: - ‘
Add eq. assisting unit to outagd
table of syastem under study

'next'powor syastem

CALL RELIN:
Calculate LOLE and LOEE

next period

/[Print annual summary //

stop

Figure 3.7 (cont’d): In.Pgm. Flowchart of MAIN progras
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3.3.1 Input data

The following Iist asummarizea the input datar to the

In.Pgm.

General data,

— Description of the atudy

— Name of power asyastemsa to bezinterconnected

- Data file device number of magnetic disk files

- Powér asyatenm to calculate reliability indicea

(Referred as the aystem under study)

Tie linea characteriatics,
- “From" ayatem number, "To" ayatem number
— Tie line capacity (MW

- Forced Outage Rate (per unit)

Firm capacity purchaaes,
- “From" aystem number (to ayatem under study)
- Firm purchaae capacity for each period (MW).

A negative entry indicateas a sale of capacity.

Optiona,

- Maximum allowed number of capacity levels in the
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capacity outage probability:table (max. 5000)
- Option to akip calculation of newncapacity levels
~ Minimum probability to end outage table (per unit)
- Minimum allowe& capacity step‘fop the outage table
- Increment for capécity tab{e rounding (MW)
- Option to print outage table
- Optiona to réquest calculation of LOLE and/or ﬁCEE

- Option to requeat detailed output

The‘In.Pgm. alao reads data from magnetic diask filés.
Such filea are created in each run of the Is.Pgr. The

information read from theae filea is,

General,

- Description of the study

Number of periods per year

Year of atudy

Annual peak demand

For ev;ry period of the year,

— Period peak demand

-~ Period “available. capacity. (Inatalled capacity
derated to accbgnt for maintengﬁce éf thermal planta)

- Period length. (Number of hohrs in the period)'

- Load Duration Curve,‘mod;fied*aftef hydro;achedule

102



- Capacity outage probability table

3.3.2 Capacity outage table rounding

In a practical power system containing a large ﬁumber

of unita of différent capacities, ﬁhé outage table will
contain several hundred posaible discrete cépacity outage
levela.\ Thia number can be reduced by so~-called rouﬁding,‘
i.e. by choosing a set of fewer evenly apaced capacity
levela. The final rounded table contains c;pacity outage
magnitudeas that are multipies of the 'rohndiﬂg increment,
which is séecified by tﬁe uger. The numger ofﬂcapgcity :
levelg decreases as the rounding incremeﬁt increasea, with

. a corresponding decrease in accuracy.

The rounding of cépacity outage probability tablea in
the Ih.Pgm. ia intende& merely to aave computer tiﬁe,

therefore, the use of this feature is optional.
The method used for rounding (reference [3S]) consists -
of rthe calcula?ion.'of. probabllitiea;“ for the required,

capacity étates, by acaling and édding the probabillties
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of the exiating étatea adjacent to the required atate.
Fig. 3.8 illuatratea this method graphically. The

general expreassions for the rouhding process are:

P(C3) = —————mmm—mmm P(Ci)
Ck - Cj
Cci - Cj

P(CKk) = —=————mmeee P(Ci)>
Ck - C3

for all atates "i" falling between the réquired rounding

atates ""3" and “k".

;3.3.3 Mode of operation and total capacity aaaistance

The In;Pgm.- determines rfhe mode of operation of
interconnecteé power s?stema'by checking the valué of the
firm purchése capacity in every period of the vyear. ‘If
the firm purchaae capacity 5etween a éower s&stem and ihe
syastem underrétpdy is a negative quantity, the program

‘takea this as a sale of capacity, i.e., the ayatem under
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[}
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-—c1aL- l Cb
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~—-CZa—4 x
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' o
}-—C4c—-—
C3c

| Cab _ﬁ; — Cbe " cap.

Figufe 3.8: Probability of a required rounding state.‘
Legend. o Required rounding state
X ¢ Existing capacity state
Ca,.Cb, Ce : capgcity of required atétea a, b, c.
Cl - C4 : capacity of existing stateas 1 - 4.
Cij = Cj—Ci : Capacity difference between states "i" anq s B
The probability of the required rounding state “b" is F
| Cla c2a cse  cac

P(Cb)= =====P(Cl)+ ~——w=— P(C2)+ ~——=— P(C3)+ ———m- P(C4)
Cab Cab Cbc .Cbhc
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atudy aasists thé neighboriﬁg ayatem Qithré'capacity eqﬁal.
Vtokthe‘abaolute value of the firm purchase capacity. In
this case the proéram reduces the reéefve in the system
under sgstudy by the émount of the capacity sale. It alsao
checka thgt the capacity salg ia smalier than thextotal
interconnecting cabacity betweén the power ayatema. If it
ié not, 1t aeta the capacity aale equal " to the total

tie—-line(s) capacity and prints a warning message.

If the firm purchase capacity ia equalnto ‘zero{ the
program congsiders the ayatem under atudy as -receiving
éapac;ty asaiastance gsubject to available reserve.'ana
réndom outagea iﬁ‘the‘assiatipg aystem.‘rIn tﬁis cése the
total capacity asasistance that the syastem under studyican
receive from the asaiating sysﬁem:in each period, ia equal -
to the ;eserve in the assisting éyatem, (in the saﬁé
peridd), or equal to the total ‘tie—line(a) cépacity,;

whichever is less.’

If the firm purchase capacity is larger than zerd, the
prograh éimhlates the ?irm‘ purchaae capécity as fully
réliable capécit{qaésiatance at the aénaing end of the
'tie—line(a)f ifl the reserve in the assiasting system and
ﬁhe capacity of the tie;line(a) are Iargqr than the amount

of firm capacity, then the program considera that there is
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capacity assiatance, in addition . to the firm capacity
assiatance, which is subjéct: £o available reserve and
random outagea in the asaisting ayatem. In this case, the
total capacity assistance, in each periodf ia equal to the
firm ‘capacity assistance pius the' additionél agasiatance

subject to availability.
Table 3.6 agsummarizea the modea of operation that can

be modelled in the In.Pgm. and indicates the total

asgisting capacity resulting in each casae.
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Firm pﬁrchaae Mode of operation . Total assisting

capacity ' v ' ‘Hcapacity
< O ‘ - System under atudy IFirm purchase cap.|
aasiasta neighboring or Total tie capacity,
power ayatem: 1 whichever ia leaa’
= 0 Syatem under study Total tie capacity
geta asaistance aubject or Reaerve
to availability ) whiche?er is leas
© System under study gets 'xFirﬁ puréhéae cap.

firm cap. assistahce

>0 0000 - mm s s s e e e m e e e e e e e = = - -
Syatem under study geta  .Total tie capacit?
firm cap. asaistance or
plds additional cap. Reserve'
aubject to‘availabil;ty whighever is less

fable 3.6: Summary of mnodea of ogerétion and. total

asSisting capacity
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3.3.4 Firm capacity equivalent assiasting unit

The 1In.Pgm. developsa a firm capacit& -equivalent
7 agsigsting ﬁnit for every period of the year in which the
ayatem under atudy receivgs fifm capacity éssiéténce. The
program implementa. the method outlined in Chapter ‘2,

section 2.3.5.

This taask ia carried out by the subroutine FCASU (Firm
Capacity ASsisting Unit), and involveas the following

steps,

~ Subroutine FCASU callé subroutine OUTAB té build:the
capacity outagefprobability table of the tié-line(a) that
interconnect the ayastem under atudy and the assiasting
ayatem. This table representa all possible outage'states

of the tie-linea between both systeﬂs.

— The sasubroutine takes the firm purchase dapacity;as:
fuliy reliable capaéity agsistance at the gsending end of
the tie-line(a), i.e., it asaigna an outage probability-

equal zero to the firm purchase‘gapacity.

- The' subroutine combines the tie-line(s) capacity

outage probability table with the firm purchase capacity
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at the aending end of the tie-line(s). The reaultant
'outage‘table,represents the“firm capacity at the receiving
end of the tie-linea. ‘The effecta ofhtie—line capaeity,
tie—line forced outage rates, and number of tie-~lines, are
considered.. Thia table is‘the equivalent assieting unit

model of the firm purchaae capacity.
Fig.: 3.9 showa the flow chart of subroutine FCASU.

Subroutine OUTAB is the same eobroutine used inrthe
Is.Pgm. to bui;d‘the oapacity outage probability table of
the generating syatem. In this case however, OQUTAB ;edda“
one tie—line at a time. fether than generating units, to

build the tie—~line(a) capacity outage probability table.

3.3.5 Equivalent aasiating unit of capacity asaiatance

subject to available reserve and random outages

The In.Pgm. develops an equivalent asaisting unit of
capacity assistance subject to available: reserve .and’
" random outages in the aaaisting system for every period of
‘the year in which the interconnected power syatems operate

in such a mode. The development of the equivalent unit is
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Call OUTAB to build the
tie-line(s) capacity outage
probability table

i

Initiate firm capacity
outage probability table
at sending end of tie-line(a)

i

Combine tie-line(sa) table
with firm capacity table
at sending end of tie-line(s)
to produce firm capacity
equivalent asaisting unit

{ Return )

Figure 3.9: Flow chart of subroutine FCASU
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carried out uaing the method deacribed in Chapter 2,

aectionas 2.3.1 to 2.3.4.

Subroutine EQASU (EQuivalent ASsiasting Unit) developsa
this equivalent asaiasting unit, which involves the

following asteps,

- The sasubroutine determinea the capacity assistance
probability table, conatrained by reserves in the

agasisting ayaten.

— It calculatea the total interconnecting capacity

between the system under study and the assisting system.

- If applicable, it restrains the .assistance table to

the interconnecting capacity.

- It calla subroutine OUTAB to build the tie-line(s)

capacity outage probability table.

- It converta the conatrained capacity assistance
" table to a capacity outage probability table. Thisa table
repreasentas the equivalent asaisting unit at the aending

end of the tie—line(s),
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= It calla subroutine OUTIE.to combine the:tie*Iine(s;
outage table'w1£h the equivalent assisting unit‘ at the
aending end of the tie-line(a). The reaultant table ia
the equivalent aasiating unit model of the asaisting
ayatem. Thia equivalent ‘unit conaidersh ;he available
réserve and random outagea on the asaisting system as well

.ag the tie-line(sa) capacity,‘ forced outage ratea, -and

number of tie—lines.

Fig. 3.10 shows the flow chart of subroutine EQASU.
\
Subroutine OUTIE combineas the above mentioned tables
using the probability array method §reaented in section

2.3.3.

3.3.6EAdditiopr of equivalent asaisting uﬁits to the

capacity outage érobability table

Once the In.Pgn. hasldevelgped an equivalént assisting’
unit, Whethér for firm capacity or for capacity'assistance
subject to ayailabi}ity,. it is-necesééry to "add" - thé
equivalenti unit (or unité) to .the ouﬁage tébie of tﬁe

ayatem under satudy. Thia function is performed by the
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Calculate capacity assistance
probability table, constrained
by reserve in asaisting systen

'

Calculate total interconnecting
capacity between system under
atudy and assisting ayatem

yes,

is.
regerve > tieé-line(a)
capacity

t Conatrain asaiatance table
to tie-line(s) capacity

Call OUTAB to build the
tie-line(s) capacity outage
probability table

i

Convert assistance table to
a capacity outage table.
Equivalent assisting unit at
sending end of tie-line(s)

Call OUTIE to

combine tie-line(a) table

with equivalent asaisting

unit at sending end of
tie-line(s) .

Equivalent assisting unit

of capacity assistance subject
to availability. .

Return

Fiqure 3.10: Flow chart of gubroutine EQASU
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subroutine MULTAB, which implements the method presented

in Chapter 2, at the end of asection 2.2.2.

The subroutine !éan be described as being compoéed of
three pgjof sectionsa. In the fifst section, the
probability of outage of the existing capacity levels in
the table are recalcuigtgd each time an equivalent unit ia
added. In the second secfion, the algorithm dete#mines
new - outage ’ capacity levels and calculatea their
corresponding probabil;ty of occurrence. The new levels
are added to the” bottom of the exiasting table. In the
la;t section, after all equivalent units are added the
algorithm sorta the table, arrgnging ghe 'outage capacity

levela in aacending order.

To limit the number of capacity levela in the table,

the subroutine has three built-in features.

a) If, when addiﬁg a unit, a new capacity level
reaulta closer to an eéiating capacity level ' than a
user-specified capacity step, then the new level is saimply

disregarded.

by If, after adding‘sevéral unita, the probability

calculated for a new capacity level ias smaller than a
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uaer—apecified value, the table ia conaidered completed

(typical valuea to end the table are 1.0 E-8 to 1.0 E-8).

<) When the number of capacity levels in the originai
capacity outage table ia large, the addition of a
multi-atate unit will result 1in very few new capacity
levela added to the table. In thias case, the user can
chooae not to calculate new levels and only recalculate
the probabilities of the exiating capacity levela. Thia

option reaults in saving of computer time.

The subroutine also has a safety feature that atops
‘execution and prints an error message when the number of

capacity levela surpasseas a user—specified maximum value.

Because MULTAB_implements the recursive method for
multi-atate units of section 2.2.2, which ia a more
general case of the method used in the Is.Pgm. to build
the capacity outage probability table, a flowchart of
MULTAB would look the same aa the flowchart of OUTAB.
Theréfore, for all intents and purposes, the flow chart of
subroutine MULTAB ia shown in sasection 3.2.4, figure

3.5.
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3.3.7 Reliapility indices

After the equivélent‘assisting units have been added
to the capaéityi outage probability table of the aysastem
undef atudy, thé calculaﬁion of reliability indicea in the
'system under stﬁdy can proceed aswif it: were an isolated
‘ayatem. For thia reagon, the calculation of LOLE ;nd LOEE
in each pef;od of thé year ia carfied-out by subroptine
RELIN, wﬁich ia the same subroutine used in the Is.Pgm.
Refer to section 3.2.5 for explanations of ‘ this
asubroutine. Figure 3.6 presents a flowchart of subroutine

RELIN.

