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SWISS APPROACH

Wide Area Monitoring
Early Warning System
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Configuration

WAM CONFIGURATION

Swiss Wide Area Monitoring System

Current & Voltage
Phasor

Frequency
Substation Alarms

Feeder -

VT, CT — T Informa-
Accuracy tion
0.1 Degree
1 mHz
Time Resolution
20 msec

Switchgear Cubicle-PMU Communication Data Concentrator Filter

SCADA
System
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APPLICATION RESULTS

onitor more than the own system operation 1a

10.04.2005 21:06:30 - Outage: Slovenia-ltaly Link (Divaca-Redipuglia, Divaca-Padriciano)
1278 MW for complete Interconnection

10 1000
Ag[°] voltage phase angle difference: Bassecourt -Lavorgo P MW]
voltage phase angle difference: Bassecourt - Soazza 1 990
\ = v’ = "v = \ A‘ B~
+ 900
7.5 1
/N Lo o 7
A4 ~2.5° + 850
~1.5°
WVA\/”‘WV T 800
5 .
- 750
active Power: Soazza - Bulciago
\ - 700
2.5
- 650
\active Power: Lavorgo - Mettlen T 600
0 T T T T T T T 550
21:05:45 21:06:00 21:06:15 21:06:30 21:06:45 21:07:00 21:07:15 21:07:31
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1249 MW for complete Interconnection

APPLICATION RESULTS

Monitor more than the own system operation 1b

10.04.2005 21:37:10 - Reconnection: Slovenia-ltaly Link (Divaca-Redipuglia, Divaca-Padriciano)
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50.1 40
f [Hz] A¢ [°]
50.075 - 4 130
frequency: Lavorgo
A {\ /\'/\ 0.05 Hz /frequency: Ag. Stefanos
5005 T A M 20
50.025
50
49.975
20°
49.95 T -20
voltage phase angle difference: Lavorgo - Ag. Stefanos
49.925 - + -30
49.9 ‘ ‘ ‘ ‘ ‘ -40
21:37:10 21:37:19 21:37:27 21:37:36 21:37:45 21:37:53 21:38:02 21:38:10
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APPLICATION RESULTS

Monitor more than the own system operation 2a

March 22th 2005 03:55:36 Outage: DC-Link Italy-Greece 455 MW

50.08
50.06 A
— Mettlen (CH)
— Ag Stefanos (GR)
50.04
£ 50.02 |
>
1)
(=
(]
: | W) )
8 50 AL ] m l ]l ‘ hx
S (T oW

et
49.98 | ”' " l“" "',4 ‘ U h u‘n

fIf

49.96 -

49.94

03:55:00.0 03:55:10.0 03:55:20.0 03:55:30.0 03:55:40.0 03:55:50.0 03:56:00.
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APPLICATION RESULTS

Monitor more than the own system operation 2b

March 22th 2005 03:55:36 Outage: DC-Link Italy-Greece 455 MW

03:55:00.0 03:55:10.0 03:55:20.0 03:55:30.0 03:55:40.0 03:55:50.0 03:56:00.
0 | | | | |
—CH-GR
-5 |
-10

-15

-20 A

Voltage Phase Angle Diff. / Deg

-25 A

-30

-35
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APPLICATION RESULTS
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03:55:00.0 03:55:10.0 03:55:20.0 03:55:30.0 03:55:40.0

APPLICATION RESULTS

Monitor more than the own system operation 2c

March 22th 2005 03:55:36 Outage: DC-Link Italy-Greece 455 MW

L
T
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APPLICATION RESULTS

u u
|
Inter-Area Oscillations: 1
2004-11-07; 23:51 - Oscillation
50.11 24
f [Hz] voltage phase angle difference: Mettlen- Ag Stefanos o [deg]
+ 22
50.10 - 1920
4 + 18
50.09 - 116
+ 14
50.08 - | { J +12
il
H)‘ m ' r\‘ N‘ ’ ‘a “ ’ | l” 10
e Ny T
Tt T
50.07 - M i ‘ L - 8
I
y
‘ +6
Wil
50.06 14
0.04Hz \ frequency: Mettlen
frequency: Ag Stefanos 20s T2
“—>
50.05 v ‘ | ‘ ‘ ‘ 0
23:49:59.0 23:50:19.0 23:50:39.0 23:50:59.0 23:51:19.0 23:51:39.0 23:51:59.0 23:52:19.0 23:52:39.0
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Inter-Area Oscillations 2a

