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WAMS in India 2015
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WAMS in India 2016

Integration of PMUs
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*Total Number of SPS in India : 129*
*Wide Impact SPS in WR Grid

Control Actions Total |Percentage
Load Rejection 20 59%
Generation Rejection 7 21%
Generation and Load Rejection 6 18% WR Grid
Total SPS : 71*
HVDC Control 1 3%

*Local Impact SPS in WR Grid

Control Actions Total |[Percentage
Load Rejection 34 92% *Upto Dec-15
Generation Rejection 3 8% Source: SPS in India (POSOCO)
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Performance Evaluation and Review of SPS
Case Study-|
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Assessing Speed of the SPS

*Two Analog, Six Digital Inputs

Ckt 1 Trip _| Comparator
SPS Action :
Gen>P1 MW Trip U#4
Ckt 2 Trip __|
Combination of Comparator SPS Action :
any 2 of 6 ckts Trips—,] Gen>pP 1MW Unloading of
U#4 and
other unit
Ckt5P
— Comparator SPS Action :
Unloading of
SUM >P2MW U#4 and
Ckte6 P other unit
—>
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Assessing Speed of the SP
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SPS-2 criteria satisfied

Envisaged Action : Units unloading
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SPS-3 criteria satisfied
Envisaged Action : Units unloading
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Assessing Speed of the SPS contd.

—Unit Under Backing Down —Line Tripping on Power Swin
1000 cans : ppIng € 535
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Revised SPS Desigh & Performance

*Performance of Modified SPS

* SPS Logic Modified

* Delay in unit unloading is rectified

Comparator

SPS Action :

Any 2 ckts Trips—— p1<Gen>P2 MW || Trip Ut
Comparator
. SPS Action :
Any 1 ckt Trips » P1<Gen>P2 MW Unloading of
U#4
Comparator SPS Action :
. Trip U#4 &
Any 2 ckt Trips— >P2 MW
y 2 ckt ps Gen Unloading of
other Unit
Comparator SPS Action :
. Unloading of
Any 1 ckt Trips——— Gen>P2 MW
ylckt ps en U#4 & other
Unit
I—==-=-=-=-=-===""" "Comparator = [ ——
I Co parato SPS Action :
I  Remote 2 ckt Trips——> Gen>P2 MW Unloading of
: U#4 & other

Unit

SPS-1

SPS-2

SPS-3

* Successful Operations : 7

* Unsuccessful Operations : 0
* Unnecessary Operations : 0
* Number of Failures : 1

Performance Indices of SPS*

Dependability Index

Effectiveness Index

Unnecessary Operation Rate
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100%

L | l * Upto Dec-15
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Performance Evaluation and Review of SPS
Case Study-ll
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Assessing Dependability of the SPS

-
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*One Analog, Two Digital Inputs

Comparator

SPS
Actions

S/C ckt in service P——{ >=400 MW/second >

*SPS Actions
* Generation Rejection in Grid 1

* Load Rejection in Grid 2

Communication Link
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Assessing Dependability of the SPS contd. L

2 o
. OsoC
1700 Power Flow *‘Number of Operations : 24*
Rate of Change of Power exceded 400 MW/Sec * Successful Operations : 23

1500 \ * Unsuccessful Operations : 0
’é‘ * Unnecessary Operations : 1
7;,'1300 * Failures: 0
=
§1100 *SPS is disabled
é * SPS triggered irrespective of power
g 900 flow direction
8
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*Up to Dec-15
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Performance Evaluation and Review of SPS
Case Study-Ill
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Assessing Dependability of the SPS

pmm—
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*Two Analog Inputs

CktI P—
Comparator Delay
SUM >=1500 MW [— 2.5s
Ckt Il P— SPS
Actions
Comparator
— >=2000 MW
*SPS Actions

* Generation Rejection in Grid 1
* Load Rejection in Grid 2

Communication Link
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Assessing Dependability of the SPS contd. <