3.3.8 Reporting capsbilitiea

The In.Pgm. ‘produces a report which contains the

following sections,

— A reproduction of the input data file
- Summary of-magnetic diak filea opened in the run
- Rounded capacity outage table of ayastem under study

-~ Interconnection agreements
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- Capacity outage table of ayatem under atudy after
addition of equivalent asasisting units
— Calculation of reliability indices

-~ Summary of annual reliability indices

The aize of the report ,depénds on the optiona and
featurea used 1in the executiqn of the program. The
reproduction of the '1nputr datafile, the asummary of
magnetic‘disk filea opened in the run, the capacity outage
table after addition of equivalent units, and,the summary
of annual reliability indicea have a £ixed format .and they
are always printed. The report oh interconnection
agreementar depends on - the mode of operation of
interconnected systema. The rounded capacity.outage table
is prinfed onlyrif this feature is used. The calculation
of reliapility indices can be printeﬁ in detail or summgry

form, depending on the option selected by the user.

The reproduction of‘the input datafile is intended to
allow the user to verify the input data after the

execution of the progranm.
The summary of magnetic disk files opened in the run
serves similar purpose, i.e., verification that the proper

files were used in the execution of the program. Thisa

118



summary contains the following information for each filé

opened,

- Tﬁe file device number and name of the poyér éystem

- The deacribtion of the .case stUdy,_entered - in thé
Ia.Pgm. thaﬁ created thias file

- fhe number of peribds per year, the yéar of study,

ahd the annual peak (read from the file)

The number of perioda per year as well as year of
study, read £rom all the files, ' are compared to enaure
compatibility of filea. If they do not match, an error

messagegis printed and execution isa terminated.

The gounded outage probability table ia printed as a
matrix of 8 columns gna as many rows as necessary to cover
all capaditym levela together with their corresponding

probabilities.

The aection about intercoﬁnection égrgementa is
printed in every period of the .yeafrana a number of'times;
équal torthe number of power aystems interconnected to the
syatem under atudy} This section coﬂtainé ‘a fixea
portion, i.e., informatiéd which ‘ig printed regafdless-of

the mode of operation, and a variable portion that depends
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on the mode of dperation.

The fixed portion containa the fdllowing information.

- A‘heading with thé names of the éfstem under study .
and the syatem interconnected to it

-~ The tétal interconnecting capacity between both

ns§étema :

- A aummary of the maih charaéterist;cs of the ayatem
interconnected to‘the ayatem under study. The
sumary iné;udesh |
- total capécity available 1in thermal plantsa

(derated to account for maintenance) |
- hydroelectric cépaciﬁy scheduled in‘the éeryod
- total available capacity (thermal + hydro)
- period peak demand
—'réserve at peék hour, ana

- period length.
If the aystem under stud? asaiats the neighboring'
aystem, the variable portion of the report  on

interconnection agreements containa,

~ The mode of operation, which reads

"SYSTEM UNDER STUDY SUPPLIES ####.. MW OF CAPACITY
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ASSISTANCE"

- The original available capacity including aasistance

from other ayatems (if any)

- The new reaerve capacity

If the aystem under study receives firm capacity
agsaiatance, the variable portion of the report on
interconnection agreements contains,

- The mode of operation, which reads

“SYSTEM UNDER STUDY PURCHASES ####. MW OF FIRHM
CAPACITY"

- A liat of the tie—lines interconnecting the system
undef’study and the asaisting aystem, together.with their
capacities and forced outage rates

~ The tie-line(s) outage probability tablé

— The firm capacity equivalent assisting unit

If the ayatem ﬁnder atudy receivés.capacity aasiastance

aubject to availability, the variable portion of the
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report on interconnection agreementa containa,

— The mode of opératibn, which reads
"“SYSTEM UNDER STUDY MAY RECEIVE UP TO ####. MW FROM

SYSTEM NO. # SUBJECT TO AVAILABILITY"

~ A liast of the tie-linea interconnecting the sfstem
under atudy and the asaiating aystem, togethei: with their

capacities andrforced outage rates
- The tie-line(a)!outage probability table

— The equivalent assisting unit model of the-

asaiastance capacity aubject to availaBilitY

The capacity outage tablerof the aystem under stu&y,
aftér addition of equivélent assiéting unitas, ias printed
in the sémg format as the rounaed table, i.e., a maﬁr;x of
8 columns and as 'many 7ro§s as necessary to cover all

capacity levels.

The print-out of reliability indices aa well as the
’print—out of ‘apnual“summaryrare identical to the Is;Pgm.
Refer to section 3.2.6. for a deacription of these

sectiona of the output report.
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3.3.9 Tesasts

The IEEE preasented a study in which two identical Test
‘Syétema were interconnected through a éémpletely re;iabler
tie-line of variable capgcity; (Descfiption of rthe IEEE
Teat Syatem ia included in section 3.2.6). The aame atudy
wag conducted using the Interconnected Program énd 'the
reaults obﬁainéd were compared . to tﬁe IEEE’s resaulta, aee

‘Table 3.7.

The largesat percentage difference between the LOLE";‘
calculated by the In.Pgm. and the LOLEEreleased by the
IEEE waas 0.72%. The performance of the In.Pgm. was

therefore conaidered satisfaétory;
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TIE-LINE IEEE-RTS (1) : -INTERCONNECTED PROGRAM--

" CAPACITY LOLE LOLE DIFFERENCE
(MW) L ’ (d/y) (d/y) (%)

0 : 1.369 T 1,378 () -0.657%

100 0.750 0.752 -0.267%

200 0.463 : 0.466 . -0.648%

300 © 0.341 . 0.343 ~0.587%

400 0.293 . 0.294 . -0.341%

500 0.277 0,275 0.722%
Notes:

1.~ Reliability Test System. Figures from reference [3]
2.- Calculated by the Is.Pgm.

able 3.7: Comparison of LOLE calculated gz the In Pgm. and by
on its test s gystem

~3

1
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Chapte; Iv

RELIABILITY OF SUPPLY IN ALBERTA

4.1 INTRODUCTION

In this kChapter, the computer model is uased to
iﬂvestigate the reliability of supply and the satatic
capacity requiréments of Alberta under specific'operatingr
conditiona with and  without electrical interconnectiona
with B.C. and Sask. Selected résults are presented and

diacusaed.

Information regarding the British Columbia and
Saaskatchewan electric asystems was 'ébtained from-thg major ’
utilities in th&se provinces. The chafacteristica of thg
generating unita in Alberta were obtained £rom;re£erence‘
£31. The load characteriatics iﬁ the pfovince wasg
obtained from records of the hourly peak demanda in the
past 5 vyeara; from theae records, monthly load duratién
curves were deéived (using another computer”érbgram), and
subsequengly adjusted to reflect the lﬁad factor
forecasﬁeﬁ for tﬂe year 1992.  No .further changea weré

madé on the LDC’a, sao that the shape of the curves derivedr
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for the year 1992 waa asaasumed c&nstant througout the
entire atudy period. The complete aet of data uased in this

study is presented in the appendix:

The period selected for atudy covers the yearé 1992 to
1996 incluaive. The’reaaona for selecting thia particular

period are outlined below.

Three new generating units are presently“approved for
commisaioning in the 1989 - 1991 time frame in order to
meet the growth of electr;e energy demand in Alberta.
Although the commisaiqning datea of these units have been
the matter of several reviewa and they might be
rescheduled‘;n the future, this étudy assumeé that these
generating units will be operating by their reapective

currently—-acheduled commissioning dates (%),

Commiasaioning date of Sheerness Unit No.2: October 1990
. Commissioning date of Genesee Unit No. 1: 6ct6ber 1991

Commiasioning date‘of Geneasee Unit No. 2: October 1989
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The selected forecast of load grawth in Alberta
asuggesta that additiénal generatiné facilitiea might be
needed iﬁ* the 19921— 1996 time period. Thia fact makea
the study period intereating because 'the‘ need‘of' ;ew
unit(g):cah be determined for différent modes of operation

of the interconnected power ayatema.

Certain information regarding the power ayatema in the
neighboring provinces is not available for the period

beyond 19S6.

The atudy period (1992 - 1995)7 ia divided into S
climatic years and caléulation of reliability 1is caériea
out for every climatic year. Each year is subdiGided into
12 monthly perioda, beginning with Octobef" and extehding‘
up-to  and including the foll&wingr September. iNgw
genérating additionsa iﬁ Alberta are normally scheduled to
atart operation in October, 80 that the new un{t is
availabig during the annual peak which wuaually occurs in
December or January. This fact makeé a climatic year more
. appropiate than- a ‘calendar yeér' for re;iability‘
evaluatioh, becauae néw generation additionsa 'will,alwaQS
take' place at the begiéning of the year. The uase of

climatic years ia alstandard practice in Alberta.

. 127



the

The operating conditiona, aimulated in thia atudy,

following.
A. Alberta isolated.

B. Alberta interconnected only to B.C.
Bl. Asaiatance from B.C. 300 MW firm.
No additional aassiatance.
B2. Aasiastance from B.C. 600 MW aubject to
ava;lability.'
B3. Aaaiastance from B.C.- 800 MW subject to

availability.

C. Alberta receives caéacity asaistance from B.C.
Saak.

Cl. Assiastance from B.C. 300 MW firm,

. Assistance from Sask. 100 MW subject to
availability.

C2. Assistance from B.C. 300 MW firm.
Aaasiatance .from Saask. 100 MQ firm.

C3. Asasistance from B.C. 600 MW firm.
Agsistance from Saask. 100 MW subJectAto
availability. .

C4. Aagsamsiastance ££om B.C. 800 MW.firm

Assistance from Sask. 100 MW asubject to
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availability.

D. Alberta aasaiata Saak. B.C. éssista Alberta.

Dl. Asaiatance from B.C. 300 MW firm,.
Asaistance to Saask. 100 MW.

D2. Aaaiatance £roﬁ B.C. 600 MW £firm.
Aasaiastance to Sask. 100 MW.

D3. Asaistance from B.C. 800 MW f£irm.

Asgiatance to Saask. 100 Mw;

E. Alberta assista B.C. and Sasak.
El. Asasiastance to B.C. 300 MW.

Aaaiatance to Sask. 100 MW.

F. Alberta'aaaiéta B.C. Saak. asaiata ALberﬁa.
Fi. Asaistance to B.C. 300 MW.
Assistance from Sask. 100. MW aubject to

availability.

Caage A, Albefta isolated, is iﬁtended‘to aet the baais
for compariaons in order  to evaiuate the bengfits of
'different‘intercénnection arrangements between the three
power asyatems.

Caae Bl, in which Alberta ia intercqnneéted only to
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B.C. and receivea 300 MW of firm capacity with no
additional assistance,' provides a‘ second basis for
compariason. This case representsa the way in wﬂich
previous evaluations of thé reliability :of supply rin
Alberta have been conducted (reference (4]). 1In thia case
compariasons and aasseaments can be extehded using the new

approach presented in thia atudy.

Cagea C and D, " in which B.C. suppiies ;capaciﬁy
aaaliatance to Alberta, are the caaes ,considereé méat
likely to occur. Thias is because B.C. haa a Qery large
inatalled capacit§ relative’ to ita load, and the
asasociated reaserves are expected to remain large beyond

the study period.

Cases E and F, in which Aiberta supplies B.C. with
assistance capacity, are included in this study to covér
£he possibility of B.C.' exp;rginé large amounta of
capacity to the Wesatern United States, and gontinuéus

aupport of capacity from Alberta ias desirabe.

To evaluate the impact of interconnections on the
development of the Alberta electric ayaten, the
reliability criﬁeria for sﬁatic capaqiﬁy qéquiremeptg

adopted in thia study atatea that the power ayastem should
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operate at a maximum risk level (or losa‘ of 1load
'exﬁectation) of 0.2 hours/year, c;lculated on the average
hourly loads of the ayatem for an entire year. Thia
criteria is applied to every caase in order to determine

the need for new generating facilities in Alberta.

4.2 ALBERTA SYSTEM ISOLATED

" In or@er to evaluate the impgct of interconnectiona‘on
the reliability of aupﬁly in Alberta, it ia neceasary to
eatabliah a baasis for comparisons. In thias atudy, the
baais for:comparisona chosen is the gset of reliability
indicea obtained when the Alberta-electric ayatem operatea

totaly isolated from any néighboring po&er syatems.

Table 4.1 breaenta the résults obtained for this case.
In the table, the asecond and .third columns show the
calculated LOLE and LOEE fespectively. The fourth Eolumn,
which reaulta from‘ the applicaﬁidn :of the reliability
criteria, shows thaﬁ the Alberta sYstem under isolated
operating condiﬁions needs additionél capacity in the year

1992.
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LOLE LOEE - ADDITIONAL

YEAR hra/year MWh CAPACITY
REQUIRED
1992 , 7.66 962.5 . Yes
1993 10.04 1249.2 . Yes
1994 . 14.49 1799.9 ' Yes
1995 21.88 . 2835.6 Yes
1996 . 26.03 3347.6 Yes

~

— | SaTlD =,

LOLE LOEE * ADDITIONAL

YEAR hra/year - MWh CAPACITY
“ REQUIRED
1992 1.24 181.6 “Yes
1993 1.67 2465 Yes
1994 2.52 - 379.5 © Yes
1995 398 618.3 Yes
19396 _7 | - 4,75 | 768.3 ; Yes

Table 4.2: CASE Bl .
Asaistance from B.C. 300 MW firm. No additional asaistance.
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4.3 ALBERTA INTERCONNECTED TO BRITISH COLUMBIA

[¢]

ASE Bl. Asaiatance from B.C. 300 MW firm.

