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ABSTRACT

Contingency analysis is a valuable tool for a reliable planning and secure operation of a power
system. Centingency analysis techniques must consider the impact of voltage effects as well as line
flow effects. If the potential outage of a line or a generator would result in the overload of another

line, then the system is said to be vulnerable. Without line overloading correction it may cause
cascade outages and lead to failures in the whole system.

An efficient contingency analysis model for detecting both branch MVA flow violations and bus
voltage limit violations is presented. A fast technique has been developed for automatic
contingency ranking and selection of contingency cases for a power system contingency analysis
study. A contingency list is built containing line and generator outages which are ranked according
to their expected severity. System voltage performance index is used to assess events severity.
Another model that was used for line over-loading correction is based on a pseudo inverse method
that was used to solve a non-square system of equations based on Lagrange’s theory in optimization.

These proposed models have been tested on the Iraqi National Grid system(case study) with 29
buses and 46 branches.
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INTRODUCTION
In planning studies, the traditional approach for steady state contingency analysis is to test &ll

contingencies sequentially to evaluate system performance and reliability. Such analysis consists of
simulating outage of one or more generating units and transmission facilities to investigate their
effects on bus voltages and line power flows [Ejebe and Wollnberg 1979].

For a large system, even if only single component contingencies were considered, and even if fast
solution methods were employed, full AC analysis of all cases could be prohibitively time
consuming. Contingency selection involves estimating in advance which contingencies are likely "o
cause  limit  violations followed by AC analysis of only these cases
[Lauby and Mikolinnas 1983]. The objective is to reduce the number of potential cases under
consideration and at the same time, to determine the ranking of these cases according to their
severity of effects for further analysis, i.e., contingency selection method was developed which
would select only those cases considered severe, requiring more detailed analysis
[Dabbaghchi and Irisarri 1986,Gubina and Golob 1996].

If a single or multiple contingency occurs, some lines may become overloaded. Continued secw'e
operation of the system involves the determination of a new state in which the system elements are
not overloaded. The line overload can be alleviated by redistributing power injections between the
sources taking into account that the load can be kept constant or changed during the correcticn

process[Stroev and Rokotian 1991].

MA:I"HEMATICAL FORMULATION OF THE PROBLEMS
In this study basic mathematical models to describe the problems of contingency analysis, automat:c

contingency selection, and line overload alleviation have been developed. Finally, main program is
formed to show the operation sequence of these models,

Simulation of Line and Generating Unit Qutage

Contingency analysis procedures model single failure events, i.e., one line or generator outage, ore
after another in sequence until “all credible outages” have been studied as shown below. The
simulation of the line outage depends on the simulation of the admittance matrix as follows

Assume that the line p,q will be outaged, then the elements of the Y matrix which will be affected

are Ypp,Yqq,Ypq, and Ygp.

where,
Ypp : Self admittance at bus p.

Yqq : Self admittance at bus q.
Ypq =Yqp : Mutual admittance between bus p and q.

The new values to these admittances after the simulation will be
Bpq '
ynew _ Yold ) o
o pp ~YPI—i— (1)
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where,
\"st : New self admittance at bus p.
Y;‘:I],d - Old self admittance at bus p.
Bpq : Susceptance between bus p and q.
yhnew _ Yold . Bpq @)

qq ~ Yqq '}’PQ“J*‘—_z 0
where,
Y(?; W' . New self admittance at bus q.
Y&l{d : Old self admittance at bus q.

1

yhew _ y,old +( J 3)

P4 P4\ Rpq+jXpq
where,
Y&? W . New mutual admittance between bus p and q.
Ygéld : Old mutual admittance between bus p and g.