01.05.2005 09:35:00 UCTE inter-area oscillation

50.01

APPLICATION RESULTS

50

49.99 - }"
!
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49.95 Overall 101 oscillation
|| cycles
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‘ ——Frequency Ag. Stefanos —— Frequency Bassecourt
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APPLICATION RESULTS

Inter-Area Oscillations 2b

01.05.2005 09:35:00 UCTE inter-area oscillation

50.01

50

49.99

49.98

49.97

Frequency [Hz]

49.96

49.95

A

19 oscillation cycles / Continued with 82 oscillation cycles

49-94 T T T T T T T

»
>

9:37:00 9:37:10 9:37:20 9:37:30 9:37:40 9:37:50 9:38:00 9:38:10 9:38:20

——Frequency Ag. Stefanos —— Frequency Bassecourt
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APPLICATION RESULTS

Inter-Area Oscillations: 3

26.06.2005 10:09:14 UCTE inter-area oscillation

50.03

50.02

50.01 -

50 | I\

| HN i IM Y “”W W[ ‘l M"

Frequency [Hz]
N N
© o
[(e} (e}
oo o

49.97 -

49.96 -

49.95

49.94 ‘ ‘
10:05:00 10:10:00 10:15:00 10:20:00 10:25:00 10:30:00

—— Frequency Ag. Stefanos —— Frequency Mettlen
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POM History Recording

& PSG System // ETRANS Power System Operator Workplace
iptit AckTime

7 w[P5G ETRANS Power SystemSingle Li[2] S

APPLICATION RESULTS

& POM Mettlen : Faceplate POM

POM Mettlen

I (=]

4, | External
j Interface
2.000 Hz

45.91% 80.07%

Metten Snazza Stefanos

1.000 Hz

Legend ———
- 00ky
== Observed

0000 Hz [

i Ere—
PSGuard
PSG830 Wide Area Monitering LR
System Information 0.0
Als;rm
J _IL - 500
Voltage
Phasor
Monitoring -00.0 -

— Power Dscillations Monitoring [POM)

Input Signal I
D amping

Active Power Mettlen I 45327 [
Frequency Magnitude
1.00 g ——— 1860 q———
0.75 11.70
L a4
o
AR 0.50 7.80
0.25 4 3804
G
0.00 - 0.oo -

B5.267 [%]

Np

0281 [Hz]

3295 AR

— Status

Phasor Timestamp | | 7/28/2005 2:33:48 PM I

Funning _I

Dtk A= AR - e el

J(J i | & = PSGuardadmin

Ho@[H0 || -4k 4 v|<tbe QARE | P fiorine =] [ 7i282008 z2a0sem =
ICDlDrI Qual| Object Aspect Property Log Name | Current Yalue | Low Range | High Range Ruler Time Ruler Value | Treatment Min Value Max Value | «|
1 '7‘ POM Mettlen Control Connection|ad PSG_Med_Re 22.23% -100.00 100.00 ‘Average -14.61 % 94.73 %
2|V POM Mettlen Control Connection|ma PSG_Med_Re 4,447 0.00 10,00 Average 2,496 6173
3|~ POM Mettlen Control Connection|ff PSG_Med_Re 0.249 Hz 0.00 2.00 TimeAverage 0,181 Hz 0.478 Hz |~
4 |- B
ol =3 sl =l
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Stability Monitoring A

Condition

ARERES

”0 47 = | PSG ETRANS Pawer System:Single Lir = b ) Pl

pproach

APPLICATION RESULTS

POM - Input

POM Ag Stefanos

Active power

[E =]

27

Legend————
- 400kV
== Observed

JUJ i| E ~ psGuardadmin

isn | 14 @ 5 |

D% 98| ve 8o 0|85 (R

4 POM Ag Stefanos : Facep.. | [3,)Pragram Files

=

% POM Ag Stefanos : Fac...

=
"7PSG [} ETRANS Fower Sy...

