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ABSTRACT

The reliability of power system is generally judgedterms of systems
adequacy & security. The term adequacy refers $sbemys capacity to
meet the load demand within the component ratinggBage limits at

any time. The term security refers to system'siigbtb withstand the

impact of sudden changes due to equipment outagh, as the loss of a
generator, transmission line etc. The securityheftystem is defined in
terms of list of contingencies (i.e. transmissime |& generator outages)

which may cause insecure operation.

Clearly as the system conditions changes, thischsinges. In order to
determine the list of contingencies, load flow gs@ should be
performed to determine the impact of each contingeon the system
performance. However since this is not computatigrfaasible for on
line applications, contingency selection algorithimave been developed

to identify the set of contingencies which may tegaroblems.

A scalar function called performance index is usethe calculation of
the contingency ranking. A real power & voltagefpanance index is
calculated which evaluates the severity of contmegederived from the
current overload of lines. The operating statehaf power system is a
function of time. It keeps on changing due to #@@in load level at

various buses or due to rescheduling of generation.

To keep the system secure, it is imperative to kribes impact of
unplanned outages in advance so that suitable mirege/ control

measures can be taken if necessary. In deregutgiedhating regime



power system security is an issue that needs duosid=ration from
researchers. Real power & voltage contingency ranls an integral part
of security assessment. The objective of contingsoceening & ranking
Is to quickly & accurately short list critical camgencies from a large list
of credible contingencies & rank them accordingtheir severity for

further rigorous analysis.

A performance index is computed for each single lmontingency. To
obtain the magnitudes of various parameters a Migna@omputer aided
power system study software which employ iterativethods are used.
This document presents an approach using fuzzy ltgievaluate the
degree of severity of the considered contingencyo&eliminate the

masking effect in the Technique.

Contingency Ranking considering transmission linge&herator outages
are tabulated for five bus & IEEE Fourteen busesyst Then fuzzy logic
iIs developed to unmask the severity between the daoventionally
calculated contingency rankings.

Keywords: System security, Real Power, Voltage, Performancex,
Contingency Ranking, Fuzzy logic approach.



CHAPTER 1: INTRODUCTION

1.1 SYSTEM SECURITY

Until now we are primarily concerned with the ecommah
operation of a power system. An equally importaatdr in the operation
of a power system is the desire to maintain syssecurity. System

security involves keeping the system operating wdenponents fail.

An operationally “secure” system is one with lovolpability of blackout
or equipment damage. Since security & economy armally conflicting

requirements, it is inappropriate to treat themasajgly. The Energy
management system is to operate the system at ommioost, with the

guaranteed alleviations of the emergency conditions

The emergency condition will depend on severity vadlations of

operating limits (branch flows & bus voltage limitsSThe most severe
violations result from contingencies. Since powgstem equipment is
designed to be operated within certain limits, ¢hese protected by
automatic devices that can cause equipment to lteh&d out of the
system.

If these limits are violated, the event may bedwkd by a series of
further actions that switch other equipment ous@ivice. If this process
of cascading failure continues, the entire systeraige parts of it may

completely collapse. This is referred as systerokalat.

The type of event sequence that can cause a blackight start with

single line being open due to an insulation failufge remaining



transmission circuits in the system will take up flow that was flowing

on the now opened line.

If one of the remaining lines is now too heaviladied, it may open due
to relay action, thereby causing even more loadhenremaining lines.
This type of process is termed as cascading outhgealeregulated
operating regime power system security is an iskia needs due

consideration from researchers.

1.1.1 SYSTEM SECURITY FUNCTIONS

System’s security can be broken down into threeonfajctions that are
carried out in an operations control center

* System monitoring

» Contingency analysis

» Security constrained optimal power flow

System Monitoring:

It provides the operators of the power system wifiito-date
information on the conditions on the power systdinjust detects
violations in the actual system operating statderetry systems have
evolved to schemes that can monitor voltages, otgr@ower flows and
the status of the circuit breakers and switchesviry sub-station in a
power transmission network. Other critical informat such as
frequency, generator unit outputs and transforraprgositions can also
be telemetered.

With so much information telemetered simultaneounsljnuman operator

could hope to check all of it in a reasonable tifreme. So, digital
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computers are installed in operations control @ntto gather the
telemetered data, process them & place them intabdse from which
operators can display information on large disphagnitors. Alarms /

warnings may be given if required.

State estimation is normally used in such system®inbine telemetered
data to give the best estimate of the current systendition or “state”.
The computer can check incoming information agagmststored limits
& alarm the operators in the event of an overloadut-of- limit voltage.
Such systems often work with supervisory contro$tems to help
operators control circuit breakers & operate svagclas well as taps
remotely.

Such systems are combined with SCADA system (Sigueww Control &
Data acquisition System). The SCADA system alloweva operators to
monitor the generation & high voltage transmisssystems & to take
actions to correct overloads or out-of-limit vokag

CONTINGENCY ANALYSIS

Contingency analysis is much more demanding & ntynpeerformed in
three distinct states i.e. contingency definitiselection & evaluation.
Contingency definition gives the list of contingeescto be processed
whose probability of occurrence is high. This lishich is usually large,

Is in terms of network changes, i.e. branch & hpedtion outages.

These contingencies are ranked in rough order wérgg employing

contingency selection algorithms to shorten thé lismited accuracy
results are required & therefore an approximateegk) system model is
utilized for speed. Contingency evaluation is tipemformed (using AC

-11 -



power flow) on the successive individual cases @créasing order of

severity.

This type of analysis allows systems to be operatei@nsively. The
operator cannot take action fast enough when mérlyeoproblems that
occur on a power system that causes serious troulkitén fraction of
time period which causes cascading failures. Bexadishis aspect of
system operation, modern operations computers grep@ed with
contingency analysis programs that model possipiems troubles

before they arise.

They study outage events & alert the operatorsyopatential overloads
or serious voltage violations. For example a sisiplerm of contingency

analysis can be put together with a standard lmad frogram along with

procedures to set up the load flow data for eadhgauto be studied by
the load flow program.

This allows the system operators to locate defensigerating states
where no single contingency event will generaterloagls &/or voltage
violations. Thus this analysis evolves operatingst@ints which may be

employed in the program.

Single contingency:
Whenever a single transmission line, transformegesrerator is removed

from service, we say an outage has occurred eratgingle contingency.

-12 -



Outages may be planned for purposes of schedul@itenance or they

may be forced by weather conditions, faults or ottmatingencies.

A line or transformer is de energized & isolatedni the network by
tripping the appropriate circuit breakers. Singte Icontingency will not

jeopardize the security of the system.

The ensuing current & voltage transients in thevoet quickly die away
& new steady state operating conditions are estaddi. The system
operator & the system planner to be able to evalhatv the line flows &

bus voltages will be altered in new steady state.

The large numbers (often hundreds) of possiblegastare analyzed by
means of “contingency analysis” or “contingency laadion “program.
These programs are based on a model of the powEms\& are used to
study outage events & alarm the apparatus to atmgnpal overloads or
out-of-limit voltages. Simplest form of contingenapalysis can be put
together with the standard power flow program.

Security Constrained Optimal Power Flow-

Here contingency analysis is combined with an oaltimower flow

which seeks to make changes to the optimal dispaitets well as other
adjustments so that when a security analysis i$ moncontingencies

result in violations.

To show this, the power system is divided into foperating states

1) Optimal dispatch:

-13-



This is the state that the power system is in goany contingency .It is

optimal with respect to economic operation butatymot be secure.

2) Post Contingency:
It is the state of power system after a contingenag occurred. This
condition has a security violation (line or transfer beyond its flow

limit or a bus voltage outside the limit).

3) Secure dispatch:
It is a state of the system with no contingencyagas, but with

corrections to the operating parameters to acdousiecurity violation.

4) Secure Post- Contingency:
It is a state of the system when the contingencapiglied to the base

operating condition with corrections.

There is no loading problem in the base operatorgltion. If because of
failure one of the two circuits making up the tnanssion line has been
opened (in double circuit), there is an overloadomg the remaining
circuit. So for the secure dispatch necessary obhiniy action must be
taken.

One way to prevent the post contingency operatiatg Srom having an
overload is to adjust the generator MW, transfortapretc. This is called
as “Security corrections”. Programs which can medxetrol adjustments
to the base or pre contingency operation to previetations in the post
contingency conditions are called “Security—cons#&d optimal power
flow” or SCOPF.

-14 -



These programs can take account of many contingengi calculate
adjustments to generator MW, generator voltagessformer taps,
interchange etc. The function of system monitorcaptingency analysis
& corrective action analysis comprise a very comet of tools that can

aid in the secure operation of a power systems.

1.1.2 Factors affecting power system security
Because of the many widespread blackouts in interected power
systems the priorities for operation of modern posystems have

evolved to the following

» Operate the system in such a way that power iseteld
reliably.

» Within the constraints placed on the system opamatby
reliability considerations, the system will be cgged most

economically.

The power systems transmission & generation systarasdesigned
keeping reliability in mind that is adequate getierahas been installed
to meet the load & adequate transmission has Ims¢alled to deliver the
generated power to the load. If the operation & $lystem went on
without sudden failures or without experiencing nimapated operating

states have no reliability problems.

Any piece of equipment can fail in the system eitdae to internal
causes or due to external causes such as lightstrikgs, objects hitting
transmission towers or human errors in settingyselé is impossible to
build a power system with so much redundancy tafres never cause

load to be dropped on a system. Therefore most peystems are
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designed to have sufficient redundancy to withstaldmajor failure

events.

Here we will concentrate on the possible conseqent remedial

actions required by two major types of failure dgen

* transmission line outages

e generation unit outages

Transmission line failures cause changes in thesfl& voltages on the
transmission equipment remaining connected toyses). Therefore the
analysis of transmission failure requires methodgredict these flows &

voltages so as to be sure they are within thepaets/e limits.

Generation failures can also cause flows & voltagge€hange in the
transmission system with the addition of dynamiobbem involving

system frequency & generator output.

1.2 CONTINGENCY ANALYSIS: DETECTION OF
NETWORK PROBLEMS

The current energy market is involved in an impartprocess of
evolution due to the new conditions imposed byuwitstances such as
deregulation, increasing energy consumption, anma@mical, social and
ecological constraints in the building of new gri@iiese conditions force
the system to work near its security limits, pradgcless and less
conservative operation points, and hindering théomacof human

operators. Consequently, as a part of a powermyséeurity assessment,
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a continuous system monitoring becomes necessatgtart dangerous
situations as soon as possible. In this context,cttntingency analysis
operation must inform whether the current statesasure, critical or
insecure with respect to a possible fault in aipaldr component of the

system.

The operations personnel must know which line amegation outages
will cause flows or voltages to fall outside limitEhe limit on the line
can be expressed in MW or in MVA. To predict théeets of outages,

contingency analysis techniques are used.

Contingency analysis procedures model single &ikwents i.e. one line
outage or generator outage. It model multiple mapeint failure events
l.e. two transmission lines, one transmission phe one generator etc,
one after another in sequence until “all crediblegages” have been
studied.

For each outage tested, the contingency analysisedure checks all
lines & voltages in the network against their retpe limits. The most
difficult methodological problem to cope with inrdingency analysis is
the speed of solution of the model used. The mdcudt logical

problem is the selection afl credible outages

If each outage case studied were to solve in 18sseveral thousand
outages were of concern, it would take close tddfore all cases could
be reported. This would be useful if the systemddaoon did not change

over that period of time.
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However, power systems are constantly undergoingngds & the
operators usually need to know if the present dmeraf the system is
safe, without waiting too long for the answer. GQogéncy analysis
execution times of less than 1 minute for sevdral$and outage cases
are typical of computer & analytical technologyod4.995.

1.2.1 Modeling for Contingency Analysis

The power system limits of most interest in congimgy analysis are
those on line flows & bus voltages. One way to ggored of solution in
a contingency analysis procedure is to use an appabe model of the

power system. The most fundamental load flow madtie NR model.

JPH PV
RS 1Y {AQ
DC Load Flow:

One of the simplest ways of obtaining a quick daliton of possible
overloads is to use network sensitivity factorse Tinst method has been
in use for many years & goes under various namehk ss “D factor

methods”, “linear sensitivity methods”, etc

For many systems, the use of DC load flow modets/ides adequate
capability. In such systems the voltage magnituday not be of great
concern & the DC load flow provides sufficient aay with respect to
the megawatt flows.

[AP]=[B][ Ad]

This model assumes voltages to remain constant@itgingencies. This
Is not true for weak systems. The utility has tqobe specified whether it
wants to monitor post-contingency “steady stateidittons immediately

-18 -



after the outage or after the automatic contrads¢gnor, AGC, ED) have
responded.

Depending upon this decision, different participatfactors are used to
allocate the MW generation among the remainingsuriithe reactive

problem tends to be more nonlinear & voltages amngly influenced by

active power flows.

CONTINGENCY ANALYSIS PROCEDURE

Set system modl to initial
conditions

Stimulate an outage of
generator | using the system
model
Voo
ANY LINE FLOWS DISPLAY ALARM
EXCEED LIMIT > MESSAGE
< [
v 3
ANY BUS VOLTAGES DISPLAY ALARM
OUTSIDE LIMIT > MESSAGE
ek '
i=i+1 LAST GENERATOR DONE ]
=1
SIMULATE AN OUTAGE OF
GENERATIOR ¢ USING THE SYSTEM
MODEL
- v N DISPLAY ALARM
ANY LINE FLOWS > MESSAGE
EXCEED LIMIT T
~ < 2
s $ N
ANY BUS'VOLTAGES > DISPLAY ALARM
OUTSITE LIMIT J MESSAGE
: |
- v 3N
t=t+1 LAST LINE DONE
- ~ 7
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1.2.2 Overview of security Analysis:
A security analysis study which is run in an opera center must be
executed very quickly in order to be of any useperators. There are
three basic ways to accomplish this.

» Study the power system with approximate but vesy &gorithms

» Select only the important cases for detailed amalys

 Use a computer system made up of multiple processorector

processors to gain speed.

This approach is useful if one only desires an @gdprate analysis of the

effect of each outage.

It has all the limitations attributed to the DC pavilow, i.e. only branch
MW flows are calculated & these are only within ab&% accuracy.
There is no knowledge of MVAR flows or bus voltagagnitudes. If it is
necessary to know a power system’s MVA flows & bwusltage
magnitudes after a contingency outage, then somme & complete AC

power flow must be used.

This presents a great deal of difficulty when tremds of cases must be
checked. The needed ways are to eliminate all ostnad the non
violation cases & only run complete power flowstbe “critical” cases.
These techniques are named as “contingency seiléaio‘contingency

screening”.

-20 -



Contingency Selection:

There are two main approaches

Direct Methods:

These involve screening & direct ranking of conéingy cases. They
monitor the appropriate post-contingent quanti(feesvs, voltages). The
severity measure is often a performance index. rdhking is done based
on the value of performance index. The higher teggomance index

more is the severity.

Indirect methods:
These give the values of the contingency case isgvierdices for
ranking, without calculating the monitored contingguantities directly

(use of sensitivity factors).

Simulation of line outage is more complex than aegator outage, since
line outage results in a change in system configars. The inverse
matrix modification lemma (IMML) or “compensationfiethod is used

throughout the contingency analysis field.

The IMML helps in calculating the effects of n/w actges due to
contingencies, without reconstructing & refactor@ior inverting the

base case network matrix.
AC Power Flow Methods

There are many power systems where voltage magstace the critical

factor in assessing contingencies. There are sgsterss where VAR

-21-



flows predominate on some circuit such as undergtogables. An

analysis of only the MW flows will not be adequatendicate overloads.

When an AC power flow is to be used to study eawtiiocgency case, the
speed of solution & the number of cases to be studre critical. Most
operations control centres’ that use an AC powew flprogram for

contingency analysis use either Newton—Raphson exopled power

flow or gauss siedal.

These solution algorithms are used because of speled of solution &
the fact that they are reasonably reliable in cogeece when solving
difficult cases. Decoupled load flow has the adagatthat a matrix
alteration formula can be incorporated into it ioudate the outage of
transmission lines without re inverting the systimobian matrix in each

iteration.

The simplest AC security analysis procedure cosiistrunning an AC
power flow analysis for each possible generat@angmission line &

transformer outage as in fig (a).
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AC POWER FLOW SECURITY ANALYSIS

=1

A 4
\ Pick outage | from the list
and remove that component

from the power flow model

A 4

List of
possible
outages

\ 4
Run an AC Power Flow on
the current model updated to
reflect the outage

\ 4
Test for overloads and
voltage limit violations.

Report all limit violations in

an alarm list.

Alarm List

A 4

A 4

Last Outage done ? T

I=1+1

This procedure will determine the overloads & vgéidimit violations
accurately. If the list of outages has several shod entries, then the
total time to test for all of the outages can leltmg. Because of the way
the power system is designed & operated, very feth® outages will

actually cause trouble.
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Only few of the power flow solutions will concludieat an overload or
voltage violation exists. Selection of contingescie such a way that
only those that are likely to result in overloadvoitage limit violation

will be considered & other cases will go unanalyzed

Because of the way the power system is designepefabed, very few of
the outages will actually cause trouble. That isstrof the time spent
running AC power flows will go for solutions of thmower flow model

that discover that there are no problems.

Two sources of error can arise
* Placing too many cases on the short list :
This is the ‘conservative’ approach & simply leaolsonger run times for
the security analysis procedure to execute.
» Skipping cases :
A case that would have shown a problem is not placethe short
list & results in possibly having that outage tgkace & cause

trouble without the operators being warned.

AC power flow security analysis with contingencyseaselection is as
shown in figure. A flow chart for a process likastlappears in figure.
Selecting bad or troubled cases from the full ositagse list is not an
exact procedure & has been subject of intense ndsdar the past 15

years. List of most likely bad cases are obtaimechfpossible outages.
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AC Power Flow Security Analysis with Contingency Cae Selection

Select the bad cases from the full
case list and store in a short list

A 4

A 4

Short list
of most
likely bad
cases

List of H—
possible =1
outages

A 4 A 4
Pick outage | from the short list
and remove that component
from the power flow model

A 4
Run an AC Power Flow on
the current model updated to
reflect the outage

A 4
Test for overloads and
voltage I!m!t v!olat!ons.. Alarm

Report all limit violations in List

an alarm list.

A 4

A 4
Last outage done?

-

A 4

I=1+1
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Contingency:

The effect of the line outage when the rest ofsiystem is stable is called
contingency studyContingency is termed as the event that occurs in a
power system which affects the normal operationthef system. For
example when a line is switched on or off of thetegn through the
action of circuit breakers line currents are dmtted throughout the

network & bus voltage change.

The post contingency state of a power system sscthe new steady
state bus voltages, line currents & voltage stgbitiondition can be
predicted from the contingency analysis program.e Ttesult of

contingency analysis can be used to save the psyséem by preventing
other cascade accidents.

Here to assess the effects of each contingencyeamnpower & voltage
margin in order to rank the contingencies are ad®red. Contingency
can be so hard where voltage collapse may occumdintain security of
power system in certain level the impact of eachtingency on power

system should be estimated.

Determining the security margin of power systerorigcial especially if it
isn’t sufficient, the type, amount & the locatioh @mmpensation should
be determined. Line outage in a power system calglol lead to the event

of voltage collapse which implies contingency i gystem.
Although the advancement of computer technologyrhade almost all

major aspects in human activities to run smoothilythere are several

events which are caused by natural disaster ortsoe® unpredictable &
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beyond our control. In power system operation adjgtable events is

termed as contingency.

The rapid demand of electrical power have madet#s& of power
system engineers becoming more challenging sireelihve to think on

how to ensure an efficient & secure power disp&idine consumer.

With the existing infrastructure & no developmermtpower generation
stations, it is believed that most of the existgygtems could not cope
with the increasing demand. The values of real pd&weoltage index are
used to perform the contingency ranking in powestesy based on line

outage & generator outage.

The contingency analysis techniques are testedhus & IEEE 14 bus
systems. Values which approach one imply that tbevep system

approaches its voltage stability limit.

1.3 Contingency Ranking:

Alberta power has been collecting information onnegation &

transmission equipment outages in a database diae 1970's.

Examination of generator, line & transformer faduis provided. The
probability of multiple outages is computed & a gelized discussion of
the impact of extreme weather on outage is includdte computed
contingencies are ranked & a consistent frame ianrkystem reliability

performance table is developed based on the grgsipin

Line outage contingencies are ranked so that tieeviihich highly affects
the system when there is an outage occurring ® lthe in terms of

voltage instability could be identified. The comfancy ranking process
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can be conducted by computing the line contingendgx of each line
for a particular line outage & sort them in ascegdiorder. The
contingency which is ranked the highest impliest thacontributed to

system instability.

A contingency ranking table was developed from tégults obtained
from the simulation of each transmission line oataghe outage which
resulted in a severe stability condition will benkaed high. From the
contingency ranking table the effect of breakdowra dine on voltage
stability condition of a system could be determin&de results could be
used by the operation engineers as early informatiothat contingencies
which are highly ranked could be avoided & henceeeure system is

maintained.

Contingency screening & ranking is one of the miogtortant issues for
security assessment in the field of power systeeraipn. The objective
of contingency screening & ranking is to quicklyatcurately select a
shortlist of critical contingencies from a largestliof potential

contingencies. Then rank them according to theiesty.

Then suitable preventive control actions can bdempnted considering

contingencies that are likely to affect the powetem performances.

1.3.1 Contingency Selection:

Contingency analysis can be approached using batictibnal and
graphical methods. The first one characterizes dbeerity of each
contingency with a numerical value, and the second allows the

contingency evaluation in a visual way. In bothesaghe majority of
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methods are based on the evaluation by means oé gmrformance
index (PI). These PIs, generally inform on the treéasurpassing of the
security limit of the grid components with respdct a particular

magnitude (voltage or power flow).

Pls have been considered in this project is thé pewer & voltage
performance indexes, which evaluates the sevelffitya @ontingency
derived from the current overload of lines, and tieactive power
performance index, which evaluates the severity obntingency derived

from the voltage violation in buses.

Some measure must be obtained as to how much @ubartoutage
might affect the power system. The idea of a peréorce index (PI) is as

follows

— —12n
nL Prase - Prew
PI(P)= Z 1
=1 Prase
— —2n
NB| Vgase - Voew
PI(V)= ). 2
=1 Visase

If ‘n’ is large number , the performance index Wik a small number if
all flows are within limit & it will be large If oe or more lines are
overloaded. The selection procedure then involvederong the
performance index table from largest value to leabBhe lines
corresponding to the top of the list are then thedaates for the short

list.
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The Pls are calculated by full ac load flow fortak contingencies in the
readability list and can be ranked for more comensive study based on
these Pl values. Although this approach offers mateuranking, but
running ac load flow program for each contingencgkes it very
computation intensive. The other time efficient mgeh shortlists the
critical contingencies on the basis of approxintasel flow method such
as dc load flow or 1P-1Q method.