Rpq : Line resistance to be outage.
Xpq : Line reactance to be outage.

new _  new
Yap~ = Ypg @)
It can be seen from the above eq. ( 1 to 4) that the model assumes an added line between buses p
and q whose impedance(or admittance) is the negative of the original line. This in effect removes

the original line from the system.
Simulation of the Generating Unit Outage depends mainly on the outage of one unit in one power
station and shows the effect of reducing the generation amount (generator load) on the system et

the total generation for the station at bus q is PGq , and assume that there exist(g) units with equal

generation, then =

pnew _ pold _ pold, 5
where,
PRV 2 N d acti b
Gq - New generated active power at bus g.
P(quc? : Old generated active power at bus q.

Automatic Contingency Selection Model
Contingency ranking requires a mathematical function which describes the network state. This
function is a scalar value functions of the bus voltages. This function is called a performance
index(PI). PI is defined as a penalty function to penalize severely any violation of bus voltage
constraints and as given below [Yuan-Yin 1992, Halpin 1984]
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8p 2n
NB wvi IV'|_|V1 }
Plv= % :
i=12n| Aylim

(6)

where,
Plv : Voltage performance index.

[Vi| : Voltage magnitude at bus i.
'ViSP'l : Specified (rated) voltage magnitude at bus i.

AViL™: Voltage unaceeptable deviation limit
n : Exponent of penalty function(+ve integer).
NB : Number of buses in the system.

Wvi : Real non negative weighting factor.
LM yenresents the threshold above which voltage level deviations a‘e

The voltage deviation AVi
outside their limit, any contingency load flow with voltage levels outside this limit yields a high
value of the index Plv. Thus this index measures the severity of the out of limit bus voltages; ard
for a set of contingencies, this index provides a direct means of comparing relative severity of the
different outages on the system [Ejebe and Wollnberg 1979].

Eq.(6) is applied after a specified contingency to calculate PIv which depends on the values of the
bus bar magnitude voltages that are calculated from the load flow program. Eq. (1 to 5) are used 0
simulate the line and generating unit outages. After this process, contingencies are listed from thie
higher value of PIv(most severe ones) to the least ones.

The more important point in eq. (6) is how to choose an appropriate value for n. This positive
integer value will have great effect on the ranking of contingencies as will be shown later in the
results. Also the choice the threshold performance index (Jth) is another important parameter
whose value will separate wether the contingencies will effect the power system operation or not.

Mathematical Modei for the Line Overloading Correction
The basic mathematical model is developed to define line overload alleviation problem. Linear

relationship between line currents and state variables (phase angle and voltage magnitudes at bus
bars), and between bus injected powers and state variables are the basis of this modal
[Gubina and Golob 1996].

The line overloading alleviation technique consists of several steps:-

1- Load flow solution.

2- State variables calculation.

3- Generators response calculation.

4- New generators state.
Load flow solution involves the computation of Newton Raphson method in polar form.

RN

State variables calculation describes linear relationship between line current and state variables, T} e
current flowing in a transmission line from bus p to q are defined in equation below
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:L & | Nlj;l1he:_2-____

. ] ' . | 7 = 3 » L * -
Ipq = {[’\- 5 X COSOp —,\-q x cosdq) x Gpq - (‘I s x .«map-‘vq x 8indq) Bpg
-Be x Vp x sindp] + _i[('\fp x §indp "Vq x 8indq) x Gpq + (]Vp x
cosop -’Vq[xcos&)x Bpq + ‘fox Bcx cosdp] = Ir + jlj (8)
where.

Ipq : Current flowing in the transmission line connecting buses p and q.
Vp I| : Voltage magnitude at bus p.
f\’q Jl : Volitage magnitude at bus q.

8p : Voltage angle at bus p.
8q : Voltage angle at bus q.
Gpq+iBpgq : Series admittance of the line connecting buses p and q.

Bc : Half of the line charging admittance

Ir, Ij : Real and imaginary parts of Ipq.