D
D/C Line Flow Monitoring *Number of operations : 15
1600 * Successful Operations : 15
*— r—e . .
 Lson Ty 2’_55;\ /1500MW 2.5 sec * Unsuccessful Operations : 0
1500 /—\_—/\// * Unnecessary Operations : 0
E * Failures: 0
c 1400
2 *Introducing time delay reduced
= frequent operation of SPS
g 1300
o) Performance of SPS*
Q.
1200 ) 2.5 Sec === NP S —
1100
O O O O O O OO0 O O OO0 00O O O 0O 000 O OO0 O O O
SRR RISERIISTRIIISEBRIIISIRIISS .
l.f'; N (.o. Lp' l'\. w' 05 o{ o{ c' \-i ‘_i hi hi “; q: q: u; u.; d I\. '\' m- m- o CS Unnecessary Operation Rate
deddddddd NN NN NN NN NNNNNNN®
00 OO OO 00 OO0 CO OO0 00 CO OO0 CO 00 OO 00 OO0 OO0 OO OO0 OO OO OO OO O 00 OO OO
M oMM M OO o MmO o oo o Mmon N o N N N MM N M MNN MmO o m

*Up to Dec-15 0% 20% A40% 60% 80% 100%

ONE NATION-ONE GRID-ONE FREQUENCY-INTEGRATED WAMS




SPS Design
Case Study-IV

ONE NATION-ONE GRID-ONE FREQUENCY-INTEGRATED WAMS



SPS Design

*Tripping of any one of four Ckts, | u#1
oscillations are observed in Grid @

Bus-A

Bus-B

*Tripping of other Ckt on Power Swing é

Oscillations observed in Grid prior to SPS Design
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£49.69 g ‘ : Jo Voltage Level 1
= ‘ ¢ Voltage Leve| 2 =
§49 -68 Frequency : 0.97 Hz, Inter-Plant @ @ g
o Dampingratio: 3.7 %
£49.67 Bus-D
49.66 « .
20 Seconds for oscillation Damping
49.65
49.64
D000 00D00DO000DO0O0000DDO0O0O0O0O0OC OO0
CO0OO0O0000O0O0O0CO0O0DO0O0000O0O0O0O0O00C OO0 o Bus-E
B B e e R B e e B B s = R R B B R B ‘ ‘
O A AFNONOAO=AANMNFINIOMNOOOGO O = AN o <F LA
eeegeeeeeeoaododoadoddoadcd NN
0000000000000 OO0
OCO0OO0O0O000O0OO0O0O0O0O0O0O0O0O0O0O0O0OO0OO0OO0O0 OO0

ONE NATION-ONE GRID-ONE FREQUENCY-INTEGRATED WAMS



SPS Design Contd.

*Four Analog, Four Digital Inputs

—A —B C —D —E —F
ckt 1 Trip Comparator 49.86
Power Swingon | [ SPS 49.85
Ckt 1 or Ckt 2 Actions
Ckt 2 Trip = 49.84
I
z
, £ 49.83
Ckt 3 Trip Comparator -1
[]]
| Power Swingon | | SPS £ 49.82 Freaquency 097 Kz nter-Plant
Ckt 3 or Ckt 4 Actions « — '|-| —
. econds ror osciliation Dampin
Ckt 4 Trip 49.81 Ping
. 49.8
*SPS Actions 282238383 ¢8¢8888888z8s¢s
: : SENDITOOLANRIOONRIOON®S
* Trip any one Unit 8853988338 88558888¢83
* Blocking tripping of other line on Power Swing 83883883883888883883
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Summary

*Synchrophasor measurements aided in assessing performance of SPS

*Synchrophasor measurements helped System Operator in reviewing SPS

*Synchrophasor measurements assisted in taking corrective actions to prevent
undesirable or delayed SPS actions

*Using Synchrophasor measurements characteristics of SPS
* Dependability
* Speed
* Sensitivity
are Evaluated
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