No additional aaaiatance.

Thia casae representa'ﬂthe way in which previous
evaluationa of the reliability of supply (in Alberta have
been conducted (reference [41), Table 4.2 preaenta the
resulta obtained under thia 6pérating condition. In thia

case, Alberta needs new generating facilities in 1992.

Q

ASE B2. Assistance from B.C. 600 MW

subject to availability.

In thia caase, the capacity aasaistance from B.C. is
allowed to. Se as much aas 600 MW, but the aasiatance is
subject to random cutages ip that power ayatem. This is a
very probable séenario because the 1limit of “capacity'
tranasfer of the transmiséion line ia well abover 600 MQ,
and so far there ia no aign of a firm purchaae capacity
_agreement . Table 4.3 ‘presenta the fesulta obtained under
thia operating condition. :In this casg, new generating

facilities are marginally peedéd in 1992."
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LOLE - LOEE ADDITIONAL
YEAR hras/year MWh CAPACITY
: REQUIRED
1992 0.227 30.4 Yes, marginal
1993 0.31 42,7 Yes
1994 0.47 67.7 Yes
1995 0.75 " 112.6 Yes
1996 0.94 141.6 Yes
Table 4.3: CASE B2
Assistance from B.C. 600 MW sublect to availabilitx.
LOLE LOEE ADDITIONAL
. YEAR hra/year MWh - CAPACITY
" REQUIRED
1992 0.104 12.2 No
1993 0.144 18.4 No
1994 0.217 29.6 Yes, marginal
1995 0.35 49.4 " Yes
1996 0.43 63 Yes

' Table 4.4: CASE B3
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CASE B3. Assistance from B.C. 806 MW

asubject to availability.

In this caase, ‘the capacity‘:assistance,from B.C. is
allowed tqr be as much as 800 MW, but the assistance ia
again subject ﬁo réndom outaées in that power aystenm.
Thias case is not likely to ocur in reélity. Alﬁhough the
tie-line could be loaded to 800 M@, the general feeling ia
"that the :Albtha electric ayatem would become very much
dependent on the asaistance from B.C. and'g failure of the
tie~line would creéte aerious difficultiea within Alberta.
Table 4.4 presents the - results obtaihed under thia
oéerating condition. In this éase, Alberta doea not need

new generating facilitiea until 1994,

Comparisona of the results obtainea in cases A, B1,
B2, and B3 are presentediin Figﬁre 4.1 and Figure 4.2.
The grapha in these figures show the -LOLE and LOEE
'calculated in évery year “for the different cases. It
becomea immediately'clear, frém‘theae‘figufee, thét_aa thé“
capaciﬁy a;aiatgncé f?om B.C. Aié ,iﬂcreased, the
reliability indicesa in the Alberta ] elecﬁric- ayatem

decreaae substantially.
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Figure 4.1: Loas of Load Expectation.
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Alberta iasolated va Alberta inteiconnectéd égiz to QAQL
CASE A. Alberta isolated.

CASE Bl. Assistance from B.C. 300 MW firm.

No additional aaaistance.

CASE B2. Asaistangé from B.é.‘ 600 MW subjecﬁi to
‘availability. | |
CASE .53. Assistance from B.C. . 800 MW ‘aubject to

availability.
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Alberta imsolated va Alberta interconnected only to B.C.

CASE A. Alberta isolated..

CASE Bl. Asaistance from B.C. 300 MW firm.

No additional aasiatance.

CASE B2. Aasistance from B.C. 600 MW aubgéét_ to
gvailability.“ |

CASEV B3. Asaiatance from B.C. 80Q MW ~subject to

availability.
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The slight. increase of LOLE from year to yeér ia due
to the load growth in Alberta. Load growth in B.C. does
ngt affect the LOLE in Alberta because the regerves in
that system are sﬁbstantially larger than the émount of
capacity assistance, which is limited only by thertie—liné
capacity. Table 4.5 shows the reserves ‘in thg B.C.

electric asystem fdr each month in the study period.

The smoothness of the curves . ¥ a result of neither
additions nor retirements of generating units taking place
during the study period. The horizontal line in‘Fig?4.1
marks the LOLE of 0.2 hré/year used to determine the neea
for new génefgting facilitieé. Below thias line Alberta

doea not need additional capacity.

The fact that the reserves in the B.C. electric system
are very large, relaéive‘ to the amount of capacity
assistance, and‘ in géneral the generating syséem in that
province is very réliable (#),.  produces anqth;r
intereating result. The equivalent assisting unit model

.

6f capacity assistance subject to available reserve and

(#): The Forced Outage Ratea of the majority of the

'generating units in B.C. are}equal to or lower than 2%,
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CLIMATIC YEAR

RESERVE (MW)

MONTH 1992 1993 1994 1995 1996
ocT 3789 3701 3541 3416 3255
Nov . 3219 3120 | 2946 2811 2637

. DEC 2939 2849 2669 2529 2349
JAN 3219 3143 - 2969 2835 - 2661
FEB . 3269 3203 3031 2897 2725
MAR 3859 3793 3635 3512 3354
APR : 4329 4192 = 4043 3927 - 3778
MAY - 4619 4485 4343 4232 4090
JUN ' 4659 4522 4381 4271 4129
JUL ‘ 4919 4786 4651 4546 i4410
AUG 4859 4728 4592 4485 - 4349

SEP ' 4459. 4316 . 4170 4056 3910

Table 4.5: Reserve capacity in the B.C. electric agatén.
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f%ndom outages in B.C. becomes equal to a firm capacity
equivalent asaiating unit, i.e., the aséistance capacity
becomea fully reliable at the sending end of the tie-line.
This situation happena for those periods of the vyear in
which-the reaserve isnvery ‘largé compared to the amount of
éssigtanée capacity, and has been identified in cases B2

and B3 as shown in Table 4.6

| CASE B2 600 MW | CASE B3 800 MW ‘ I

YEAR | subject to availability | subject to availabilityl

- - ——

1992‘1 (none) ] I December i
1993 | December | December |
1994 . December | November to Febrﬁary |
1985 | November to January | October to March ' !

1996 | October to February | October to April |

Table 4.6: Perioda in which equivalent assisting unit

“subject to availability is different from £irm capacity

equivalent assisting unit

To explain this siiuation, let wus copsidér CASE B2 in
which Alberta receives 600 MW of éasisﬁance capacity,
subject to available reserve and random outages in B.C.

For the first period (October) of the year 1992, the
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capacity outage probability results are shown in Table

4,.7:

CAPACITY ON ° CUMULATIVE CAPACITY

STATE OUTAGE. (MW) PROBABILITY ASSISTANCE (MW)

1 0  1.00000000 3358
2 5 .94150591 3353
3 8 .93914258 3350
a 13 . .93319821 3345
5 17 .9329601S 3341
790 - 2224 . 00000179 - 1134
791 2227 .00000176 1131

792 2230 .+ 00000170 1128

Table 4.7: Capacity ocutage probability table and level of’

aaaiastance of the B.C. ayatem in October 1992

The outage table containa 792 atates (only the initial
and final states are shown). Alao, the ievel 6f capacity
asaiastance which reaults when the capacity on outage is

subtracted from the reaerve, ia ahown in the fourth column
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of Table 4.7. the‘that the reserve in thia case ias 3358
MW inatead of. the 3789 Mw shown in Table 4.5. This
differen¢e occursg because the inatalled capacity in

October 1992 has been derated according to the schedule of

maintenance of generatingrunits, developed for that year.

The laat astate calculated by ;he programr waas state No. -
792, with 2230 MW of capacity on outage having a pér—unit
probability of occurrence of 0.00000170. Thetpfogram did
not calculate , atatea with capacity on outgge-lérger than
2230 MW because théir probabilities were émallér than a
speéifled minimum probaﬁility. (The capacity outage
subroutine haa thia feature in order to avoid the
calculations of outage astates witﬂ ‘ extremely ~ amall
probability. In this case the minimum probability was set

to 10 to the power -6).

Then, in the siﬁulation, ‘any level ‘of capacity qn
outage larger than 2230 MW has a propability of occurrence
~equal to =zero. Let "us assume athat-the ne*t additional
atate in the table, atate No 793, haa capacity on outgge’
of 2231 MW with probéhility of occurrence equai to zero.
The le&el of aasiatance capacity would Se: 3358 -'2231 =
1127 MW. This means that any cépécity asasiastance of 1127

MW or leaa would be fully reliable because the probability
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of an outage resultingiin a capacity assistance equal to

or leas than 2231 MW would be equal to =zero.

In October 1992, wunder CASE B1,  the capacity
asaiastance of 600 ﬁw'becomes fully reliable at the seﬁding
end of the ‘tie—line, whicﬂ' makes it similar to a firnm
capaéity agreement. fhis same situatién takes place in
all the other periods of 1992 for the éﬁme casé, as well
aa 1nraome perioda in following yeara. However, thia
situation does not occur Uih the periods shownr in Table
4.6, fo? yﬁich the equivglent aagsiating ﬁnit model of
-capacitfﬂ assiétance subjéct to av;ilability becomes a.

mult;—stgte generating unit.

Let ua conaiaer CASE B3, in which'Alperta receiveas 800
MW of capacity asaistance subject to available reser?e and
random ouﬁagea in B.C. In December 1§96, the reserve in
B.C.  is 2349 Mw (derated to account for scheduled
‘maintenance) and the eq#ivalentiasgisting unit, calculatea
at the receiving ehd of the tie—iine, ia a Qulti-staté
generating unit of 340 outage atatea. Figure 4.3 shows
soﬁe outagé‘statea of the equivaient unit, copied.from the

" actual output producéd by the program.
.Examination of this table brings - out .'another
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BRITISH COLUMBIA - ALBERTA INTERCONNECTION

800 MW TIE.

1996 - PERIOD: 3 -

800 MW ASSISTANCE SUBJECT TO AVAILABILITY

EQUIVALENT ASSISTING UNIT

OUTAGE PROBABILITY

(MW)

(p.u.)

OO0O0OO0CO0COO0OO0OOOCOOCO

NO AL WN -
OrrFPOOROO®OMAANO
L

W
o

100.0
111.0
121.0
130.0
141.0
161.0
160.0
170.0
181.0
1s2.0
201.0

211.0

220.0

Figure 4.3: Equivalent a

0.9891394
0.0000089
0.0000114
0.0000065
0.0000118
0.0000211

0.0000103

0.0000168
0.0000052
0.0000103
0.0000052
0.0000077
0.0000126
0.0000085
0.0000124
0.0000069
0.0000047
0.0000043
0.0000045
0.0000027
0.0000080
0.0000035
0.0000038
0.0000036
0.0000033
0.0000026
0.000002¢

December 1996.

OUTAGE PROBABILITY

(MW)

(p.u.)

230.0
241.0
250.0
260.0
270.0
281.0
292.0
300.0
311.0
322.0
330.0
340.0
351.0
361.0
371.0

'~ 381.0
391.0
401.0
411.0
421.0
431.0
441.0
450.0
460.0
471.0
480.0

450.0.

aaiating’unit nodel

0.0000037
0.0000023
0.0000036
0.0000031
0.0000030
0.0000008
0.0000014
0.0000029
0.0000015

0.0000009 -

0.0000013
0.0000008
0.0000010
0.0000010
0.0000006
0.0000011
0.0000005
0.0000008
0.0000010
0.0000005
0.0000007
0.0000004
0.0000005
0.0000008
0.0000004
0.0000006
0.0000002
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OUTAGE PROBABILITY

(p.u.)

501.0
511.0
520.0
§31.0

540.0°

550.0
561.0

571.0"

580.0
591.0
601.0
610.0
620.0
631.0
642.0
651.0
661.0
670.0
680.0
691.0
"700.0
710.0
720.0
731.0
742.0
-800.0

0.0000003
0.0000002
0.0000003
0.0000004
0.0000002
0.0000003
0.0000002
0.0000001
0.0000001
0.0000002
0.0000001
0.0000003 .
0.0000001
0.0000001 -
0.0000001
0.0000001
0.0000001
0.0000001
0.0000007
0.0000001
0.0000001
0.0000001
0.0000001
0.0000000
0.0000000
0.0099993

——

of British Columbia i



iﬁtereéting conciusion: yThe effect of this eqﬁivalent
asaisting unit of capacity aubject to availability is
practically the saﬁe aa the effect of é firm capacity'
equivalent asaiating -unit. This conclusion comes from the
fact that“ the p?obabilities of occurrence of all
iﬂterhediate atates are very small compared to the
probabilities of the first and last states. Then, if all
the intermediate statea were ﬁeglected, the equivalent
asaiasting unit at the receiving end of the tie—line would

become:

Outage Probability
(MW) of occurrence
0.0 0.9891394

:800.0 0.0099993

Thia table 1sﬂ saimilar to that for a firm capacity
equivalent asaisting unit. It is worth noting +that the
érobability of occurrence of the 800 MW outage ia
f“practically 0.01; which corresponda to the value of Forced
Outaéé Raﬁe of the transmisaion line that interconnecté
B.C. and Alberta. Then, aﬁ the sending’ end of the
zie—line,“ the probability would be 'prhétically ‘Zero,

making the '"unit' fully reliable at the'sending end, as if
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it were a firm capacity agreement.