Let the current flowing through a line connecting buses p and q be Iopq with a given set of
variables a"p,a"q,‘\rg[,and ’V(?‘(calculated from the load flow program after a specificd

contingency). Assuming that IOpq is greater than Ipglim(current limit for the branch pq) and hen:e
a new set of variables &p, 6q, I\f’p[ , and qu‘ are to be determined to reduce the current through the

line from I Opq to Ipglim. Eq.(9) is obtained by expanding the function Ipq in the neighborhood of

( 5°p,5°q,‘V3 ’,andlvg ,) using the Taylor series expansion and neglecting the second and higher

order terms. The current over-load A Ipq, is defined in eq.(9) as (Ipqlim- 19 pq )

alpq.0 alpq. 0 dlpg. 0
Alpg = (=) Ap + (=) " A8 + () A|Vp|+
Pa= (G, ) A0P+ (G0 80+ (G ) V|

0
LI

Relations similar to this equation can be written for any overloaded line only in a power system
and in matrix form as[T.K.P.Medicherla, and R.Billinton ,1979]:-

[AIJ=[A{§;J (10)

where the dimension of Al matrix is equal to m x 1, m is the number of the overloaded lines in the

system.
It should be remembered that the changes in the phase angle are calculated for all buses (except the
slack bus bar), while the changes in the voltage magnitude are calculated at the load bus bars only.

Now if we are assuming that there are K load bus bars in the system, then the dimension of the A
matrix will be m x (N-1+K). N is the total number of bus bars in the system Eq.(10) can be written

as
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The matrix A is rectangular and its inverse does not exist. The concept of pseudo inverse of a
matrix to find the inverse of equations is represented in Al-Shaikihly [1997] in detail.

A - [A]T[[AIA]TT (12)

where [A 1]+ is the pseudo inverse of [A] .

T GENERATION RESCHEDULING FOR ALLEVIATING
OVER LOADS CAUSED BY CONTINGENCY

Generators response technique involves the calculation of changes in generated active powers with
respect to the new changes in the state variables as follows

-0 ‘”’

where AP has the dimensiorn of G-1, G is the total number of generating stations
(including the slack bus bar). The change in the generated power is calculated at all generaticn

buses except the slack bus bar. J ™ is the Jacobian matrix.
New generators state the new required generated powers is found as follows

APj = APGj - APLj (14)
where,

APG;j : Increment in the generated power at bus j.

APLj : Increment in the loaded power at bus j.

For constant load at bus j,APLj=0.

APGj = PGjnew - PGold (15)
where,

PGijnew : New generated power reauired at bus j.

PGold : Old generated power at bus j.

or, ‘
PGjnew = APGj + PGjold (16)

Taking into account that

PGjmin. £ PGjnew < PGjmax (17)

where,

PGjmin : Minimum permissible generated power at bus j.

PGjmax : Maximum permissible generated power at bus j.

After these steps, the load flow calculation is made on the new generated powers to determirne
whether the line overload are alleviated at all lines or not. If not, another iteration is applied to the
overloaded lines only[Medicherla and Billinton 1979].

MAIN PROGRAM

The previous paragraphs describe the four mathematical models for contingency analysis, automatic
contingency selection, line overloading correction, and load flow problems respectively. Each
model was analyzed separately from the others. But in practice, these models are interconnected
and inter-dependent. In general, each model depends at least on the results of one of the other three
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remaining models. So these programs are built in one main program that indicates the operaticn

sequence of these models, Fig. (1)

| START '

ENTER THE INPUT DATA |

.
RUN THE PROGRAM l
|
./'--.
e AUTOMATIC CONTINGENCY
RARRING T E Sy SELECTION PROGRAM
CONTINGENCIES YES T

|

-\-\."‘ -
NO I
Amcsncv : o R
, SRS >
~. : NO L.

ANALYSIS (I
|
|
[
|

DONE

Y:ES '

. -
CONTINGENCY ANALYSIS
| T PROGRAM

LINE OVER

|
| |"__"_'ﬁo"—“ _LOADING EXISTS : j
YES ]

- . |

| LINE OVER LOADING |

( | CORRECTION PROGRAM J ’
{

JI : J T [

J |

| %%\ !

