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Federal Columbia River Power System
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General Info

« BPA territory in 6 states in the Pacific
Northwest, 20+ GW of hydro

« BPA has over 100 PMU'’s at 45 locations

* Alarm only when you want Dispatcher
action (there are a few exceptions)

» *Oscillation events give a priority 1 audible
alarm
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Resources: 4 Full-time equivalents

1.
2.
3.
4.

Planning and Architecture

System Operation and Data Management
Labs and Development

Engineering and Event Analysis



B O N N E V | L L E P O W E R A D M I N I 8 T R A T | O N

Dispatch Alarms

* Oscillation Detection provides an audible alarm and
visual notification when triggered

* Frequency Monitor provides a visible alarm, and
there is an audible one through a separate system

 Mode meter and Island Detection provide visual
notification

* Wide Angle values are inputs into SCADA, and
SCADA provides an audible alarm



R A T

T

O W E

=]

g o iy s gy
LRl
| R .

Video Board




B O N N E V | L L E P O W E R A D M I N I 8 T R A T | O N

Video Board

Wide Area Angles MW Flow/Angle

N




& Synchrophasor Frequency Disturbance Map




Synchraophasor Frequency Deviation Event

Synchrophasor
To [

y BPA Capstone - 7 Year Policy (7 years) s 1/21/2031

Frequency Deviation Alarm Details

Start time: 01/21/2024 11:05:36 AM
Rank 1 PMU:

Number of PMUS Affected: 47
Frequency Change Magnitude: .0575

Frequency Event . IR )
Auto-generated
e-mail

59.956

21-Jan-24 11:05:26.216 21-Jan-24 11:06:46.1}

-346.102

423.797
501493

579.188 —

468.423

450.530
21-Jan-24 11:06:46.216




Frequency Disturbance Map

FDM ALARM CRITERIA HELP

Event Classification: NOTALARM |
Event Time:  12/19/2023 6:00:21 AM |

Frequency Change: 0.049304

Number of PMUs: 42
Rank1 PMU:




7 Synchrophasor  Island Detection Map with Relative Angles 1/22/2024 4:02:30 PM

ISLAND GROUP COLOR KEY
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BPA

% Synchrophasor Angle Difference - Wide Area 8/18/2023 9:00:00 PM  [AAM MENU'|
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Phase Angle Difference

oo o:12:36 b Phase Angle Monitor
(Wide Area Angle Summary Monitor)

LEVEL 1 LEVEL 2 PHASE ANGLE DIFFERENCE
ANGLE EXCEEDS | ANGLE EXCEEDS | ANGLE -8.85
- 58 ANGLE (-) -3.49

TOTAL -5.40




‘:‘,:i;.;Synchrophasor Mode Meter Overview 2/1/2024 10:51:00 AM
BC/NW MODE N-S MODE MONITOR I DAMPING TRENDS I

° Montana/NW2 MODE

North/South A MODE
Montana/NW MODE
%Damping 18.15 %

Frequency 0.24 Hz ° °

| North/South B MODE
DAMPING NOTES:
3% IS POOR DAMPING
DAMPING

%Damping 17.05 %

North/South A2 MODE Frequency 0.39 Hz
%Damping 1713 %

MODE METER SUMMARY ALARM

Mormal

Frequency 0.24 Hz

Morth/South B2 MODE
% Damping 17.24 %

Freguency 0.39 Hz
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BPA’s Mode Meter Monitor

« Uses MAS (Modal Analysis Software),
developed by Montana Tech

18



WECC

Modes of Inter-Area Power Oscillations in the
Western Interconnection

Western Interconnection Modes Review Group
2021

https://www.wecc.org/Reliability/Modes%200f%20Inter-
Area%20Power%200scillations%20in%20the%20WI.pdf 19



https://www.wecc.org/Reliability/Modes%20of%20Inter-Area%20Power%20Oscillations%20in%20the%20WI.pdf
https://www.wecc.org/Reliability/Modes%20of%20Inter-Area%20Power%20Oscillations%20in%20the%20WI.pdf
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Summary of mode properties.