A test of this conclusion was conducted for CASE B3 in
the year 1996. This time the capacity assiatance of 800
MW was conaidered firm capacity and the reaults obtained

under thia operating condition 'were compared to the

resulta obtained in CASE B3 for the same year.

1996 CASE B3 “ LOLE " LOEE
800 MW (hra/year) (MWh)
Subject to availability - 0,43066 62.959
Firm 0.43046 62.923
Difference of: 0.00002 © 0.036

The wvaluea ~~of the féliabilit& indices obtained
conaidering firm capacit? assiatance .are lower than the
figurea calculated considering the assigt;nce subject to
availability, which is an ékpected result. For practical

purposaes, hdwevef, the diffegenée ia negligible.
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4.4 ALBERTA INTERCONNECTED WITH BRITISH COLUMBIA AND

SASKATCHEWAN

In thia aection, the reliability indicea for Alberta

are calculated considering interconnections with B.C. and

Sask.

The capacity asaiastance from B.C. is aasumed firm in
-all‘the caaes analyaed in thia asection. The' reason_fér
‘this assumption is sgimply that tﬁere is no significant
difference petween‘the résults obtained modélling the B.C.
electric ayatem aa £irm capacity asaiatance andk the
results obtained in the casae o£ capacity asalatance

subject to availability, as demonatrated in Section 4.3.°

The capacity assistance from B.C. is set to 300 MW,
7 600 MW, and 800 MW. Thé firét ‘and second levels of
asaiastance are considered ve£y likély to happen during the
study period. Thé gssistance level of 800 MW, although
not cénsidered probable for the reaaons statéd in Section

4.3, is used in thias section for illustfétion purposes.‘

Capacity assistance from (or to) Saskatchewan is set
to 100 MW and the unavailability factor of the tie-line ia

asgumed 1%, the same as for the Alberta - B.C. tie-line.
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4.4.1 Alberta receives capacity asasistance from B.C. and

Saakatchewan ' 2

CASE Cl. Aaaistance from B.C. 300 MW firm.
Assistance from Sask. 100 MW subject

to availability.

CASE C2. Aasisgtance from B.C. 300 MW firm.

Aagiastance from Sasak. 100 MW £firm.

The reliability indices under. ‘thesé opefaﬁing
conditiona are pfesented in Tabie‘4.8 and Tgble 4.9
reapectively. Compariaon of these results (Table 4.10-and
Table 4.11) shows pthe difference between modelling the
:Sask. ayatem to berfirm capacity asajiatance and capacity
assistance subject to availabilty. The differences exis£
becauase the generatorsa inmSaak.laré leas reliable than the
geherators in B.C.. The generaging system: in Sask.
conaista _mainly of tﬁermal .élants .with F.O.R. ﬂrangiﬁg
between 4% and 8%, while the B.C. éystem is méde—up mainly
of hydroelectric plants with F.0.R. lower than 2%. Alsao,

reserves in Sask. are substantially lower thanfin B.C..
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LOLE

, LOEE ADDITIONAL
YEAR hrs/year MWh CAPACITY
REQUIRED
1992 0.67882 97.91 Yes
1993 0.98981 143.832 Yes
1994 1.392 205.244 Yes
1995 2.30299 344.61 Yes
1996 443.115 Yes

Table 4.8: CASE C1

e trmmema  Smmes o

Assistance from Sask. 100 MW subiject to availability.

—_————e, S e

2.85752

‘ © LOLE LOEE ADDITIONAL

YEAR hra/year MWh  CAPACITY

REQUIRED
1992 0.64982 91.811 Yea
1993 0.88983 126.709 Yes
1994 1.32994 195.367 Yes
" 1995 2.1813 323.911 Yea
1996 2.6558 406.387 Yes

Table 4.9: CASE C2

e Alrire  Smmmie Sovirme

o e S

1439



LOLE LOEE
YEAR hra/year MWh
1992 -0.0290 ~6.0990
1993 ~0.1000 -17.1230
1994 ~0.0621 -9.8770
1995 -0.1217 . -20.6930
1996 -0.2017 © -36.7280

IS R de S S

Difference between LOLE and LOEE calculated considering
Saakatchewan ag firm capacity assiastance and assiatance

subject to availability.

LOEE

LOLE
YEAR DECREASE DECREASE
1992 4.46% 6.64%
1993 11.24% 13.51%
1994 4.67% 5.06%
1595 5.58% 6.39%
1996 7.60% 9.04%

Table 4.11: Improved reliability from CASE C1 to CASE C2.
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wLow :re;erves< and high F.O0.R. pfoduce equivalent
asaiating unit models with s;gnﬁfican?ly higher
probabilities in the intermediate states’than thoae of a
more reiiable syatem such as B.C.. Figure 4.4 showé the
equivalent unit of 100 MW capacity asaiatance from Saak.
correspoﬁding to December 1896. Also, the probabilities
of the first and last satates .are‘much lower than the
probabilitiés of the aame statesrcaiculated for the B.C.

syastem.

EWhen equivalent agsisting unitS'éf the Saakatchewan
syastem are calculated,‘it ia not appropriate .to neglect
" the intermediate states of the equivalent unita, as done
ufor the B.C. ayatem, and the capacity assiatance from
Sask. should' not be conaidered firm, unleas a firm
capacity contract were agreed to between respective

utilities.
CASE C3. Aasaiatance from B.C. 600 MW, firm.
~ Aasistance from Sask. 100 MW subject
to availability.
In this case, the assistance from B.C. is increased to

600 MW and the aaaiatance from Saak. remainé at 100 MW

151



SASKATCHEWAN ~- ALBERTA INTERCONNECTION
‘100 MW TIE. 100 MW ASSISTANCE SUBJECT TO AVAILABILITY
1996 - PERIOD: 3

EQUIVALENT ASSISTING UNIT

OUTAGE PROBABILITY OUTAGE PROBABILITY OUTAGE PROBABILITY
(MWD (p.u.) (MW (p.u.) (MW) (p.u.)
0.0 0.6925609 ~ 48.0 0.0055468 97.0 0.0028626
1.0 0.00053S5 51.0 0.0003242 99.0 0.0021828
3.0 0.0018745 53.0 0.0008639 100.0 0.1785676
6.0 0.0027479 55.0 0.0011665 '
8.0 0.0047493 58.0 0.0114026
- 10.0 0,0040341 61.0 0.0000007
13.0 0.0033869 63.0 0.0120722
16.0 0.0006454 65.0 0,0008997
18.0 0.0031974 68.0 0.0036831
20.0 0.0051657 . 70.0 0.0023413
22,0 0,0111957 72.0 0.0058571
25.0 0.,0075531 - 75,0 0,0016168
28.0 0.0011699 78.0 0.0009319
30.0 0.0028822 ‘ 80.0 0.0011789
32.0 0.0036089 82.0 0.0025082
35.0 0.0034351 ' 84.0 0.0044446
38.0 0.0005713 ‘ 87.0 0.0032281
41.0 0.000821 - 90.0 0.0006424
43.0 0,0009723 92.0 0.0014827
45.0 0.0027202 94.0 0.0023128

Figqure 4.4: Eguivalent assisting unit model of Saakatchewan in
December 1996. ' :
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subject to availability. This is perhaps one of £he most
probable acenarios that can be foraseen at this‘.point in
time. Reaulta of thia caae are presented in Table 4.12.
Under theae operatingmconditions, ALberfa would not~need
new genergtiné facilitiea until 1594, |

CASE C4. Assistance from B.C. 800 MW firm.

Asgiatance from Saak. 100 MW subject

to availability.

In this case, the assistance from B.C; is alléwed to
go as high as 800 MW and the assistanée from Sask. remains
at 100 MW subject to availability.' Results :of this case
are presented in ‘Table 4.13. Underr thege operating'
conditiona, Alberta would not need new genérafing

facilitiea until 199€.

Compariaon of‘the reaultas obtained in cases A, C1, C3,.
and C4 are preaented iﬁ Figure 4.5 ;nd Figure 4.61 Thé
éffect of 100 MW capacity assiséance from Sasﬁatchewan ia
a delay of 2 §ears “on :the‘ need for new genérating
faeiiities‘ in Albérga in cases C3 and 54, coméared to

cases B2 and B3 respectively.
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LOLE ° LOEE ADDITIONAL

YEAR hrs/year MWh CAPACITY
: REQUIRED
1992 0,122 19.91 No
1993 0.18 23.85 No
1934 0.258 35.45 . Yes
1995 0.432 : . 61.51 Yes
1996 | 0.546 80.26 Yes

Table 4.12: CASE C3
Aggistance from B.C. 600 MW firm.

e . S e

. LOLE .~ LOEE ADDITIONAL

YEAR hrs/year HWh 'CAPACITY
REQUIRED -

1992 0.056 626 No

1993 0.081 c 9.22 No

1994 0.1148 14.02 No

1995 : 0.194 26.57 - Xo

1996 0.251 - 33.71 Yes, marginal

Table 4.13: CASE C4
Assistance from B.C. 800 MW firm.
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39.81071
25.11886
15.84893

10
6.309573
3.981071
2511886
1.584803

' 1
0.630957
0.398107
0.251188
0.158489

LOSS OF LOAD EXPECTATION. (hrs/year)

0.1
0.063095

0.039810 — — —
1992 1993 1994 ‘ 1995 1998

O CASEA .+ CASE C1 A CASE C3 X CASE C4

Figure 4.5: Losa of Load Expectation.

Alberta isolated va Alberta receiving‘cagacitx assigtance

frqm B.C. and Saak.

CASE A. Alberta isolated.
CASE Cl. Asaiatance from B.C. 300 MW firm.-
Assisténce from Saask. 100 MW subject to availability.

CASE C3. Assistance from B.C. 600 MW firnm.

'.Assistance from Sask. 100 MW subject to availability.

CASE C4. Asaistance from B.C. 800 MW.firm.

Aasiastance from Saak. 100 MW subject to. availability.
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-3981.071
2511.886 °
1584,893
1000
630.9573
398.1071
251.1886
158.4893
100
£3.09573
38.81071
25.11886
1584803
10
6.309573
3.981071

LOSS OF ENERGY EXPEGTATION. (MWh)

1892 :1 993 1994 . 1988 1896

O CASE A + CASE C1 A CASE C3 X CASE C4

Figure 4.6: Loaa of Energy Expectation.

Alberta isolated va Alberta receiving capacity asasistance

from B.C. énq Saak

where:

CASE A. Alberta‘isolated.

CASE Cl. Assistance from B.C. 300 MW firh; ‘
Assistance from Saak. 100 MQ subject to availability.
' CASE C3. Asaistance from B.C. 600 MW firm;

Assiatance from Sask. 100 MW éubiect to avaiiability.
CASE 94. Agaistance f?ém B.C. 800 Mw.firp.

Agsistance from Sask. 100Amw‘aubject_to availability.
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4.4.2 Alberta Aésists Saskatchewén, B.C. Asgiats Alberta.

CASE D1. Aasaiatance from B.C; 300 MW firm.

Aasiatance to Saszak. 100 MW.

CASE D2. Agaiatance from B.C. 600 MW firm.
Asaistance to Sask. 100 MW.
CASE D3. Aasigtance from B.C. 800 MW firm.

Aagigtance to Sask. 100 MW.

In these casea, the capacity asaistance from B.C. is
set at 300 MW, 600 MW, and 800 MW. This time, however,
Alberta auppliea 100 MW of capacity asasistance to Sask.
The resulta obtained under theae operating conditionsg are

preaented in tablea 4.14, 4.15, and 4.16 reapectively.

The likélihood of thease acenarios cannot be asseased
effectively at this time because the operation of Alberta
and Saskatchewan as an interconnected system is unknown.
It can be aasumed, however, that during 1992 and 1993
Alberta may aasiast Saskatchewan, and from 1934 and beyond
the ayatem could aupply Alberta with aaaiastance aubject to

availability. This assumption ia baased on the
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LOLE LOEE ADDITIONAL

YEAR  hrs/year MWh CAPACITY
' = : REQUIRED
1992 | 2.397  386.72 Yes
1993 3.181 481.21 V Yes
1994 4.564 726.64 Yes
1995 7.053  1149.61 . Yes
1996 © 8.663 1418.12 ' Yes

Table 4.14: CASE D1 . .
Asgsistance from B.C. 300 MW firm.

—— . R

LOLE . .. LOEE ADDITIONAL

YEAR hra/year MWh CAPACITY
: ﬂ REQUIRED
1992 0.449 62.82 Yea
1993 0.593 . 86.32  Yes
1994 0.884 1271 Ves
1995 o 1.414 217.31 . Yes

1996 1.744 . 272.07 ‘ Yes

Table 4.15: CASE D2 f :
Aassistance drom B.C. 600 MW firm.
Assistance to Sask. 100 MW,

—_— et B e
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LOLE

ADDITIONAL

LOEE
YEAR . hra/year MWh . CAPACITY
REQUIRED
1992 1 0.204 27.76 No, marginal
1993 0.272 37.58 Yes
1994 . 0.409 © 60.06 Yes
1995 ‘ 0.649 98.77 Yes
1996 . 0.761 122.91 Yes

Table 4.16: CASE D3

Assistance from B:E. 800 MW.

Assistance to Saak. 100 MW.

AL AN A A e
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1natallation: of a new generating unit of 275 MW in

Saakatchewan, in the year 1994.

Comparison of the resulés obtained in cases A, D1, D2,
and D3 are preaented in Figure 4.7 and Figure 4.8. The
effect of Saakatchewan taking 100 MQ of capacity from the
reaervea in Alberta (throughout the entire atudy period)
ia a decrease in the reliabiiity of aupply in thia
province. Héwever, thé decrease  ia offset by Fhe large

asaiastance that Alberta receives from B.C.