AT e e SCTONTIN RN e NG e

Figure-1 Flow chart for the m ain program .
RESULTS AND DISCUSSIONS

Results were obtained from a case study Fig. (2) whose bus data belong to the peak load of Iraqi
National Grid system for August 1997. This case study consists of 29 bus bars and 46 branches.
Five equivalent auto transformers were added and were considered as a branch in the line data sheet
with zero values for R and B. Number and rating (thermal) of auto transformers are indicated in
Fig. (2). Fig. (2) shows the single line diagram of the super high voltage (400 kV) Grid system with
some transmission lines from the high voltage (132 kV) Grid system (case study)
[ Iragi National Control Center 1991].

The input line and bus data is given in Table (1) and (2). The results of the contingency analys.s
program for this case study are shown in Table (3) only for the lines and generating unit outages
that affect the system. The permissible voltage change at each bus is 0.05 P.U above or lower i's
rated value for the S.H.V Grid system and 0.1 P.U for H.V Grid system. The rated value is one in

P.U,
213
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Table (1). Input branch data for the Iraqi National Gind systern

(case study)
ch R X B limr
P.U P.U P.U MV A
SMDP-MOS4 000143 001252 N 16439 1219
SMDP-BAJP 0005841 0048764 | 43839 74¢
MOSS-BAJP 0.00398 N0in24d | 074 G
BAIP-B(WJ4-DI 0.00483 004393 130165 BiS
BAIP-BUW4-D2 0.00541 0.04925 1 45025 758
BAJP-QAM4 0.00639 0.05682 0 94487 705
BAJP-KRK4 0.00191 0.01669 0.48585 1210
KRK4-BGE4 0.00481 0.04373 1.29581 815
BGW4-BGN4 0.00093 0.00847 0.25099 1210
BGE4-BGN4 0.00028 0.00256 0.07588 1210
BGW4-HDTP 0.00483 0.04393 1,30165 815
BGL :-DALAJ 0.00075 0.00689 0.20429 1210
BGE4-BGS4 0.00104 0.00945 0.28017 1210
BGW4-BGS4 0.00143 0.013 0.38524 1210
BGS4-KUT4 0.00244 0.02226 0.65958 (110
BGS4-KADA4 0.00292 0.02659 0.78799 1043
BGS4-MUSP-DI 0.0012 0.01005 0.31598 1210
BGS4-MUSP-D2 0.0012 0.01005 0.31598 1210
KAD4-NSRP 0.00383 0.03486 1.03314 935
KUT4-NSRP 0.00433 0.0394 1.1674 846
KUT4-QRN4 0.0052 0.04728 1.40088 703
NSRP-KAZA4 0.00437 0.03979 1.17907 844
MUSP-BAB4-DI 0.00077 0.00644 0.2027 1210
MUSP-BAB4-D2 0.00077 0.00644 0.2027 1210
KAZ4-HRTP 0.00119 0.01083 0.32103 1210
QRN4-HRTP 0.0013 0.01182 0.35022 1210
BGW4-BGW3 0.0 0.018 0.0 1000
QAM4-QAM3 0.0 0.036 0.0 500
HDTP-HAD3 0.0 0.036 0.0 500
QAM3-HAD3-D! 0.11838 0.3212 0.07 112
QAM3-HAD3-D2 0.11838 0.3212 0.07 112
HAD3-HEET-DI 0.05563 0.2221 0.0517 124
HAD3-HEET-D2 0.05563 0.2221 0.0517 124
HEET-RMDE-DI 0.03838 0.1532 0.0357 137
HEET-RMDE-D2 0.03838 0.1532 0.0357 137
RMDE-FLJT-DI 0.03004 0.11993 0.0279 137
RMDE-FLIT-D2 0.03004 0.11993 0.0279 137
FLIT-BGW3-DI 0.0106 0.05931 0.028 150
FLIT-BGW3-D2 0.0106 0.05931 0.028 150
DALA-DAL3 0.0 0.036 0.0 500
DAL3-BQBW-DI 0.0439 0.01754 0,004 137
DAL3-BQBW-D2 0.0439 0.01754 0.004 137
BQBW-BQBE 0.01389 0.03258 0.0069 89
BOBW-BGE3J 0.04154 0.0 354 0.0175 89
BQBE-BGE3 0.01891 0.07551 0.0176 89
BGE+-BGE3 0.0 0018 0.0 1000
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Table (2). The input bus data for Iragi National Grid system