(

[
i Power Dscillati Monitoring (POM)
Input Signal | Frequency &g Stefanas | 50.00 [Hz]
PSG u ard Darnping Frequency tagnitude
o - % 100.0 120 0024
PSG830 Wide Area Monitoring
50.0 ome
: [ Pl S =
System Information — D Dﬂr Bassecourt aas%m Hm%nz a2
Alarm = = I = = fing
List Sierentz (F) o I /
HE 100.0 0.00 0.000
Voltage 5
Phasor e/ Power 4;,!“, 79487 (%) 0.2% H nomz  [Hal
Monitoring D D D % s i —
Met-Bas | Met-Ro1 | . o
4. | External -3.41° - 1.47% tatus
*| Interface 390.6 kv mml Mettlen Phasor Timestamp | | 11/14/2005 2:3,26 PM [ Running | |
¥ Power| P I
Advanced a
Voltage oo oo <
S JGED A -] L] Voltage phase
% s R angle difference
Export 1:
_ 15.3°C
&
Ste-Bas
Pradella -0.74°
[ Power| ¥ i8 L3 iy = = =
@ = | Lav-Met | Lav-Bas Soa-Bas Ste-Met | Ste-Ro2
DDD Poa| T6¥ | 1108 A1.04° | 45.75% 2.66° e
399.1 kv I L avorgo 3943 kv I 504773 N Robbia 395.0 KW Ag St 0§
-, P rY o s
La&%m wer ok ’\/‘
5 j 79.49% | 55.51%
Musignano {1} Bulciago {1} Gorlago {l)  San Fiorano (1) "’I‘
56.36%

\> Frequency

open ...

.:a ABB PMU MMI Tool

PSG User Manual

Supervision View |
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Damping [%]; Frequency 100 [Hz];
Angle [°]

EERETRANS

49.965

60

50

-+ 49.945

40

U

e 49.925
+ 49.905
a %l _Iq_f—"

30 | L
M\ P - 'J\." ] n —ﬁr],] |I(‘
20 [F = t Uj]f i 49.885
10 - J . 49.865
0 i 1le U 49.845
-10 ‘ ‘ 49.825
14:27:00 14:27:30 14:28:00 14:28:30 14:29:00 14:29:30 14:30:00

— Damping [%]

——Eigen-Frequency*100 [HZ]

—d@: Ag.Stefanos-Bassecourt [°’deg] — Frequency Bassecourt [Hz]

— Oscillation magnitude*10 [°deg]
— Frequency Ag.Stefanos [Hz]
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APPLICATION RESULTS
24/03/2006 11:45:00 Inter-area oscillation

50.05

50.04 -

50.03 -

50.02 -

50.01

50 A

f [Hz]

49.99 -

L
‘n“lw'm‘u’i .Hl ll l ‘H‘ 'MI'I'L

M“ TR urr U
w WHHH' | lHH]Ii 'H;"”(;li'u

49.98 -

49.97 - n

|

49.96

49.95 T T T T T T T T
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00 11:50:00

—— Frequency Ag Stefanos —— Frequency Mettlen
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APPLICATION RESULTS

24/03/2006 11:45:00 Inter-area oscillation

11:50:00

-10
-15 4
-20 N M W
o if |N
B 25 - lﬂ
=
g W 1‘
-30 4
-35
-40 T T T T T
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00
—— Voltage phase angle difference Bassecourt - Ag Stefanos —— Voltage phase angle difference Lavorgo - Ag Stefanos
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APPLICATION RESULTS

24/03/2006 11:45:00 Inter-area oscillation

700
600 -
500 -

400 ,W%MWWMWWWM W‘M"\WWW

300 -

P [MW]

200 -

100

A Vs AAA

AAN AL, AL A A P AALAN AP A, AAN AAANAAAANA "
0 VWA Y W AN AN ANV AT WV W NASTIN VO p TN Y

-100 T T T T
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00 11:50:00

—— active Power Bassecourt-Mambelin —— active Power Mettlen-Lavorgo active Power Soazza-Bulciago
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APPLICATION RESULTS

24/03/2006 11:45:00 Inter-area oscillation

50

40 -

30 A

20 A

10 -

P [MW]
o

-20 Alimm v

-50 T T T T T
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00 11:50:00

—— active Power Bassecourt-Mambelin
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APPLICATION RESULTS

24/03/2006 11:45:00 Inter-area oscillation

406

405 -

! . d A (Y RTYY Y RLAAN [ 5}'{?““ LA ! A
IR w7 T T Vi S R

403 -

402 -

401 -

U [kV]

400 -

399

398 -

397

396 T T T T T
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00 11:50:00

—— Voltage Bassecourt — Voltage Mettlen —— Voltage Lavorgo Voltage Ag Stefanos —— Voltage Soazza
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Damping [%]