4.4.3 Alberta Asasiats B.C.

CASE El.‘Assistance to B.C. 300 MW.

Senmm, =l

. Assistance to Sask. 100 MW.

CASE Fl1. Assistance to B.C. 300 MW.

KL I

Aasaistance from Sask. 100 MW.’

Casea E1 and F1, in which Alberta supplies B.C. with
asaistance capacity, are included in this study to cover
the poaasibility of B.C. expgrtiné auch large amounts of

capacity to the Western Un;ted States that it requires a
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31.62277
25.11886
19.95262
15.84893
12.58928
10
7.943282
6.309573
5.011872
3.981071
- 3162277
2.511886
1.995262
1.584893
© 1.258925
o
0.794328
0.630857
0.501187
0.398107
0.316227
0.251188
0.199526

LOSS OF LOAD EXPECTATION. (hrs/yaeoar)

-
A

1892 1893 1994 1988 . 1896

a : CASE A - ' + CASE D1 A . CASE D2 X CASE D3

Figure 4.7: Loaa of Load Expectation.

Alberta isolated va Alberta ‘assisting Sask. B.C.

asaiating Albeiga.

where:

CASE A. Alberta isolatéd.

CASE D1. Aéalatance fromiB.C. 300 MW firm.
Asafstance to Sask. 100 MW.

CASE b2.‘Assistance'from 3.0; 600 MW £firm.
Assiétance to Sask. 190 MW.

CASE D3. Asaistance from B.C; 800 MW firm.

Asaigtance to Saask. 100 MW.
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" 3981.071
3162.277
2511.888
1995.262
1584.893
1258.925

1000
784,3282
£30.9573
501.1872
398,1071
318.2277
251,1886
199.5262
158,4893
125.8925

100
79.43282
83.09573
50,11872
39.81071
31.62277
25,11888

LOSS OF ENERGY EXPECTATION. (MWh)

A
-
9

1992 1993 1994 1988 1896

O CASE A + CASE D2 - & CASE D3 A  CASE D1

Figure 4.8: Loas of Energy Expectation.

———sve—

Alberta iasolated va Alberta aaaisting §g§k; B.C.
assisting Alberta.
where:
CASE A. Alberta isolated.
CASE D1. Assiatance from B.C. 300 MW firnm.

| Asaistance to Sask. 100 MW.
CASE D2. Aasistance from B.C. 600 MW firm.

Aaaiatance to Saak. 100 MW.

CASE D3. Asaistance from B.C. 800 MW firm.

Assiatance to Sask. 100 MW.
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:ontinuous asupply of capacity .assisténce ffom Alberta.
The likeliﬁood of this scenario depends on éhé ability of
B.C. to find marketa for ita large reaerve capacity. The
- results for cageé El and Fl are preaented in tablea 4.17
aﬁd 4,18 respectivély. Under theae operating conditiona
the‘reliabiiity - of gupply in Alberta isg lowér than the
cage where Alberta is isolated (CASE A), as Eaa be gseen in
Figure l4.9 and Figure 4.10. Thias ia dauaed by the
capacity aasaistance to B.C., which reducea the reaerves in

this province by 300 MW througout the entire atudy period.

4;5 DEVELOPMENT OF THE ALBERTA INTERCONNECTED SYSTEM

The caseas presented in sectiona 4.4.2 and 4.4.3
consider Albérta_supplying continuous capacity assistance
to B.C. and/or Saskatchewan thr&ughout the‘ entire study
period; This is certainly a very atrong imposition on tﬁe
Alberta generat;ng ayatem, and it exéléins the decrease in
' reliability under theae operatibg conditions. However, it
-“ia iﬁprobable-thaﬁ Alberta would commit a‘éignifiéant part
of ita reserve capacity tq help~ a neighboriﬂg power:
ayatem. 5130,  it ia leaa likely for Alber?e to whévg a

conatant amount of capacity flowing out of this province
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LOLE LOEE ADDITIONAL

. YEAR hra/year MWh CAPACITY
REQUIRED
1992 69.31 12854.3 Yes
1993 88.25 16312.1 Yes
1994 118.44  22810.9 ' Yea
1995 163.68 © 32943.2 " Yes
1996 190.88 ' 39020.5 : Yes

Table 4.17: CASE E1
Asgsistance to B.C. 300 MW.

_— e . BN

" LOLE LOEE ADDITIONAL

YEAR hra/year © Mwh CAPACITY
. REQUIRED
1992 24.25 4171.6 " Yea
1993 33.48 5852.9 | Yes
1994 43.45 7916.8 Yes
1995 64.38 118418 . Yes

1996 ‘ ‘ 77.21 14485.8 . Yes

~Table 4.18: CASE F1 -
Asslstance to B.C. 300 MW,

AL A AR~ N
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199.5262
158.4893
125.8928
100
79.43282
63.09573 -
50.11872
39.81071
31.62277
25.11886
18.95262
15.84293
12.58925
10
7.943282

LOSS OF LOAD EXPECTATION. (hn/yoor)

6.309873 :
1992 1983 1994 1995

O CASEA + CASE E1 ¢ CASE F1

Figure 4.9: Loas of gggg,Exgectéiion. ’

Alberta isolated va Alberta aasisting B.C.

where: : |

CASE A. Alberta isolated.

CASE El1. Asaiatance to B.C. 300 MW.
Aasiatance to Saak. 100 MW.

CASE Fl;.Asaistance to B.C. 300 MW.

1996

Assistance from Saak. 100 Mwléubject to availability.
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39810.71
31622.77 -
25118.86
19952.62 —
15848.93
12589.25

10000
7943,282

© 8309.373
5011.872
3981.071
3162.277
2511.886
1995,262
1584.893
1258925

1000
794.3282

i.OSS OF ENERGY EXPECTATION. (MWh)

1992 1993 1994 1983 1996

O CASEA + CASE E1 O CASE F1

Figure 4.10: Loas of Energy Expectation.

Alberta isolated vs Alberta assisting B.C.

where:
CASE A. Alberta isolated.
CASE El. Asaiatance to B.C. 300 MW.

Assiatance to Saak. 100 MW.

CASE F1. Aasiastance to B.C. 300 MW.

Asaistance from Saak. 100 MW subject to availability.
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at each and every hour’dufing an entire 'yea:,’unles#, of
cpufse, there wére‘strong economic reasona to overbuild
the generating syatem in Alberta in drder to aupply
continuoua capacity asaistance, and at the same tine,

achieve the deaireq reliability of supply.

It ias more likely that the operating édnditionsfduring
thg atudy period will be aimilar to the operation of
Alberta and B.C. aince they were interconnected in 1985,
i.e.'during normal conditiona the flow of power throﬁgh
the tie-line is determined mainly by econqmic ‘reaaons.
However, if one asyatem encountera difficultiea that can
lead to a loss—éf—load aituation in that systeﬁ, the other
ayatem supplies capacity asaiastance untilrthe'difficulties
are overconme. In other words, both Alberta and B.C. c;n
conduct their re;iability studiea (and determine their
atatie capécity requirementg)‘ considéring the neighporing
interconnected power ayatem as capacity asaiatance subject

to available reserve and random outages.

Asgsuming that 'the existing operating conditiona
between Albertg and B.C. will prévail, and that =zimilar
conditions . Qill exiat between Alberta and Saakatchewan
during thé stﬁay period, thé casesg presentéd in Sectiqn

4.4.1 (casea: €1, C3, and C4) are the moat 1likely
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acenarioa, and they are appropiate in éddressing the
queation of reliability of supply and of the static

capacity requirements in Alberta.,

In‘these cases, the amount of capacity gsaistance that
Alberta receiyea from B.C. ig gset at soornw in CASE Ci1,
' 600 MW in CASE C3, and 800 MW in CASE C4. In the firat
case, which can be considered a pegaimistic case, Alberta
needa new "~ generating facilitiea in 1992. In the aecond
casgse, which the ’author believes ia a' nore probablercase;
Alberta doea not require new genefeting facilities uﬁtil
19894, In the laat caae, which can be cohsidered a very
optimiatic case, Alberta doea not reéuire .new generating

facilitiea until 1996.

It should be noted that the atatic capacity
fequirements referred to in the above paragraph are valid
only for the forecast of peak demand assumed in this
atudy. Aléo, changes in the generator and/or load data in
any of the power syétems will produce different valuesa of
; reliability ihdices, which can lead to different atatic

capacity requirementa.
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Chapter v

CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK

The equivalent asaiasting unit method for calculation
of reliability indices of interconnected power systema has

been implemented in a computer model.

The model, which ias made up- of two (2) sepapaie
“programs, waa designed to include the effecta of rand&h“
outages as well as scheduled outgges gf:thermal generating
units. It‘algo takeg into account limita on‘hydroeléCtric
energy gener;tion, and capacity of tie lines aa well aa
their probabilitiés of nfailurei The model calculates :
reliability indicea only for the power syatem of interest
(Alberta in thias caae) énd it can simuiate up to four (4)
different modea of operation . beﬁween the system of

intereat and the ayatema interconnected to it.

The model has been used to ihvestiggte the reliability
.of supply and the atatic capacity reqpirementg in Alberta
conaidering the effects of interconnectiona with Britiash

Columbia (B.C.) and Saskatchewan (Sask.).
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The investigation covered the period 1992 to 1996
incluaive. ‘It consisted of the' calculation of ' Loaa of
Load Expectation (LOLE) and Loaa of Energy Expectation

(LOEE)> in Alberta under several operating conditiona.

The operating rconditions include a case in which
Alberta is iaoclated from its neighboring power aystems,
three (3) casea in which Alberta ia interconnected oniy to
B.C., and  nine (9) cases ‘in whiéh Alberta - is

interconnected to B.C. and Saak.

éomparison of results obtained for the cases of
Alberta isolated and Alberta interconnected only to B.C.
(césea A, Bl, B2 and B3) ahowsa a Significaﬁt increase in
the reliability of supply iﬂ Alberta. (Refer to Section

4.3, Figures 4.1 and 4.2)

The capacity assiséance from B.C. has been considered
to be subject to available reserves and random cutages in
tha£ power ayatemn. However, it ;as found- that such
" capacity assistance has the same effect' as firm capacity
asqistanbé (or asgiatance fﬁliy reliable at the sending
Vend of ﬁhe tie-lipe) on £he réliability indicea. Thia is
because‘the B.C. electric rsystem hascvéry large reserves,

relative to ghe‘asaumed amount of capacity asaiatance to

170



Alberté, and that in general the generators in that systenm
"are very ' reliable. (Refer to Section 4.3). Thia
conclusion' validates previous reliability studieas (
reference [4]) in which the B.C. ayatem was modelled into
the Alberta ayatem as a'generator of capacity equal to éhe
amount of capacity asaiastance and with Forcedcoutage Rate

(FOR) equal to the tie-line unavailability factor.

e

In each of the remaining cases, the Saskatchewan

electric aystem was interconnected to Alberta.

A gest of the difference between modelling the
Saskétchewap electric syatem as firﬁ capacity aasiastance
and assistance aubject to availabilit; was éonducted. It
waa found that the LOLE ;nd LOEE in Albertasa, fqr the case
of Sask; aupplying a firm capacity aaaiatance, rgnge from
4% to 13x% lo@ér than the 'caae of Saak. asupplying the sane
capacity aa;istance subject to availébility and randonm
outages. '(Refer to Secti&n' 4.4.1, Tablé' 4.11).
Reélistically, ‘Sask. ahould be modelled as capacity
-agsigtance subjeét td availability, and it should not be
agsaumed supplying firm caéacity » unless, of boﬁrse,'there

were a firm capacity agreement between Alta. and Sask.

Compariason of results obtained for the caase of Alberta
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iaoletedr {case A) and "Alberta receiving capacity
a;sistance from B.C. and Saék.“ (cagea C1, C3, and C4)
shows an even larger increase in the reliability of supply
in Alberta, which ia due +to the additipnal support from

Sask. (Refer to Section 4.4.1, Figurea 4.5 and 4.6).

AIn casea D1, D2, and D3 Alberta supplies 100 MW of
capacity asaistance to Saak. throughout the entire study
period. The resulta of these caaes shbws a decreésed
reliability ‘of aupply in Alberta, which ia due to the
capacity asaistance to Saak. However, the decrease ia
offaet by the large amounts of capacity asaiatance from
B.C., which makes the reliability of supply in Alberta,“
under these opefatiﬂg conditions, béﬁﬁer than the
reliability of Alberta when isolated._ (Refer to Seétion

4.4,2, Figurea 4.7 and 4.8).

In'the_last‘two caaseg. (E1 and F1) Alberﬁa supplies 300
MW of capacity asaistance to B.C. throughout the entire
study period. As expected, uﬁder these operatihg
. cbgdigiona, the reliability.of supply in Alberta was found
to be lower than in the caae of Alberta isoclated. (Refer

to Section 4.4.3, Figurea 4.9 and 4.10)
If capacity asasiastance from B.C. 'is limited to 300 MW,
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Alberta would require new generating facilitiea in 1982.
However, if capacity asaistance from B.C. \is eoo‘.&w}
Alberta would not need new dgenerating fécilities until

1994. If the capacity asaistance from B.C. were alléwed
to be 800 MW, Alber£a would not need. new generating
facilities until 1996. Thia conclusions are baéed on the
aaspmption that caseg Cl, C2, and Ca repreaent the moat
appropiate acenarica in addreaaing the development of the

Alberta electric ayastem.