No doubt, these methods proved to be more efficient being

approximate in nature at times fail to identifytical contingencies that
actually cause problems and also in wasting timsolge contingencies
which are not critical otherwise. Another techniquses sensitivity
analysis and distribution factor based on lineadehdo estimate line-

flow.

We are considering line outages as the only coetiogs. To decide
about the security level of the system, every nisage and line power
flow must be compared to its corresponding maximaml minimum

tolerable values.

Thus, each time, the system security level willabinction of both the
number of grid elements (buses and lines) the halties of which are
surpassed, and of the percentage of this surpassylcase, the target of
contingency analysis is not to analyze the secofithe present state, for
which we suppose all voltage and flow variables kmewn, but to
analyze the security of a future state, where yisgem would evolve after

the hypothetic occurrence of a particular contirnyen
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The complexity of the problem is due to both thi#ialilty of calculating
this future state and the high number of contingendhat can be
considered. Contingency analysis can be approacisaty both the
difficulty of calculating this future state and theigh number of

contingencies that can be considered.

Currently, most of the extended functional contimge analysis
techniques are based on the solution of the loaa firoblem for the

system, which may be described as follows

For the current state of the system:

« Solve a load flow problem for each contingency &dvaluated;
therefore establishing the next state of the systamaed after the
contingency would have occurred.

o Calculate the numerical value of a selected PIcmithg the
seriousness of each contingency.

* Rank the contingencies from their PI values.

This process, especially the first step, requirgerg high computational
cost, making real-time response impossible. Togedhis computational
time, several techniques have been proposed, ssicinome efficient
algorithms to solve the load flow problem, seletctaf a reduced set of
contingencies to be analyzed, and parallelizationdstribution of
processes. Thus, efficient load flow algorithms mresented, which are

based on gauss siedal load flow.
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However in these methods of load flow algorithniee tonvergence is
not guaranteed in heavily loaded systems. The caakvbf this method is
that the specific sub network is different for eamntingency and its

definition is not direct.

The security and operation cost analysis is paiadlg by means of a set
of Monte Carlo simulations, but very high hardwarel design costs are

necessary because the parallelization procesgdHisgfor each network.

Power performance index:

The operating state of the system is a functiortime. It keeps on
changing due to variation in load level at varidusses or due to
rescheduling of generation. To keep the systemrsetus imperative to
know the impact of unplanned outages in advancethab suitable

preventive/control measures can be taken if nepgssa

The conceivable contingencies being large in numbeeir severity
ranking is done as per system wide performancexiaahe only critical
contingencies are picked up for detailed assessmEtdws on
transmission lines are usually constrained by thaérdimits and

sometimes by stability considerations of long lingse performance
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index for quantifying the extent of line overloadsdefined in terms of

real power performance index.

The electrical power system is continuously expagdin size and
growing in complexity all over the word. Extensiggstem studies on
computer; both at off-line planning stage as welhtion line operational
stage, are a must. A power system engineer is alwaycerned with
adopting newer and better mathematical model fdwirep system

problem more efficiently and effectively.

To complete the security analysis, the PI listages] so that the largest
Pl appears at the top. The security analysis can #tart by executing
full power flows with the case which is at the topthe list, then solve

the case which is second & so on down the list.

This continues until either a fixed number of cases solved which do

not have any alarms. Flow chart shown below expléive contingency

selection procedure.
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The 1P10Q Contingency selection procedure

Begin Power flow
solution

'

Build B’ and B” matrices

\ 4

Full outage . Model outage case
case list

\ 4

Solve the Q-V equation for
the AO's|E|'s

A 4

A 4

Solve the Q-V equation for the
AOs

!

|Ei[™ = |Ei|+A|E]

L » | Calculate flows and voltages for
this case then calculate the PI

|

Pick next outage case

1.4 LOAD FLOW ANALYSIS:

PI List (one
entry for each
outage case)

A load flow analysis is carried out prior to thengquutation of the voltage

& active power index. The results obtained from kbed flow analysis
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will be utilized for computing the performance ixd& ranking of the

contingencies.

The contingency ranking is determined by using tm&thodologies

e Conventional load flow

* Fuzzy logic Approach

1.4.1 Conventional Load Flow

Load-flow studies are probably the most common Ibpawer system
analysis calculations. They are used in planninglies to determine if
and when specific elements will become overloaded.

In operating studies, load-flow analysis is usedetwsure that each
generator runs at the optimum operating point; aemwill be met
without overloading facilities; and maintenancenglacan be preceded

without undermining the security of the system.

The main aim of a modern electrical power systemtas satisfy
continuously the electrical power contracted bycabtomers. But some
problems exists

l.e.

 Nodal voltage magnitudes and system frequency rbeskept
within narrow boundaries.
» The alternating current (AC) voltage and currentevenust remain

largely sinusoidal
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« Transmission lines must be operated well belowr ttermal and
stability limits

» Even short term interrupt must be kept to minimum
Objective:

The main objective of power flow study is to deterenthe steady state
operating condition of the electrical power netwdskeady state may be
determined by finding out for a given set of loadoonditions, the flow
of active and reactive powers throughout the ndtwamrd the voltage

magnitudes and phase angles of all buses of thoriet
Power flow studies provide

» Required information regarding bus usage

 Required information regarding power flow theory dan
transmission lines, transformers and other elem@&iftgpower
system for a specified load demand subject to #gulating
capabilities of generators, condensers, tap chgngansformers,
phase shifting transformers.

» Specified net interchange of power with adjoinirmgver systems.

» Power flow studies help in critically assessingaate plans for
system expansion to meet the ever increasing leashdd.

» Power flow studies help the planning and operagagineers to
meet contingency conditions such as loss of lageeating unit
or a major line outage due to thermal over loadihthe line.

« Power Flow studies help to determine best size ted most
favorable location for the power capacitors for ioying the
power factor as well as the usage profile of posystem
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e On line power flow studies are periodically exedutéor
monitoring and controlling of power system.

* Real time results of power flow computation may Umed to
determine the reactive compensation needed to lisstabus
voltages.

» If power flow study predicts that the nodal voltagmgnitudes,
active and reactive power flows in transmissionedinand

transformers are not within limit, then controliantis taken.

In practical system, there may be thousands ofdasel transmission
links. We shall concentrate mainly on transmissgystem with the
generators and loads modeled by the complex pow&mis, the load

flow study involves extensive calculations.

Before the advent of digital computers, the AC gltng boards was
used for carrying out load flow studies. These issidvere tedious and
time consuming with the availability of fast andrde sized digital
computers. All kinds of power system studies, idoig load flow study
are conducted by using ths1 POWER” computer aided power system
study software package.

General Power Flow Concept

The mathematical formulation of power flow problestso known as the
load flow problem results in a system of non linelgebraic equations.
Because cosine & sine terms are included in reate&ctive power
calculations. These equations are derived by asgurmat a perfect
symmetry exists between the phases of the 3 phaserpsystem
(Arillaga & Arnold 1990)
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The coefficients of the equations depend on theecteh of the
independent variables i.e. voltage & currents. Téitlser bus admittance
or impedance matrices can be used .The solutialgabraic equations
describing the power system is based on iteragehrtiques because of
their non linearity. The solution must satisfy Kihoff's laws .The
solution must also satisfy the constraints sucthadap setting range of
under load tap changing transformers & specifiegigganterchange with

adjoining power systems.
Power Flow Problems

In power flow analysis load powers are assumedastants. A given set
of loads on the buses can be served from a givieof ggenerators in an

infinite number of power flow configuration.
Aspects of power flow analysis

The sum of real power injected at the generatingebumust equal, at
each instant of time, the sum of total system Idathand plus system
losses. The individual generator outputs must bsety maintained at the
predetermined set points. As the load demand sloivynges throughout
the day, therefore, these set points change slatly time. Thus load
flow results for a certain hour of the day may lb@edifferent from the

next hour.

The power transfer capability of a power transmisdine is limited to
the thermal loading limit & the stability limit. Itmust be seen that
transmission lines do not operate too close tor thi@bility or thermal

limits.
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It is necessary to keep the voltage levels of oetaises within close

tolerances. This can be achieved by proper scheglafireactive powers.

The power system must fulfill contractual scheduiaterchange of
power to neighboring systems, if any via its treeB. Power flow analysis
Is very important in the planning stages of newmogks or addition to

existing ones.

SUB PROBLEMS OF LOAD FLOW OR POWER FLOW
PROBLEM

* Formulation of mathematical model that describe réflationship
between voltages & powers in the interconnecteteays

» Specification of the power & voltage constraintattmust apply to
the various buses of the network

» The computation of voltage magnitude & phase an@kach node
or bus in a power system under balanced three diaady state

conditions.

METHODS OF POWER FLOW SOLUTIONS

Power flow solution consists of solving set of nbnear algebraic
equations that describe electrical power networkleunsteady state

conditions.
Several approaches

Early approaches were based on loop equations &noah methods
using Gauss — type solutions. This method was ilab®ras the network
loops had to be specified before hand by the systegimeer.
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Improved techniqgues used nodal analysis leadinga taoonsiderable
reduction in data preparation. Reliability towamsvergence was main

concern.

Further development (by Ward & Hale in 1956) ledhe introduction of
Gauss-Seidel method with acceleration factors. Thisthod has
minimum storage requirements, easy to compreheddi@mrcode in the

form of computer programs and slower convergence.

In 1961 Van-Ness & Griffins suggested Newton'’s roethising Gaussian
Elimination that has the advantage of superior eogence characteristic.

Sato & Tinney (1963) introduced the concept of mptly ordered
elimination for the solution of large, sparse sy®eand showed such

methods to be very efficient.

Later in 1967, Tinney & Hart showed that by useoptimally ordered
Gaussian Elimination and special programming teqies both the
storage requirements and computing speed are ahihgtreduced by
Newton’s Method.

To overcome such limitations Newton-Raphson Metlzodl derived
formulations were developed in early 1970’s andnlfir established
throughout the Power system Industry which hasaal@tic convergence
characteristic. It provides general purpose povew fstudy for most

electric utilities.

Power Flow solutions based on nodal impedance xnatare briefly
experimented (Brown 1975). But there was problenth wiomputer
storage and speed.
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1.5Fuzzy Based Contingency Ranking

A number of algorithms based on more powerful mashbke Gauss
siedal, Newton Raphson and Fast Decoupled Load Fawe been
proposed. The terminology associated with Fuzzgrbrice System i.e.
fuzzification, rule, membership function, lingucsti variable,

defuzzification etc. are well documented by ZadetfiL

It is a fact that uncertainty is present in eacti every real life problem.
Sometimes this uncertainty is neglected to simplihe analysis
procedures. It is reported that, through fuzzy,seis possible to model
the imprecise knowledge and perception of humanndseiinto

meaningful probability distributions in a naturahyv The requirement is
that, each uncertain variable must be assignedgeedeof membership

that represents the degree of participation oprameter under study.

The uncertain variables are modeled as intervatharreal axis and the
corresponding imaginary axis shows their degreepaticipation. A
fuzzy setA in the universe of discourse 'U’ can be definedaaset of
ordered pairs, where each subset includes someeepteix’ and its
membership functionu,. This membership function denoted hy

indicates the degree that ‘x’ belongs to A.

This relationship is expressed in a mathematigahfio equation

A ={(x, pA (X))| x e U} 11 In fuzzy set theory there exist several forms
of distribution functions, (e.g., triangular, trapélal, ramp, exponential
etc.) to suit to the need and requirement of tiedlem. In this document,
the uncertainties in the contingency ranking arel@hed with the help of

trapezoidal membership functions.
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A trapezoidal fuzzy membership function as indddain figure 1 is
usually expressed by the characteristic points e, & such that the fuzzy
number under study can assumed any value betweaed d, but values
within the range b and c are most likely to pla&kethe values within the
range b and ¢ have membership valug=1) that indicates complete

membership for event.

However, the values within ranges (a-b) and (c-dyehmembership
values (& py < 1), which indicates partial membership values. Aalue
outside the range of a and d has membership vajae@)(indicating non
membership for parameter. Thus the uncertaintyhefgarameter X’ is
conveniently characterized by a trapezoidal fuzasgtribution with
suitable left right slopes. A specific relationsligr the element X’ and
its degree of membership,’ for the trapezoidal membership function is
presented in equation. Trapezoid (X, a, b, c, d)

= max (min (x-a/b-a, 1, d-x/d-c), 0)

Figure-1

—

ux o _|

2¢ P ‘¢’ ‘d’ —-=2x

Fuzzy Logic (FL) is applied for the power systemolgems such as
application in load forecasting, system controlcusgy assessment,
system planning and power system stability. Regehikzy logic based
approach has been exploited in different ways iwirsgp power flow
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problem. In the principle of fuzzy set theory haseib exploited and
successfully applied to the modeling of the inpatrgmeter for the

purpose of power flow analysis.

Initially the contingency ranking analysis is dohg the conventional
load flow data. According to the performance indes ranking is done.
The severities of the outage are more for the loweesking lines. The
line with lowest performance index has the rank. gxgethe performance

index increases the ranking increase & hence tWerisg

The lowest ranking contingencies are crediblehaganking increase the
credibility decreases. These credible outages evers & cannot be
neglected. The credibility decreases with the iaseein the performance
index which is also known as contingency index.

The ranking obtained by the conventional load flesults give the base
result. There may be some possibilities that inwben the two
contingency ranking there exist some more. To ofesénis possibility
fuzzy based analysis is done.

We motivate these ideas by introducing a simplemta. We assume
that all electrical variables in this document green in the per-unit
system.

1.6 OBJECTIVE & SCOPE OF THESIS

In deregulated operating regime power system dgcigian issue that
needs due consideration from researchers. Real rpdvevoltage
contingency ranking is an integral part of securiysessment. The
objective of contingency screening & ranking isgtackly & accurately

shortlist critical contingencies from a large lidtcredible contingencies
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& rank them according to their severity for furthgorous analysis. A
performance index Pl is computed for each singie tontingency. To
obtain the magnitudes of various parameters a Migpa@omputer aided
power system study software package which emplemative methods
are used. This paper presents an approach usiag fogic to evaluate
the degree of severity of the normal contingencyto&eliminate the
masking effect in the technique.

1.7 QUTLINE OF THESIS

Chapter 1: Introduction explains about system security funrtsithat are
carried out in operations control center, factdfeciing power system
security, basics of contingency analysis. Discuss® carried out on

contingency ranking using conventional & fuzzy logpproach.

Chapter 2: “Literature Overview” provides list of works of maus

scholars in the field of contingency ranking in @msystem is discussed.

Chapter 3: “Analysis of Cases” In this chapter analysis o¥&~iBus

System and 14 Bus System is done.

Chapter 4: “Case Study”. In this chapter the Load flow resuwft Five
Bus & IEEE 14 Bus system is done including baseecamgle line

outages and generator outage contingency cases.

Chapter 5: “Results & Discussions “. In this chapter the fesw&
discussions of all single line contingency, ger@ratontingencies are
discussed for Five bus & IEEE 14 bus system. Théopwance index is
calculated for each contingency. Based on the iscakue of

performance index the Contingency ranking is assigrirhe highest
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valued of performance index indicates the most reeveondition.
Ranking is calculated using conventional methodag&n on suggested
that fuzzy approach is the accurate method.

Chapter 6: “Recommendations and conclusions
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CHAPTER-2: LITERATURE REVIEW

2.1 OVERVIEW OF CONTINGENCY RANKING IN POWER
SYSTEM

The performance index is first defined to providenaasure of system
stress. Then some technique is used for predittieghange in Pl when
component is outaged. The contingency rankingsssgaed depending
on the scalar value of the PI. The outage is seVéne value of the Pl is
more but the ranking is lower. This is not a foolgrmethod of ranking
contingencies. It is possible that some severeirggencies may be left
out & some not so severe contingencies may be dankeerefore fuzzy
based logic is utilized to reveal the unattendecdseges in between the
conventionally obtained ranking.

2.2 RECENT WORK

SNRK Srinivas Tanniru, K Ramesh Reddy & VKD Devioposed an
approach that can provide the user with those estdlgat may cause
Immediate loss of load or islanding at certain bi$ie resultant
performance index will depend heavily on loading pafrticular line
which is loaded closest to its limit that is 90%%6 of rated capacity,
other lines which are less heavily loaded that 8685% of rated
capacity though of large in number, will have nelgly small weightage
on performance index value. In fuzzy set methoccthribution of these
lines, which are less heavily loaded, to the sévendex are taken into
account by using membership functions for the listu variables to
evaluate the network contingency ranking of a jcatttEEE -14 bus

system.
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C.V. Gopalakrishna Rao , Dr.V. BapiRaju, Dr.G.Ravanath presented
a work on uncertainity of load on power system bas is successfully
modeled by assuming trapezoidal membership fundiprusing fuzzy
technology. The Newton Raphson method is used fairmhg the high
voltage low voltage solution of transmission netvofhe load flow

study is carried out on IEEE 14 bus test system.

Majid Poshtan & Shehu Farinwata demonstrated tbatpoting MW
margin sensitivities from the nose of the P-V cupan do effective
contingency analysis for voltage collapse studiksis shown that
sensitivity of the MW margin to voltage collapseidies w.r.t first &
second level contingencies could be computed effity & quickly. The
paper introduces a ranking scheme to categorize&dhéngencies into
three categories based on their impact on the M\WjimaContingencies
are categorized as low contingencies for negatiVéNl Those with less
than 90% of maximum MWM are categorized as suffic@ntingencies.

Remaining contingencies are called high contingesci

Robert Fischl, Thomas F Halpin, Albert Guvenis préed a work on
how one must select a performance index in ordexotoectly rank the
contingencies according to their impact on the sgcuconstraint

violations. The Automatic contingency selection @Cproblem is
concerned with developing efficient computer altjoris which rank the
contingencies in terms of their impact on the sysperformance. Most
of the work in ACS has concentrated on developitgprdhms for

ranking contingencies in terms of their impact aalrpower flows
throughout the network & then extending these dligas to rank the
contingencies according to their impact on busagas & reactive power
injections. The essential components needed inlaewg an ACS

algorithm are a scalar performance index for ragkire contingencies &
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a computationally efficient method for evaluatiig fperformance index

for each contingency.

Musirin & T K A Rahman presents a new technique dontingency
ranking based on voltage stability condition in gpowystem. A new line
stability index was formulated. It is used to idBntthe critical line

outages & sensitive lines in the system. The linéage contingency
ranking was performed on several loading conditrorder to identify

the effect of increase in loading to the criticakloutages.

Ismail Musirin & Titik Khawa Abdul Rahman in thegaper Simulation
technique for voltage collapse prediction & Conéngy ranking in
power system presents a new voltage stability indd&rred to a line
used to rank the line outage. The information frtm contingency
ranking indicates the severity of the voltage ditglcondition in a power
system due to line outage. The voltage stabililices are taken as an
instrument that will measure the stability conditi& used to rank the
contingencies in a power system. A Load flow analysll be utilized
for computing the voltage stability index & rankirtige contingencies.
The outage which resulted in a severe stabilityddan will be ranked
high. The voltage stability & contingency analysisre performed on the
standard IEEE 6 bus system. By observing the veltsigbility index
value i.e. whether close to 1.00 or not the voltagi&apse has occurred in

a line or not has been found.

M.A. Kamarposhti & H.Lesani in their paper contingees ranking for
voltage stability analysis using continuation povilerv method. Here
applying continual power flow (CPF) that is bas&dreformation of load
flow equations applying a continuous parametercutating (MLP)

maximum load point & its corresponding Mega Wattrgina decrease
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percent in each contingency ranking of contingensa&lone based on the
severity of their effect on static voltage collap&EE 14 bus system was
used to validate the proposed method. PSAT sinamatoftware is used
l.e. power system analysis software which has nfaatures including
power flow. Conventional PV curves are used to fimel load margin for
all possible first level contingencies. Nose of BlWve can do effective
contingency analysis for voltage collapse studietady revealed that
occurrence of contingencies in Power System reasulincreasing of
voltage drop in some of buses, the possibility lvhrge in the weakest
bus position decrease of MLP & so its correspondiegrease of MWM.
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CHAPTER 3: ANALYSIS OF CASES

3.1 Five Bus System:
Description & figure of Five bus system:

© : s

North [1] ‘ Lake [3] Main [4]

B T L

Elm [5]

South [2]

| |

Figure 1: Five bus system

Description

Figure 1 shows the single line diagram of the fiws system. There are
two generators connected at the buses 1 and 2e Bnerfour loads in the
system totaling 165 MW and 40Mvar. There are séves. The detailed
data including Impedances, line charging, genaratioads & bus
voltages for five bus system are given in Appendlit. North [1] is
taken as slack bus. Gauss-Siedel method is udée inad flow solution.
The results of base case load flow for five busesysare produced in the
chapter 4.1. The base voltage is 220kv and basé MBlected is 100
MVA. Further each single line outage & generatotage results are

produced in chapter 4.2 and 4.3.
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3.2 |EEE 14 Bus System
Description & figure of IEEE 14 bus system:

[
'G | GENERATORS b
SYNCHRONOUS il 2 14
* COMPENSATORS 4
11 IS
- 10
_‘_’_W'
! N W - i ~7 8
+ 1 C /J
J— 4
", -‘1_ :':. : .

3
THREE WINDING
TRANSFORMER EQUIVALENT .C
—T 9
7 —c
= B ’
4

Figure 1.1: IEEE 14-bus test system,

-51 -



Description

A single line diagram of the IEEE 14- bus standsysitem is shown in
figure 1.1. It consists of five synchronous mackinAmong the five
synchronous machines, three of which are synchsrcmmpensators

used only for reactive power support.

There are 11 loads in the system totalling 259MW &t.3Mvar. The
detailed data of the system including generatoa,datis data and line
data are given in appendix A-2. The base MVA selkds 100MVA.
Here Gauss-siedel method is used in load flow swiutThe results of
load flow solution for IEEE 14 bus system is giverchapter 4.4 for base
case system. Further results of each single lifages and generator
outages are presented in chapter 4.5 and 4.6 dagemcies.
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CHAPTER 4: CASE STUDY (MI Power Analysis)

Introduction

To obtain the magnitudes of various parametersnapater aided power system study software packagehwdmploy

iterative methods are used. The analysis and sesiufive bus and IEEE 14 bus systems are cartigkad®follows.

