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Abstract— In this work, the South Eastern 330kv network was subjected to contingency analysis to ascertain the 
transmission line behaviour during contingency. For clarity, an eleven bus system of the Nigeria’s South-Eastern 330kv 
network was adopted for analysis. Power world simulator was used for the analysis. A load flow was run on the network 
using Newton-Raphson method, which is followed by contingency selection/screening and evaluation of each line and 
generator in the network. The violations/overloads obtained from the contingency analysis were taken down. The simulation 
result indicates a bus voltage violation at New-heaven, Onitsha, Alaoji and P.H Main. Also there was overloading of lines 
between Alaoji-Afam, Onitsha-Alaoji, Benin-Onitsha and Sapelle-Benin lines. Some recommendations were made in line 
with the results which include making Onitsha-Alaoji double circuit and the use of FACT (Flexible Alternating Current 
Transmission) devices to improve the lines reactive power transfer capability in any contingency event, as they have faster 
switching than the traditional compensation devices.  
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1. INTRODUCTION  
 
A reliable, continuous supply of electrical energy is 
an essential part of today’s complex societies. Power 
system network consist of equipment like generators, 
transformers, transmission lines, circuit breakers etc. 
Failure of any of this equipment during its operation 
harms the reliability of the system and hence leading 
to outages. Therefore, one of the major aim of power 
system planning and its operation is to study the 
effect of outages in terms of its severity [1]. All over 
the world, countries are expanding their power 
system networks in other to meet up with 
developmental challenges and this is accompanied by 
increased Contingencies referring to disturbances 
such as transmission element outages or generator 
outages which may always cause sudden and large 
changes in both the configuration and the state of the 
system. Contingencies may result in severe violations 
of the operating constraints. Consequently, planning 
for contingencies forms an important aspect of secure 
operation [2].  
The purpose of contingency analysis is to analyze the 
power system in order to identify the overloads and 
problems that can occur due to a "contingency". This 
is an abnormal condition in electrical network. It puts 
the whole system or a part of the system under stress. 
It occurs due to sudden opening of a transmission 
line, generator tripping, sudden change in generation 
and sudden change in load value. Contingency 
analysis provides tools for managing, creating, 
analyzing, and reporting lists of contingencies and 
associated violations in a power system [3]. 
In the year 2014, Nigeria witnessed a lot of activities 
in the electric power sector, with reforms being at the 
core of such activities, but the national grid has 
remained a weak link along the value chain due to 
constant obstructions like failure of equipments 

which do cause overloads to other equipments and 
this has been complicated with transmission line 
expansions not being adequately planned [4]. There is 
need to establish a proper study on the probable 
contingencies in the system, as a tool for power 
system planners and operation engineers thereby 
breaching the gap in the knowledge of power system 
contingency and reliability planning.  
 
II. POWER SYSTEM SECURITY 
 
One of the most important factors in the operation of 
any power system is the desire to maintain system 
availability and reliability. This ensures a secure 
operation of the system and improved economic 
operation. Power system security is the ability of the 
system to withstand one or more component outages 
with the minimal disruption of service or its quality. 
System security involves practices designed to keep 
the system operating in emergency state when 
components fail and to restore it to its preventive 
state. For instance, a generating unit may break down 
or have to be taken off-line for maintenance purposes. 
This leads to frequency and voltage instability as the 
available generating unit experiences more loads than 
usual, hence frequency drops and bus voltages 
lowers. If this is not foreseen and defensively 
prevented by use of protective devices such as relays 
for load shedding, it can lead to the collapse of the 
concerned system. Therefore the control objective in 
the emergency state is to relieve system stress by 
appropriate actions while economic consideration 
becomes of secondary. 
The Nigeria power system is currently suffering from 
inadequate generation and transmission capacity. The 
demand is much higher than the generated power, and 
this has led to constant load shedding and erratic 
power supply. The transmission network is mostly 
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radial and is not sufficient to transfer the additional 
power injected to the grid by the new power plants. 
 
III. MATERIALS AND METHODS  
 
The software used for the analysis and simulation of 
the 330kv grid to achieve the solution of the power 
flow problem is Power World Simulator version 16.0 
(Educational version) [5]. The existing South Eastern 
Nigeria 330kv network comprising of 11-bus was 
modeled in the edit mode of power world simulator. 
The 330kv network has a total of 11 buses, 6 
generators and 17 transmission lines. 
 