The approach to reliability éf power systemé takeﬁ in
this atudy can be considered a very accurate approach
beéause capacity outage: probability tébles, thch
repreaent all posaible outage eventa in thé generating
syatem, were calculated for every period in all the study
. yeara, and for every power asyatem. Also, equivélent
agagisting unites were derived in every éeriod: from their

correaponding outagertables.

To conclude this report,fa aummary of advantages and
- disadvantages of thercomputér model ia presented in the
following paragrapha. It ahould be poinged out that the

list of diasadvantages representa a socurce of topice for

future reaearch and development of the computer model.
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Advantagea of the model

- Automatic maintenance acheduling of thermal plants.
The user can apecify perioda in which maintenance is not

allowed.'

-~ The year can be divided into any number of periods.

(Limited only by computer memory).

- Capacity ocutage probability tables are calculated in
each period. They can also be rounded at apecified

capacity incrementa.

" = Schedule for the hydroelectric planta is calcuiéted

in each period.

- Equivalent:assisting units of assisting neighboring

asyatems are determined for each period;

- Calculation of LOLE is done by summing probabilities

of loss of load calculated for each hour in the year.

- Up to four (4) power syatema can be interconnected

aimultaneouasly to the ayatem qf intereat.
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- Up to four (4) tie lines between eacﬁ’neighboring
ayatem and the ayatem of intereat can be inclﬁded (total

of 16 tie lines).

- Four (4) different modes of operation between a
neighboring ayatem and the ayatem of intereat can be

considered.

~ The aize of the program’s output can be controlled
by the uaer. The détailedr'output' allows extensaive

checking..

- The model has a high number (40) of built-in error

and warning measages.

Disadvantages of the ﬁodel, 7topics for future

enhancement.

= The model runs in a mainframe computer, it is not

interactive.’

~ The computer time for a one-year simulation amounts

to several minutes.
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~ Only LOLE and LOEE . are calculated. The program does

not compute the lcad carrying capability of the system of

interest.

- The program does not ﬁodel energy (or fuel) limited
thermal plants, nor doea it model enviromental
conatrainta,’ such as particle emisasiona, S02 emisaions,

etc.

-~ Hydroelectric plants are treated as one single

composite plant.

— The model doea not modify the shape of the LDC’s to

réflect changes in load factor.

-~ The LDC’a are treated as a aset of diascrete points.

The model calculates atraight lines between each pair of

points.

- Only direct interconnections between the Vsystem of
intereat and the neighboring ayatemsa can be modeliedﬂ No
indirect capacity asaiatance can be accommodated.

.- Capacity asaiatance  associated with apecific
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genéfating_ unita within the asaiating ayaten ié not

mnodelled.
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Chapper VI
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Appendix

DATA OF ELECTRIC POWER SYSTEMS

Thia appendix preaenta the complete database used in
the execution of the computer program. It contains the
characteristics of the power systema in Alberta,

Saakatchewan, and Britiah Columbia.

The data is arranged as.follows.

- A list of generating unitsa, which shows in each
line, the unit’s name, ocutput, Forced Outage Rate (FOR),

Planned Outage Rate (POR), and maintenance claaa.

- The characteriastics of the hydroelectric generation

for each period of the year.
— The annual peak locad for all the study yéars.
-~ The ratio period to annual peak, the number of

' Hours; and the Load Duration Curve (LDC) fqr‘eaCh period

of the year.
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ALBERTA ELECTRIC SYSTEM

ALBERTA GENERATING SYSTEM 1992 - 1996

———— — ——— — - o ——

UNIT « OUTPUT FOR POR  MAINT. CLASS

NAME (MW) (pu) (pu) (MW)
BATTLE RIVER 1 . 33. 0.038 .0438 30.
BATTLE RIVER 2 33. 0.007 .0438 30.
BATTLE RIVER 3 164. 0.024 .0603 160.
BATTLE RIVER 4 164. 0.016 .0603 160.
BATTLE RIVER § 396. 0.043 .0822 400.
CLOVER BAR 1 172. 0.111 .0521 160.
CLOVER BAR 2 172. 0.033 .0521 160.
CLOVER BAR 3 172. 0.003 .0521 160.
CLOVER BAR 4 172. 0.021 .0521 160.
KEEPHILS 1 397. 6.071 0822 400.
KEEPHILS 2 397. 0.075 .0822 400.
MEDICINE HAT 3 15. 0.013 .0383 30.
MEDICINE HAT § 20. 0.009 .0301 30.
MEDICINE HAT 7 33. 0.004 .0383 30.
MEDICINE HAT 8 44, 0.034 .0493 30.
MEDICINE HAT 9 44. 0.012 .0493 30.
MILNER 151. -~ 0.05 .0466 160.
RAINBOW LAKE 1 33. 0.041 .0438 30,
RAINBOW LAKE 2 44. 0.061 .0438  30.
ROSEDALE 8 72. 0.056 .0630 70.
ROSEDALE 9 72. 0.451 .0630 70.
ROSEDALE 10 72. 0.024 .0438 70.
SUNDANCE 1 296. 0.058 .0822 300.
SUNDANCE 2 303. 0.031 .0822 300.
SUNDANCE 3 377. 0.019 .0822 300.
SUNDANCE 4 387. 0.034 .0822 300.
SUNDANCE 5 387. = 0.062 .0822 300.
SUNDANCE 6 387. - 0.037 .0822 300.
WABAMUN 1 64. 0.018 .0466 70.
WABAMUN 2 64.. 0.016 .0466 70.
WABAMUN 3 140. 0.083 .0630 160.
WABAMUN 4 280. 0.032 .0822 300.
SHEERNESS 1 383. 0.077 .0822 400.
SHEERNESS 2 383. . 0.077 .0822 . 400.
GENESEE 2 406. ©0.077 .0822 400.

" GENESEE 1 406. 0.077 .0822 400.
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HYDROELECTRIC GENERATION

MINIMUM MAXIMUM  ENERGY

PERIOD OUTPUT  OUTPUT GENERATION
(MW (HW) (MWh)
ocT | 73.0 . 802 131600
NOV 74.0 802 133900
DEC - 99.0 692 144000
JAN 100.0 692 ' 152800
FEB 84.0 692 130600
MAR . 68.0 802 . 121400
APR “ 68.0 802 98300
MAY 93.0 . 802 127800
JUN - 158.0 802 216100
JUL - 152.0 802 213300
AGO _ - 112.0 802 165400
SEP 94.0 802 142000

LOAD CHARACTERISTICS

FORECAST PEAK DEMAND

YEAR  PEAK (MW)

1992 6711
1993 6766
1994 6849
1995 6937
1996 6956
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PERIOD NO. 1: OCTOBER . PERIOD NO. 2:  NOVEMBER

RATIO PERIOD/ANNUAL - RATIO PERIOD/ANNUAL
PEAK.vcesvaneaasas 0.8819 PEAK.vevvseovanat 0.956
NUMBER OF HOURS: 744 NUMBER OF HOURS: 720
LOAD DURATION CURVE. (pu). LCAD DURATION CURVE. (pu).
LOAD  DURATION LOAD  DURATION
1.0000. 0.0000 1.0000 0.0000
0.9906 0.0013 o 0.9909 0.0042
0.9813 0.0013 ' 0.9817 0.0111
6.9719  0.0027 0.9726 0.0194
0.9626 0.0094 0.9635 0.0292
0.9532 0.0134 0.9543 0.0361
0.9439 0.0416 0.9452 0.0486
0.9345 0.0792 0.9361 0.0708
0.9251 0.1221 0.9269 0.0931
0.9158 0.1852 0.9178 0.1208
0.9064 . 0.2577 ‘ 0.9087 0.1847
0.8971 0.2980° 0.8995 0.2361
0.8877. 0.3289 0.8904 0.2931
0.8784 0.3490 - 0.8813 0.3375
0.8690 0.3718° 0.8721 0.3792
0.8596 0.3879 ‘ 0.8630 0.4097
0.8503 0.4094 0.8539 0.4292
0.8409 0.4309 0.8447 0.4486
0.8316 0.4591 - 0.8356 0.4667
0.8222 0.4765 . 0.8265 0.4931
0.8129 0.5020 : 0.8173 0.5097
0.8035 0.5262 : 0.8082 0.5347
© 0.7941  0.5544 “ 0.7991 0.5528
0.7848 0.5799 0.7899  0.5819
0.7754 0.6054 . ‘ 0.7808 0.5958
0.7661 0.6242° ‘ ©0.7717 0.6194
0.7567 0.6497 0.7625 0.6417
0.7474 0.6671 . 0.7534 0.6625
0.7380 0.6819 : 0.7443 0.6806
0.7286 0.7020 0.7351 0.6986
- 0.7193  0.7195 ‘ 0.7260  0.7250
0.7098 0.7423 . 0.7169 0.7417
0.7006 0.7624 : 0.7077  0.7681
0.6912 0.7960 0.6986 0.7958
0.6819 0.8510 . 0.6895 0.8292
0.6725 0.8953 . 0.6803 0.8764
0.6538 0.9732 - 0.6621  0.9556
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0.6351 0.9960 0.6529- 0.9847

0.6257 1.0000 0.6346  1.0000

0.0000  1.0000 0.0000  1.0000

PERIOD NO. 3:  DECEMBER PERIOD NO. 4:  JANUARY
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
PEAK..eoavanenaat 1 PEAK....venevase:  0.9156
NUMBER OF HOURS: 744 NUMBER OF HOURS: 744
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).
 LOAD  DURATION LOAD  DURATION

1.0000  0.0000 1.0000  0.0000

0.9911  0.0013 0.9910  0.0040

0.9823  0.0040 0.9820  0.0081

0.973¢ 0.0067 ’ 0.9730  0.0121

0.9646 0.0121 0.9640 0.0161

0.9557  0.0255 : 0.9550 0.0309

- 0.9469  0.0348 0.9460 0.0538

0.9380  0.0578 : 0.9370  0.0712

0.9291 0.0833 : 0.9280  0.0954

0.9203 0.1169 0.9190 0.1358

0.9114  0.1640 0.9100 0.1640

0.9026  0.1909 0.9010  0.1949

0.8937  0.2285 0.8920 0.2298

0.8849  0.2688 0.8830  0.2769

0.8760  0.3024 0.8740  0.3038

0.8671  0.3387 0.8650  0.3320

0.8583  0.3898 0.8560 0.3737

0.8494  0.4180 _ 0.8470 = 0.4180

0.8406  0.4489 0.8380  0.4583

0.8317 0.4812 0.8290  0.4866

0.8229  0.5000 0.8201  0.5027

0.8140  0.5309 0.8111  0.5282

0.8052° 0.5565 "’ 0.8021  0.5390

0.7963  0.5874 0.7931  0.5672

0.7874  0.6008 3 0.7841  0.5914

0.7786 0.6344 ©0.7751  0.6371

0.7697 0.6626 | 0.7661 0.6573

0.7609 0.7124 | 0.7571  0.6815

0.7520  0.7554 0.7481 0.6989

0.7432 . 0.7917 0.7391  0.7258

0.7343  0,8212 0.7301  0.7392

0.7254  0.8575 | 0.7211  0.7755
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0.7166 0.8804 0.7121  0.8118

0.7077  0.9207 0.7031 0.8374
0.6989 0.9422 0.6941 0.8602
0.6900 0.9677 0.6851 0.8938
6.6812 0.9812 ‘ 0.6671 0.5328
0.6723 0.9906 0.6581 0.9583
0.663¢  1.0000 0.6311 1.0000
0.0000 1.0000 | 0.0000  1.0000
PERIOD NO. S: FEBRUARY PERIOD NO. 6: MARCH
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
PEAK.: vevsnnanast 0.8721 PEAK.cvivennenast 0.8444
NUMBER OF HOURS: 672 NUMBER OF HOURS: 744
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).
LOAD  DURATION LOAD  DURATION
1.0000 0.0000 1.0000 0.0000
0.9907 0.0072 . 0.9904 0.0094
0.9814 0.0172 0.9809 0.0175
0.9721 0.0388 ‘ 0.9713 0.0390
0.9628 0.0661 0.9618 0.0780
0.9535 0.1307 .0.9522 0.1331
0.9442 0.2126 0.9427 0.1801
0.9349 0.2888 - 0,9331 0.2231
0.9255 0.3534 0.9236 0.2742
0.9162 0.3822 0.9140 0.3239
0.9069 0.4181 0.9044 0.3696
0.8976 0.4282 - 0.8949  0,3898
0.8883 0.4382 : 0.8853 0.4099
0.8790 0.4583 0.8758 0.4395
0.8697 0.4842 0.8662 0.4597
0.8604 0.5172 0.8567 0.4825
0.8511 0.5460 , 0:.8471 0.5040
0.8418 0.5690 7 © 0.8375 0.5255
0.8325 0.5747 ' 0.8280 0.5551
0.8232 0.5819 0.8184 0.5833
0.8139 0.6034 : 0.8089 0.6062
0.8045 0.6236 ’ 0.7993 0.6263
0.7952 0.6595 0.7898 0.6546
0.7859 0.6782 . 0.7802 0.6801
0.7766 0.6997 . : 0.7707 0.7043
. 0.7673  0.7155 . 0.7611 0.7218
0.7580 0.7356 0.7518  0.7500

0.7487 0.7557 ' : 0.7420 0.7728
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0.7394  0.7802 0.732¢ 00,8051

0.7301 0.8132 0.7229 0.8387
0.7208 0.8764 0.7133 0.8723
0.7115  0.9325 . 0.7038 0.9395
0.7022 0.9684 0.6942 0.9664
0.6929 0.9971 0.6846 0.9906
0.6835 1.0000 0.6751 0.9987
0.0000 1.0000 ‘ 0.6655 1.0000

