
 

 

 

 

 

 

 
 
 



 

 

 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  



 

 

  

  

  

  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

http://www.eirgridgroup.com/
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http://gridshare/sites/tamprojects/CP0861IPPSliabhBawn110kVstation/Pages/home.aspx


 

 

 

 

 



 

 

 



 

 

 

 

     
  

  

         
         
         



 

 

 

 

 

 

0

2

4

6

8

10

12

14

16

18

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

N
u

m
b

e
r 

o
f 

e
v

e
n

ts
 

Year 

UF events Upper Limit Mean



 

 

 

 

 

                                            

 

0

1

2

3

4

5

6

7

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Sy
st

e
m

 M
in

u
te

s 

Year 

System Minutes Central Target and Deadbands Target Area



 

 

 

 

 

 

 

0

1

2

3

4

5

6

7

8

2012 2013 2014 2015 2016

S
y

st
e

m
 M

in
u

te
s 

Year 

System Minutes

0.00

0.02

0.04

0.06

0.08

0.10

0.12

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Z
o

n
e

 C
le

a
ra

n
ce

 R
a

ti
o

 

Year 



 

 

 

 

 

  



 

 

 

 

 

 

 



 

 

 

 



 

 

 

 

 

 
 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

P
e

rc
e

n
ta

ge
 U

n
av

ai
la

b
ili

ty
 

Month 

Transmission System Unavailability 

2016 2015



 

 

3 

8 

 



 

 

 

 



 

 

 

 

 

42% 

16% 

0% 2% 

40% 

Cause of 110kV Feeder Unavailability 

Corrective and Preventive

New Works

Safety and Security

Forced and Fault

Others



 

 

 

 
 

 

 

0.31% 

50.95% 

0.00% 

43.12% 

5.62% 

Forced and Fault Corrective and Preventive Safety and Security New Works Others

Causes of 220 kV Feeder Unavailability 



 

 

 

 
 

 

0.94% 

0.00% 

99.06% 

0.00% 

0.00% 
Forced and Fault Safety and Security Corrective and Preventive

New Works Others

Causes  of 400 kV Feeder Unavailability 



 

 

 

 



 

 

 
 

 

96.3% 

3.2% 

0.5% 

Forced and Fault Corrective and Preventive Others

Causes of Interconnector Unavailability 



 

 

 

 
 

 

 

0

50

100

150

200

250

300

350

<= 10 Mins <= 1 Hr <= 1 day <= 1 week <= 2 weeks <= 3 weeks <= 4 weeks > 4 weeks

N
u

m
b

er
 o

f 
O

u
ta

gs
 

2016 2015



 

 

 

 
 

 
 

  

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

P
e

rc
e

n
ta

ge
 U

n
av

ai
la

b
ili

ty
 

Month 

Transmission System Unavailability 

2016 2015

0

2

4

6

8

10

12

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
ve

ra
ge

 D
u

ra
ti

o
n

 (
D

ay
s)

 

Month 

Transmission System Unavailability 

2016 2015



 

 

 

 

 

 
 

 

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0.004

2016

110kV Feeders 220kV Feeders 400kV Feeders 

Fo
rc

e
d

 O
u

ta
ge

s 
p

er
  k

m
 



 

 

 

 

 

 

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

2016

220/110 kV Transformers 275/220 kV Transformers 400/220 kV Transformers 

Fo
rc

e
d

  O
u

ta
ge

 p
er

 M
V

A
 



 

 

 

 



 

 

 

 

 

 



 

 

Sytem Availability (%) =
∑ Hours each circuit is available

(No. of Circuits) ∗ (Total No. Hours in Period)
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http://www.soni.ltd.uk/media/documents/Operations/SONI%20Operating%20Security%20Standards%20v1.pdf


 

 

 



 

 

 

 

0

2

4

6

8

10

12

14

16

18

2012 2013 2014 2015 2016

N
u

m
b

e
r 

o
f 

E
v

e
n

ts
 

Historical Frequency Excursions 

Frequency Event < 49.5 Hz Frequency Event > 49.5 and ≤ 49.6 Hz 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

  



 

 

 



 

 

 

 
 

49.2

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Hz 

GI4 - Frequency Event 

Max ROCOF raw data



 

 

 

 

 
 

49.55

49.6

49.65

49.7

49.75

49.8

49.85

49.9

49.95

50

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

AD2 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

AD2 - Frequency Event 

Max ROCOF raw data



 

 

 

49.2

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

WG1 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

WG1 - Frequency Event 

Max ROCOF raw data



 

 

 

49.1

49.2

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

Max ROCOF raw data



 

 

 

49.1

49.2

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

Max ROCOF raw data



 

 

 

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

50.2

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

AD2- Frequency Event 

MAX ROCOF 5 pt moving  average System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

AD2 - Frequency Event 

Max ROCOF raw data



 

 

 

 
 

49.2

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

AD2 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

AD2 - Frequency Event 

Max ROCOF raw data



 

 

 

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

HN2 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

HN2 - Frequency Event 

Max ROCOF raw data



 

 

 

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

GI4 - Frequency Event 

Max ROCOF raw data



 

 

 

 

49.2

49.3

49.4

49.5

49.6

49.7

49.8

49.9

50

50.1

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

-4 -2 0 2 4 6 8 10 12 14 16 18 20

Hz 

H
z/

se
c 

Seconds 

HN2- Frequency Event 

MAX ROCOF 5 pt moving System Frequency Hz

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-4 -2 0 2 4 6 8 10 12 14 16 18 20

H
z/

se
c 

Seconds 

HN2 - Frequency Event 

Max ROCOF raw data



 

 

 

  



 

 

  



 

 



 

 

 

 

 

 

 

 

 

                                            



 

 

                                            



 

 

 

 

System Availability = 1 −  
∑  ( )

∑ Length of Line (j)  ∗  Days in a Year
j=m
j=1

             

System Availability = 1 −  
∑  ( )

∑  MVA of Transformer (j)  ∗  Days in a Year
j=m
j=1

   

System Unavailability = 1 −  
∑ Hours each Circuit is Available

Number of Circuits ∗  Hours in Period
 

 

System Minutes =  
Energy not supplied MW Minutes

Power at System Peak
 



 

 

System Minutes =  
(MVA Minutes) ∗  (Power Factor)

System Peak to Date
 