3.1. Power Flow Study For Contingency Analysis  
Contingency analysis is the study of the outage of 
elements such as transmission lines, transformers and 
generators, and investigation of the resulting effects 
on line power flows and bus voltages of the 
remaining system. It represents an important tool to 
study the effect of elements outages in power system 
security during operation and planning [6]. Power 
flow analysis is probably the most important of all 
network calculations. It is performed to investigate 
the magnitude and phase angle of the voltage at each 
bus and the real and reactive power flows in the 
system components.  
 
3.1.1. Load Flow Solution 
The buses that were used in power world simulator 
were classified as load buses, generator buses and 
slack bus [7], which is similar to PV bus but takes the 
slack in power flows so as to achieve a convergent 
solution. Power flow problem starts with a single line 
diagram of the system, from which computer 
solutions can be achieved. Data for the simulation 
include bus data, transmission line data and generator 
data which are shown in appendix A. Computer 
simulation was used to obtain the solutions to 
network power flow based on the newton-raphson 
technique in power world run mode. 
The complex power injected by the source into the ith 
bus of a power system is  

푆 = 푃 + 푗푄 = 푉 퐼 ⋯⋯⋯ 1.0   
i = 1,2, - - - -, n 
Taking the complex conjugate of the above 
equation 
푃 − 푗푄 =  푉 퐼 ⋯⋯⋯ 2.0 
     i  = 1,2, - - - n  
Substituting  

퐼 = (푌 푉 ) 

From eq. 1.0 in eq. 2.0 above, we have 

푃 푄 푉 푌 푉  

Where i=1, 2, -------n 
Equating real and imaginary parts, we get 

푃 (푅푒푎푙 푝표푤푒푟)

= 푅푒푎푙 푉 푌 푉 … … … … … … .3.0 

        
푄 (푅푒푎푐푡푖푣푒 푝표푤푒푟)

= −퐼푚푎푔푖푛푎푟푦 푉 푌 푉 … … … .3.0푏 

         
퐿푒푡 푉 = |푉 |푒 , 푉 = |푉 |푒 , 푌 =
|푌 |푒    ;Then                              
푃 (푅푒푎푙 푃표푤푒푟)

= |푉 | |푉 | |푌 | cos(휃

+ 훿 − 훿 ) … … … … . . 4.0푎 
푄 (푅푒푎푐푡푖푣푒 푝표푤푒푟)

= −|푉 | |푉 | |푌 | sin(휃

+ 훿 − 훿 ) … … . .4.0푏 
Where (i = 1,2, - - - -n)     
Equation 4.0a and 4.0b are called power flow 
equations.  

 
3.2. Contingency Analysis Procedure 
Contingency analysis is a method by which we can 
predict steady state bus voltages and line currents in a 
power system following switching on or off a line in 
the system [8]. The method does not require the exact 
values of voltages and currents, it rather assess the 
approximate values to check whether the system, 
components and buses will be overloaded or will face 
under/overvoltage following switching on or off the 
prescribed line. Contingency analysis frequently uses 
[ZBus] and loads are assumed to be treated as constant 
current injectors. Removing a line is treated as adding 
negative impedance. A generalized method of 
developing an algorithm for addition of line is given 
below [8]. 
 
3.2.1. Addition and Removal of Lines in Power 
System 
Let  V1, V2, - - - -  Vn = bus voltage in P.U in the 
network, 
I1, I2, - - - -., In = known current (PU) injections at 
respective buses 
Zx and Zy = P.U impedance of lines to be added in the 
system between buses i – j and k – l respectively 
Ix and Iy = current (P.U) in branches Zx and Zy 
respectively 
[V1

1, V1
2, - - - -, V1

n]T = bus voltages in P.U in the 
same power network after addition of Zx   and Zy in 
the network  
Here, we can write  
Therefore[V]=[ZBus][ I ]                           5.0 

Also from fig 3.5b 
푍 퐼 = 푉 − 푉  ⋯⋯⋯⋯ 6.0a 
푍 퐼 = 푉 − 푉 ⋯⋯⋯⋯6.0푏   
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Also the change in the bus voltages can be obtained 
from the matrix equation 

[∆푉] = [푉 ]− [푉] = [푍 ][∆퐼] =

−[푍 ][퐴 ] 퐼
퐼 ⋯⋯⋯ 7  

퐴푙푠표 [푉 ] = [푉] + [∆푉] = [푉] + [푍 ][∆퐼]

= [푉] − [푍 ][퐴 ] 퐼
퐼 ⋯ .8.0 

From eq. 8.0, we can write 
푍 0
0 푍

퐼
퐼 = [퐴 ][푉 ]