EERETRANS

APPLICATION RESULTS
24/03/2005 11:45:00 Inter-area oscillation

100 0.02
80 -
60 -
+ 0.015
40 -
20 -
0] 1 0.01
-20 -
-40 ¢
-60 !\’ll\ A\/A .‘vf\ \ "
-80 W A/ \_‘/\/ \ I\Av/ \/\ f\/\ /\/ \\.\VAI\ N \[l \/\\ PI\V A} \ﬁ
= v VAncE i
-100 T T T T T T T 0
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00 11:50:00

‘— POM Ag Stefanos.ad —— POM Ag Stefanos.ma
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Damping [%]

BERETRANS

APPLICATION RESULTS
24/03/2005 11:45:00 Inter-area oscillation

100 10
80 -
60 - lg
40 |
20 - lg

0

-20 1 14

40 /\\ I \ Ny V/\ M i A {\
A I \ y ¥

60 1 12
-80

-100 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0
11:40:00  11:41:00  11:42:00  11:43:00  11:44:00  11:4500  11:46:00  11:47.00  11:4800  11:49:00  11:50:00

—— POM Mettlen.ad —— POM Mettlen.ma
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APPLICATION RESULTS

24/03/2005 11:45:00 Inter-area oscillation

0.4
0.35 -
0.3 -

0.25 -

//f

Osc. Freq. / Hz

0.15 -

0.1 T T T T
11:40:00 11:41:00 11:42:00 11:43:00 11:44:00 11:45:00 11:46:00 11:47:00 11:48:00 11:49:00 11:50:00

—— POM Mettlen.ff —— POM Ag Stefanos.ff
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b}
e

= East-West

Power flow kj/qﬁ‘;;fﬁb N Ot
-~ = PMU Lavorgo:~<

]

* North-South
Power flow

PMU Ag. Stefanos7@
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APPLICATION RESULTS

POM Freq Stefanos ad (Attenuation Démpfung)‘
100 | |
an ™
£ lL.MluIl]I i 1"l|.|J.| cli, LUTAR i .“u1 ,|...|I.|.r,”.r i,lm..h.ulu.ilhrl A .....l|,|1J||“IN“d abikke s ulllllli.hlhlml..l“M.“ilhlull mh]l...lHﬂLhJJ i
g WY f |
5 40 —
F
20 —
0 | | | | |
a 12 A4 36 45 a0 A2 g4 95 105 100 182 134 166 165
Tirng [h]
POM Freq $tefanos ma [(Magnitude | Amplitude)
0.015 T T
E 001 - —
@
E:
£
&
=
0 | | | | |
a 12 e 35 45 a0 A g4 95 103 180 182 134 166 165
Tirng [h]
POM Freg Stefanos ff (Freg. of Opcillation / Freq. der Schiwingung)
04 T T T
03 —
£ L, T b deh ol 1
E 02 Myl P W"ﬁ JL“”W# N
[T
01 —

| Monday

Tuesday

YWednesday
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Time [h]
Thursday

96

108

Friday

120

132

Saturday

144

156 165

Sunday |

ion

April 3th-9th - east-west oscillat

Week 14 — 2004

28




EERETRANS

100

APPLICATION RESULTS

POM Freq Sltefanos ad (Attenuation

Démpfung)‘

g0

anl

Attenuation [%]

20

llh“uhll“n. [ rillllll'll.illj'i |
i 1)

|
ion

0.015

b

0 2 g4 9

Tirre [h]
POM Freq $tefanos ma|(Magnitude

a2}

Armplitude)

168

Magnitude [Hz]

0.4

bl

g Stefanos ff (Freq. of Oscillation / F

Time [h]

eq. der Sch

April 10th-16th - east-west oscillat

03

Frequency [Hz]

01

02 Y ™ T T

S

L bftan

A g

';%.
Week 15 - 2004

| Maonday

B0 72 84 96
Time [h]
Wednesday | Thursday |
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‘ NN
g ‘
= _
is
s c
E T O
20— — —
L 7]
0 | | ~vene " | | | (7]
a 12 M 3 45 a0 A2 84 £ 5 108 130 182 144 166 168 o
Tirne [h] ~
POM Powed Soazza ma| (Magnitude ¥ Amplitude) ‘S
8 I I o
P
oL | <
= t
= o
o c
LE . :
=
= i lﬁﬁ',lrlwi
=9 — al’
K
rer)
| | 0
a —
a 12 e 144 156 168 =
Tirne [h] o
POM Power Soazza ff (Freq. of Cscillation / Freq. der Schwingung) <
0.4 I I I I g
S
| . .
_ o3 f* eN g il "'rl'rll " am LTI Y RN T M .ll. i ll.i\ i”,._l .‘WI Mlahd il H. . N
o nn \ r % L R |
=
§ 02 — S
= X
= <))
01 — é
0 | | meiet bt | | |
a 12 2 35 45 =] 72 84 95 108 120 132 144 186 1658
Time [h]
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APPLICATION RESULTS