(case study) according to the peak load for 1997.

v PG QG P Qy
Bus No. P.U MW MVAR MW MVAR
1 1.01 872.54 62.49 220.0 80.0
2 1.02 600.0 10.0 0.0 0.0
3 0.0 0.0 0.0 300.0 180.0
4 0.0 0.0 0.0 80.0 30.0
5 0.0 0.0 0.0 100.0 130.0
6 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0 0.0 150.0 50.0
9 0.0 0.0 0.0 100.0 20.0
10 0.0 0.0 0.0 0.0 0.0
11 1.0 500.0 20.0 2.0 1.0
12 1.0 600.0 150.0 200.0 80.0
13 0.0 0.0 0.0 100.0 50.0
14 0.0 0.0 0.0 250.0 100.0
15 0.0 0.0 0.0 150.0 70.0
16 1.01 500.0 200.0 120.0 20.0
17 0.0 0.0 0.0 120.0 60.0
18 0.0 0.0 0.0 300.0 100.0
19 1.025 400.0 50.0 0.0 0.0
20 0.0 0.0 0.0 60.0 20.0
21 0.0 0.0 0.0 0.0 0.0
22 0.0 0.0 0.0 50.0 25.0
23 0.0 co 0.0 15.0 5.0
24 0.0 0.0 0.0 100.0 35.0
25 0.0 0.0 0.0 400.0 100.0
26 0.0 0.0 0.0 30.0 10.0
27 0.0 0.0 0.0 70.0 20.0
28 0.0 0.0 0.0 70.0 20.0
29 0.0 0.0 0.0 450.0 180.0
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Table (3). Results of contingency analysis program for
the Iraqi National Grid system.

Contingency Effect

Bus Bar Voltage Overloaded Lines
Bus Name A% Branch
P.U Name
QAMA 0.6153
(BAIP-QAM4) QAM3 0.6341

Line 7-10 DAL4 0.8588
(BGE4-DALA4) DAL3 0.8588 BQBE-BGE3J 97.37
BQBW 0.8605
BQBE 0.8683
Line 6-11 QAM4 0.9485 HDTP-HAD3 525.025

(BGW4-HDTP) HEET 0.8374 QAM3-HAD3-DI 113.97
RMDE 0.8452 QAM3-HAD3-D2 113.97
FLIT 0.8808 HAD3-HEET-DI 140.14
HAD3-HEET-D2

Line 1-5 KRK4 0.9207
(BAJP-KRK4)
Line 7-9 BGE4 0.9453
(BGE4-BGS4) DALA4 0.9402
BQBE 0.8983
Line 2-3 MOS4 0.9403
SM-MOS4}

is clear from the results obtained from Table (3) that:-
Only six events from 32 events (6 generating stations with 26 branches for Iraqi National S.H.V

Grid system) will have been effect on the power system.

Large dropping in bus bar voltages (0.6153 P.U at QAM4 and 0.6341 P.U at QAM3) due to the
line of BAJP-QAM4 (line 1-4) is outage. The reason for this is because this line is very
long(287 km), so its outage from the system making the Q charging from this line equal 10
zero(56.8 MVAR Q charging for each 100 km),i.e., large dropping in voltage magnituce
especially at the buses that connect this line(bus voltage at BAJP is constant because it was
taken as a slack bus bar to the system) and that those nearest to it.