(A): FIVE BUS SYSTEM

4.1 Results: Base case
LOAD FLOW BY GAUSS-SIEDEL METHOD
CASENO: 1 CONTINGENCY :0 SCHEDULE NO: O
CONTINGENCY NAME : Base Case RATING CONSIDERED : NOMINAL

[N

VERSION NUMBER : 6.
LARGEST BUS NUMBER USED :
ACTUAL NUMBER OF BUSES

NUMBER OF 2 WIND. TRANSFORMERS
NUMBER OF 3 WIND. TRANSFORMERS
NUMBER OF TRANSMISSION LINES
NUMBER OF SERIES REACTORS
NUMBER OF SERIES CAPACITORS
NUMBER OF CIRCUIT BREAKERS
NUMBER OF SHUNT REACTORS
NUMBER OF SHUNT CAPACITORS
NUMBER OF SHUNT IMPEDANCES
NUMBER OF GENERATORS

NUMBER OF LOADS

rNOOCPoCPoo NP0 uk
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NUMBER OF LOAD CHARACTERISTICS : 0
NUMBER OF UNDER FREQUENCY RELAY 0 0
NUMBER OF GEN CAPABILITY CURVES 0
NUMBER OF FILTERS 0

NUMBER OF TIE LINE SCHEDULES 0

NUMBER OF CONVERTORS 0

NUMBER OF DC LINKS 0

LOAD FLOW WITH GAUSS-SEIDEL METHOD 5

NUMBER OF ZONES 1

PRINT OPTION : 3-BOTH DATA AND RESULTS
PRINT PLOT OPTION : 1-PLOTTING WITH PU VOLTAGE
NO FREQUENCY DEPENDENT LOAD FLOW, CONTROL OPTION: 0

BASE MVA : 100.000000
NOMINAL SYSTEM FREQUENCY (Hzs) : 50000000

FREQUENCY DEVIATION (Hzs) : 0.000000

FLOWS IN MW AND MVAR, OPTION 10

SLACK BUS : 0 (MAX GENERATION BUS)
TRANSFORMER TAP CONTROL OPTION :0

Q CHECKING LIMIT (ENABLED) 14

REAL POWER TOLERANCE (PU) : 0.00100

REACTIVE POWER TOLERANCE (PU) : 0.00100

MAXIMUM NUMBER OF ITERATIONS 15

BUS VOLTAGE BELOW WHICH LOAD MODEL IS CHANGED : 0.75000

CIRCUIT BREAKER RESISTANCE (PU) : 0.00000

CIRCUIT BREAKER REACTANCE (PU) : 0.00010

TRANSFORMER R/X RATIO : 0.05000

ANNUAL PERCENTAGE INTEREST CHARGES : 15.000

ANNUAL PERCENT OPERATION & MAINTENANCE CHARGES : 4.000

LIFE OF EQUIPMENT IN YEARS : 20.000

ENERGY UNIT CHARGE (KWHOUR) : 2.500 Rs

LOSS LOAD FACTOR : 0.300

COST PER MVAR IN LAKHS : 5.000Rs
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ZONE WISE MULTIPLICATION FACTORS
ZONE PLOAD QLOAD PGEN QGEN SHREACT SHCAP CLOAD

0 1.000  1.000 1.000 .00D 1.000 1.000  1.000
1 1.000  1.000 1.000 .000  1.000 1.000  1.000
BUS DATA
BUS NO. AREA ZONE BUS KV VMIN-PU VMAX-PU  NAME
1 1 1 220.000 0.950  1.05@orth
2 1 1 220.000 0.950  1.05@outh
3 1 1 220.000 0.950  1.050ake
4 1 1 220.000 0.950  1.05@nain
5 1 1 220.000 0.950 1.05@Im
TRANSMISSION LINE DATA
STA CKT FROM FROM TO TO LINE PARAMETER RATING KMS
NODE NAME* NODE NAME*  R(P.U) X(P.U.) B/2(P.U) MVA
3 1 1 north 2 south 0.GED 0.06000 0.03000 100 1.0
3 1 1 north 3 lake 0.0BD 0.24000 0.02500 100 1.0
3 1 2 south 3 lake 0.060 0.18000 0.02000 100 1.0
3 1 2 south 4 main 0.060 0.18000 0.02000 100 1.0
3 1 2 south 5 elm 0.080 0.12000 0.01500 100 1.0
3 1 3 lake 4 main 0.@m0 0.03000 0.01000 100 1.0
3 1 4 main 5 elm 0.080 0.24000 0.02500 100 1.0
TOTAL LINE CHARGING SUSCEPTANCE :0.29000
TOTAL LINE CHARGING MVAR AT 1 PU VOLTAGE : 29 .000
TOTAL CAPACITIVE SUSCEPTANCE © 0.0000 pu- 0.000 MVAR
TOTAL INDUCTIVE SUSCEPTANCE : 0.00@0 pu- 0.000 MVAR

GENERATOR DATA
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SL.NO* FROM FROM

REAL

Q-MIN  Q-MAX V-SPEC CAP. MVA STAT

NODE NAME* POWER(MW) MVAR MVAR P.U.CURV RATING
1 1 north  80.0000 0.0000 60.0000 1.0600 0 100.00 3
2 2 south  40.0000 30.00000.0800 1.0000 0 50.00

LOAD DATA

SLNO FROM FROM REAL REACTIVE COMP COMPENSATIN G MVAR VALUE CHAR F/V
*

NODE NAME* MW MVAR MVAR MIN MAX

STEP NO NO STAT

1 2 south  20.000 10.000 0.000.000 0.000 0.000 0 O 3 0
2 5 elm 60.000 10.000 0.000.000 0.000 0000 O O 3 0
3 3 lake 45.000 15.000 0.000.000 0.000 0.000 0 O 3 0
4 4 main  40.000 5.000 0.00®.000 0.000 0.000 0 O 3 0

TOTAL SPECIFIED MW GENERATION : 120.00000

TOTAL MIN MVAR LIMIT OF GENERATOR : 30.00000

TOTAL MAX MVAR LIMIT OF GENERATOR 90.00000

TOTAL SPECIFIED MW LOAD

TOTAL SPECIFIED MVAR LOAD
TOTAL SPECIFIED MVAR COMPENSATION

: 165.00000reduced 165.00000
40.00000reduced 40.00000

0.00000 reduced 0.00000

GENERATOR DATA FOR FREQUENCY DEPENDENT LOAD FLOW
P-RATE P-MIN P-MAX %DROOP

SLNO* FROM FROM

PARTICI  BIAS

NODE NAME* MW MW MW FACTOR SETTING CO C1 Cc2
1 1 north 80.000 0.0000 8wW0 4.0000 0.0000 0.0000 0.000010@0 0.0100
2 2 south 40.000 0.0000 400 4.0000 0.0000 0.0000 0.000000@0 0.0000

Acceleration factor : 1.40

Slack bus angle (degrees) : 0.00
TOTAL NUMBER OF ISLANDS IN THE GIVEN SYSTEM 1
TOTAL NUMBER OF ISLANDS HAVING ATLEAST ONE GENERAT® 1
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SLACK BUSES CONSIDERED FOR THE STUDY
ISLAND NO. SLACK BUS NAME  SPECIFIED MW

Iteration count = Error = 0.029411 Bus &
Iteration count = Error = 0.005769 Bus &
Iteration count = Error = 0.003904 Bus 3
lteration count = Error = 0.001101 Bus &
lteration count = 0.034595 Bus &
lteration count = Error = 0.013569 Bus 3
lteration count = Error = 0.008711 Bus &
lteration count = Error = 0.004668 Bus 2
lteration count = Error = 0.001942 Bus 3
lteration count = 10 Error = 0.001082 Bus &
lteration count = 11 Error = 0.000356 Bus 2

BUS VOLTAGES AND POWERS

O©CoOoO~NOUIrWN P
m
=
o
=
1

NODE FROM V-MAG ANGLE MW MVAR MW MVAR  MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 north 1.0600 0.00 129.7290.585  0.000 0.000 0.000 #<
2 south 1.0468 -3.01 40.0(8D.000 20.000 10.000 0.000
3 lake 1.0336 -4.28 0.000 00.0 45.000 15.000 0.000
4 main 1.0312 -4.79 0.000 00.0 40.000 5.000 0.000
5 elm 1.0202 -6.10 0.000 00.0 60.000 10.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) :
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) :
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark)
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NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark)

LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO
NODE NAME NODE NAME MW MVAR

PORRD
MW

LOSS
MVAR LOADING

%

11 1 north 2 south S -9.186 1.6186 -1.8021 90.2#
21 1 north 3 lake B -1.399 0.8511 -2.9265 32.6"
31 2 south 3 lake .00 5.780 0.3525 -5.4348 42.7"
41 2 south 4 main .5B1  0.645 0.2144 -3.6750 19.2&
51 2 south 5 elm 80D 5.986 0.9515 -0.3504 48.6"
61 3 lake 4 main 31.058 -2.858 0.0906 -1.8599 30.2°
71 4 main 5 elm 0.443 -1.320 0.0834 -5.0102 10.8&

! NUMBER OF LINES LOADED BEYOND 125% :0

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 0

# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 1

$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% :0

NNUMBER OF LINES LOADED BETWEEN 25% AND 50% 4

& NUMBER OF LINES LOADED BETWEEN 1% AND 25% 12

* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :0

NEW SYSTEM FREQUENCY FOR ISLAND 1 50.@ID Hzs
Summary of results

TOTAL REAL POWER GENERATION : 169.729 MW
TOTAL REACT. POWER GENERATION :19.415 MVAR
GENERATION pf : 0.994

TOTAL SHUNT REACTOR INJECTION : 0.000 MW
TOTAL SHUNT REACTOR INJECTION : 0.000 MVAR
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TOTAL SHUNT CAPACIT.INJECTION . 0.000 MW

TOTAL SHUNT CAPACIT.INJECTION : 0.000 MVAR
TOTAL REAL POWER LOAD :165.000 MW
TOTAL REACTIVE POWER LOAD . 40.000 MVAR
LOAD pf 0972

TOTAL COMPENSATION AT LOADS : 0.000 MVAR
TOTAL HVDC REACTIVE POWER : 0.000 MVAR
TOTAL REAL POWER LOSS (AC+DC) . 4.162143 MW4(162143+ 0.000000)
PERCENTAGE REAL LOSS (AC+DC) . 2452

TOTAL REACTIVE POWER LOSS :-21.058951 MVAR
Zone wise distribution

Description Zone # 1

MW generation 169.7289

MVAR generation 19.4154

MW load 165.0000

MVAR load 40.0000

MVAR compensation 0.0000

MW loss 4.1621

MVAR loss -21.0590

MVAR - inductive 0.0000

MVAR - capacitive 0.0000

Zone wise export(+ve)/import(-ve)
Zone # 1 MW & MVAR

Area wise distribution
Description Area #1
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MW generation 169.7289

MVAR generation 19.4154
MW load 165.0000
MVAR load 40.0000
MVAR compensation 0.0000
MW loss 4.1621
MVAR loss -21.0590
MVAR - inductive 0.0000
MVAR - capacitive 0.0000

4.2 LINE OUTAGE
Line 1-3 open
Date and Time : Wed Feb 02 10:41:23 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GENLOAD LOAD COMP
1 north 1.0600 0.00 130.960 6@.8 0.000 0.000 0.000 #
2 south 1.0355 -4.06 40.000 080. 20.000 10.000 0.000
3 lake 1.0161 -6.14 0.000 0.00015.000 15.000 0.000
4 main 1.0148 -6.51 0.000 0.000310.000 5.000 0.000
5 elm  1.0069 -7.44 0.00 0.00060.000 10.000  0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) :
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) :
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark)
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark)

OO kr o
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LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORRD LOSS %
NODE NAME NODE NAME MW MVAR MW MVAR LOADING

1 1 1 north 2 south 30B60 0.867 3.0560 2.5804 123.5@
2 1 1 north 3 lake LINE IS OPEN
3 1 2 south 3 lake 67.578 8.849 0.8790 -3.6772 65.8%
4 1 2 south 4 main 6.184  1.540 0.3912 -3.0306 25.3»
5 1 2 south 5 elm 3.891 6.622 1.1087 0.1970 52.4%
6 1 3 lake 4 main 21.451 -3.801 0.0453 -1.9265 21.4&
7 1 4 main 5 elm 7.212  -1.557 0.0412 -4.9857 7.9&

! NUMBER OF LINES LOADED BEYOND 125% :0

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 1

# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 0

$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% 2

“NUMBER OF LINES LOADED BETWEEN 25% AND 50% 1

& NUMBER OF LINES LOADED BETWEEN 1% AND 25% 12

* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :0

Line 1-2 open
Date and Time : Wed Feb 02 10:48:45 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 north 1.0600 0.00 133.991 28.3 0.000 0.000 0.000 #
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2 south 0.9371 -18.49 40.000 30.0020.000 10.000 0.000 @
3 lake 0.9314 -17.49 0.000 0.00 45.000 15.000 0.000 @
4 main 0.9248 -18.69 0.000 0.00 40.000 5.000 0.000 @
5 elm 0.9065 -21.76 0.000 0.00 60.000 10.000 0.000 @
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 4
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWRR LOSS %
NODE NAME NODE NAME MW MVAR MW MVAR LOADING
1 1 1 north 2 south BEMNS OPEN
2 1 1 north 3 lake 13399 28.326 13.4732 35.4416 129.2!
3 1 2 south 3 lake -2@.13 13.159 0.1491 -4.7897 29.1~
4 1 2 south 4 main 43K 3.480 0.0268 -3.3866 8.3&
5 1 2 south 5 elm 439 9.086 0.9277 0.2333 947
6 1 3 lake 4 main 49 0.023 0.4220 -0.4569 .065
7 1 4 main 5 elm 2?1 -0.948 0.3437 -3.1617 20.7
I NUMBER OF LINES LOADED BEYOND 125% 11
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 0
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% 1
“NUMBER OF LINES LOADED BETWEEN 25% AND 50% 2
& NUMBER OF LINES LOADED BETWEEN 1% AND 25% 2
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :0
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Line 2-4 open
Date and Time : Wed Feb 02 28 11:31:23 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREEBEN GEN LOAD LOAD COMP
1 north 1.0600 0.00 129.973808 0.000 0.000 0.000 #<
2 south 1.0455 -2.91 40.000 .060 20.000 10.000 0.000
3 lake 1.0279 -4.57 0.000 .000 45.000 15.000 0.000
4 main 1.0227 -5.33 0.000 .000 40.000 5.000 0.000
5 elm 1.0166 -6.24 0.000 .000 60.000 10.000 0.000
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 1
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWRR LOSS %
NODE NAME NODE NAME MW  MVAR MW MVAR LOADING
1 1 1 north 2 south 9DP.716.194 1.5313 -2.0557 87.7#
2 1 1 north 3 lake 38260.394 0.9959 -2.4627 35.27
3 1 2 south 3 lake 58.279.303 0.6085 -4.6230 55.8%
4 1 2 south 4 main EINs OPEN
5 1 2 south 5 elm 58.2%.850 1.1054 0.1263 52.3%
6 1 3 lake 4 main 4n2 1.394 0.2115 -1.4679 45.90
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7 1 4 main 5 elm 9% -2.309 0.0371 -5.0874 7.3&

I'NUMBER OF LINES LOADED BEYOND 125% 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 1
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% 2
2
1
0

" NUMBER OF LINES LOADED BETWEEN 25% AND 50%
& NUMBER OF LINES LOADED BETWEEN 1% AND 25%
* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

Line 2-5 open
Date and Time : Wed Feb 02 12:03:17 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE MW  MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 north 1.0600 0.00 135.065 58.6 0.000 0.000 0.000 #
2 south 1.0412 -2.87 40.000 .0G0 20.000 10.000  0.000
3 lake 1.0157 -5.00 0.000 0.000 45.000 15.000 0.000
4 main 1.0057 -6.11 0.000 0.000 40.000 5.000 0.000
5 elm 0.9217 -14.61 0.000 .000 60.000 10.000 0.000 @

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) :
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) :
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark)
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark)

LINE FLOWS AND LINE LOSSES

OORKREF
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SLNO CS FROM FROM TO TO FORWR LOSS %

NODE NAME NODE NAME MW  MVAR MW MVAR LOADING

1 1 1 north 2 south 93.491.028 1.5594 -1.9448 88.2#
2 1 1 north 3 lake 41.574.625 1.2698 -1.5785 39.5"
3 1 2 south 3 lake 73.638.029 1.0574 -3.1746 71.9%
4 1 2 south 4 main 368.04/7.243 0.7680 -1.8871 35.3"
5 1 2 south 5 elm BN OPEN
6 1 3 lake 4 main @m6 9.951 0.4821 -0.5968 69.3%
7 1 4 main 5 elm 6%5225.871 3.4292 5.6352 64.8%

! NUMBER OF LINES LOADED BEYOND 125% :0

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 0

# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 1

$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% 3

“NUMBER OF LINES LOADED BETWEEN 25% AND 50% 2

& NUMBER OF LINES LOADED BETWEEN 1% AND 25% :0

* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :0

Line 3-4 open

Date and Time : Thu Feb 03 10:39:36 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW  MVAR MW  MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 north 1.0600 0.00 130.331 49.8 0.000 0.000 0.000 #<
2 south 1.0445 -3.18 40.000 060. 20.000 10.000 0.000
3 lake 1.0360 -3.59 0.000 .000 45.000 15.000 0.000
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4 main 1.0155 -6.99 0.000 000. 40.000 5.000 0.000
5 elm 1.0126 -6.95 0.000 000D. 60.000 10.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 1

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWRR LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 1 north 2 south 10%.066.785 1.8202 -1.1828 95.6#
2 1 1 north 3 lake 28h -1.064 0.6119 -3.6564 27.6"
3 1 2 south 3 lake 304 6.081 0.0648 -6.2983 19.7&
4 1 2 south 4 main 743. 2.368 0.9244 -1.4710 39.1»
5 1 2 south 5 elm 0D 7.636 1.3990 1.0226 58.9%
6 1 3 lake 4 main NH IS OPEN
7 1 4 main 5 elm 0.057 -1.389 0.0011 -5.1382 3.7&

'NUMBER OF LINES LOADED BEYOND 125%

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125%
# NUMBER OF LINES LOADED BETWEEN 75% AND 100%
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75%
~'NUMBER OF LINES LOADED BETWEEN 25% AND 50%

& NUMBER OF LINES LOADED BETWEEN 1% AND 25%

* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

ONNRE RO
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Contingency 6: Line 4-5 open
Date and Time : Thu Feb 03 10:45:21 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE EB GEN LOAD LOAD COMP
1 north 1.0600 0.00 129.904 75.1 0.000 0.000 0.000 #<
2 south 1.0440 -3.02 40.000 060. 20.000 10.000 0.000
3 lake 1.0321 -4.09 0.000 000. 45.000 15.000 0.000
4 main 1.0301 -4.49 0.000 000. 40.000 5.000 0.000
5 elm 1.0079 -6.74 0.000 000. 60.000 10.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 1

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWRR LOSS %

NODE NAME NODE NAME MW  MVAR MW MVAR LOADING

1 1 1 north 2 south 96.604.750 1.6615 -1.6561 91.2#
2 1 1 north 3 lake 33290.426 0.7935 -3.0915 31.4"
3 1 2 south 3 lake 36.5%.567 0.2595 -5.6869 36.8"
4 1 2 south 4 main 18.250.655 0.1499 -3.8523 16.2&
5 1 2 south 5 elm 64.291.213 1.4394 1.1595 59.7%
6 1 3 lake 4 main 24.1-2.175 0.0548 -1.9619 23.5&
7 1 4 main 5 elm HNS OPEN
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! NUMBER OF LINES LOADED BEYOND 125% :0

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 0

# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 1

$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% 1

NNUMBER OF LINES LOADED BETWEEN 25% AND 50% 2

& NUMBER OF LINES LOADED BETWEEN 1% AND 25% 12

* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :0

Line 2-3 open

Date and Time : Thu Feb 03 11:03:16 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE EN GEN LOAD LOAD COMP
1 north 1.0600 0.00 130.626 28.9 0.000 0.000 0.000 #<
2 south 1.0476 -2.55 40.000 060. 20.000 10.000 0.000
3 lake 1.0089 -5.98 0.000 000. 45.000 15.000 0.000
4 main 1.0111 -6.07 0.000 000. 40.000 5.000 0.000
5 elm 1.0139 -6.25 0.000 000. 60.000 10.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 1

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWRR LOSS %
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NODE NAME NODE NAME MW  MVAR MW  MVAR LOADING

1 1 1 north 2 south 85.346.696 1.1798 -3.1237 77.0#
2 1 1 north 3 lake 49.285.768 1.7816 -0.0089 46.8"
3 1 2 south 3 lake EINs OPEN

4 1 2 south 4 main 39.187.096 0.8867 -1.5792 38.0"
5 1 2 south 5 elm 68.749.346 1.3892 0.9794 58.7%
6 1 3 lake 4 main A579.241 0.0073 -2.0182 9.5&
7 1 4 main 5 elm 2864.032 0.0023 -5.1188 4.1&

'NUMBER OF LINES LOADED BEYOND 125% 0
@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 0
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% 1
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% 1
2
2
0

' NUMBER OF LINES LOADED BETWEEN 25% AND 50%
& NUMBER OF LINES LOADED BETWEEN 1% AND 25%
* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

4.3 Generator outage

Generator 1 outage
Date and Time : Thu Feb 03 11:25:18 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREEERS GEN LOAD LOAD COMP
1 north 0.9993 -0.44 0.000 0.00 0.000 0.000 0.000
2 south 1.0000 0.00 167.469 .038 20.000 10.000 0.000 <
3 lake 0.9838 -1.96 0.000 0.00 45.000 15.000 0.000
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4 main 0.9814 -2.41 0.000 0.000 40.000 5.000 0.000
5 elm 0.9709 -3.55 0.000 0.000 60.000 10.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 0
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : O
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : 1

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (>rark) : O

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWR LOSS %

NODE NAME NODE NAME MW  MVAR MW  MVAR LOADING
1 1 1 north 2 south -17.790.157 0.0295 -5.9074 13.2&
2 1 1 north 3 lake BB7 0.157 0.1171 -4.5650 12.8&
3 1 2 south 3 lake $86.9 5.232 0.7090 -3.7770 59.2%
4 1 2 south 4 main 43.8 0.838 0.3470 -2.8855 23.9&
5 1 2 south 5 elm 2.7 6.737 1.1422 0.5126 53.2%
6 1 3 lake 4 main 988 -1.268 0.0643 -1.7384 25.4*
7 1 4 main 5 elm A@® -0.807 0.0608 -4.5820 9.4&

'NUMBER OF LINES LOADED BEYOND 125%

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125%
# NUMBER OF LINES LOADED BETWEEN 75% AND 100%
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75%
~NUMBER OF LINES LOADED BETWEEN 25% AND 50%