©0.0000 1.0000
PERIOD NO. 7: APRIL PERIOD NO. 8: - MaAY
RATIO PERIOD/ANNUAL _RATIO PERIOD/ANNUAL
PEAK..oecesanaset 0.7967 PEAK.ceveneeseses  0.8141
NUMBER OF HOURS: 720 NUMBER OF HOURS: 744
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).
LOAD DURATION LOAD DURATION
1.0000 = 0.0000 1.0000 0.0000
0.9906 0.0070 0.9898 0.0081
0.9812 .0.0181 , . " 0.9795 - 0.0269
0.9717 .0.0445 0.9693 0.0645
0.9623 0.0918 0.9590 0.1237
0.9529 0.1613 0.9488 0.1815
0.9435 0.2350 0.9385 0.2285
0.9341 0.2712 , 0.9283 0.2554
0.9246 0.2921 0.9180 0.2702
0.9152 0.3463 0.9078 0.2890
0.9058 0.3574 ) 0.8975 0.3145
0.8964 0.3713 1 0.8873  0.3387
0.8869 . 0.3811 : o 0.8770 0.3495 . .
0.8775 0.3894 0.8668 0.3710
0.8681 0.3992 0.8565 0.3911
0.8587 0.4228 0.8463 0.4194
0.8493 0.4562 ‘ 0.8360 0.4449
0.8398 0.4826 0.8258 0.4664
0.8304 0.5021 0.8155 0.4960
0.8210 0.5410 0.8053 0.5228 .
0.8116 0.5675 ' : 0.7950 _ 0.54397
0.8021 0.5897. , 0.7848 0.5901
0.7927 0.6189 0.7745 0.6263
0.7833 0.6439 _ 0.7643 0.6532
0.7739 0.6620 . 0.7540 0.6626
0.7645 0.6787 ‘0.7438 0.6788

0.7550  0.7010 ‘ 0.7335 0.6922
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0.7456  0.7274 ' 0.7233 0.7204

0.7362 0.7399 0.7130 0.7406
0.7268 0.7900 0.7028 0.7648
0.7173 0.8498 0.6925 0.8065
0.7079  0.9026 0.6823 0,8616
0.6985 0.9444 ' 0.6720 0.S9167
. 0.6891 0.9680 ' 0.6618 0.9516
0.6797 0.9875 0.6515 0.9745
0.6702 0.9958 -0.6413  0.9906
0.6608 0.9986 0.6310 1.0000

0.6514 1.0000 0.0000 1.0000
0.0000 1.0000 '

PERIOD NO. 9: JUNE : PERIOD NO. 10:  JULY

RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
PEAK.ciovacanaast 0.8298 PEAK.....vveenees 0.8512
NUMBER OF HOURS: 720 . .NUMBER OF HOURS: 744
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).

LOAD  DURATION : LOAD  DURATION

1.,0000 0.0000 : 1.0000  0.0000

0.9913 0.0014 0.9909 . 0.0027

0.9826 0.0042 0.9818 0.0081

0.9732 0.0139° 0.9727 0.0202

0.9652 0.0403 0.9636 0.0403

0.9565 0.0764 : 0.9545 0.0820

0.9478 0.1028 ‘ - 0.9453 0.1384

0.93%1 0.1403 0.9362 " 0.1734

0.9303 0.1750 0.9271 0.1989

0.9216 0.2153 : ~ 0.9180 0.2151

0.9129 0.2431 ’ 0.9089 0.2272

0.9042 0.2583 0.8998 0,.2513

0.8955 . 0.2681 0.8907 0.2608

0.8868 0.2833 0.8816  0.2715 .

0.8781 0.3056 : 0.8725 0.2849

0.8694 0.3250 -7 - 0.8633 0.3011

0.8607 0.3472 u 0.8542 0.3226

0.8520 0.3708 0.8451  0.3468

0.8433 0.3958 0.8360 0.3710

0.8346 0.4139 . 0.8269 0.3965

0.8259 0.4431 : - 0.8178 0.4180

0.8172 0.4542 - 0.8087 0.4435

0.8085 0.4847 ‘ 0.7996 0.4718
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0.7997 0.5181 0.7905 0.5040

0.7910 - 0,5542 0.7813 0.5457
0.7823 .0.5819 0.7722 0.5699
0.7736  0.6125 : 0.7631 0.6022
0.7649  0.6500 . 0.7540 0.6344
0.7562 0.6625 : ‘ 0.7449 .- 0.6599
0.7475 0.6861 0.7358 0.6801
0.7388 0.7083 0.7267 0.6976
0.7301 0.7264 ~ 0.7176  0.7151
0.7214 0.7528 0.7085 0.7339
0.7127 0.7861 ] 0.6984¢ 0.7634
0.7040 0.8264 0.6902 0.8051
0.6853 0.8611 0.6720 0.9005
. 0.6866 0.9097 0.6538 0.9718
0.6778 0.9417 ‘ ] 0.6447 0.9839
0.6343 1.0000 7 0.5991  1.0000
0.0000 1.0000 6.0000  1.0000
PERIOD NO. 11: AUGUST PERIOD NO. 12: SEPTEMBER
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
PEAK:ucssoaseansti 0.8382 PEAK.ceveannnesat 0.8196
NUMBER OF HOURS: 744 NUMBER OF HOURS: 720
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).
LOAD  DURATION LOAD  DURATION-
1.0000  0.0000 : 1.0000  0.0000
0.9511 0.0202 - 0.9914¢  0.0014
0.9822  0.0457 : 0.9828 0.0139
0.9733 0.0699 0.9743 0.0194
0.9644  0.0954 0.9657 0.0347
0.9555 0.1183 0.9571 0.0639
0.9466 0.1626 0.9485 0.11%4
0.9377 0.1835 0.9399 0.1569
0.9288 0.2231 0.9314 0.2292
0.9198 0.2406 0.9228 0.2722
0.9110 0.2675 0.9142 0.3056
0.9021 0.2849 0.9056 0.3264
0.8932 0.3078 0.8970 0.3556
0.8843 0.3414 . 0.8885 0.3819
0.8754¢ 0.3589 - 0.8799 0.3931
0.8665 0.3790 . 0.8713 0.4042
0.8576  0.4005 C 0.8627 0.4208
0.8487 0.4180 ) - 0.8541  0.4403

0.8398 0.4409 0.8455 0.4708
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0.8309
0.8220

0.8131
0.8042
0.7953
0.7864
0.7775
0.7686
0.7597
0.7508
0.7419
0.7330

0.7241 "

0.7182
0.7063
0.6974
0.6885
0.6707
0.6528
0.6439
0.0000

0.4516

0.4825 -

0.5121
0.5376
0.5565
0.5874
0.6223
0.6492
0.6680

. 0.6828

0.6976
0.7164
0.7460
0.7728
0.8091
0.8481
0.8777
0.9610
0.9973
1.0000
1.0000
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0.8370
0.8284

0.8198
0.8112
0.8026
0.7941
0.7855
0.7769
0.7683
0.7597
0.7512
0.7426
0.7340
0. 72%4
0.7168
0.7082
0.6997
0.6911
0.6739
0.6568
0.0000

0.4958
0.5139

0.5472
0.5625
0.5806
0.6097
0.6264
0.6528
0.6764
0.6889
0.7083
0.7208
0.7431
0. 7684
0.8097
0.8667
0.9264
0.9542
0.9833
1.0000
1.0000



SASKATCHEWAN POWER ELECTRIC SYSTENM

SASKATCHEWAN GENERATING SYSTEM 1992 - 1996

UNIT - OoUTPUT FOR POR  MAINT. CLASS

NAME (MW) (pw) (pu) (MW
BNDRYDAM 1 62. 0.1472 .0577 100.
BRDRYDAN 2 62. 0.1472 .0577 100,
BNDRYDAK 3 139. 0.0929 .0677 100.
BNDRYDAM 4 139, 0.0929 .0577 . 100.
BNDRYDAM S 139. = 0.0929 .0577 100.
BNDRYDAM 6 273. 0.0708 .0769 275.
POPRIV 1 275. 0.066 .0769 275.
POPRIV 2 272. 0.066 .0769 275.
QEENELIZ 1 62. 0.0254 .0577 S0.
QEENELIZ 2 62. .0.0798 .0577 S0.
.QEENELIZ 3 95, 0.0122 .0577 - 100,
LANDIS 60. 0.1432 .0385 50.
SUCCES 1 10. 0.0792 .0385 10.
SUCCES 2 10. 0.0792 .0385 10.
SUCCES 3 - 10. 0.0792 .0385 - 10.
MDOWLAKE 46. 0.1432 .0385 50.
ISLFALLS 1 12, 0.0021 .0058 10.
ISLFALLS 2 12. 0.0021 .0058 10.
ISLFALLS 3 12. 0.0021 .0058 10.
ISLFALLS 4 15. 0.0021 .0048 10.
ISLFALLS 5 15. 0.0021 .0058 10.
ISLFALLS 6 15. -0.0021 .0058 10.
ISLFALLS 7 15. 0.0021 .0058 10.
GAS TURBINE 1 50. 0.1413 .0385 50.
GAS TURBINE 2 100. 0.1429 .0385 100.
GAS 'TURBINE 3 100. 0.1429 .0385 100.
GAS TURBINE 4 100. 0.1429 .0385 100.
GAS -TURBINE S5 - 100. 0.1429 .0385 100.
SHAND 1 o 279. 0.066 .0769 275.
SHAND 2 279. 0.066 .0769 275.

(INSTALLED IN 19%4)
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HYDROELECTRIC GENERATION

MINIMUM MAXIMUM  ENERGY

PERIOD OUTPUT  OUTPUT  GENERATION
(MW) 4:10)) (MWh)
OCT ] 32.0 726 195000.
NOV 32.0 726  185000.
DEC 32.0 713  240000.
JAN 32.0 €50  297000.
FEB 32.0 T 701 260000.
MAR 32.0 684  242000.
APR ) T 32.0 687  257000.
MAY 32.0 695 269000.
JUN 32.0 707  301000.
JuL ‘ 32.0 723  287000.
AlUG 32.0 726  238000.
SEP ‘ 32.0 726 1393000.

LOAD CHARACTERISTICS

FORECAST PEAK DEMAND

YEAR DEAK (MW)

1992 2875
1993 = 2938
1994 3005
1995 3065
1996 3124
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PERIOD NO. 1: OCTOBER ) PERIOD NO. 2:  NOVEMBER

RATIO PERIOD/ANNUAL . RATIOC PERIOD/ANNUAL
PEAK..ovivaansast 0.8544 PEAK...iavsncannes 0.9169
NUMBER OF HOURS: 744 - NUMBER OF HOURS: 720
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).
LOAD  DURATION LOAD - DURATION
1.0000  0.0000 ‘ 1.0000 0.0000
0.9750 0.0040 0.9750 0.0028
. 0.9500 0.0121 . 0.9500 0.0125
0.9250 0.0215 0.9250 0.0298
0.9000 0.0376 0.9000 0.0633
0.8750 0.0725 0.8750 0.1222
0.8500 0.1169 0.8500 0.2056
0.8250 0.1653 0.8250 0.2861
0.8000 0.2325 0.8000 0.3917
0.7750 0.3024 0.7750 0.4861
0.7500 0.3871 0.7500  0.5583
0.7250 0.4866 0.7250 . 0.6500
- 0.7000 0.5511 ‘ 0.7000 0.7208
0.6750 0.6156 0.6750 0.7903
0.6500 0.6828 . 0.6500 0.8625
0.6250 0.7594 0.6250 0.9403
0.6000 0.7997 0.6000 0.9833
0.5750 0.8535 ‘ ) 0.5750 1.0000
0.5500 0.9126 0.0 1.0000

0.5250 0.9718°
0.5000 0.9879
0.4750 0.9973
0.4500 1.0000

0.0 1.0000

PERIOD NO. 3: DECEMBER PERIOD NO. 4:  JANUARY
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
pEAKl..IIIII.I.I: 1 pEAK.III.II.I..I: 0-9272
- NUMBER OF HOURS: 744 NUMBER OF HOURS: 744

LOAD ﬁURATION CURVE. (pu). 7 LOADVDURATION CURVE. (pu).