For the lines BGE4-DAL4(line 7-10) and BGW4-HDTP( line 6-11) outages, it is found that the
dropping in bus voltages(out of the permissible limits) is due to the higher reactive power lozd
at these buses or at the adjacent buses as well as to that Q charging from this line outage will te
equal to zero.

Also i; 1s found that the line of BGW4-HDTP will cause the most sever overloading in the
adjacent branches. The reason for this overloading is that the only path to the generated active
power from HADITHA power station (500 MW) is through the branch of HDTP-HAD3 sce
Fig. (2) which will be over loaded and then will be divided through the branches of QAM::-
HAD3(double line) and HAD3-HEET(also double line) which will also be overloaded.

From the results of automatic contingency analysis model, we can estimate in advance 1o
contingency analysis, which contingencies will cause problem(critical) and which do not and then
will specify threshold performance index that decides the group of the critical contingencies fromn
those non critical. The same case study that was taken in contingency analysis is applied 10 the
automatic contingency selection program. This program depends mainly on equation-6. In this

equation, ViSp' is taken to be equal to 1 P.U(rated value), z&ViLim' is equal to 0.05 P.U for 400 kv

Gri

id system and 0.1 P.U for 132 kV Grid system.
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From equation-6, it is found that there are two factors affecting on the ranking operation. These tvio
factors are the weighting and exponent integer(n) factors. So to investigate the effect of these tvio
factors. it should take one of them to be constant and change the others. In most studies, the
weighting factor is usually taken to be equal to one and the exponent factor is changeable.

From the results in Table (4) (contingencies are listed from the higher value of Plv to the smallest
ones for each integer value to n), it is found that n=1 in equation-6 leads to the masking problein.
From the contingency analysis results we see that the lines outages 8-6, 5-7, and 1-6D1 have no
effect on the system(on the voltage bus bars or lines power flow) while the line 2-3(SMDP-MOS %)
outage leads to an effect on the bus bar voltage in MOS4(0.9403 P.U). As a values to Plv(with
n=1), this outage is small than those for events outage that were mentioned above. This
problem(masking problem) can be solved by increasing the value of n, increasing n also increas:s
the accuracy of ranking(listing) according to severities. It is shown for the Iragi National Grid
system that after n=5, the ranking process will be approximately constant. Also with increasing n,
values of the Plv will be very large for those greater than one and very small for those less than one.
So in this case n=5 is a better choice to the ranking process.
From the results that were obtained from the various types of data (taken for the peak load of years
RELT) TR 70 ) ——— ,1997), it is found that the best choice to the Jth is 0.15 with n=5.

Table (4). Results of the automatic contingency selection program for the Iraqi National Grid system

with various values to n.