& NUMBER OF LINES LOADED BETWEEN 1% AND 25%

* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

oOrARPNDDO

Generator 2 outage
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Date and Time : Thu Feb 03 11:45:42 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE EB GEN LOAD LOAD COMP
1 north 1.0600 0.00 170.991 633. 0.000 0.000 0.000 #
2 south 1.0244 -3.84 0.000 000. 20.000 10.000 0.000
3 lake 1.0142 -5.03 0.000 000. 45.000 15.000 0.000
4 main 1.0109 -5.59 0.000 000. 40.000 5.000 0.000
5 elm 0.9979 -7.02 0.000 000. 60.000 10.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWRR LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 1 north 2 south 129.020.475 3.0657 2.6777 123.3@
2 1 1 north 3 lake aMn 5.176 1.2978 -1.4870 39.9"
3 1 2 south 3 lake 80D, 2.155 0.2784 -5.3990 37.8"
4 1 2 south 4 main 2B3. -0.195 0.1921 -3.5664 18.2&
5 1 2 south 5 elm 8% 5.841 0.9672 -0.1662 49.0"
6 1 3 lake 4 main 3D -0.916 0.1083 -1.7257 32.90
7 1 4 main 5 elm 188 -0.645 0.1002 -4.7433 11.8&

I'NUMBER OF LINES LOADED BEYOND 125%
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@ NUMBER OF LINES LOADED BETWEEN 100% AND 125% 1
# NUMBER OF LINES LOADED BETWEEN 75% AND 100% :0
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75% :0
ANUMBER OF LINES LOADED BETWEEN 25% AND 50% 4
& NUMBER OF LINES LOADED BETWEEN 1% AND 25% 12
* NUMBER OF LINES LOADED BETWEEN 0% AND 1% :0
CASE STUDY
(B): IEEE 14 BUS SYSTEM
4.4RESULT: Base Case
Date and Time : Mon Feb 14 13:41:18 2011
LOAD FLOW BY GAUSS-SIEDEL METHOD
CASENO: 1 CONTINGENCY :0 SCHEDULENO:O
CONTINGENCY NAME : Base Case RATING CONSIDERENOMINAL
VERSION NUMBER : 6.1
LARGEST BUS NUMBER USED ;15
ACTUAL NUMBER OF BUSES 14
NUMBER OF 2 WIND. TRANSFORMERS D2
NUMBER OF 3 WIND. TRANSFORMERS 1
NUMBER OF TRANSMISSION LINES ;15
NUMBER OF SERIES REACTORS 0
NUMBER OF SERIES CAPACITORS 0
NUMBER OF CIRCUIT BREAKERS 0
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NUMBER OF SHUNT REACTORS
NUMBER OF SHUNT CAPACITORS
NUMBER OF SHUNT IMPEDANCES
NUMBER OF GENERATORS

NUMBER OF LOADS

NUMBER OF LOAD CHARACTERISTICS
NUMBER OF UNDER FREQUENCY RELAY
NUMBER OF GEN CAPABILITY CURVES
NUMBER OF FILTERS

NUMBER OF TIE LINE SCHEDULES
NUMBER OF CONVERTORS

NUMBER OF DC LINKS

©p0o0Po0OR o000

LOAD FLOW WITH GAUSS-SEIDEL METHOD
NUMBER OF ZONES

PRINT OPTION

PLOT OPTION

3 - BOTH DATA AND RESULTS PRINT
1-PLOTTING WITH PU VOLTAGE

NO FREQUENCY DEPENDENT LOAD FLOW, CONTROL OPTION :0

BASE MVA

NOMINAL SYSTEM FREQUENCY (Hzs)
FREQUENCY DEVIATION (Hzs)

FLOWS IN MW AND MVAR, OPTION
SLACK BUS

TRANSFORMER TAP CONTROL OPTION
Q CHECKING LIMIT (ENABLED)

REAL POWER TOLERANCE (PU)
REACTIVE POWER TOLERANCE (PU)
MAXIMUM NUMBER OF ITERATIONS
BUS VOLTAGE BELOW WHICH LOAD MODEL IS CHANGED
CIRCUIT BREAKER RESISTANCE (PU)
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: 100.000000
: 50.000000

: 0.000000
:0

12

:0

4

: 0.00100

: 0.00100

15

.0.75000
- 0.00000



CIRCUIT BREAKER REACTANCE (PU) : 0.00010

TRANSFORMER R/X RATIO : 0.05000
ANNUAL PERCENTAGE INTEREST CHARGES 15.000
ANNUAL PERCENT OPERATION & MAINTENANCE CHARGES :4.000
LIFE OF EQUIPMENT IN YEARS : 20.000
ENERGY UNIT CHARGE (KWHOUR) : 2.500 Rs
LOSS LOAD FACTOR : 0.300
COST PER MVAR IN LAKHS : 5.000 Rs

ZONE WISE MULTIPLICATION FACTORS
ZONE PLOAD QLOAD PGEN QGENSHREACSH CAP CLOAD

0 1.000 1.000 1.000 1.000 1.0a0000 1.000
1 1.000 1.000 1.000 1.000 1.00000 1.000

BUS DATA
BUS NO. AREA ZONE BUS KV VMIN-PU VMAX-PU  KME

220.000 0.950 1.050 Busl
220.000 0.950 1.050 Bus2
220.000 0.950 1.050 Bus3
220.000 0.950 1.050 Bus4
220.000 0.950 1.050 Busb
132.000 0.950 1.050 Bus6
3.300 0.950 1.050 Bus8
132.000 0.950 1.050 Bus9
132.000 0.950 1.050 Bus10
132.000 0.950 1.050 Busll
132.000 0.950 1.050 Bus12

el
NKhbowowoohwN R
PRPRPRRPRRPRRERRR
PRPRPRRPRRPRRRERRRE
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13 11 132.000
14 11 132.000
15 11 220.000

0.950
0.950
0.950

1.050
1.050
1.050

Busl13
Bus14
DUMO0001

TRANSFORMER DATA

STATUS CKT FROM FROM TO TO IMPEDANCE NOMINAL RATING
NODE NAME* NODE NAME* RP.U) X(P.U. TAP MVA CTR MINTAP MAXTAP TAPSTEP SHIFT-DE
3 1 5 Bus5 6 Bus6 0.00003 0.25202 1.00000 25.00 6 0.93200 1.068000.01700 0.000
3 1 4 Bus4 9 Bus9 0.00006 0.55618 0.98450.060 9 0.96900 1.031000.00775 0.000
3 1 4 Bus4 51 DUMO0001 0.00001 0.20912 1.022000.00 8 0.97800 1.0220 0.00550 0.000
3 1 9 Bus9 51 DuUMO0001 0.00001 0.11001 1.000(ED.00 8 1.00000 1.am00 0.00000 0.000
3 1 8 Bus8 51 DUMO0001 0.00000 0.17615 1.0000t5.00 8 1.00000 1000 0.00000 0.000
TRANSMISSION LINE DATA
STACKT  FROM FROM TO TO LINFARAMETER  RATING KMS
NODE NAME* NODE  NAME* R(P.UX(P.U)  B/2(P.U.) MVA
3 1 1 Busl 2 Bus2 03890.05917  0.02640 100 1.0
3 1 1 Busl 5 Bus5 0@540.22304  0.02460 100 1.0
3 1 2 Bus2 3 Bus3 09RI60.19797  0.02190 100 1.0
3 1 2 Bus2 4 Bus4 00B680.17632  0.01870 100 1.0
3 1 2 Bus2 5 Bus5 095560.17388  0.01700 100 1.0
3 1 3 Bus3 4 Bus4 0@B70.17103  0.01730 100 1.0
3 1 4 Bus4 5 Bus5 03830.04211  0.00640 100 1.0
3 1 6 Bus6 11  Busll 09940.19890  0.00000 100 1.0
3 1 6 Bus6 12 Busl2 09P20.25581  0.00000 100 1.0
3 1 6 Bus6 13 Busl3 01360.13027  0.00000 100 1.0
3 1 9 Bus9 10  Busl0 081310.08450  0.00000 100 1.0
3 1 9 Bus9 14  Busl4 011270.27038  0.00000 100 1.0
3 1 10  Busl0 11  Busll 0.@820.19207  0.00000 100 1.0
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3 1 12 Bus12 13 Bus13 0.2200.19988 0.00000 100 1.0
3 1 13 Bus13 14 Busl4 0.3700.34802 0.00000 100 1.0
TOTAL LINE CHARGING SUSCEPTANCE 45460
TOTAL LINE CHARGING MVAR AT 1 PU VOLTAGE B.460
TOTAL CAPACITIVE SUSCEPTANCE 0.000 pu- 0.000 MVAR
TOTAL INDUCTIVE SUSCEPTANCE 0.000 pu - 0.000 MVAR
GENERATOR DATA
SL.NO* FROM FROM REAL Q-MIN  Q-MX V-SPEC CAP. MVA STAT
NODE NAME* POWER(MW) MVAR MXR P.U.CURV RATING
1 1 Busl 232.0000 -1000.00@9.5620 1.0600 O 615.00 3
2 2 Bus2 40.0000 0000 50.0000 1.0400 O 60.00 3
3 3 Bus3 0.0000 0.0000 40.0000 1.0100 O 60.0 3
4 6 Bus6 0.0000 -6.0000 25.0000 1.0000 O 25.00 3
5 8 Bus8 0.0000 -6.0000 25.0000 1.0900 O 25.00 3
LOAD DATA
SLNO FROM FROM REAL REACTIVE COMP COMRBATING MVAR VALUE CHAR F/V
* NODE NAME* MW  MVAR MVAR MIN MAX STEP NO NO STAT
1 2 Bus2 21.700 12.700 0.000 0.000 0.000 0.000 0 O 3
2 3 Bus3 94.200 19.000 0.000 0.000 0.000 0.000 0 O 3
3 4 Bus4 47.800 3.900 0.000 0.000 0.000 0.000 0O O G
4 5 Bus5 7.600 1.600 0.000 0.000 0.000 0000 O O G
5 6 Bus6 11.200 7.500 0.000 0.000 0.000 0000 O O 3 0
6 9 Bus9 29.500 16.600 0.000 0.000 0.000 0000 0 O 3 0
7 10 Bus10 9.000 5.800 0.000 0.000 0.000 0000 O O G
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8 11 Busll 3.500 1.800 0.000 0.000 0.000 0000 O O G
9 12 Bus12 6.100 1.600 0.000 0.000 0.000 0000 O O G
10 13 Bus13 13.500 5.800 0.000 0.000 0.000 0000 O O 3 0
11 14 Bus14 14.900 5.000 0.000 0.000 0.000 0000 O O 3 0
TOTAL SPECIFIED MW GENERATION : 272.00000
TOTAL MIN MVAR LIMIT OF GENERATOR : -1052.00000
TOTAL MAX MVAR LIMIT OF GENERATOR : 709.56201
TOTAL SPECIFIED MW LOAD : 259.00008duced 259.00000
TOTAL SPECIFIED MVAR LOAD 81.3000%duced 81.30001
TOTAL SPECIFIED MVAR COMPENSATION 0.000068duced 0.00000
GENERATOR DATA FOR FREQUENCY DEPENDENT LOAD FLOW
SLNO* FROM FROM P-RATE P-MIN P-MAX %DROOP PARTICI  BIAS
NODE NAME* MW MW MW FACTOR SETTING Co C1 C2
1 1 Busl 232.000 0.0000 2320004.0000 0.0000 0.0000 0.0000 @O0OO00.0000
2 2 Bus2 40.000 0.0000 0.0800 4.0000 0.0000 0.0000 0.0000000 0.0000
3 3 Bus3 0.000 0.0000 0.0000 4.0000 0.0000 0.0000 0.0000W000 0.0000
4 6 Bus6 0.000 0.0000 0.0000 4.0000 0.0000 0.0000 00000.0000 0.0000
5 8 Bus8 0.000 0.0000 0.0000 4.0000 0.0000 0.0000 0.0000000 0.0000

Acceleration factor : 1.60

Slack bus angle (degrees) :

0.00

lteration count= 1 Error = 0.072265 Busi#
Iteration count= 2 Error = 0.064388 Busl3
Iteration count= 3 Error = 0.030893 Busl®
Iteration count= 4 Error = 0.020389 Busl4d
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Iteration count =
Iteration count =
Iteration count =
Iteration count =
Iteration count =
Iteration count =
Iteration count =
Iteration count =
lteration count =
lteration count =
lteration count =

5 Error= 0.032778 Bus #
6 Error = 0.028402 Bus #
7 Error= 0.022169 Busl=
8 Error= 0.015118 Bus &
9 Error= 0.010275 BusiH&
10 Error = 0.006042 Bus &
11 Error = 0.003765 Bus #
12 Error = 0.002633 Bus #
13 Error = 0.001365 Bus &
14 Error = 0.001117 Busld
15 Error = 0.000592 Bus #

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE

NO. NAME P.U. DEGREE
1 Busl 1.0600 4.96
2 Bus2 1.0400 0.00
3 Bus3 1.0100 -8.00
4 Bus4 0.9953 -5.19
5 Bus5 1.0001 -3.54
6 Bus6 0.9421 -9.35
8 Bus8 0.9832 -8.17
9 Bus9 0.9560 -9.77
10 Bus10 0.9454 -10.07
11 Busll 0.9400 -9.90
12 Bus12 0.9273 -10.40
13 Bus13 0.9241 -10.50
14 Busl4 0.9218 -11.36
15 DUMO0001  0.9733 -8.19
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MW MVAR MW MVAR MVAR
GEN GEN LOAD LOAD COMP
232.0@0953 0.000 0.000 0.000 #
39.830.821 21.700 12.700 0.000 >
0.000 39.819 94.200 19.000 0.000
0.000 0.000 47.800 3.900 0.000
0.000.000  7.600 1.600 0.000
0.008.000 11.200 7.500 0.000 @
0.0026.000 0.000 0.000 0.000
0.000.000 29.500 16.600 0.000
0.000 0.000 9.000 5.800 0.@6DO
0.00®m.000  3.500 1.800 0.000 @
0.00@.000  6.100 1.600 0.000 @
0.00®.000 13.500 5.800 0.000 @
0.00®.000 14.900 5.000 0.000 @
0.0000.000  0.000 0.000 0.000



NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark)
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark)
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark)
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark)

LINE FLOWS AND LINE LOSSES
FROM FROM
NODE NAME NODE

SLNO CS

PFRPRPRPRPRPRPRPRRPRRRRRRRR

TO
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6
1
0
1

TO FORWBAR LOSS %

NAME MW  MVAR MW MVAR LOADING
Bus6 37.828.942 0.0005 5.1771 181.3!
Bus9 13.870.539 0.0002 1.6512 29.2*
DUMO0001  35.999.365 0.0002 1.8833 36.2"
DUMO0001 -359-22.554 0.0001 1.4069 88.7#
DUMO0001 B8 25.396 0.0000 0.2573 103.4@
Bus2 158.023 -11.929 4.3209 7.3707 149.5!
Bus5 74.012.995 2.7536 6.1426 70.9%
Bus3 74.646.843 24252 5.6148 71.8%
Bus4 56.458.141 1.7677 1.4887 54.8%
Bus5 40.729.837 0.9451 -0.6534 40.3"
Bus4 -21.832 16.176 0.5245 -2.1398 29.0"
Bus5 -64.922640 0.5822 0.5624 66.1%
Busll 913. -0.867 0.0172 0.0360 4.3&
Bus12 224. 2.033 0.0780 0.1624 8.0&
Bus13 16.021.993 0.2100 0.4135 17.8&
Bus10 928. 8.691 0.0540 0.1435 13.0&
Bus14 10.156.520 0.2634 0.5603 14.4&
Busll -8.172.738 0.0069 0.0162 2.9&
Bus13 99.0 0.260 0.0033 0.0030 1.2&
Busl14 90.1-0.942 0.0222 0.0451 3.6&



I'NUMBER OF LINES LOADED BEYOND 125%

@ NUMBER OF LINES LOADED BETWEEN 100% AND 125%
# NUMBER OF LINES LOADED BETWEEN 75% AND 100%
$ NUMBER OF LINES LOADED BETWEEN 50% AND 75%
~NUMBER OF LINES LOADED BETWEEN 25% AND 50%

& NUMBER OF LINES LOADED BETWEEN 1% AND 25%

* NUMBER OF LINES LOADED BETWEEN 0% AND 1%

R RKRBRN

Summary of results
TOTAL REAL POWER GENERATION

TOTAL REACT. POWER GENERATION

GENERATION pf

TOTAL SHUNT REACTOR INJECTION
TOTAL SHUNT REACTOR INJECTION

TOTAL SHUNT CAPACIT.INJECTION
TOTAL SHUNT CAPACIT.INJECTION

TOTAL REAL POWER LOAD
TOTAL REACTIVE POWER LOAD
LOAD pf

TOTAL COMPENSATION AT LOADS
TOTAL HVDC REACTIVE POWER
TOTAL REAL POWER LOSS (AC+DC)
PERCENTAGE REAL LOSS (AC+DC)
TOTAL REACTIVE POWER LOSS
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271.824 MW
110.593 MVAR
0.926

0.000 MW
0.000 MVAR

0.000 MW
0.000 MVAR

259.000 MW

81.300 MVAR

0.954

0.000 MVAR

0.000 MVAR

13.975368 MWL8.975368+ 0.000000)
5.141

30.141729 MVAR



Zone wise distribution
Description Zone #1
MW generation
MVAR generation
MW load

MVAR load

MVAR compensation
MW loss

MVAR loss

MVAR - inductive
MVAR - capacitive

271.8238
110.5932
259.0000
81.3000

0.0000
13.9754
30.1417

0.0000
0.0000

Zone wise export(+ve)/import(-ve)

Zone # 1 MW & MVAR

Area wise distribution
Description Area # 1
MW generation
MVAR generation
MW load

MVAR load

MVAR compensation
MW loss

MVAR loss

MVAR - inductive
MVAR - capacitive

271.8238
110.5932
259.0000
81.3000

0.0000
13.9754
30.1417

0.0000
0.0000
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4.5 Line Outage

Line 1-2 open

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 31.87 232.000 &3.2 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 59.749.944 21.700 12.700 0.000 >
3 Bus3 1.0052 -5.41 0.080.000 94.200 19.000 0.000
4 Bus4 0.9905 -0.05 0.000.000 47.800 3.900 0.000
5 Busb5 0.9892 3.45 0.000.000 7.600 1.600 0.000
6 Bus6 0.9879 -3.18 0.0@8.000 11.200 7.500 0.000
8 Bus8 0.9883 -2.63 0.0@8.000 0.000 0.000 0.000
9 Bus9 0.9664 -3.97 0.000.000 29.500 16.600 0.000
10 Bus10 0.9618 -4.17 0.000.000 9.000 5.800 0.000
11 Busll 0.9710 -3.85 0.000.000 3.500 1.800 0.000
12 Bus12 0.9716 -4.19 0.000.000 6.100 1.600 0.000
13 Bus13 0.9659 -4.29 0.000.000 13.500 5.800 0.000
14 Busl14 0.9464 -5.31 0.000.000 14.900 5.000 0.000@
15 DUMO0001  0.9787 -2.64 0.00@.000 0.000 0.000 0.000
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 1
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1
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NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWBAR LOSS %

NODE NAME NODE NAME MW MVAR MW MVAR LOADING

1 1 5 Bus5 6 Bus6 44.79 3.081 0.0005 5.1916 181.5!
2 1 4 Bus4 9 Bus9 1%.97 7.586 0.0001 1.1044 23.9&
3 1 4 Bus4 15 DUMO0001 3B23 -5.980 0.0001 1.4817 32.8"
4 1 9 Bus9 15 DUMO0001 &8 -16.195 0.0001 0.9235 71.9%
5 1 8 Bus8 15 DUMO0001 743 24.748 0.0000 0.2417 100.2@
6 1 1 Busl 2 Bus2 LINEOPEN
7 1 1 Busl 5 Busb5 231.995 31.341 26.4402 103.9760 220.9!
8 1 2 Bus2 3 Bus3 95.7 5.970 1.1957 0.4560 50.1%
9 1 2 Bus2 4 Bus4 099. 24.167 0.4130 -2.6043 28.4"
10 1 2 Bus2 5 Bus5 -22.848 37.107 1.0735 -0.2246 44.8"
11 1 3 Bus3 4 Bus4 -43.410 26.447 1.7769 1.0898 52.3%
12 1 4 Bus4 5 Bus5 -126.766 47.007 2.4953 6.6168 9136.
13 1 6 Bus6 11 Busll 84%. 4.705 0.0815 0.1707  3&9.
14 1 6 Bus6 12 Bus12 8438. 2.595 0.0860 0.1791  4&8.
15 1 6 Bus6 13 Bus13 17.99 7.693 0.2596 0.5113 19.8&
16 1 9 Bus9 10 Bus10 098. 3.337 0.0126 0.0336  3&6.
17 1 9 Bus9 14 Busl14 258. 2.890 0.1279 0.2720 10.0&
18 1 10 Bus10 11 Busll -8.98 -2.866 0.0214 0.0500 5.1&
19 1 12 Bus12 13 Bus13 722. 0.860 0.0087 0.0078  0&2.
20 1 13 Bus13 14 Bus14 94b. 2.530 0.0765 0.1557  7&6.