= [퐴 ] [푉]− [푍 ][퐴 ] 퐼
퐼  

= [퐴 ][푉]− [퐴 ][푍 ][퐴 ] 퐼
퐼  

Therefore, 
푍 0
0 푍 + [퐴 ][푍 ][퐴 ] 퐼

퐼 = [퐴 ][푉]

=
푉 − 푉
푉 − 푉 ⋯⋯⋯9.0 

[푍] =
푍 0
0 푍 + [퐴 ][푍 ][퐴 ] ⋯⋯⋯ 10.0 

푇ℎ푒푟푒푓표푟푒, 푍 ( ) = [퐴 ][푍 ][퐴 ] 
 
IV. ANALYSIS AND DISCUSSUION OF 
RESULTS 
 
Here an 11 bus, 330kv network in the South Eastern 
Nigeria was created and run in power world 
simulator. The eleven bus system was selected to 
demonstrate the use of screening method using load 
flow to calculate the single line and single generator 
contingency in order to determine network security. 
The system consist of 11 buses, 5 of them are 
generator buses and 17 transmission lines. The A.C 
load flow using Newton–Raphson method was used 
in the analysis. Load flow was run on the network to 
ascertain the behavior of the network at base case. 
The load flow results show that there was no 
violation in the bus voltage and the transmission line 
MVA rating. The results were within the limits of 
operation. 
The figure below shows the diagram of the network 
at run mode in power world simulator 

 

 
Fig 1.0: The network at run mode 

4.1. Single Transmission Line Contingency Test 
After running the network at base case, a contingency 
was inserted into the network to check the 
performance during outage/failure of the components 
(generators and transmission line). The first 
contingency that was inserted was the single line 
contingency test and the effect on the network is 
given in the table 1.0 below. From the table, it shows 
that a total of 11 contingencies were performed, 
giving rise to 9 violations.1 violation was recorded on 
the transmission line with high % MVA limit, while 8 
violations were recorded on the buses with low limit 
voltage. The use of contingency selection/screening 
now helped in singling out those contingencies that 
led to violations. The contingencies that led to these 
violations are shown in the table below 
 

Table 1.0: Single transmission line contingency 
selection/screening of the network 

 
 
4.2. Single Generator Contingency Test 
Having selected the contingencies that led to 
violations in the single line contingency test, we now 
insert the single generator contingency to also screen 
out the contingencies that would lead to violations. 
The table below shows the network violations when 
single generator contingency was inserted. 
 
Table 2.0: single generator contingency test on the 

network 

 
 
From the table, it shows that a total of 5 
contingencies were inserted, giving rise to 15 
violations. 5 violations were recorded on the MVA 
loading of the transmission lines, while 10 violations 
were recorded as the bus voltage limit violation. The 
entire generator contingency led to violations which 
can be bus voltage limit, transmission line overload 
violations or both at a time. No contingency selection 
was done in this case, since the entire single generator 
contingency led to different violations. The table 
below shows the nature of violations that were 
experienced by the network during single generator 
contingency test. 
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Table 3.0: single generator contingency displaying 
the type of violation 

 
 
The summary of the contingency analysis given 
above indicates that 4 transmission lines were 
overloaded during a contingency test. The affected 
lines were Alaoji-Afam, Sapelle-Benin, Onitsha-
Benin and Onitsha-Alaoji. The most overloaded line 
was Alaoji-Afam, this is followed by Onitsha-Alaoji, 
then Benin-Onitsha and finally Sapelle-Benin. 
 
RECOMMENDATIONS 
  
The technical information provided in this paper 
forms a veritable database for future work towards 
improved South Eastern Nigeria power system 
operation. The following are recommended to ensure 
efficient operation of the grid system:  

1. The existing transmission lines and 
substations should be upgraded to improve 
voltage profile of vulnerable buses like New 
Heaven, Onitsha, Alaoji and P.H Main. 

2. Provision of double circuit transmission 
lines to connect Onitsha-Alaoji and Benin-
Onitsha will greatly enhance the efficient 
operation of the South-Eastern network.  

3. The Transmission Company of Nigeria 
(TCN) should adopt the use of (Flexible AC 
Transmission), FACT devices as they can 
improve the lines reactive power transfer 
capability in any contingency event, as they 

have faster switching than the traditional 
compensation devices.  

 
CONCLUSION  
From this study, it is has been shown with values, the 
importance of operating the transmission system 
defensively to avoid system collapse due to 
overloading. Also it was noted that even though 
parameter changes were always noted at lines and 
buses during contingencies, most severe violations 
were noted in areas with single circuit transmission 
line between the buses.  
With these observations, direct corrective actions can 
always be planned for the system. 
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