Line Line Line Line ~ Line
OR Plv OR Plv OR Piv OR Plv OR Piv
Generating. N=| Generating. n= Generating n=3 Generating. n=4 Generating. n=5
L Unit g Unit Unit Unit Unit
Outage Outage Oulage Outage Outage
14L 39.00 14 L 921.2 1-4 L very large 14L very large 14 L very large
7-10 L .B,SBB 7-10 L 18.90 7-10 L 88.1 7-10 L 511 7-10 L 3241.2
6-11 L 6.822 6-11 L 4.703 6-11 L 6.34 6-11 L 1. 6-11 L 21.647
79L 4915 1-5 L 2.37 1-5 L 2.93 1-5 L 5.12 1-5L 10.131
1-5 L 4606 7-9L 2.042 7-9L 1.40 7-9L 1.19 7-9L 1,1477
8-6 L 2.98 2-3L 0.790 2-3L 0.53 23L 0.52 2-3L 0.5893
5-7L 2,906 8-6 L 0.683 8-6 L. 0.24 8-6 L 0.11 8-6 L 0.0545
1-6D1 L 2.805 5-7L 0.571 5-7L 0,17 S-7L 0.062 5-TL 0.0255
2-3 L 2.788 1-6D1 L 0.510 1-6D1 L 0.14 1-6D1 L 0.046 1-6D1 L 0.0169
1-6D2 L 2,772 1-6D2 L 0.498 1-6D2 L 0.13 1-6D2 L 0.044 1-6D2 L 0.016
14-16 L 2.571 14-16 L. 0.421 14-16 L 0.10 14-16 L 0.032 7-8 L 0.0113
9-15 L. 2.489 9-15L 0.387 7-8 L 0.09 7-8 L 0.031 14-16 L 0.011
6-9 L 2415 6-9 L. 0.377 9-15 L 0.09 6-9 L 0.025 6-9 L 0.0081
128 2312 7-8L 0.376 6-9L 0.08 9-15L 0.025 9-15L 0,008
7-8 L 2.286 12g 0.348 12g 0.07 12g 0.022 12g 0.0069
9-12D1 L 2,248 9-12D1 L 0.330 9-12D1 L 0.07 9-12D1 L 0.020 9-12D1 L 0.0063
9-12D2 L 2.248 9-12D2 L 0.330 9-12D2 L 0.07 9-12D2 L 0.020 9-12D2 L 0.0063
9-14 L 2.241 9-14 L 0312 15-17 L 0.066 15-17 L 0.018 15-17L 0.0056
18-19 L 2.177 18-19L 0.309 9-14 L 0.066 l6g 0.0173 16 g 0.0051
168 2.164 15-17L 0.306 i6g 0.066 9-14 L 0.0173 9-14 L 0.0051
19 g 2.145 16 g 0.306 18-19 L 0.065 15-16 L 0.017 15-16 L 0.0051
15-17L 2,116 19g 0.301 15-16 L 0.064 18-19 L 0.017 19g 0.0049
15-16 L 2.105 15-16 L 0.298 19g 0.064 19g 0.0168 18-19 0.0049
3-1L 2.082 3-1L 0.283 19-17 L 0.061 19-17 L 0.0161 19-17L 0.0048
12-13D2 L. 2.080 12-13D2 L 0.283 16-18 L 0.059 16-18 L 0.015 16-18 L 0 0043
12-13D1 L 2.080 12-13D1 L 0.283 12-13D1 L 0.059 12-13D1 L. 0.0149 12-13D1 L 0.0043
2p 2.079 2g 0.283 12-13D2 L 0.059 12-13D2 L 0.0149 12-13D2 L 0.0043
lg 2.077 'g 0.283 lg 0.058 lg 00149 g 00043
2-1 L 2.076 2-1L 0.283 3-1L 0.058 3-1L 00149 3-1L 0.004 3
llg 2.058 16-18 L 0.282 2g 0.058 2g 0.0149 2g 0.0043
16-18 L 2.054 19-17L 0.282 2-1L 0.058 2-1L 0.0149 2-1L 0.0043
19-17 L 1.992 11 0.278 1 0057 1l g 00144 11 0 0041
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From Table (3) (contingency analysis results), two states of overloaded lines are taking place. Firs
when a line of HDTP-BGW4 outage and the second when a line of BGE4-DAL4 outage. Table (5)
shows the overloaded lines values (in MVA and AMP) with its need for correction and Table (5)
shows the power redistribution at power stations which needed for overloaded lines correction diie

to line HDTP-BGW4 outage.

Table (5). Branches over loading MV A and current before and after the
correction due to line HDTP-BGWS outage.