Line 1-5 open

-84 -



BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW  MVR MW  MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 7.40 232.000 59Z. 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 44852 482. 21.700 12.700 0.000 >
3 Bus3 0.9987 -9.39 0.000.060 94.200 19.000  0.000
4 Bus4 0.9732 -7.68 0.000.000 47.800 3.900 0.000
5 Busb 0.9715 -6.83 0.000.000 7.600 1.600 0.000
6 Bus6 0.9145 -12.56 .000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9621 -10.88 .000 25.000 0.000 0.000 0.000
9 Bus9 0.9337 -12.63 .000 0.000 29.500 16.600 0.000@
10 Busl0 0.9218 -13.02 .000  0.000 9.000 5.800 0.000 @
11 Busll 0.9140 -13.01 .000  0.000 3.500 1.800 0.000 @
12 Busl2 0.8994 -13.64 .000 0.000 6.100 1.600 0.000 @
13 Busl3 0.8963 -13.75 .000 0.000 13.500 5.800 0.000 @
14 Busl4 0.8962 -14.47 .000 0.000 14.900 5.000 0.000 @
15 DUMO0001 0.9512 -10.92 0.000 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 7

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWBAR LOSS %

NODE NAME NODE NAME MW  MVAR MW MVAR  LOADING
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1 1 5 Bus5 6 Bus6 35.188.749 0.0005 4.8108 174.8!
2 1 4 Bus4 9 Bus9 14.318.358 0.0002 1.7766 30.3»
3 1 4 Bus4 15 DUMO0001 37.180.778 0.0002 2.1028 38.2"
4 1 9 Bus9 15 DUMO0001 -310-22.270 0.0002 1.5322 92.6#
5 1 8 Bus8 15 DUMO0001 B6127.085 0.0000 0.3064 112.8@
6 1 1 Busl 2 Bus2 232.002 -27.594 9.3884 22.8425  4£°20.
7 1 1 Busl 5 Bus5 LINEOPEN
8 1 2 Bus2 3 Bus3 87.528.574 3.3555 9.5835 84.3#
9 1 2 Bus2 4 Bus4 82.478.333 3.8162 7.7854 80.7#
10 1 2 Bus?2 5 Busb 75.788.437 3.2393 6.4469 75.0%
11 1 3 Bus3 4 Bus4 -2.587.164 0.3011 -2.5956 22.7&
12 1 4 Bus4 5 Bus5 -29.094 12.848 0.1448 -0.7535 33.2"
13 1 6 Bus6 11 Busl1l 763. -1.085 0.0100 0.0210 3.2&
14 1 6 Bus6 12 Bus12 033. 2.072 0.0790 0.1644 8.0&
15 1 6 Bus6 13 Bus13 18.554.964 0.2108 0.4151 17.9&
16 1 9 Bus9 10 Bus10 18.479.291 0.0715 0.1900 15.0&
17 1 9 Bus9 14 Busl14 13.196.929 0.3237 0.6885 16.0&
18 1 10 Bus10 11 Bus11 53.2 3.219 0.0115 0.0270 3.7&
19 1 12 Bus12 13 Bus13 31.0 0.228 0.0030 0.0028 1.2&
20 1 13 Bus13 14 Bus14 72.3-1.110 0.0146 0.0297 2.9&
Line 2-3 open
Date and Time : Mon Feb 14 14:22:32 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
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NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.39 232.006.747 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 48.188.325 21.700 12.700 0.000 >
3 Bus3 0.9100 -20.37 0.000 40.000 94.200 19.000 0.000 @
4 Bus4 0.9566 -8.84 0.000 0.000 47.800 3.900 0.000
5 Bus5 0.9702 -6.11 0.000.000 7.600 1.600 0.000
6 Bus6 0.9092 -12.59 0.066.000 11.200 7.500 0.000 @
8 Bus8 0.9480 -11.82 0.086.000 0.000 0.000 0.000 @
9 Bus9 0.9197 -13.47 0.000.000 29.500 16.600 0.000 @
10 Bus10 0.9090 -13.74 0.000.000 9.000 5.800 0.000@
11 Busll 0.9045 -13.39 0.000.000 3.500 1.800 0.000@
12 Bus12 0.8935 -13.74 0.000.000 6.100 1.600 0.000@
13 Bus13 0.8894 -13.91 0.000.000 13.500 5.800 0.000@
14 Bus14 0.8847 -15.06 0.000.000 14.900 5.000 0.000@
15 DUMO0001  0.9367 -11.88 0.000.000 0.000 0.000 0.000@

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 10

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWBAR LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 Bus5 6 Bus6 39.5@8.722 0.0006 5.9489 194.3!
2 1 4 Bus4 9 Bus9 12.949.603 0.0002 1.5309 28.1"
3 1 4 Bus4 15 DUMO0001  33.72D.452 0.0002 1.7865 36.0"
4 1 9 Bus9 15 DUMO0001 -303-21.368 0.0001 1.3281 86.2#
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5 1 8 Bus8 15 DUMO0001 A1927.909 0.0000 0.3359 118.1@

6 1 1 Busl 2 Bus2 140.893828 3.4280 4.6445 133.1!

7 1 1 Busl 5 Bus5 9@.8%5.606 4.3554 12.8997 89.0#

8 1 2 Bus?2 3 Bus3 LINEOPEN

9 1 2 Bus2 4 Bus4 94.822.587 5.1610 11.9259 93.8#

10 1 2 Bus2 5 Bus5 69.020.566 2.7762 5.0374 69.3%

11 1 3 Bus3 4 Bus4 -93.09R.492 7.4014 15.8747 105.2@

12 1 4 Bus4 5 Bus5 -103.845 4.002 1.5761 3.7835 108.7@

13 1 6 Bus6 11 Busl1l 612. -0.472 0.0364 0.0763 6.2&

14 1 6 Bus6 12 Bus12 38B. 2.105 0.0877 0.1825 8.4&

15 1 6 Bus6 13 Bus13 19.065.333 0.2559 0.5040 19.7&

16 1 9 Bus9 10 Bus10 018. 8.701 0.0526 0.1398 12.9&

17 1 9 Bus9 14 Busl14 14.466.638 0.2637 0.5609 14.4&

18 1 10 Bus10 11 Busl1l -5.412.742 0.0095 0.0221 3.4&

19 1 12 Busl12 13 Bus13 1.460 0.219 0.0060 0.0055 1.7&

20 1 13 Bus13 14 Bus14 24.1-0.786 0.0381 0.0776 4.7&

Line 2-4 open

Date and Time : Mon Feb 14 14:35:43 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MVR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.47 232.000 412 0.000 0.000 0.000#
2 Bus2 1.0400 0.00 37.899 49.119 21.700 12.700 0.000
3 Bus3 0.9962 -9.76 0.000 40.000 94.200 19.000 0.000
4 Bus4 0.9682 -8.38 0.000 0.000 47.800 3.900 0.000
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5 Bus5 0.9790 -5.80 0.000 0.000 7.600 1.600 0.000
6 Bus6 0.9197 -12.07 0.000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9594 -11.28 0.000 25.000 0.000 0.000 0.000
9 Bus9 0.9314 -12.90 0.000 0.000 29.500 16.600 0.000 @
10 Bus10 0.9205 -13.17 0.000 0.000 9.000 5.800 0.@GDO
11 Busll 0.9155 -12.85 0.000 0.000 3.500 1.800 0.@GDO
12 Bus1?2 0.9042 -13.20 0.000 0.000 6.100 1.600 0.@GDO
13 Bus13 0.9003 -13.37 0.000 0.000 13.500 5.800 0.000 @
14 Busl4 0.8964 -14.47 0.000 0.000 14.900 5.000 0.000 @
15 DUMO0001 0.9481 -11.35 0.000 0.000 0.000 0.000 0.@dO
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 8
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWBR LOSS %
NODE NAME NODE NAME MW MVAR MW MVAR LOADING
1 1 5 Bus5 6 Bus6 39.026.156 0.0006 5.6692 189.7!
2 1 4 Bus4 9 Bus9 12.959.705 0.0002 1.5068 27.97
3 1 4 Bus4 15 DUMO0001 33.719.336 0.0002 1.7434 35.67
4 1 9 Bus9 15 DUMO0001 -33%4-21.298 0.0001 1.2940 85.1#
5 1 8 Bus8 15 DUMO0001 25628.122 0.0000 0.3337 117.7@
6 1 1 Busl 2 Bus2 143.393 -8.438 3.5517 5.0220 135.5!
7 1 1 Busl 5 Busb 88.889 21.674 4.0866 11.7484 86.3#
8 1 2 Bus2 3 Bus3 90.886 6.630 3.6238 10.7251 87.6#
9 1 2 Bus?2 4 Bus4 LINEOPEN
10 1 2 Bus? 5 Bus5 65.1%6.330 2.4090 3.8873 64.6%
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11 1 3 Bus3 4 Bus4 -6.187.202 0.2673 -2.6563 21.6&

12 1 4 Bus4 5 Busb -98.569 8.145 1.3946 3.1857 102.2@

13 1 6 Bus6 11 Busl11l 6B8.4 -0.624 0.0339 0.0710 6.0&

14 1 6 Bus6 12 Bus12 69.3 2.088 0.0852 0.1774 8.3&

15 1 6 Bus6 13 Bus13 17.003.241 0.2476 0.4875 19.3&

16 1 9 Bus9 10 Bus10 78.1 8.965 0.0540 0.1434 13.0&

17 1 9 Bus9 14 Busl14 11.668.710 0.2654 0.5645 14.4&

18 1 10 Bus10 11 Busll -1.157.901 0.0094 0.0221 3.4&

19 1 12 Bus12 13 Bus13 %.430.199 0.0057 0.0051 1.6&

20 1 13 Bus13 14 Busl14 8.020.923 0.0360 0.0734 4.6&
Line 2-5 open

Date and Time : Mon Feb 14 14:49:16 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP

1 Bus1 1.0600 4.50 232.0000a8. 0.000 0.000 0.000#

2 Bus2 1.0400 0.00 37.762.836 21.700 12.700 0.000

3 Bus3 1.0017 -8.91 0.0€0.000 94.200 19.000 0.000

4 Bus4 0.9786 -6.80 0.000.000 47.800 3.900 0.000

5 Bus5 0.9778 -5.67 0.000.000 7.600 1.600 0.000

6 Bus6 0.9211 -11.41 0.000 -6.000 11.200 7.500 0.000 @

8 Bus8 0.9677 -9.90 0.0@6.000 0.000 0.000 0.000

9 Bus9 0.9396 -11.60 0.000 0.000 29.500 16.600 0.000 @

10 Bus10 0.9278 -11.97 0.000 0.000 9.000 5.800 0.000@

11 Busil1 0.9203 -11.91 0.000 0.000 3.500 1.800 0.000@
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12 Bus12 0.9061 -12.47 0.000 0.000 6.100 1.600 0.000@

13 Bus13 0.9030 -12.60 0.000 0.000 13.500 5.800 0.000@
14 Busl4 0.9025 -13.38 0.000 0.000 14.900 5.000 0.000@
15 DUMO0001  0.9568 -9.94 0.000 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 7

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWAR LOSS %

NODE NAME NODE NAME MW MVAR MW MVAR LOADING

1 1 5 Bus5 6 Bus6 35.717  23.747 0.0005 4.8496 175.5!
2 1 4 Bus4 9 Bus9 14.065 10.328 0.0002 1.7139 29.7"
3 1 4 Bus4 15 DUMO0001  36.566 1.512 0.0002 2.0103 37.4"
4 1 9 Bus9 15 DUMO0001 -383 -22.189 0.0001 1.4681 680.
5 1 8 Bus8 15 DUMO0001 30 27.286 0.0000 0.3080 113.1@
6 1 1 Busl 2 Bus2 144.186 -8.630 3.5913 5.1431 136.3!
7 1 1 Busl 5 Busb 88.086 22.280 4.0327 11.5316 85.7#
8 1 2 Bus2 3 Bus3 83.080 4.385 3.0185 8.1510 80.0#
9 1 2 Bus2 4 Bus4 73.576  13.977 3.0460 5.4287 72.0%
10 1 2 Bus2 5 Bus5 LINEOPEN
11 1 3 Bus3 4 Bus4 -13.592 17.476 0.3699 -2.4487 24.9&
12 1 4 Bus4 5 Bus5 -39.822 14.501 0.2529 -0.4271 43.7"
13 1 6 Bus6 11 Busll 218. -1.118 0.0130 0.0272 3.7&
14 1 6 Bus6 12 Bus12 07%. 2.060 0.0787 0.1638 8.0&
15 1 6 Bus6 13 Bus13 19.78 4.952 0.2135 0.4204 18.0&
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16 1 9 Bus9 10 Bus10 18.19 9.279 0.0685 0.1819 14.7&
17 1 9 Bus9 14 Bus14 10.99 6.924 0.3120 0.6637 15.7&
18 1 10 Bus10 11 Busll 08.9 3.236 0.0108 0.0252 3.6&
19 1 12 Bus12 13 Bus13 03.1 0.207 0.0034 0.0031 1.2&
20 1 13 Bus13 14 Bus14 32.6 -1.139 0.0173 0.0351 3.2&
Line 3-4 open
Date and Time : Mon Feb 14 15:02:36 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 5.14 232.000.802 0.000 0.000 0.000#
2 Bus2 1.0400 0.00 39.27R.066 21.700 12.700 0.000 >
3 Bus3 1.0100 -10.65 0.000 32.956 94.200 19.000 0.000
4 Bus4 0.9893 -3.94 0.000 0.000 47.800 3.900 0.000
5 Bus5 0.9962 -2.64 0.000 0.000 7.600 1.600 0.000
6 Bus6 0.9375 -8.35 0.000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9785 -6.96 0.000 25.000 0.000 0.000 0.000
9 Bus9 0.9514 -8.60 0.000 0.000 29.500 16.600 0.000
10 Bus10 0.9406 -8.94 0.000 0.000 9.000 5.800 0.000@
11 Busll 0.9350 -8.85 0.000 0.000 3.500 1.800 0.000@
12 Bus12 0.9225 -9.39 0.000 0.000 6.100 1.600 0.000@
13 Bus13 0.9192 -9.50 0.000 0.000 13.500 5.800 0.000 @
14 Bus14 0.9167 -10.28 .000 0.000 14.900 5.000 0.000 @
15 DUMO0001 0.9681 -6.99 0.000 0.000 0.000 0.000 0.000
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NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 6

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWBAR LOSS %

NODE NAME NODE NAME MW MVAR MW MVAR LOADING

1 1 5 Bus5 6 Bus6 36.825.061 0.0005 5.0484 179.0!
2 1 4 Bus4 9 Bus9 18.940.231 0.0002 1.6512 29.2"
3 1 4 Bus4 15 DUMO0001 3&250.856 0.0002 1.9318 37.5"
4 1 9 Bus9 15 DUMO0001 -36.170 -21.803 0.0001 1.4089 88.8
5 1 8 Bus8 15 DUMO0001 201 26.378 0.0000 0.2805 107.9@
6 1 1 Busl 2 Bus2 163.630 -13.232 4.6363 8.3336 154.9!
7 1 1 Busl 5 Busb5 68.465.321 2.4110 4.7473 66.2%
8 1 2 Bus2 3 Bus3 98.46:0.830 4.2084 13.1274 94.6#
9 1 2 Bus2 4 Bus4 42.474.295 1.2539 -0.0479 45.8"
10 1 2 Bus2 5 Bus5 32.684.274 0.6991 -1.3914 34.3"
11 1 3 Bus3 4 Bus4 LINEOSEN
12 1 4 Bus4 5 Bus5 -52.920.425 0.3822 -0.0559 53.5%
13 1 6 Bus6 11 Busll .568 -0.549 0.0141 0.0295 3.9&
14 1 6 Bus6 12 Bus12 166 2.089 0.0779 0.1622 8.0&
15 1 6 Bus6 13 Bus13 9%.8 5.195 0.2104 0.4143 17.8&
16 1 9 Bus9 10 Bus10 .509 8.600 0.0577 0.1533 13.5&
17 1 9 Bus9 14 Bus14 89.4 6.445 0.2774 0.5900 14.8&
18 1 10 Bus10 11 Busll 338. 2.554 0.0062 0.0144 2.7&
19 1 12 Bus12 13 Bus13 10%. 0.305 0.0034 0.0031 1.2&
20 1 13 Bus13 14 Busl4 942. -0.770 0.0187 0.0382 3.3&
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Line 4-5 open

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE Mw MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 5.63 232.000 34.4 0.000 0.000 0.000#
2 Bus2 1.0400 0.00 42.439 2B@. 21.700 12.700 0.000 >
3 Bus3 1.0033 -9.93 .000 40.000 94.200 19.000 0.000
4 Bus4 0.9818 -8.79 .000 0.000 47.800 3.900 0.000
5 Busb 1.0064 -0.36 .000 0.000 7.600 1.600 0.000
6 Bus6 0.9455 -8.54 .000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9702 -10.89 000. 25.000 0.000 0.000 0.000
9 Bus9 0.9418 -12.02 000. 0.000 29.500 16.600 0.000 @
10 Busl0 0.9334 -11.80 000. 0.000 9.000 5.800 0.000@
11 Busll 0.9346 -10.38 000. 0.000 3.500 1.800 0.000@
12 Busl2 0.9298 -9.80 0.000 0.000 6.100 1.600 0.000 @
13 Busl3 0.9241 -10.12 000. 0.000 13.500 5.800 0.000@
14 Busl4 0.9132 -12.51 000. 0.000 14.900 5.000 0.000@
15 DUMO0001 0.9599 -10.91 .0 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 7
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1
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LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWBAR LOSS %

NODE NAME NODE NAME MW MVAR MW MVAR LOADING
1 1 5 Bus5 6 Bus6 53.750 28.191 0.0009 9.1654 241.2!
2 1 4 Bus4 9 Bus9 9.52 10.200 0.0001 1.0887 23.7&
3 1 4 Bus4 15 DUMO0001  24.734 0.959 0.0001 0.9138 25.2"
4 1 9 Bus9 15 DUMO0001 -206 -23.577 0.0001 0.9368 4%2
5 1 8 Bus8 15 DUMO0001 @L96 25.992 0.0000 0.2768 107.2@
6 1 1 Busl 2 Bus2 178.374 -16.568 5.5198 11.0311169.0!
7 1 1 Busl 5 Busb5 53.565 12.325 1.4892 0.8917 1.9%
8 1 2 Bus2 3 Bus3 92.175 2.955 3.7035 11.0300 88.7#
9 1 2 Bus?2 4 Bus4 92.082 8.784 4.6182 10.1877 88.9#
10 1 2 Bus2 5 Bus5 9.33 15.187 0.1985 -2.9545 20.2&
11 1 3 Bus3 4 Bus4 -2.61 13.178 0.1691 -2.9771 17.5&
12 1 4 Bus4 5 Bus5 LINEOPEN
13 1 6 Bus6 11 Busll 13.723  -1.169 0.2016  0.4221 14.6&
14 1 6 Bus6 12 Bus12 48.4 1.831 0.1026  0.2135 9.1&
15 1 6 Bus6 13 Bus13 21.039 5.091 0.3467 0.6828 22.9&
16 1 9 Bus9 10 Bus10 -0.449 9.544 0.0327  0.0870 10.1&
17 1 9 Bus9 14 Busl14 %.04 7.151 0.1256  0.2671 9.9&
18 1 10 Bus10 11 Busll -0.664 3.687 0.1007  0.2358 11.1&
19 1 12 Bus12 13 Bus13 2.385 0.013 0.0145 0.0132 2.6&
20 1 13 Bus13 14 Bus14 9.370 -1.498 0.1802  0.3669 10.3&

Line 4-15 open
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BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MAR MW MVAR MVAR

NO. NAME P.U. DEGREE EBS GEN LOAD LOAD COMP
1 Busl 1.0600 4.99 232.000 26.5 0.000 0.000 0.000#
2 Bus2 1.0400 0.00 24.382 238 21.700 12.700 0.000
3 Bus3 1.0100 -7.52 0.000 30.907 94.200 19.000 0.000
4 Bus4 1.0103 -4.64 0.000 0.000 47.800 3.900 0.000
5 Bus5 1.0158 -3.46 0.000 0.000 7.600 1.600 0.000
6 Bus6 1.0132 -10.53 0.000 25.000 11.200 7.500 0.000
7 Bus7 1.0072 -11.35 0.000 0.000 0.000 0.000 0.000
8 Bus8 1.0424 -10.12 13.200 1.221 0.000 0.000 0.000
9 Bus9 0.9847 -12.26 0.000 0.000 29.500 16.600 0.000
10 Bus10 0.9813 -12.29 0.000  0.000 9.000 5.800 0.000
11 Busll 0.9929 -11.58 0.000  0.000 3.500 1.800 0.000
12 Bus12 0.9964 -11.55 0.000  0.000 6.100 1.600 0.000
13 Bus13 0.9900 -11.72 0.000  0.000 13.500 5.800 0.000
14 Bus14 0.9674 -13.19 0.000  0.000 14.900 5.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 0

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORRD LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 Bus5 6 Bus6 58.22 4.149 0.0006 6.2031 198.4!
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2 1 4 Bus4 9 Bus9 23.70 6.233 0.0003 3.2723 97.0#
3 1 4 Bus4 15 LINE IS OPEN
4 1 9 Bus9 15 DUMO0001 -m.2 -20.758 0.0000 -0.6862 25.0&
5 1 8 Bus8 15 DUMO0001 o -19.990 0.0001 0.9796 94.3#
6 1 1 Busl 2 Bus2 159.08 -12.178 4.3799 7.5507 150.5!
7 1 1 Busl 5 Bus5 0B3. 5.807 2.6016 5.4375 69.1%
8 1 2 Bus?2 3 Bus3 34d. 1.264 2.1555 4.4785 67.6%
9 1 2 Bus2 4 Bus4 283, 1.185 1.3104 0.0447 47.4"
10 1 2 Bus2 5 Busb 781. 1.397 0.7563 -1.2836 36.3"
11 1 3 Bus3 4 Bus4 -2%.8 8.909 0.5130 -2.2214 28.3"
12 1 4 Bus4 5 Busb -48.1 2.419 0.3171 -0.3133 48.8"
13 1 6 Bus6 11 Busl1l 588. 4.885 0.1463 0.3065 12.4&
14 1 6 Bus6 12 Bus12 8.340 2.691 0.0920 0.1914 8.6&
15 1 6 Bus6 13 Bus13 0Za. 7.975 0.3007 0.5921 21.3&
16 1 9 Bus9 10 Bus10 1.920 3.271 0.0047 0.0125 3.9&
17 1 9 Bus9 14 Busl4 7.143 2.986 0.0786 0.1671 7.9&
18 1 10 Bus10 11 Busi11 67.4 -2.695 0.0537 0.1257 8.1&
19 1 12 Bus12 13 Bus13 243. 0.710 0.0123 0.0111 2.4&
20 1 13 Bus13 14 Bus14 268. 2.462 0.1296 0.2639 8.7&
Line 4-9 Open

Date and Time : Mon Feb 14 15:30:03 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.96 232.000.337 0.000 0.000 0.000 #
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2 Bus? 1.0400 0.00 38.761.461 21.700 12.700 0.000 >
3 Bus3 1.0100 -7.96 0.000 39.537 94.200 19.000 0.000
4 Bus4 0.9956 -5.11 00.0 0.000 47.800 3.900 0.000
5 Busb 0.9991 -3.54 00.0 0.000 7.600 1.600 0.000
6 Busb6 0.9348 -0.98 00.0-6.000 11.200 7.500 0.000 @
8 Bus8 0.9717 -8.92 00.025.000 0.000 0.000 0.000
9 Bus9 0.9385 -11.01 0.000 0.0@9.500 16.600 0.000 @
10 Busl0 0.9293 -11.22 0.000 0.009.000 5.800 0.000 @
11 Busll 0.9279 -10.81 0.000 0.003.500 1.800 0.000 @
12 Busl2 0.9191 -11.10 0.000 0.006.100 1.600 0.000 @
13 Busl3 0.9149 -11.25 0.000 0.0a3.500 5.800 0.000 @
14 Busl4 0.9075 -12.44 0.000 0.0a4.900 5.000 0.000 @
15 DUMO0001 0.9614 -8.95 0.000.000D 0.000 0.000 0.000
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 7
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWBAR LOSS %
NODE NAME NODE NAME MW MVAR MW MVAR LOADING
1 1 5 Bus5 6 Bus6 41.617 27.819 0.0006 6.3270 200.4!
2 1 4 Bus4 9 Bus9 LINEOPEN
3 1 4 Bus4 15 DUMO0001 45,526  10.499 0.0003 3.1660 46.9"
4 1 9 Bus9 15 DUMO0001 -45.331 -29.280 0.0002 2.3637 115.0@
5 1 8 Bus8 15 DUMO0001 1.403 25.905 0.0000 0.2746 106.8@
6 1 1 Busl 2 Bus2 158.044 -11.934 4.3221 7.3742 149.5!
7 1 1 Busl 5 Bus5 74.050 13.461 2.7634 6.1880 71.0%
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8
9
10
11
12
13
14
15
16
17
18
19
20