Mode Freq. (Hz) Shape Interaction Pathis) Controllability Grade
Alberta vs. Alberta-BC (Path 1) Well
MNSA L 20030 Albert
System Morthwest-CA (Path 3) : understood
Alberta vs.
. e (BC +N. Widespread, Well
NSB 033085 oS COL (Path 66) ind. PDCT understood
Us.
(Colorado + Wyoming-ID (Path 19)
: - e . - . _ Marginally
EWA 0.35-0.45 E. Wvo.) vs. Colorado-UT (Path 30) Colorado area .
: understood
System Colorado-NM (Path 31)
BCwvs. N. Not
BCA 0.50-0.72 US. vs 5. Unknown Unknown “
. understood
Us.
W. edge vs.
Mot
understood

edge

20



‘ MODE METER SUMMARY

9/20/2023 16:24:50

B 9 & ) =)= B ciose

§|__BCINWMODE

bl %Damping 727

Frequency 0.55

| BcNW sHAPE

“amping

Frequency

2.29

| N/S AHAPE

2.47
0.20

MODE METER

WARNING MONITOR

Montana/NW MODE

14.55
0.40

% Damping

%Damping  GOOD

Frequency 0.81

DAMPING NOTES:
< 2% IS POOR DAMPING
> 15% IS GOOD DAMPING

/2012023 16:16:50.474 G S, 5.00 minutes @ o~ 212012023 16:24:50.474




N-S MODE WARNING MONITOR

9/20/2023 16:35:00

MODE
DAMPING

9/20/2023 16:12:00

9/20/2023 16:12:00

9/20/2023 16:12:00

ANGLE

@, 2, 23.00 minutes «f -

@, 8 23.00 mhules AP o

@ S 2300 minutés -

9/20/2023 16:35:00

9/20/2023 16:35.00

e f——

9/20/2023 16:35:00

DIFFERENCE 9/20/2023 16:12:00

ANGLE

S, = 23.00 rninut;:‘s oA >

DIFFERENCE 9/20/2023 16:12:00

&, &, 23,00 minutes P

9/20/2023 16:35:00

T
f20/2023 16:35:00

Al s3% |

LOW LIMIT
50 %

POWER
1,789 MW

HIGH LIMIT
-2,000 MW

POWER
-1,940 MW
HIGH LIMIT
3,600 MW

ANGLE DIFF
-5.7 Deg

HIGH LIMIT
320 Deg

ANGLE DIFF
-4.1 Deg

HIGH LIMIT
54.0 Deg

60 SEC
x|
TIMER

NS
MODE
WARNING




OSCILLATION DETECTION MAP 4/28/2020 10:47:00 AM
—
}

& e

\
soor

?{'—'&w ——
|
1

|
!

ENERGY BAND KEY

Band# Typical Source Freg Range
2 Inter-Area Oscillations .15 - 1.0 Hz
3 Local PlantControls 1.0 - 5.0 Hz
4 Gen, HVDC or SVC 5.0-14 Hz

CLICK ON A PMU
TO VIEW DETAILS
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BAMND1 (.01-.15 Hz)
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BAND3 (1.0-5.0 Hz)
BAND4 | 5 -14 Hz)

3.05

712

0.20

3.26

0.41
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0.07

0.70
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w Synchrophasor Angle Differences Map 2/6/2024 10:50:05AM  [AAM MENU]]

i Click on the angl&dlr‘famnce

| for any path to open a
il display with detail data
® including referanced voltages.
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Synchrophasor Remedial Action Scheme (RAS)

 Response Based RAS
— Operational in April 2017
— First PMU sourced RAS system in Western Interconnection

* Used as a ‘safety net’ to minimize the reliability risk for low
probability contingencies.

« |t triggers the insertion of capacitors and removal of reactors.

(0]

28
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Synchrophasor RAS

Intended to operate for large system events and prevent separations
like the July 1996 event such as:

— Intertie faults

— Outages of the DC intertie from Oregon to Los Angeles

— Large generation losses in the Southwest

— BC Hydro and Alberta separations

GPS issue

29
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Dispatch Alarms

* Oscillation Detection provides an audible alarm and
visual notification when triggered

* Frequency Monitor provides a visible alarm, and
there is an audible one through a separate system

 Mode meter and Island Detection provide visual
notification

* Wide Angle values are inputs into SCADA, and
SCADA provides an audible alarm

30
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Video Board

Wide Area Angles MW Flow/Angle
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Mode Meter



	BPA Use of Synchrophasors in the Control Room
	Slide Number 2
	Federal Columbia River Power System
	General Info
	System Architecture
	Resources:  4 Full-time equivalents
	Dispatch Alarms
	Video Board
	Video Board
	Slide Number 10
	Frequency Event �Auto-generated e-mail
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Phase Angle Difference
	Slide Number 17
	BPA’s Mode Meter Monitor
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Synchrophasor Remedial Action Scheme (RAS)
	Synchrophasor RAS
	Dispatch Alarms
	Video Board