Branch Over- Before the Correction After the Corr_ection
Loading S | Limit Al S I Limit Al
Name MVA AMP AMP AMP MVA AMP AMP AMP

HDTP-HAD3 525.0 758.6 721.6 36.9 414.5 598.3 721.6 -123.3
QAM3-HAD?-D] | 113.9 5209 489.8 31.0 85.9 383.6 489.8 -106.2
QAM3-HAD-D2 113.9 520.9 489.8 31.0 85.9 383.6 489.8 -106.2
HAD3-HEET-DI 140.] 640.5 5423 98.1 119.1 531.7 5423 -10.6
HAD3-HEET-D2 | 140.1 640.5 542.3 98.1 119.] 531.7 542.3 -10.6

Table (6). Power redistribution at power stations with its state variables
before and after correction due to line HDTP-BGW4 outage.

 Before the Correctior After the Correction
Station PG Vv 5 Pg \Y 8 MW Deg.
MW P.U Deg. MW P.U Deg.

BAIP | 87254 |1.01 |00 100655 | 1.01 | 0.0 134.01 | 0.0

SMDP | 600 .02 |51 600 .02 |5.1 0.0 0.0
'HDTP | 500 1.0 4138 |407.69 1.0 2015 [-9231 |-12.23
J MUSP | 600 1.0 895 | 600 1.0 909 0.0 0.14
INSRP | 500 1.01 702|500 101 |[-7.16 |00 0.14
'HRTP | 400 1.025  |-7.33 | 400 1025 |-7.47 |00 0.11

3472.54 3514.24 41.7

From the results in Table (5), it is clear that to alleviate the line over loading, power flow through
these lines must be reduced. So the nearest power stations from these lines must respond. From
Table (6), it is found that only two stations are changed. Single line diagram Fig. (2) shows that
these two stations are the nearest ones from the overloaded lines. This is one advantage in th:s
method in that it takes into account the nearest and farthest stations from the overloaded lines,
HADITHA power station is the nearest one from the overloaded lines region. BAJI power staticn
will compensate this reduction and other changes (operating conditions) in the system and to keep
on the same load demand.
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Changes in power flow before and after the correction as well as the changes in active power
redistribution at power stations can be shown graphically in Fig. (3) and (4) respectively.

600

500 -

B Before correction

M After correction

11-21 20- 20- 21- 21-
21D1  21D1  22D1  22D2

Line overloading No.

Fig. (3) Changes in MVA power at over loaded lines before and after the
correction process

1200

B Before correction
W After correction

BAJP SMDP HDTP MUSP NSRP HRTP

Power station

Fig_(4) Changes in MW power at each station before and after the correction process.
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Also it Is found from the line overloading correction program results that as well as line
o‘\'crlo:_idmg was alleviated, effective voltage bus bars(out of the permissible limits) are improved.
These improvement are shown in Table (7) below

Table (7). Changes in effective voltage bus bars after line overloading
correction due to line HDTP-BG W4 outage.

Vge Bus Bar Voltage Bus Bar
Before the Correction After the Correction
0.9485 0.9721

0.8374 0.8881
0.8452 0.8879

0.8808 0.9054

MAIN CONCLUSIONS
This research attempts to solve contingency problems in power system Proposed model set to tae

contingency analysis depends on the simulation of the Y matrix to simulate any line outage (single
line outage). The method is particularly suitable for long term transmission planning studies. An
important feature of the algorithm is that the execution times are extremely short. Thus, this
algorithm is suitable for large system evaluation. Simulation of the generating unit outage means
reducing the total generation of the station suffering from the outages, assuming that all units zre
equal in generation. Contingency ranking algorithm has been applied to a single outage contingency
cases, especially with respect to voltage problem analysis to find those combinations of equipment
outages which may cause future trouble on a system. System performance index (PI) is defined as a
penalty function to penalize severely any violation of bus voltage constraints. Finally, basic line
overload alleviation model consisting of a set of linear relationships between line currents and state
variables, and between bus pow.r injections and state variables are developed. This moclel
considers the load constant during the correction process and takes into consideration its capacity at
each power station. The results of this technique will also serve as an operating guide for
generation rescheduling to a system dispatcher in the event of line overloads. Newton Raphson

method is used in these models and it has proved to be reliable in convergence.
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