PRRPRRPRPRRRERRERRRRERP

OC OO PA,WNDNDN

Bus3
Bus4
Bus5
Bus4
Bus5
Busll
Bus12
Bus13
Bus10
Bus14
Busl1l
Bus13
Bus14

74.226  0.882
55.706  8.173
40.859 10.397
-22.138 16.165
-61.263 11.368

6.395 0.255
7.578 2.144
17.390 5.606
6.677 7.729
10.622 5.883
-2.461  1.759
1.473 0.321

4.769 -0.333

2.3982 5.5008
1.7231 1.3522
0.9579 -0.6110
0.5331 -2.1188
0.5249 0.3827
0.0445 0.0932
0.0872 0.1816
0.2527 0.4977
0.0377 0.1001
0.2128 0.4526
0.0087 0.0203
0.0059 0.0054
0.0467 0.0950

71.4%
54.1%
40.5"
29.3"
62.8%
6.8&
8.4&
19.5&
10.9&
12.9&
3.3&
1.6&
5.2&

Line 5-6 Open

BUS VOLTAGES AND POWERS

NODE FROM V-MAG

NO. NAME P.U.
1 Busl 1.0600
2 Bus2 1.0400
3 Bus3 1.0100
4 Bus4 1.0039
5 Busb5 1.0165
6 Bus6 0.9393
8 Bus8 0.9960
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ANGLE

MW  MVAR

DEGREE GEN GEN LOAD

MW  MVAR MVAR

LOAD COMP

232.000231. 0.000
35.884.78T 21.700
0.000 3.985 94.200
0.0000.000 47.800

0.000 0.000 #
12.700 0.000
19.000 0.000
3.900 0.000

0.0000.000 7.600 1.600 0.000

0.000 .086 11.200

7.500 0.000 @

0.000 .0@6 0.000 0.000 0.000



9 Bus9 0.9726 -13.16 0.000 .000 29.500 16.600 0.000
10 Bus10 0.9586 -14.77 0.000 000. 9.000 5.800 0.000
11 Busll 0.9447 -17.69 0.000 000. 3.500 1.800 0.000 @
12 Bus12 0.9239 -20.78 0.000 000. 6.100 1.600 0.000 @
13 Bus13 0.9236 -20.42 0.000 000. 13.500 5.800 0.000 @
14 Busl14 0.9291 -17.56 0.000 000. 14.900 5.000 0.000 @
15 DUMO0001  0.9854 -10.56 0.000 000. 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 5

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWBAR LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 Bus5 6 Bus6 LINEOPEN
2 1 4 Bus4 9 Bus9 23.598 10.192 0.0004 3.5344 42.7"
3 1 4 Bus4 15 DUMO0001  61.355 0.403 0.0005 5.3700 62.5%
4 1 9 Bus9 15 DUMO0001  -60.812 -16.054 0.0003 2.9895 129.3!
5 1 8 Bus8 15 DUMO0001 3.925 27.337 0.0000 0.2961 110.9@
6 1 1 Busl 2 Bus2 160.246 -12.448 4.4446 7.7483 151.6!
7 1 1 Busl 5 Bus5 71.957 5.558 2.5231 5.1096 68.1%
8 1 2 Bus2 3 Bus3 75.134  0.797 2.4568 5.7480 72.2%
9 1 2 Bus2 4 Bus4 58.848 2.671 1.8724 1.7743 56.6%
10 1 2 Bus2 5 Bus5 36.004 1.417 0.6881 -1.4944 34.6"
11 1 3 Bus3 4 Bus4 -21.044 10.665 0.3924 -2.5067 25.1*
12 1 4 Bus4 5 Bus5 -94.945 1.187 1.1946 2.4619 94.6#
13 1 6 Bus6 11 Busll -17.193 6.121 0.3586 0.7509 19.4&
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14 1 6 Bus6 12 Bus12 4.641 3.430 0.0464 0.0966 6.1&

15 1 6 Bus6 13 Bus13 5.868 8.308 0.0776 0.1528 10.8&

16 1 9 Bus9 10 Bus10 32.599 4.344 0.3637 0.9661 33.8"

17 1 9 Bus9 14 Busl14 27.417 3.746 1.0289 2.1886 28.57

18 1 10 Bus10 11 Bus1l1l 23.093 -2.310 0.4810 1.1259 24.2&

19 1 12 Bus12 13 Bus13 -1.152 1.408 0.0086 0.0078 2.0&

20 1 13 Bus13 14 Busl14 -10.367 3.940 0.2464 0.5018 12.0&

Line 6-11 Open

Date and Time : Tue Feb 15 10:05:21 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP

1 Busl 1.0600 4,94 232.000 .652 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 38.864 .933 21.700 12.700 0.000
3 Bus3 1.0100 -7.92 0.000 1833. 94.200 19.000 0.000
4 Bus4 1.0051 -5.28 0.000 000. 47.800 3.900 0.000
5 Bus5 1.0125 -3.68 0.000 000. 7.600 1.600 0.000
6 Bus6 1.0000 -8.98 0.000 445, 11.200 7.500 0.000
8 Bus8 0.9968 -8.16 0.000 0RB. 0.000 0.000 0.000
9 Bus9 0.9727 -9.74 0.000 000. 29.500 16.600 0.000
10 Bus10 0.9619 -10.26 0.000 00.0 9.000 5.800 0.000
11 Bus11 0.9552 -10.60 0.000 00.0 3.500 1.800 0.000
12 Bus12 0.9831 -9.99 0.000 00.0 6.100 1.600 0.000
13 Bus13 0.9772 -10.07 0.000 00.0 13.500 5.800 0.000
14 Busl14 0.9551 -11.07 0.000 00.0 14.900 5.000 0.000
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15 DUMO0001  0.9873 -8.21 0.000 00.0 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) 0

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWR LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 Bus5 6 Bus6 37.09 6.729 0.0004 3.4945 148.9!
2 1 4 Bus4 9 Bus9 18.88 9.390 0.0002 1.4996 27.8"
3 1 4 Bus4 15 DUMO0001  36.08 -1.819 0.0002 1.8578 36.7"
4 1 9 Bus9 15 DUMO0001  -3%83 -19.366 0.0001 1.2537 83.8#
5 1 8 Bus8 15 DUMO0001 202 24.549 0.0000 0.2352 98.8#
6 1 1 Busl 2 Bus2 158.42 -11.790 4.2882 7.2706 148.9!
7 1 1 Busl 5 Bus5 78.51 7.199 2.7174 5.9318 70.6%
8 1 2 Bus2 3 Bus3 73.90 0.913 2.3775 5.4137 71.1%
9 1 2 Bus2 4 Bus4 58.05 2.608 1.6995 1.2452 54.0%
10 1 2 Bus2 5 Bus5 48.34 2.651 0.8678 -0.9319 38.9"
11 1 3 Bus3 4 Bus4 -2P.54  10.598 0.4341 -2.4044 26.3"
12 1 4 Bus4 5 Bus5 -63.99  3.558 0.5778 0.5201 65.8%
13 1 6 Bus6 11 Busll NEIIS OPEN
14 1 6 Bus6 12 Bus12 &.10 2.759 0.0900 0.1873 8.6&
15 1 6 Bus6 13 Bus13 18.43 8.244 0.2699 0.5315 20.2&
16 1 9 Bus9 10 Bus10 12.95 7.638 0.0761 0.2020 15.5&
17 1 9 Bus9 14 Busl4 9.02 2.181 0.1159 0.2465 9.5&
18 1 10 Bus10 11 Busll 3.615 1.784 0.0144 0.0337 4.2&
19 1 12 Bus12 13 Bus13 1.741 0.979 0.0091 0.0082 2.0&
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20 1 13 Bus13 14 Bus14 6.265 3.180 0.0884 0.1799 7.2&
Line 6-12 Open

Date and Time : Tue Feb 15 10:20:09 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.95 232.000129 0.000 0.000 0.000 >
3  Bus3 1.0097 -8.02 0.000 40.000 94.200 19.000 0.000
4 Bus4 0.9947 -5.21 0.000 0.000 47.800 3.900 0.000
5 Busb 0.9997 -3.54 0.000 0.000 7.600 1.600 0.000
6 Bus6 0.9418 -9.32 0.000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9822 -8.23 0.000 25.000 0.000 0.000 0.000
9 Bus9 0.9546 -9.86 0.000 0.000 29.500 16.600 0.000
10 Busl10 0.9442 -10.14 0.000 0.000 9.000 5.800 0.000 @
11 Busll 0.9392 -9.92 0.000 0.000 3.500 1.800 0.000 @
12 Busl2 0.8982 -11.53 0.0000.000 6.100 1.600 0.000 @
13 Busl3 0.9168 -10.95 0.000 0.000 13.500 5.800 0.000 @
14 Busl4 0.9178 -11.61 0.000 0.000 14.900 5.000 0.000 @
15 DUMO0001 0.9722 -8.25 0.000 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) :
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) :
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark)
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark)

P OEF O
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LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO ORWARD LOSS %
NODE NAME NODE NAME MW MVAR MW MVAR LOADING
1 1 5 Bus5 6 Bus6 37.584 24.850 0.0005 5.119980.3!
2 1 4 Bus4 9 Bus9 14.070 10.703  0.0002 1.702@9.6"
3 1 4 Bus4 15 UNBO001  36.507 1.763 0.0002 1.940B6.7"
4 1 9 Bus9 15 DUMO0001 36.468 -22.953 0.0001 1.4566  90.3#
5 1 8 Bus8 15 DUMO0001 0.734 25.487 0.0000 0.2596 103.8@
6 1 1 Busl 2 Bus2 157.972 -11.917 4.3181 7.3622  149.5!
7 1 1 Busl 5 Bus5 74.077 13.177 2.76691747 71.0%
8 1 2 Bus2 3 Bus3 74.773 0.983 24339 5.6526 $1.9
9 1 2 Bus?2 4 Bus4 56.673 8.417 1.7841 1.5405 $5.1
10 1 2 Bus2 5 Bus5 40.857 10.041  0.9532 -0.6272 40.5"
11 1 3 Bus3 4 Bus4 -21.732 16.293  0.5247 -2.1363 29.0"
12 1 4 Bus4 5 Bus5 -65.269 9.382 0.5883 0.5828%6.5%
13 1 6 Bus6 11 Busll 4.307 -0.822 0.0206 0.043M4.7&
14 1 6 Bus6 12 Bus12 LINE IS OPEN
15 1 6 Bus6 13 Bus13 22.370 6.991 0.4097 0.80684.9&
16 1 9 Bus9 10 Bus10 8.555 8.596 0.0513 0.1364 .7&2
17 1 9 Bus9 14 Busl14 13.181 6.966 0.3100 0.6595 .6&5
18 1 10 Bus10 11 Busll -0.628 2.696 0.0071 0.0165 2.9&
19 1 12 Bus12 13 Bus13 -6.030 -1.651 0.1070 0.0968 7.0&
20 1 13 Bus13 14 Busl14 2.166 -1.306 0.0130 0.0265 2.8&

Line 6-13 Open

Date and Time : Tue Feb 15 10:35:43 2011
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BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.96 232.00001@. 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 40.053%2.521 21.700 12.700 0.000 >
3 Bus3 1.0092 -8.01 0.000 40.000 94.200 19.000 0.000
4 Bus4 0.9936 -5.21 0.000 0.000 47.800 3.900 0.000
5 Busb5 0.9996 -3.52 0.000 0.000 7.600 1.600 0.000
6 Bus6 0.9457 -8.95 0.000-6.000 11.200 7.500 0.000 @
8 Bus8 0.9788 -8.41 0.00025.000 0.000 0.000 0.000
9 Bus9 0.9498 -10.12 0.0000.000 29.500 16.600 0.000 @
10 Bus10 0.9405 -10.29 0.000 .000 9.000 5.800 0.000 @
11 Busll 0.9390 -9.82 0.000 .000 3.500 1.800 0.000 @
12 Bus12 0.9099 -11.58 0.000 .000 6.100 1.600 0.000 @
13 Bus13 0.8777 -12.83 0.000 .000 13.500 5.800 0.000 @
14 Bus14 0.8974 -12.60 0.000 .000 14.900 5.000 0.000 @
15 DUMO0001  0.9686 -8.42 0.000 .000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 7

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO ROARD LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 Busb 6 Bus6 35.470 23.047 0.0005 4.5131 169.3!
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2 1 4 Bus4 9 Bus9 14.760 11.422 0.0002 1.9019 31.3"
3 1 4 Bus4 15 DUMO000O1  38.370 3.639 0.0002 2.1629 38.8"
4 1 9 Bus9 15 DUMO0O001  -38.128 -24.403 0.0002 1.6240 95.3#
5 1 8 Bus8 15 DUMO0001 0.770 25.889 0.0000 0.2697 105.8@
6 1 1 Busl 2 Bus2 158.241 -11.980 4.3330 7.4075 149.7!
7 1 1 Busl 5 Bus5 73.961 13.227 2.7534 6.1441 70.9%
8 1 2 Bus2 3 Bus3 74.774 1.264 2.4348 5.6589 71.9%
9 1 2 Bus2 4 Bus4 56.847 9.021 1.8017 1.5981 55.3%
10 1 2 Bus2 5 Busb5 40.640 10.147 0.9453 -0.6512 40.3»
11 1 3 Bus3 4 Bus4 -21.522 16.542 0.5252 -2.1292 29.17
12 1 4 Bus4 5 Busb5 -66.907 7.503 0.6143 0.6662 67.9%
13 1 6 Bus6 11 Busll 6.832 -0.022 0.0496 0.1038 71.2&
14 1 6 Bus6 12 Bus12 17.849 5.023 0.4725 0.9834 19.6&
15 1 6 Bus6 13 Busl3  LINEOBEN

16 1 9 Bus9 10 Bus10 6.161 8.119 0.0366 0.0973 10.7&
17 1 9 Bus9 14 Bus14 18.394 10.072 0.6197 1.3181 22.1&
18 1 10 Busl10 11 Busll -2.883  1.985 0.0114 0.0266 3.7&
19 1 12 Busl2 13 Bus13 11.261 2.299 0.3525 0.3189 12.6&
20 1 13 Busl3 14 Bus14 -2.668  -3.643 0.0452 0.0921 5.1&

Line 8-15 Open

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MAR MW  MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.91 232.000 28.3 0.000 0.000 0.000 #
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2 Bus2 1.0400 0.00 40.2763.815 21.700 12.700 0.000
3 Bus3 1.0100 -7.88 0.00031.387 94.200 19.000 0.000
4 Bus4 1.0095 -5.31 0.0000.000 47.800 3.900 0.000
5 Bus5 1.0142 -3.84 0.0000.000 7.600 1.600 0.000
6 Bus6 1.0000 -10.30 0.000 3.483 11.200 7.500  0.000
8 Bus8 1.0111 -7.79 0.00025.000 0.000 0.000 0.000
9 Bus9 0.9916 -9.08 0.0000.000  29.500 16.600 0.000
10 Busl0 0.9519 -12.13 0.000 000. 9.000 5.800 0.000
11 Busll 0.9715 -11.35 0.000 000. 3.500 1.800 0.000
12 Busl2 0.9841 -11.11 0.000 000. 6.100 1.600 0.000
13 Busil3 0.9800 -11.08 0.000 000. 13.500 5.800 0.000
14  Busl4 0.9674 -11.10 0.000 000. 14.900 5.000 0.000
15 DUMO001  1.0015 -7.80 0.000 .000 0.000 0.000 0.000
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE NAME W MVAR MW  MVAR LOADING
1 1 5 Busb 6 Bus6 44582 8.426 0.0005 5.1378 180.6!
2 1 4 Bus4 9 Bus9 15.945 8.333 0.0002 1.8138 72.2%
3 1 4 Bus4 15 DUMO0001 27.661 14.434 0.0002 2.0511 125.3!
4 1 9 Bus9 15 DUMO0001 -28.033 -12.611 0.0000 -1.1101 31.8"
5 1 8 Bus8 15 DUMO0001 LINEOPEN
6 1 1 Busl 2 Bus2 157.376 -11.777 4.2853 7.2618 148.9!
7 1 1 Busl 5 Bus5 74.694 10.718 2.7703 6.1878 71.2%
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8 1 2 Bus2 3 Bus3 74.137 0.891 2.3925 5.4769 71.3%

9 1 2 Bus2 4 Bus4 55.474  7.826 1.7054 1.2961 53.9%
10 1 2 Bus2 5 Busb 41.300 6.881 0.9381 -0.6910 40.3*
11 1 3 Bus3 4 Bus4 -22.341 15.835 0.5314 -2.1256 29.27
12 1 4 Bus4 5 Busb -59.634 -1.363 0.4784 0.2276 59.8%

13 1 6 Bus6 11 Busll 7.632 7.773 0.1150 0.2408 11.0&
14 1 6 Bus6 12 Busl2 7.977 3.092 0.0918 0.1910 8.6&
15 1 6 Bus6 13 Busl3 18.128 9.287 0.2800 0.5514 20.6&
16 1 9 Bus9 10 Busl0 5.646 0.114 0.0111 0.0296 5.9&
17 1 9 Bus9 14 Busl4 9.359 0.923 0.1235 0.2628 9.9&
18 1 10 Busl0 11 Busll -3.675 -5.979 0.0446 0.1044 7.4&
19 1 12 Busl2 13 Busl3 1.771 1.168 0.0105 0.0095 2.2&
20 1 13 Busl 14 Busl4 5.873 4.563 0.1014 0.2064 1.7&

Line 9-15 Open

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.91 232.000 23.3 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 40.270 33.821.700 12.700 0.000
3 Bus3 1.0100 -7.88 0.000 38T. 94.200 19.000 0.000
4 Bus4 1.0095 -5.31 0.000 0.0647.800 3.900 0.000
5 Bus5 1.0142 -3.84 0.000 0.007.600 1.600 0.000
6 Bus6 1.0000 -10.30 0.000 23.443.200 7.500 0.000
8 Bus8 1.0111 -7.79 0.000 25.000.000 0.000 0.000
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9 Bus9 0.9916 -9.08 0.000 0.0@®.500 16.600 0.000
10 Busl0 0.9519 -12.13 0.000 0.008.000 5.800 0.000
11 Busll 0.9715 -11.35 0.000 0.008.500 1.800 0.000
12 Busl2 0.9841 -11.11 0.000 0.006.100 1.600 0.000
13 Busi3 0.9800 -11.08 0.000 0.0a3.500 5.800 0.000
14  Busl4 0.9674 -11.10 0.000 0.00@.900 5.000 0.000
15 DUMO001  1.0015 -7.80 0.000 0.000.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TOTO FORWARD LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 Busb 6 Bus6 59.273 17.920 0.0009 9.4914 245.5!
2 1 4 Bus4 9 Bus9 29.473 21.185 0.0007 7.2168 144.1!
3 1 4 Bus4 15 DUMO0001 13.207 19.138 -0.0001 -1.1137 923 #
4 1 9 Bus9 15 DUMO0001 LINEOPEN
5 1 8 Bus8 15 DUMO0001  0.436 0.6748 0.0001 0.9330 92.1#
6 1 1 Busl 2 Bus2 158.524 -12.046 4.3486 7.4553 150.0!
7 1 1 Busl 5 Bus5 73.569 8.884 2.6679 5.7445 69.9%
8 1 2 Bus2 3 Bus3 70.405 1.257 2.1592 4.4942 67.7%
9 1 2 Bus2 4 Bus4 49.098 2.793 1.3076 0.0464 47.3»
10 1 2 Bus2 5 Busb5 39.194 4.980 0.8333 -1.0253 38.0"
11 1 3 Bus3 4 Bus4 -25.773 10.521 0.5355 -2.1545 29.0"
12 1 4 Bus4 5 Bus5 -41.971 9.718 0.2458 -0.5262 43.1»
13 1 6 Bus6 11 Busll 16.716 11.113 0.4021 0.8421 20.6&
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14 1 6 Bus6 12 Bus12 9.226 3.461 0.1254 0.2610 10.1&
15 1 6 Bus6 13 Bus13 22.936 11.436 0.4566 0.8991 26.3"
16 1 9 Bus9 10 Bus10 -3.016  -2.247 0.0055 0.0146 4.2&
17 1 9 Bus9 14 Busl4 3.701 -0.470 0.0216 0.0459 4.1&
18 1 10 Busl0 11 Busll -12.305 -8.063 0.2151 0.5036 16.2&
19 1 12 Busl2z 13 Bus13 3.090 1.390 0.0278 0.0252 3.5&
20 1 13 Busl3 14 Busl14 11.784 6.132 0.3378 0.6877 14.1&

Line 9-10 Open

BUS VOLTAGES AND POWERS

NODE FROM V-MAG  ANGLE MW VAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN ES LOAD LOAD COMP
1 Busl 1.0600 491 232.000 -3.320.000 0.000 0.000 #
2 Bus2 1.0400 0.00 40.270 8B338. 21.700 12.700 0.000
3 Bus3 1.0100 -7.88 0.000 38T. 94.200 19.000 0.000
4 Bus4 1.0095 -5.31 0.000 00.0 47.800 3.900 0.000
5 Bus5 1.0142 -3.84 0.000 00.0 7.600 1.600 0.000
6 Bus6 1.0000 -10.30 0.000 23.4d1.200 7.500 0.000
8 Bus8 1.0111 -7.79 0.000 0fB. 0.000 0.000 0.000
9 Bus9 0.9916 -9.08 0.000 00.0 29.500 16.600 0.000
10 Busl0 0.9519 -12.13 0.000 0.00®.000 5.800 0.000
11 Busll 0.9715 -11.35 0.000 0.003.500 1.800 0.000
12 Busl2 0.9841 -11.11 0.000 0.00®.100 1.600 0.000
13 Busi3 0.9800 -11.08 0.000 0.000.3.500 .800 0.000
14 Busl4 0.9674 -11.10 0.000 0.0004.900 5.000 0.000
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15 DUMO001  1.0015 -7.80 0.000 0.0000.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 0