Conclusion

« Inter-area oscillation for 4 minutes / two oscillation modes observed
- East-west direction dominant — mode 1: 0.22 Hz/4.55 s

* Nord-south mode good damping — mode 2: 0.28 Hz/ 3.57 s
« Correlation with voltage change in Greece

+ Friday midday oscillation
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UCTE RESYNCHRONISATION

UCTE Resynchronisation
Peak Load: 223 GW Zagreb —_

2004 October 10th
9:34 — 10:58

ZONE 1 5 x 380 kV
2 x 220 kV
1x 110 kV

L Py

N

=

Peak Load : 21 GW N

European Electrical Reunification
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UCTE RESYNCHRONISATION

Frequency — System Stability Index
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UCTE RESYNCHRONISATION

HoB[E0] | -4> 4 v |« QD] P [omme Wl ionsizns soseian I jjjﬂj '

Object Aspect Property Log Name | Current ¥alue | Low Range | High Range | Time Offset | Filter | Style | Treatment |Mean Val 2 ]13 % 1=
1 AgStefanos Control Connection |Freog PSG_High_Res 50.02 He 49,90 50.10 00:00:00 00 |0.00  |Linear | TimeAverage SCOH: _| ; Lz
2_ Mettlen Control Connection [Freq PSG_High_Res 40,98 Hz 49,00 50,10 00:00:00 00 |0.00  |Linear | TimebAverage 40,99 Hz 49,08 Hz 50.01 Hz
3 AgStefanos Control Connection [AngleDiff.Mett] |PSG_High_Res -111.91| -120.00 180.00 00:00:00 00 (0.00  [Linear |TimeAwverage -3.95 1% -173.20 174,59
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Voltage phase angle difference — stability indicator

Voltage Phase Angle Difference (Mettlen - Ag. Stefanos)

35

UCTE RESYNCHRONISATION
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October 10th 2004
Monitoring of Power System Dynamic Performance, Tutorial 2d, 2006, April 25th, Moscow

36




EERETRANS

OUTLOOK

Application of different WAM Systems in UCTE

«  RWE/ Germany

« Offline measurements — data acquisition via modem contact

« Use of pre-defined trigger conditions for file saving

« Fourier analysis — setup of binary signals in order to trigger alarms

+ Lead in efforts to re-activate PSS operation in Spain and Greece (TSO forum group)

«  GRTN/ Italy

+  Setup of centralised comprehensive system with 30 PMUs

+ Frequency monitoring, voltage monitoring, phase angle monitoring, line temperature control, islanding control,
online modal analysis, data storage, system operator support

« ELES/ Slovenia
«  Operator support in emergency conditions
* Increase of EMS functionality
* Use of five PMUs located in strategic substations of the system
 HEP/ Croatia
«  Corridor monitoring
 APG/ Austria
«  Corridor monitoring and control
« ETRANS / Switzerland
«  Corridor monitoring
*  Dynamic stability monitoring
+  System overview
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OUTLOOK

Conclusions 1
«  WAM Technology:

« |s an excellent tool to be used for improving system operation security
« Has to be applied on a larger scale in order to increase the benefit for wide area applications

« Offers the possibility to “see” more as the own system in order to ensure secure interconnected
system operation

« Has to be improved especially on the interface level (more input channels, implement busbar
intelligence, insert modems in PMUs, different GPS interfaces)

« Will be developed in the direction of closed loop operation, currently used for monitoring only or
system operation decision support

* Reliable Telecommunication required
* Is the backbone of the system

« Centralised data acquisition and common information sharing

e Further efforts to be done

« Concentrate efforts and share results of WAM technology application
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OUTLOOK

Conclusion 2

« Operation of the well-meshed central European power system becomes more complex

« Unfavourable system conditions can be detected by exact monitoring of the system
frequency

* Increased market activities lead to a worsening of the system frequency quality

 Distance to the system stability limit is not too far

* Intensive cooperation and coordination between TSOs is required

* New technologies should be used in order to ensure a secure operation of the
interconnected power systems
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Thank you for your attention
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