LOAD  DURATION LOAD  DURATION

71.0000 0.0000 ‘ 1.0000 = 0.0000

0.9500 0.0067 .. 0.9750 0.0134

193



0.9250 0.0188 0.9500 0.0323

0.9000 0.0417 . ' 0.9250 0.0753
0.8750 0.0780 0.9000 0.1331
0.8500 0.1425 ﬂ 0.8750. 0.1962
0.8250 0.2419 ~ © 7 0.8500 0.2823
0.8000 0.3401 0.8250 0.3414
0.7750 0.4328 0.8000 0.4194
0.7500 0.5296 0.7750 0.5175
0.7250 0.6210 0.7500 0.6116
0.7000 0.6962 ‘ 0.7250 0.6949
0.6750 0.8172 o 0.7000 - 0.7608
0.6500 0.8777 : 0.6750 0.8212
0.6250 0.9180 0.6500 0.8535
0.6000 0.9637 ' 0.6250 0.9032
0.5750 - 0.9812 , 0.6000 0.9543
0.5500 0.9919 0.5750 0.9960
0.5250 0.9987 0.5500 1.0000
0.5000 1.0000 ‘ ‘ 0.0 1.0000°
0.0 1.0000
PERIOD NO. 5: FEBRUARY PERIOD NO. 6:  MARCH
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
PEAK..vvevasassaa:  0.8082 PEAK.uvecannnaaat 0.838
- NUMBER.  OF HOURS: = 672 NUMBER OF HOURS: 744
LOAD DURATION CURVE. (pu). LOAD DURATION CURVE. (pu).
LOAD  DURATION LOAD  DURATION
1.0000  0.0000 1.0000. 0.0000
0.9750 0.0043 0.9750 0.0108
0.9500 0.0187 » 0.9500 0.0242
0.9250° 0.0661 , 0.9250 0.0618
0.9000 0.1753 . 0.9000 0.1223
0.8750 0.3247 0.8750 0.1855
0.8500 0.4325 0.8500 0.2581
0.8250 0.5187 ‘ 0.8250 0.3468
0.8000 0.5833 0.8000 0.4651
0.7750 0.6422 0.7750 0.5605
0.7500 0.6983 . 0.7500 0.6532
0.7250 .0.7615 : 0.7250 0.7392
0.7000 0.8362 . . 0.7000 0.7970
0.6750  0.9296 ‘ 0.6750 0.8401
0.6500 0.9914 . 0.6500 0.8898
0.6250 1.0000 - : 0.6250° 0.9409

0.0  1.0000 i ' 0.6000 0.9718
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0.5750 1.0000

' PERIOD NO. 7: APRIL . PERIOD NO. 8:  MAY
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL
PEAK. v 2veesunnaat 0.721 PEAK...voeeveoas: 0.7395
NUMBER OF HOURS: 720 NUMBER OF HOURS: 744
LOAD DURATION CURVE. (pu). " LOAD DURATION CURVE. (pu).
LOAD DURATION LOAD DURATION
1.0000 0.0000 - 1.0000 0.0000
0.9750 0.0097 0.9750  0.0027
0.9500 0.0278 0.9500 0.0067
0.9250 0.0653 . 0.9250 0.0309
0.9000 0.1431 0.9000 0.0645
0.8750 0.2319 0.8750 0.1546
0.8500 0.3236 : , 0.8500 0.2460
0.8250 0.4000 0.8250 0.3548
0.8000 0.4750 ‘ 0.8000 0.4315
0.7750 0.5292 0.7750 0.5121
0.7500 0.5889 0.7500 0.5766
0.7250 0.6403 0.7250 0.6210
0.7000 0.7069 0.7000 0.6667
0.6750 0.7903 0.6750 0,7352
0.6500 0.8736 0.6500 0.8185
0.6250 0.9306 0.6250 0.9059
0.6000 = 0.9708 0.6000 0.9503
0.5750 0.9819 ‘ 0.5750 0.9879
0.5500 1.0000 0.5500 1.0000
0.0 1.0000 0.0 1.0000
PERIOD NO. 9:  JUNE PERIOD NO. 10:  JULY
RATIO PERIOD/ANNUAL RATIO PERIOD/ANNUAL )
pEAKllllllllll..: ol7477 pEAKI..ID.I.IIII: 0.7736
NUMBER OF HOURS: 720 ' NUMBER OF HOURS: 744
_ LOAD DURATION CURVE. (pu). "~ LOAD DURATION CURVE. (pul.
LOAD DURATION . LOAD DURATION
1.0000 0.0000 1.0000 0.0000
0.9750 0.0028 ’ 0.9750 0.0027
0.9500 0.01583 ' 0.9500 0.0040
0.9250 0.0403 0.9250 0.0108

0.9000 0.0903 0.9000 0.0417
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0.8750 0.1556  0.8750  0.0981

0.8500 0.2361 0.8500 0.1707
0.8250 0.31%4 ) 0.8250 0,2527
0.8000 0.3889 0.8000 0.3333
0.7750 0.4514 0.7750 0.3978
0.7500 0.5181 0.7500 0.4489
0.7250 0.588% 0.7250 0.4933
0.7000 0.6458 0.7000 0.5538
0.6780 0.6958 0.6750 0.6142
0.6500 0.7444 0.6500 0.6667
0.6250 0.8028 0.6250 0.7218
0.6000 0.8833 h 0.6000 0.7823
0.5750 0.9486 0.5750 0.8535
0.5800 1.0000 : ‘ 0.5500 0.9234
0.0 1.0000 0.5250 0.9624
0.5000 1.0000
PERIOD NO. 11: AUGUST ) PERIOD NO. 12:  SEPTEMBER
RATIO PERIOD/ANNUAL - RATIO PERIOD/ANNUAL
PEAK.covusnonanat 0.7658 PEAK...cvasesseer  0.7287
NUMBER OF HOURS: 744 NUMBER OF HOURS: 720
" LOAD DURATION CURVE. {(pu). LOAD DURATION CURVE. (pu).
-LOAD  DURATION LOAD  DURATION
1.0000  0.0000 : 1.0000 0.0000
0.9500 0.0040 0.9750 0.0056
0.9250 0.0215 0.9500 0.0139
0.9000 0.0793 0.9250 0.0514
0.8750 0.1277 ‘ 0.9000 0.1236
0.8500 0.2070 0.8750 0.2000
0.8250 0.2863 0.8500 0.2917
0.8000 0.3911 0.8250 0.3750
0.7750  0.4906 : 0.8000 0.4569
0.7500 0.5497 ) 0.7750 0.5264
0.7250 0.6035 . 0.7500 0.5403
0.7000 0.6411 : , 0.7250 0.6472
0.6750 0.6694 0.7000 0.6806
0.6500 0.7137 0.6750 0.7375
0.6250 0.7621 0.6500 0.8042
0.6000 0.8414 . 0.6250 0.8875
0.5750 0.9247 0.6000 0.9626
0.5500 0.9812 '0.5750  1.0000

0.5250 1.0000 : ‘ 0.0 1.0000
0.0 1.0000 -
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BRITISH COLUMBIA ELECTRIC SYSTEM

BRITISH COLUMBIA GENERATING SYSTEM 1992 - 1996

UNIT OuTPUT FOR POR ~ MAINT. CLASS
NAME : ~(HW) (pu) (pu) (HW)
ALQUETTE 9. 0.01 .0384 10.
ASH RIVER 27. 0.01 .0384 30.
BRDGE RVR1 53. 0.01 .0384 50.
BRDGE RVR2 53. 0.01 .0384 50.
BRDGE RVR3 53. 0.01 .0384 50.
BRDGE RVR4 53. 0.01 .0384 80.
BRDGE RVRS 72. 0.01 .0384 50.
BRDGE RVR6 ' 72. 0.01 .0384 - 50.
BRDGE RVR7 72. 0.01 .0384 50.
BRDGE RVRS8 72. - 0.01 .0384 50.
BURRARD 1 150. 0.2 .0822 150.
BURRARD 2 1580. 0.2 .0822 150.
BURRARD 3 150. 0.2 .0822 150.
BURRARD 4 150. 0.2 .0822 150.
BURRARD S 150. 0.2 .0822 150.
BURRARD 6 150. 0.2 .0822 150.
CHEACAMUS1 72. 0.01 .0384 50.
CHEACAMUS2 72. 0.01 .0384 50.
CLOWHOM 30. 0.01 .0384 - 30,
GM SHRUM 1 261. 0.02 .0767 270.
GM SHRUM 2 261. 0.02 .0767 270.
GM SHRUX 3 261. 0.02 .0767 270.
GM SHRUM 4 261. 0.02 .0767 - 270.
GM SHRUM S 261. 0.02 .0767 270.
GM SHRUM 6 275. 0.02 .0767 270.
GM SHRUM 7 27S. 0.02 .0767 270.
GM SHRUM 8 278. 0.02 .0767 = 270.
GM SHRUNM 9 275. 0.02 .0767 270.
GM SHRUM10 275. 0.02 .0767 270.
JOHN HART1 21. 0.01 .0384 20.
JOHN HART2 21. .0.01 .038¢ °~ 20.
- JOHN HART3 .21, 0.01 .0384 20.
JOHN HART4 21, 0.01 .0384 20.
JOHN HARTS 21. 0.01..0384¢ - 20.
JOHN HART6 21. '0.01

.0384 20.
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BRITISH COLUMBIA GENERATING SYSTEM 1992 - 1996 (cont’d)

UNIT OUTPUT FOR POR  MAINT. CLASS

NAME (MW) (pu) (pw) (MW
JORDANRIVR 170. 0.02 .0384 150.
KOOTENAY 1 132. 0.02 .0384 150.
KOOTENAY 2 132. 0.02 .0384 150.
KOOTENAY 3 132. 0.02 .0384 150.
KOOTENAY ¢ 132. 0.02 .0384 150.
KEOGH 1 54, 0.1 .0384 50.
KEOGH 2 40. 0.1 .038¢ ° 50.
LA JOIE 22, 0.01 .0384 20.
BUNTZEN 1 9. '0.01 .0384 10.
BUNTZEN 2 9. 0.01 .0384 10.
BUNTZEN 3 9. 0.01 .0384 10.
BUNTZEN 4. 5S. 0.01 .0384 50.
LADORE 1 24, 0.01 .0384 20.
LADORE 2 24, 0.01 .0384 20.
MICA 1 400, 0.02 .0767 400,
MICA 2 400. 0.02 .0767 400.
"MICA 3 400. 0.02 .0767 400.
MICA 4 400, 0.02 .0767 400.
MISCEL. 1 5. 0.01 .0384 10.
MISCEL. 2 12. 0.01 .0384 10.
MISCEL. 3 5. 0.01 .0384 10.
MISCEL. 4 5. 0.01 .0384 10.
MISCEL. S 4. 0.01 .0384 10.
MISCEL. 6 8. 0.01. .0384 10.
. PEACECAN 1 17s. 0.02 .0767 150.
PEACECAN 2 17s. 0.02 .0767 150.
PEACECAN 3 175. ©0.02 0767 150.
PEACECAN 4 175. 0.02 .0767 150.
PUNTLEDGE 24. 0.01 .038¢ 20.
REVELSTK 1 - 450, © 0.02 0767 400,
REVELSTK 2 450. 0.02 .0767 400.
REVELSTK 3 450. 0.02 .0767 400,
REVELSTK 4 450, 0.02 .0767 400,
RUPERT 1 ‘ 33. 0.1 .0384 30.
RUPERT 2 33. 0.1 .0384 30.
RUSKIN 1 35. 0.01 .0384 30,
RUSKIN 2 35. 0.01 .0384 - 30.
0.01 .0384 30.

RUSKIN 3 35.
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BRITISH COLUMBIA GENERATING SYSTEM 1992 - 1996 (cont’d)

UNIT OUTPUT FOR POR  MAINT. CLASS
NAME (W) (pu) (pu) (NW)
STRATHCN 1 30. 0.01 .0384 . 30.
STRATHCN 2 30. 0.01 .0384 30.
STVEFALL 1 11. 0.01 .0384 10.
STVEFALL 2 11. 0.01 .0384 10.
STVEFALL 3 11, 0.01 .0384 10.
STVEFALL 4 11. 0.01 .0384 10.
STVEFALL 5 11. 0.01 .0384 10.
SETON 42. 0.01 .0384 50.
SEVNMILE 1 176. 0.02 .0575 150.
SEVNMILE 2 176. 0.02 .0575 150.
SEVNMILE 3 176. 0.02 .0575 150.
SEVNMILE 4 176. 0.02 .0575 150.
WALEACH 64. 0.01 .0384 50.
WALATSHAN 50. 0.01 .0384 50.
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LOAD CHARACTERISTICS.

FORECAST PEAK DEMAND

YEAR DEAK (MW)

1992 7730
1993 7820
1994 8000
19985 8140
1996 8320

PERIOD NO. 1:  OCTOBER

RATIO PERIOD/ANNUAL
pEAK..IIII'II..I: 0.891
NUMBER OF HOURS: 744

PERIOD NO. 3: DECEMBER

RATIO PERIOD/ANNUAL
VpEAKllllllll..Il= 1
NUMBER OF HOURS: 744

PERIOD NO. S:  FEBRUARY

. RATIO PERICD/ANNUAL
pEAK..'..I......: 0.9547
NUMBER OF HOURS: 672

PERIOD NO. 7:  APRIL

- RATIO PERIOD/ANNUAL .
,pEAK.lI...II.II.: ol8282
NUMBER OF HOURS: 720

PERIOD NO. 2: NOVEMBER

RATIO PERIOD/ANNUAL
pEAK........'II.: 0.9653
NUMBER OF HOURS: 720

PERIOD NO. 4:  JANUARY

RATIO PERIOD/ANNUAL
pEAK.l.I.I......: 0-9624
NUMBER OF HOURS: 744

PERIOD NO. 6: MARCH

RATIO PERIOD/ANNUAL
pEAKI.‘..II.I.I.: 0.8792
NUMBER OF HOURS: 744

PERIOD NO. 8:  MAY

RATIO PERIOD/ANNUAL
PEAK..ccosonnnset 0.7907

NUMBER OF HOURS: 744
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PERIOD NO. 9: JUNE

RATIO PERIOD/ANNUAL

pEAx..lllll.l..l: 0.786
NUMBER OF HOURS: 720
PERIOD NO. 11: AUGUST

RATIO PERIOD/ANNUAL

PEAK:scsoseveeest 0.7596
NUMBER OF HOURS: 744

PERIOD NO. 10: JULY

RATIO PERIOD/ANNUAL

PEAK.cevsacussaas 0.7522
NUMBER OF HOURS: 744
PERIOD NO. 12: SEPTEMBER

RATIO PERIOD/ANNUAL

pEAKIlI.I...I...: 0.8123
NUMBER OF HOURS: 720

Note: Load Durations Curves were not used, asince hydroelectric
plants were modelled as thermal planta.
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