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) : O

LINE FLOWS AND LINE LOSSES

SLNO CSFROM FROM TO TO FORWR LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LORING

1 1 5 BusS5 6 Bus6 45.288 8.266 0.0005 5.1926 181.6!
2 1 4 Bus4 9 Bus9 12.041 6.634 0.0001 0.9996 22.7&
3 1 4 Bus4 15 DUMO0001  31.229 -9.154 0.0002 1.4938 32.9"
4 1 9 Bus9 15 DUMO0001  -31.177 13.386 0.0001 0.8370 68.4%
5 1 8 Bus8 15 DUMO0001 0.426 25.068 0.0000 0.2369 99.2#
6 11 Busl 2 Bus2 156.619 -11.600 4.2437 7.1350 148.2!
7 11 Busl 5 Bus5 75.501 6.319 2.7808 6.1850 71.5%
8 1 2 Bus2 3 Bus3 73.530 0.948 2.3537 5.3136 70.7%
9 1 2 Bus2 4 Bus4 55.779 0.115 1.6741 1.1511 53.6%
10 1 2 Bus2 5 Bus5 41.635 1.317 0.9180 -0.7845 40.1n
11 1 3 Bus3 4 Bus4 -22.906 8.085 0.4084 -2.4856 25.4"
12 1 4 Bus4 5 Bus5 -59.633 7.874 0.4753 0.1888 59.7%
13 1 6 Bus6 11 Busll 12.893 8.275 0.2229 0.4669 15.3&
14 1 6 Bus6 12 Bus12 6.855 2.968 0.0686 0.1428 7.5&
15 1 6 Bus6 13 Bus13 14.373  8.146 0.1805 0.3556 16.5&
16 1 9 Bus9 10 Busl0  LINEOPEN
17 1 9 Bus9 14 Busl4 13.708 2.659 0.2521 0.5362 14.1&
18 1 10 Busl0 11 Busll -9.054 765 0.1043 0.2441 11.3&
19 1 12 Busl2 13 Bus13 0.897 1.032 0.0043 0.0039 1.4&
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20 1 13 Bus13 14 Bus14 1.467 2.828 0.0181 0.0368 3.3&
Line 9-14 Open
Date and Time : Tue Feb 15 11:05:17 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MVAR MW  MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4,92 232.000 -5.100.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.022 23@. 21.700 12.700 0.000
3 Bus3 1.0100 -7.84 0.000 584. 94.200 19.000 0.000
4 Bus4 1.0092 -5.25 0.000 00.0 47.800 3.900 0.000
5 Busb 1.0143 -3.83 0.000 00.0 7.600 1.600 0.000
6 Bus6 1.0000 -10.45 0.000 24.581.200 7.500 0.000
8 Bus8 1.0100 -7.60 0.000 0@8. 0.000 0.000 0.000
9 Bus9 0.9902 -8.87 0.000 00.0 29.500 16.600 0.000
10 Busl10 0.9846 -9.51 0.0000.000 9.000 5.800 0.000
11 Busll 0.9891 -10.14 0.000 0.003.500 1.800 0.000
12 Busl2 0.9796 -11.71 0.000 .000 6.100 1.600 0.000
13 Busl13 0.9684 -12.01 0.000 000. 13.500 5.800 0.000
14 Busl4 0.9207 -14.82 0.000 000. 14.900 5.000 0.000 @
15 DUMO0001 1.0006 -7.64 0.000 .000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 1
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark)
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NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (>rmark) : O

LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 BusS 6 Bus6 46.430 8.427 0.0005 5.4551 186.1!
2 1 4 Bus4d 9 Bus9 11.530 6.799 0.0001 0.9483 22.1&
3 1 4 Bus4 15 DUMO0001 29.920 -8.781 0.0001 1.3723 31.6"
4 1 9 Bus9 15 DUMO0001 -29.830 -14.090 0.0001 0.7936 66.6%
5 1 8 Bus8 15 DUMO0001 1.825 24.685 0.0000 0.2313 98.0#
6 11 Busl 2 Bus2 156.869 -11.658 4.2574 7.1769 148.4!
7 11 Busl 5 Bus5 75.495 6.285 2.7801 6.1815 71.5%
8 1 2 Bus2 3 Bus3 73.131 0.987 2.3284 5.2067 70.3%
9 1 2 Bus2 4 Bus4 55.264 0.420 1.6440 1.0612 53.1%
10 1 2 Bus2 5 Bus5 41.540 1.297 0.9137 -0.7978 40.0"
11 1 3 Bus3 4 Bus4 -22.951 8.300 0.4126 -2.4738 25.5"
12 1 4 Bus4 5 Bus5 -58.015 6.355 0.4476 0.1016 58.0%
13 1 6 Bus6 11 Busll -0.108 5.524 0.0290 0.0607 5.5&

14 1 6 Bus6 12 Bus12 9.964 3.288 0.1353 0.2816 10.5&
15 1 6 Bus6 13 Bus13 25.921 11.376 0.5301 1.0438 28.3"
16 1 9 Bus9 10 Bus10 13.441 1.546 0.0594 0.1578 13.7&
17 1 9 Bus9 14 Bus14 LINEFEOPEN

18 1 10 Busl10 11 Busll 3.872 -3.942 0.0258 0.0605 5.6&

19 1 12 Busl2 13 Bus13 3.843 1.242 0.0376 0.0340 4.1&

20 1 13 Busl3 14 Bus14 15.517 5.972 0.5039 1.0259 17.2&

Line 10-11 Open
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Date and Time : Tue Feb 15 11:45:51 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW VAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 496 232.000 1.16 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.787 .0%31 21.700 12.700 0.000 >
3 Bus3 1.0100 -8.01 0.000 .639 94.200 19.000 0.000
4 Bus4 0.9954 -5.20 0.000 000. 47.800 3.900 0.000
5 Busb 0.9996 -3.53 0.000 000. 7.600 1.600 0.000
6 Bus6 0.9370 -9.28 0.000 .066 11.200 7.500 0.000 @
8 Bus8 0.9852 -8.20 0.000 .0@B 0.000 0.000 0.000
9 Bus9 0.9589 -9.82 0.000 000. 29.500 16.600 0.000
10 Busl0 0.9507 -10.20 0.000 0.00 9.000 5.800 0.000
11 Busll 0.9295 -9.64 0.000 00.0 3.500 1.800 0.000 @
12 Busl2 0.9228 -10.34 0.000 0.00 6.100 1.600 0.000 @
13 Busl3 0.9201 -10.46 0.000 0.00 13.500 5.800 0.000 @
14 Busl4 0.9217 -11.37 0.000 0.00 14.900 5.000 0.000 @
15 DUMO001 0.9752 -8.23 0.000 00D.0O 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 5

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 1

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWAR LOSS %
NODE NAME NODE NAME MW MVAR MW MVAR LOADING
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1 1 5 Busb5 6 Bus6 37.283 26.691 0.0005 5.3026 183.5!
2 1 4 Bus4 9 Bus9 14.045 10.042 0.0002 1.6219 28.90
3 1 4 Bus4 15 DUMO0001 36.455 0.094 0.0002 1.9282 37.4°
4 1 9 Bus9 15 DUMO0001 -36.363 -21.300 0.0001 1.3807 87.9#
5 1 8 BusS8 15 DUMO0001 1.102 25.652 0.0000 0.2616 104.2@
6 1 1 Busl 2 Bus2 158.109 -11.949 4.3257 7.3852 149.6!
7 1 1 Busl 5 Bus5 73.982 13.212 2.7547 6.1493 70.9%
8 1 2 Bus2 3 Bus3 74.652 0.842 2.4256 5.6164 71.8%
9 1 2 Bus2 4 Bus4 56.513 8.080 1.7707 1.4974 54.9%
10 1 2 Bus2 5 Busb 40.705 10.114 0.9476 -0.6441 40.3»
11 1 3 Bus3 4 Bus4 -21.792 16.108 0.5218 -2.1471 29.0n
12 1 4 Bus4 5 Bus5 -65.143 11.018 0.5901 0.5877 66.6%
13 1 6 Bus6 11 Busl1l 3.569 1.853 0.0175 0.0366 4.3&
14 1 6 Bus6 12 Bus12 7.099 1.875 0.0755 0.1570 7.8&
15 1 6 Bus6 13 Bus13 15.724 4.321 0.2003 0.3945 17.4&
16 1 9 Bus9 10 Bus10 9.412 5.812 0.0423 0.1124 11.5&
17 1 9 Bus9 14 Busl14 12.381 7.498 0.2896 0.6161 15.1&
18 1 10 Busl0 11 Busl1l LISEOPEN
19 1 12 Busl2 13 Bus13 1.010 0.104 0.0027 0.0024 1.1&
20 1 13 Busl3 14 Bus14 2.981 -1.851 0.0249 0.0506 3.8&
Line 12-13 Open

Date and Time : Thu Feb 17 10:10:53 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
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1 Busl 1.0600 4.93 232.000 35.1 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.431 386.8 21.700 12.700 0.000
3 Bus3 1.0100 -7.91 0.000 33.59 94.200 19.000 0.000
4 Bus4 1.0075 -5.30 0.000 0.00 47.800 3.900 0.000
5 BusS 1.0134 -3.75 0.000 0.00 7.600 1.600 0.000
6 Bus6 1.0000 -9.48 0.000 16.39 11.200 7.500 0.000
8 Bus8 1.0051 -8.08 0.000 26.00 0.000 0.000 0.000
9 Bus9 0.9835 -9.52 0.000 0.00 29.500 16.600 0.000
10 Busl0 0.9786 -9.85 0.000 0.00 9.000 5.800 0.000
11 Busll 0.9856 -9.82 0.000 0.00 3.500 1.800 0.000
12 Busl2 0.9882 -10.28 0.000 0.00 6.100 1.600 0.000
13 Busl3 0.9771 -10.50 0.000 0.00 13.500 5.800 0.000
14 Busl4 0.9614 -11.12 0.000 0.00 14.900 5.000 0.000
15 DUMO0001 0.9956 -8.09 0.000 00.0 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : O

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %

NODE NAME NODE NAME MW  MVAR MW MVAR  LOADING

1 1 5 BusS 6 Bus6 40.180 7.402 0.0004 4.0961 161.3!
2 1 4 Bus4 9 Bus9 13.312 7.818 0.0001 1.2657 25.5"
3 1 4 Bus4 15 DUMO0001 34.710 -6.208 0.0002 1.7608 35.8"
4 1 9 Bus9 15 DUMO0001 -34.150 -16.250 0.0001 1.0571 76.9#
5 1 8 Bus8 15 DUMO0001 0.465 24.778 0.0000 0.2342 98.6#
6 1 1 Busl 2 Bus2 157.177 -11.731 4.2743 7.2285 148.7!
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7 1 1 Busl 5 Busb5 74939 6.732 2.7438 6.0361 71.0%
8 1 2 Bus2 3 Bus3 73.769 0.925 2.3689 5.3777 70.9%
9 1 2 Bus2 4 Bus4 56.010 1.238 1.6911 1.2106 53.9%
10 1 2 Bus2 5 Busb5 40.855 1.978 0.8865 -0.8779 39.3"
11 1 3 Bus3 4 Bus4 -22.708 9.227 0.4181 -2.4537 25.7°
12 1 4 Bus4 5 Busb -63.719 6.280 0.5403 0.3974 63.7%
13 1 6 Busé6 11 Busll 5.239 4,767 0.0477 0.0998 7.1&
14 1 6 Busé6 12 Busl2 6.174 1.694 0.0504 0.1048 6.4&
15 1 6 Bus6 13 Busl13 17.801 8.696 0.2596 0.5113 19.8&
16 1 9 Bus9 10 BuslO0 7.675 2.841 0.0220 0.0585 8.3&
17 1 9 Bus9 14 Busl4 11.133 2.959 0.1744 0.3709 11.7&
18 1 10 Busl0 11 Busll -1.511 -2.893 0.0091 0.0214 3.3&
19 1 12 Busl2 13 Busl13 LINEJBEN
20 1 13 Busl3 14 Busl4 4.083 2.412 0.0403 0.0820 4.9&
Line 13-14 Open

Date and Time : Thu Feb 17 10:25:12 2011

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR

NO. NAME P.U. DEGREESEN GEN LOAD LOAD COMP
1 Busl 1.0600 493 232.000 -A.77 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.515 37.07 21.700 12.700 0.000
3 Bus3 1.0100 -7.93 0.000 33.782 94.200 19.000 0.000
4 Bus4 1.0059 -5.30 0.000 0.000 47.800 3.900 0.000
5 Busb 1.0128 -3.71 0.000 0.000 7.600 1.600 0.000
6 Bus6 1.0000 -9.16 0.000 16.916 11.200 7.500 0.000
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8 Bus8 0.9994 -8.17 0.000 25.000 0.000 0.000 0.000
9 Bus9 0.9767 -9.70 0.000 0.000 29.500 16.600 0.000
10 Busl0 0.9731 -9.94 0.000 0.000 9.000 5.800 0.000
11 Busll 0.9827 -9.70 0.000 0.000 3.500 1.800 0.000
12 Busl2 0.9863 -9.98 0.000 0.000 6.100 1.600 0.000
13 Busl3 0.9842 -9.96 0.000 0.000 13.500 5.800 0.000
14 Busl4 0.9416 -11.82 0.000 0.000 14.900 5.000 0.000 @
15 DUMO001 0.9903 -8.20 0.000 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 1

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (>rark) : O

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %

NODE NAME NODE NAME MW MVAR MW  MVAR LOADING

1 1 5 BusS 6 Bus6 38.129 6.969 0.0004 3.6910 153.1!
2 1 4 Bus4d 9 Bus9 13.756  8.804 0.0001 1.4211 27.17
3 1 4 Bus4 15 DUMO0001  35.851 -3.405 0.0002 1.8425 36.6"
4 1 9 Bus9 15 DUMO0001 -35.296 -18.108 0.0001 1.1794 81.2#
5 1 8 Bus8 15 DUMO0001 1.544 23.613 0.0000 0.2160 94.7#
6 11 Busl 2 Bus2 157.250 -11.748 4.2784 7.2407 148.8!
7 11 Busl 5 Bus5 74.704 7.019 2.7296 5.9802 70.8%
8 1 2 Bus2 3 Bus3 73.995 0.904 2.3834 5.4384 71.2%
9 1 2 Bus2 4 Bus4 56.188 2.100 1.7053 1.2595 54.1%
10 1 2 Bus2 5 Bus5 40.604 2.379 0.8775 -0.9036 39.10
11 1 3 Bus3 4 Bus4 -22.596 10.123 0.4282 -2.4223 26.1"
12 1 4 Busd 5 Bus5 -65.492 4.520 0.5694 0.4920 65.3%
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13 1 6 Bus6 11 Busll 7.240 5.266 0.0761 0.1594 9.0&
14 1 6 Bus6 12  Busl2 6.614 2.198 0.0597 0.1243 7.0&
15 1 6 Bus6 13  Busl3 13.348 5.442 0.1375 0.2707 14.4&
16 1 9 Bus9 10 Busl0 5.587 2.053 0.0118 0.0314 6.1&
17 1 9 Bus9 14 Busl4 15.266 5.718 0.3541 0.7532 16.7&
18 1 10 Busl0 11 Busll -3.513 -3.350 0.0204 0.0478 5.0&
19 1 12 Busl2 13  Busl3 0.445 0.580 0.0012 0.0011 0.7*
20 1 13 Busl3 14 Busl4 LINEOPEN
4.6 Generator Outage

Generator 1 Outage
Date and Time : Thu Feb 17 11:30:52 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0302 -1.08 0.000 0.000 0.000 0.000 0.000

2 Bus2 1.0400 0.00 267.270 37.2 21.700 12.700 0.000
3 Bus3 1.0067 -8.72 0.000 40.000 94.200 19.000 0.000

4 Bus4 0.9884 -6.50 0.000 0.000  47.800 3.900 0.000

5 Bus5 0.9914 -5.27 0.000 0.000 7.600 1.600 0.000

6 Bus6 0.9335 -11.01 0.000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9767 -9.58 0.000 25.000 0.000 0.000 0.000

9 Bus9 0.9492 -11.24 0.000 0.000  29.500 16.600 0.000 @
10 Busl10 0.9382 -11.58 0.000 0.000  9.000 5.800 0.000 @
11 Busll 0.9320 -11.49 0.000 0.000 3.500 1.800 0.000 @
12 Busl2 0.9186 -12.06 0.000 0.000 6.100 1.600 0.000 @
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13 Busl3 0.9155 -12.16 0.000 0.000 13.500 5.800 0.000 @
14 Busl4 0.9140 -12.93 0.000 0.000 14.900 5.000 0.000 @
15 DUMO0001 0.9665 -9.60 0.000 0.000 0.000 0.000 0.000
NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 7
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : O
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0
LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TO TO ROARD LOSS %
NODE NAME NODE NAME MW  MVAR MW  MVAR LOADING
1 1 5 BusS 6 Busb6 36.67@4.629 0.0005 5.0039 178.2!
2 1 4 Bus4 9 Bus9 14.1510.476 0.0002 1.7105 29.7"
3 1 4 Bus4 15 DUMO0001 36.726.476 0.0002 1.9878 37.2»
4 1 9 Bus9 15 DUMO0001 -36.66€2.397 0.0001 1.4648 90.5#
5 1 8 Bus8 15 DUMO0001 0.966 25.832 0.0000 0.2699 105.9@
6 11 Busl 2 Bus2 -35.874.816 0.2396 -4.9256 35.6"
7 11 Busl 5 Busb 35.9867.789 0.7143 -2.0800 35.7"
8 1 2 Bus2 3 Bus3 81.2011.940 2.8727 7.5143 78.1#
9 1 2 Bus2 4 Bus4 69.690.172 2.6768 4.2724 67.6%
10 1 2 Bus2 5 Bus5 58.56210.532 1.8863 2.2496 57.2%
11 1 3 Bus3 4 Bus4 -15.72%.622 0.3631 -2.5169 24.5&
12 1 4 Bus4 5 Busb -47.130781 0.3132 -0.2666 48.5"
13 1 6 Bus6 11 Busll 3.285-0.862 0.0126 0.0263 3.6&
14 1 6 Bus6 12 Busl2 7.1322.062 0.0777 0.1618 8.0&
15 1 6 Bus6 13 Busl3 15.73%.027 0.2070 0.4077 17.7&
16 1 9 Bus9 10 Busl0 9.6028.794 0.0599 0.1590 13.7&
17 1 9 Bus9 14 Busl4 12.586.585 0.2844 0.6051 15.0&
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18 1 10 Bus10 1 Busll 0.4822.796 0.0075 0.0176 3.0&
19 1 12 Bus12 13 Busl3 1.0420.270 0.0030 0.0027 1.2&
20 1 13 Bus13 14 Busl4 2.787-0.946 0.0177 0.0360 3.2&
Generator 2 outage
Date and Time : Thu Feb 17 12:05:10 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW  MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.96 232.000 8.95 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.824 .830 21.700 12.700 0.000
3 Bus3 1.0100 -8.00 0.000 39.819 94.200 19.000 0.000
4 Bus4 0.9953 -5.19 0.000 0.000 47.800 3.900 0.000
5 Bus5 1.0001 -3.54 0.000 0.000 7.600 1.600 0.000
6 Bus6 0.9421 -9.35 0.000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9832 -8.17 0.000 25.000 0.000 0.000 0.000
9 Bus9 0.9560 -9.77 0.000 0.000 29.500 16.600 0.000
10 Busl0 0.9454 -10.07 0.000 0.000 9.000 5.800 0.000 @
11 Busll 0.9400 -9.90 0.000 0.000 3.500 1.800 0.000 @
12 Busl2 0.9273 -10.40 0.000 000. 6.100 1.600 0.000 @
13 Busl3 0.9241 -10.50 0.000 000. 13.500 5.800 0.000 @
14 Busl4 0.9218 -11.36 0.000 000. 14.900 5.000 0.000 @
15 DUMO0001 0.9733 -8.19 0.000 000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 6
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
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NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (>rmark) : O

LINE FLOWS AND LINE LOSSES
SLNO CS FROM FROM TOTO

LOSS %
MW  MVAR LOADING

FORWARD
NODE NAME NODE NAME MW  MVAR

Bus5 6 Bus6 37.8424.942
Bus4 9 Bus9 13.87@0.539
Bus4 15 DUMO0001 35.999.365
Bus9 15 DUMO0001 -35.9122.554
Bus8 15 DUMO0001 0.876 25.396
Busl 2 Bus?2 158.02B1.929
Busl 5 Bus5 74.0132.995
Bus2 3 Bus3 74.646.843
Bus2 4 Bus4 56.458.141
Bus2 5 Bus5 40.729.837
Bus3 4 Bus4 -21.8316.176
Bus4 5 Busb -64.922640
Bus6 11 Busll 3.911-0.867
Bus6 12 Bus12 7.2242.033
Bus6 13 Bus13 16.028.993
Bus9 10 Bus10 8.9268.691
Bus9 14 Busl14 12.180520
Bus10 11 Busll -0.173.738
Busi12 13 Bus13 1.099.260
Busl13 14 Busl4 3.1900.942
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0.0005
0.0002
0.0002
0.0001
0.0000
4.3209
2.7536
2.4252
1.7677
0.9451 -0.6534
0.5245 -2.1398
0.5822
0.0172
0.0780
0.2100
0.0540
0.2634
0.0069
0.0033
0.0222

Generator 3 outage
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BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW VAR MW MVAR MVAR

NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
1 Busl 1.0600 4.96 232.000 36.5 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.703 8.184 21.700 12.700 0.000 >
3 Bus3 0.9645 -7.56 0.000 0.000 94.200 19.000 0.000
4 Bus4 0.9811 -5.10 0.000 0.000 47.800 3.900 0.000
5 Busb 0.9899  -3.46 0.000 0.000 7.600 1.600 0.000
6 Bus6 0.9300 -9.39 0.000 -6.000 11.200 7.500 0.000 @
8 Bus8 0.9702 -8.14 0.000 25.000 0.000 0.000 0.000
9 Bus9 0.9428 -9.79 0.000 0.000 29.500 16.600 0.000 @
10 Busl0 0.9322 -10.11 0.000 0.000 9.000 5.800 0.000 @
11 Busll 0.9272  -9.95 0.000 0.000 3.500 1.800 0.000 @
12 Busl2 0.9149 -10.46 0.000 0.000 6.100 1.600 0.000 @
13 Busl3 0.9115 -10.58 0.000 0.000 13.500 5.800 0.000 @
14 Busl4 0.9085 -11.44 0.000 0.000 14.900 5.000 0.000 @
15 DUMO001 0.9599 -8.17 0.000 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 7

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (>rark) : 1

LINE FLOWS AND LINE LOSSES

SLNO CSFROM FROM TO TO R@ARD LOSS %

NODE NAME NODE NAME W MVAR MW  MVAR LOADING

-123 -



1 1 5 Busb 6 Bus6 37.725  25.466 0.0005 5.3282 183.9!
2 1 4 Bus4 9 Bus9 13.817 10.194 0.0002 1.6511 29.2n
3 1 4 Bus4 15 DUMO0001 35.867 1.018 0.0002 1.9227 36.6"
4 1 9 Bus9 15 DUMO0001 -35.802 -22.028 0.0001 1.4211 89.2#
5 1 8 Bus8 15 DUMO0001 1.067 26.012 0.0000 0.2773 107.3@
6 1 1 Busl 2 Bus2 158.198 -11.970 4.3306 7.4002 149.7!
7 1 1 Busl 5 Bus5 73.903 17.732 2.8283 6.5011 71.7%
8 1 2 Bus2 3 Bus3 72.992 24.364 2.6251 6.6537 74.0%
9 1 2 Bus2 4 Bus4 57.381 16.085 1.9452 2.0795 57.3%
10 1 2 Bus2 5 Busb 41.497 15.624 1.0673 -0.2459 42.6"
11 1 3 Bus3 4 Bus4 -23.605 -1.215 0.4015 -2.2500 24.5&
12 1 4 Bus4 5 Busb -65.326  0.596 0.5921 0.6243 66.6$
13 1 6 Bus6 11 Busll 3.970  -0.548 0.0176 0.0369 4.3&
14 1 6 Bus6 12 Busl2 7.233  2.095 0.0806 0.1677 8.1&
15 1 6 Bus6 13 Busl3 16.112 5.208 0.2193 0.4318 18.2&
16 1 9 Bus9 10 Busl0 8.985  8.477 0.0546 0.1451 13.1&
17 1 9 Bus9 14 Busl4 12.161 6.398 0.2700 0.5744 14.6&
18 1 10 Busl0 1 Busll -0.156  2.509 0.0060 0.0140 2.7&
19 1 12 Busl2 13 Busl13 1.145  0.290 0.0037 0.0033 1.3&
20 1 13 Busl3 14 Busl4 3.220 -0.769 0.0225 0.0459 3.6&
Generator 4 outage
Date and Time : Fri Feb 18 10:50:51 2011
BUS VOLTAGES AND POWERS
NODE FROM V-MAG ANGLE MW MVAR MW MVAR MVAR
NO. NAME P.U. DEGREE GEN GEN LOAD LOAD COMP
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1 Busl 1.0600 495 232.000 -0.539 0.000 0.000 0.000 #
2 Bus2 1.0400 0.00 39.791 @5.0 21.700 12.700 0.000
3 Bus3 1.0100 -7.98 0.000 38.0 94.200 19.000 0.000
4 Bus4 0.9983 -5.22 0.000 0.00 47.800 3.900 0.000
5 BusS 1.0034 -3.59 0.000 0.00 7.600 1.600 0.000
6 Bus6 0.9562 -0.38 0.000 0.00 11.200 7.500 0.000
8 Bus8 0.9886 -8.14 0.000 @6.0 0.000 0.000 0.000
9 Bus9 0.9628 -9.71 0.000 0.00 29.500 16.600 0.000
10 Busl0 0.9536 -10.01 0.000 0.000 9.000 5.800 0.000
11 Busll 0.9512 -9.88 0.000 0.00 3.500 1.800 0.000
12 Busl2 0.9411 -10.40 0.000 0.000 6.100 1.600 0.000 @
13 Busl3 0.9375 -10.49 0.000 0.000 13.500 5.800 0.000 @
14 Busl4 0.9317 -11.29 0.000 0.000 14.900 5.000 0.000 @
15 DUMO001 0.9787 -8.16 0.000 0.000 0.000 0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 3
NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1
NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (<rark) : O
NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNOCS FROM FROM TO TO FORWARD LOSS %
NODE NAME NODE NAME MW MVAR MW  MVAR LOADING
1 1 5 BusS 6 Bus6 38.431 20.734 0.0005 4.7730 174.1!
2 1 4 Bus4 9 Bus9 13.727 9.874 0.0002 1.5466 28.2"
3 1 4 Bus4 15 DUMO0001 35.607 -0.444 0.0002 1.8289 36.5"
4 1 9 Bus9 15 DUMO0001 -35.579  20.951 0.0001 1.3147 85.8#
5 1 8 Bus8 15 DUMO0001 0.743 25.361 0.0000 0.2537 102.7@
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6 1 1 Busl 2 Bus2 157.788 -11.874 4.3080 7.3311 149.3!
7 1 1 Busl 5 Busb 74.241 11.433 2.7473 6.1003 70.9%
8 1 2 Bus2 3 Bus3 74.446 0.861 2.4123 5.5604 71.6%
9 1 2 Bus2 4 Bus4 56.364 6.422 1.7452 1.4089 54.5%
10 1 2 Bus2 5 Busb 40.762 7.876 0.9245 -0.7275 39.97
11 1 3 Bus3 4 Bus4 -22.050 14.450 0.4921 -2.2331 28.1"
12 1 4 Bus4 5 Busb -64.699 8.807 0.5726 0.5241 65.6%
13 1 6 Bus6 11 Busll 4.195 0.438 0.0185 0.0387 4.4&
14 1 6 Bus6 12 Busl2 7.306 2.193 0.0782 0.1628 8.0&
15 1 6 Bus6 13 Busl3 16.208 5.640 0.2131 0.4196 17.9&
16 1 9 Bus9 10 Busl0 8.590 7.313 0.0437 0.1160 11.7&
17 1 9 Bus9 14 Busl4 11.833 5.634 0.2355 0.5009 13.6&
18 1 10 Busl0 11 Busll -0.473  1.408 0.0020 0.0047 1.6&
19 1 12 Busl2? 13 Busl3 1.168 0.411 0.0038 0.0035 1.3&
20 1 13 Busl3 14 Busl4 3.434 -0.117 0.0230 0.0467 3.7&

Generator 5 outage

BUS VOLTAGES AND POWERS

NODE FROM V-MAG ANGLE MW MAR MW MVAR MVAR
NO. NAME P.U. DEGREE BE GEN LOAD LOAD COMP
1 Busl 1.0600 494  232.000 -6.610.000 0.000 0.000 #
2 Bus2 1.0400 0.00 40.191 236. 21.700 12.700 0.000
3 Bus3 1.0100 -7.98 0.000 783. 94.200 19.000 0.000
4 Bus4 0.9970 -5.17 0.000 00.0 47.800 3.900 0.000
5 Busb 1.0058 -3.67 0.000 00.0 7.600 1.600 0.000

- 126 -



6 Bus6 0.9908 -9.69 0.000 0@6. 11.200 7.500 0.000
8 Bus8 0.9627 -7.98 0.000 00.0 0.000 0.000 0.000
9 Bus9 0.9563 -9.47 0.000 00.0 29.500 16.600 0.000
10 Busl0 0.9542 -9.86 0.000 00.0 9.000 5.800 0.000
11 Busll 0.9685 -9.92 0.000 00.0 3.500 1.800 0.000
12 Busl2 0.9731 -10.63 0.000 0.00®.100 1.600 0.000
13 Busl3 0.9666 -10.64 0.000 0.00a3.500 5.800 0.000
14 Busl4 0.9408 -11.19 0.000 0.0004.900 5.000 0.000 @
15 DUMO001 0.9623 -7.98 0.000 0.00 0.000  0.000 0.000

NUMBER OF BUSES EXCEEDING MINIMUM VOLTAGE LIMIT (@mark) : 1

NUMBER OF BUSES EXCEEDING MAXIMUM VOLTAGE LIMIT (#mark) : 1

NUMBER OF GENERATORS EXCEEDING MINIMUM Q LIMIT (< rark) 0

NUMBER OF GENERATORS EXCEEDING MAXIMUM Q LIMIT (> rark) 0

LINE FLOWS AND LINE LOSSES

SLNO CS FROM FROM TO TO FORWARD LOSS %

NODE NAME NODE NAME Mw  MVAR MW MVAR LOADING

1 1 5 Bus5 6 Bus6 41.515 8.185 0.0004 4.4602 168.3!
2 1 4 Bus4 9 Bus9 13.052 10.765 0.0002 1.5523 28.3"
3 1 4 Bus4 15 DUMQO 33.474 10.190 0.0002 1.7706 35.17
4 1 9 Bus9 15 DUMO0001 -33.3 -7.666 0.0001 0.9169 71.6%
5 1 8 Bus8 15 DUMO00O1 0.003 0.869 0.0000 0.0003 3.6&
6 1 1 Busl 2 Bus2 150.391.781 4.2860 7.2641 148.9!
7 1 1 Busl 5 Bus5 644. 10.274 2.7610 6.1447 71.1%
8 1 2 Bus2 3 Bus3 475 0.863 2.4110 5.5549 71.6%
9 1 2 Bus2 4 Bus4 026. 7.267 1.7327 1.3761 54.3%
10 1 2 Bus2 5 Bus5 143. 6.354 0.9267 -0.7293 40.0"
11 1 3 Bus3 4 Bus4 -98.115.319 0.5154 -2.1691 28.8"
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12
13
14
15
16
17
18
19
20

PRRPRPRRRRERER

Bus4
Bus6
Bus6
Bus6
Bus9
Bus9
10 Busl10
12 Busl2
13 Busl13

O OO~

11
12
13
10
14
11
13
14

Bus5

Busll
Bus1?2
Bus13
Bus10
Busl14
Busll
Bus13
Bus14

-62.5-0.912
5.896 8.313
7.707 3.194

17%. 9.770
7.206 -0.345

3¥@. 0.755

98.0-6.191

626. 1.369

860. 4.805

0.5247 0.3713 62.7%

0.1005 0.2105
0.0871 0.1814
0.2631 0.5181
0.0181 0.0481
0.1505 0.3201
0.0385 0.0901
0.0105 0.0095
0.0854 0.1740

10.3&
8.4&
19.9&
7.5&
10.9&
6.8&
2.2&
7.1&
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CHAPTER 5: RESULTS & DISCUSSIONS

Results of Five bus & IEEE 14 bus Test systemsismaissed below.
Fuzzy Representation of contingency ranking

The four characteristic points a, b, c, d are setebetween each two
rankings represents performance indices. Membeffsimgtions used to
evaluate the severity of contingency ranking isid#d into five
categories using fuzzy set notation. Here the m@ure real power &
voltage indices whereas the outputs are seveidliges.

Fuzzy set notations are

Very small 0-0.2 (V9)
Small 0.2-0.4 (9)
Medium 0.4-0.6 (M)
Large 0.6-0.8 (L)
Very Large 0.8-1.0 (VL)

Test case-1: Five bus system

CONTINGENCY RANKING: ON REAL POWER BASE

Table 1 explains the contingency ranking for fives lsystem when real
power flow in a line is considered. Both the cori@mal & fuzzy
ranking are indicated in the table. The line witighest performance
index is most severe outage. In five bus systentiiee3-4 has highest Pl
SO Is more severe & line 2-5 is less severe widlstl®|. Here the normal
method stands for conventional method. Being th#icgency index an
absolute value N stands for the negative PI.
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TABLE 1: Line Outage

Sl No Line Contingency Index Rank
Normal Fuzzy
1 2-5 N8.01298 1 L
2 1-2 N2.23573 2 M
3 1-3 NO0.73349 3 S
4 2-4 N0.62305 4 L
5 2-3 0.348816 5 M
6 4-5 0.349255 6 M
7 3-4 0.415981 7 M

TABLE 2: Generator Outage

- Rank
SINo | Generator Conltlggency
ndex Normal Fuzzy
1 2 N0.5107 0 12
2 1 1.537866 >

In table 2 generator contingencies are considewd ranking the
contingencies. The highest performance index hgkelst ranking. The
severity is more with the highest ranked continger@enerator 1 has
large Pl compared to generator 1 so is more severe.

Test case-2: Fourteen bus system
CONTINGENCY RANKING - ON REAL POWER BASE
Table 3 explains the contingency ranking for IEEE Hus single line contingency
ranking
TABLE 3: Line Outage

SI No Line Contingency Index Rank

Normal Fuzzy
1 15-9 N76.7379 1 M
2 4-5 N58.1966 2 M
3 9-10 N52.1457 3 VS
4 4-15 N45.4315 4 L
5 6-13 N25.5319 5 S
6 1-2 N25.0169 6 S
7 15-8 N22.1002 7 M
8 13-14 N19.9686 8 L
9 4-9 N15.6251 9 L
10 2-3 N14.8806 10 M
11 2-4 N9.09582 11 VS
12 12-13 N7.57699 12 L
13 10-11 N0.08901 13 M
14 3-4 2.942988 14 M
15 6-12 3.7427 15 S
16 2-5 5.326897 16 M
17 1-5 6.9278 17 VL
18 9-14 14.77855 18 M
19 6-11 18.56171 19 L
20 5-6 137.3323 20 L
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Table 4 presents generator contingency rankiege the generator 1
has highest contingency index & hence more sevérbereas the
generator 5 has least contingency index value finerés less severe.

TABLE 4: Generator Outage

SI No | Generator e ey Rank
Index Normal Fuzzy
1 5 N11.8692 1 M
2 4 N1.74516 2 M
3 3 N0.28909 3 VL
4 2 REF/SLACK 4 -
5 1 5.443052 5 M

Test case-1: Five bus system
CONTINGENCY RANKING: ON VOLTAGE BASE
TABLE 5: Line Outage

=l Bus Contingency Index Rank

No Normal Fuzzy
1 North REF/SLACK 1 L

2 South 0.125334 2 M
3 Lake 0.161668 3 S
4 Main 0.187839 4 L

5 Elm 0.250245 5 M

Table 6 reveals the generator contingency rankondive bus system on
voltage base. The node EIm has the largest comayg@dex value and
hence more severe than the other following withenbthin. The table
gives the increasing severity order.

TABLE 6: Generator Outage

Sl No Bus Contingency Index Rank
Normal Fuzzy
1 North 0.057264 1 L
2 South 0.066106 2 M
3 Lake 0.06695 3 S
4 Main 0.067979 4 L
5 Elm 0.070182 5 M

Test case-2: Fourteen bus system
CONTINGENCY RANKING - ON VOLTAGE BASE
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Similarly Table 7 & 8 represents the line & generatontingency
ranking for IEEE 14 bus system. Table 7 indicatest node 3 has a

highest performance index and hence most sevemla8y node 6 has

least performance index & hence less severe. Tabdveals that node 2

has largest performance index with highest sevedgre the severity is

in increasing order. Table 7 indicates the singile butage & table 8

shows contingency ranking for generator outage. filzgy approach

justify that normal method has masking effect & banunmasked by this

method. The original conventional ranking changbemfuzzy approach

IS used.
Table 8

. Rank
Sl Contingency SI Contingenc Rank
1 6 NO0.4301 1 VL 1 6 NO0.04469 1 M
2 12 NO0.36763 2 M 2 12 NO0.04152 2 S
3 13 NO0.33135 3 M 3 13 N0.03755 3 M
4 11 NO0.20766 4 VL 4 11 N0.02011 4 VS
5 14 NO0.15405 5 S 5 3 NO0.01109 5 S
6 9 NO0.12657 6 M 6 14 N0.00846 6 L
7 8 NO0.113 7 L 7 2 REF/SLACK 7 -
8 7 N0.08404 8 L 8 10 0.003596 8 M
9 10 N0.06918 9 S 9 5 0.009899 9 S
10 4 N0.018185 10 L 10 9 0.013494 10 M
11 5 NO0.0142 11 VS 11 4 0.016477 11 M
12 1 N0.0012 12 M 12 15 0.026508 12 VL
13 2 REF/SLACK | 13 - 13 1 0.028113 13 L
14 3 0.144554 14 M 14 8 0.035191 14 M

Table 7
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CHAPTER 6

CONCLUSION & RECOMMENDATIONS

The proposed approach can provide the user withetbotages that may
cause immediate loss of load or islanding at aasehius. This is a kind
of information in which is very helpful to systenperators. An overall

severity index is given for which outage case. €h&sverity indices can
be used as a guideline for deciding whether caweatontrol actions

should be taken or not.

A performance index (PIl) is computed for each caency. The Pl is
defined in terms of a branch based active powesxn&l voltage index.
They are used to calculate the post-contingent tgigento evaluate the
network contingency ranking. The fuzzy contingemayking method
eliminates the masking effect of other methods mftingency ranking

effectively.

Conventional Power flow analysis is carried out tmmputing bus
voltage magnitude, voltage angle, real & reactiogvgr of the system.
The fuzzy system has many advantageous featurds asi®ptimized
system complexity, control of power flow, contrdl mon-linear system
etc. The composition of the input variable for greposed fuzzy logic
based contingency ranking has been selected toatmthe solution
process of a conventional power flow. The effectass of the fuzzy
based contingency ranking is demonstrated for sinigie outage

contingencies in 5- bus and 14- bus systems.

Several simulations show that the most critical tic@encies can be

identified correctly by using fuzzy based continggmanking system
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than conventional system. Contingency ranking aslig compulsorily

employed in almost every power system of the world.

Suggestions for further work
1. Contingency ranking for a given system can be ¢afed by using
» combinational line outage
* Combined line & generator outage.
2. Preparedness for contingency can be done.
3. Fuzzy logic toolbox can be utilized for ranking ttentingency.
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APPENDICES

Appendix A-1
BASE CASE 1 : FIVE BUS SYSTEM
Figure shows single line diagram of 5 bus systeth @igenerating units,

p.u. impesan& shunt
susceptances are given on 100MVA base in table Rehl power

seven lines, transmission line series
generation, real & reactive power loads in MW & MRAare given in
table 1.2.With bus 1 as slack, use the followinghods to obtain a load

solution.

Gauss —Siedal using y-bus with acceleration faabrk.4 tolerances of
0.0001 & 0.0001 p.u for the real & imaginary comeots of voltage.
Assume the base voltage for the bus as 220kv &esydtequency as
60Hz. Impedances & line charging for the sampléesgs

Table:1.1
Bus code | Impedance Line charging
From To R+JX B/2
1-2 0.02+j0.06 0.0+j0.030
1-3 0.08+j0.24 0.0+j0.025
2-3 0.05+j0.18 0.0+j0.02
2-4 0.06+j0.18 0.0+j0.02
2-5 0.04+j0.12 0.0+j0.015
3-4 0.01+j0.03 0.0+j0.010
4-5 0.08+j0.24 0.0+j0.025

Generation, loads & bus voltages for sample system
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Table A.4: Line Data

APPENDIX A IEEE 14 BUS TEST SYSTEM

Bus Bus Generation Generation Load Load
no voltage MW MVAR MW MVAR
1 1.06+J0.0 0 0 0 0
2 1.00+J0.0 40 30 20 10
3 1.00+J0.0 0 0 45 15
4 1.00+J0.0 0 0 40 5
5 1.00+J0.0 0 0 60 10
Table 1.2

From Bus

To Bus

Resistance (p.u.)

Reactance {(pou)

Line charging (p.u.)

tap ratio

]

[#1]

o

w

=]

10
14
11
13
14

0.01938
0.05403
0.04699
(.055811
0.05605
0.06701
001355
.00
(LR
0.0
0.00498
0.12291
006615
0.00
(.00
003181
0.12711
0.05205
0.22082
017093

0.05017
0.22304
0.19797
0.17632
(.17388
0.17103
0.04211
0.20912
0.05618
(.25202
0.1980
(1.25581
0.13027
0.17615
0.11001
1.08450
0.27038
0.19207
1. 19458
U.34=02

0.0528
0.0492
(0438
0.0374
0.034
0.0346
00128
.0u
RN
REY
(.00
(.00
(.00
(.00
(.00
AR
REY
oo
AL
AR

1

l

1
0978
R 2]
LLua32

1

I

1
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{PPENDIX A IEFF 14 BUS TEST SYSTEM

Table A.2: Generator data

Generator bus no. I 2 3
MVA 615 60 B3 25 25
T (pa) (0.2396 | 0.00 0.00 | 0.134 | 0.134
ry (p..) 0.00 | 0.0031 | 0.0031 | 0.0014 | 0.0041
g (pa.) 0.8979 | 1.05 1.05 1.25 1.25
x (p-u.) 0.2095 | 0.1850 | 0.1850 | 0.232 | 0.232
zi (pa.) (.23 0.13 0.13 0.12 0.12
% T4 6.1 6.1 W L.75
Ty, 0.03 0.04 0.04 0.06 0.06
r, (pav) 0.646 | 0.98 .98 1.2% 128
r, (pau.) 0.646 | 0.36 036 | 0.71k | 0.71b
z, (pa.) 0.4 0.13 0.13 0.12 0.12
i 0.00 0.3 0.3 1.5 1.5
foA 0.033 | 0.099 | 0.099 | 021 0.21
H 5148 | 6.54 6.54 5.06 5.06
D 2 2 2 2 2
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APPENDIX A IEEFE 14 BUS TEST SYSTEM

Table A.3: Bus data

Bus P Q P Q) Bus Q) ()
Nao. | Generated | Generated | Load | Load | Type* | Generated | Generated
(p.u.) (pu.) (pu.) | (pw) max.(pa.) | min.(p.a.)
1 2.32 0.00 0.00 (.00 2 10.0 -10.0
2 0.4 -0.424 0.2170 | 0.1270 1 (.5 -0.4
3 0.00 BRI 0.9420 | 0.1900 2 0.4 (.00
1 0.00 000 04780 | 0.00 3 (Lo RN
D 0.00 (.00 0.0760 | 0.0160 3 (.00 (1.00)
6 0.00 (.00 0.1120 | 0.0750 2 (.24 -0.06
T 0.00 0.00 (.00 (.00 3 .00 (.00
8 0.00 0.00 0.00 0.00 2 0.24 -0.06
9 0.00 (.00 0.2950 | 0.1660 3 (.00 0.00
10 0.00 (.00 0.0900 | 0.0580 3 (.00 0.00
11 0.00 RN 0.0350 | 0.0180 3 .0 (.00
12 (.00 0.0o 0.0610 | 0.0160 3 0.00 Iy
13 0.00 (.00 0.1350 | 0.0580 3 (.00 (1.00)
14 0.00 (.00 0.1490 | (L0500 3 (.00 (.00

*Bus Type: (1) swing bus, (2) generator bus (PV bus), and (3) load bus (PQ bus)
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