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= BPA Synchrophasor Project

= BPA's Oscillation Detection Application

* Analytics
* Implementation at BPA

= Oscillation Events
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Transmission
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Federal Dams
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I BPA Service Area

e

BPAestablished ......... ... ... ... ...... 1937
Service area size (square miles) .......... 300,000
Pacific Northwest population .......... 13,278,218
Transmission line (circuit miles) ............ 15,212
BPAsubstations ............ ... .. ... .. ..., 261
Employees (FTE) ... oo oo v 3,100

1/ FTE for fiscal year 2016 from the FY 2017 Congressional Budget.
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History of Syncrophasors at BPA

= BPA has been one of the earliest adopters of synchrophasor
technology since early 1990s o o o 20100

5000

= BPA has greatly expanded PMU  «
coverage and networking .
following 1996 outages " .

Time (sec) from 15:47:30

= BPA researched, prototyped and deployed several PMU
applications for engineering analysis

= However, that PMU network was research-grade and was not
reliable or secure for real-time control room applications.

|



B O N N E V | L L E P O W E R AA.D M I N I S T R A T I O N

2010 Synchrophasor Investment Project

= BPA initiated a capital investment project in 2010 to build a
secure, reliable, control grade synchrophasor network:

e 5-year, $35M project

e Part of DOE Smart Grid Program —
= “Control” PMUs £ — -
* 32substations | [ e
* 110 PMUs (55 redundant pairs) q@ _ 'EE &fe
= “Data” PMUs ==
e 15 wind sites b

= Total of 3,322 signals
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Platt's Global Energy Award

g
itk

= BPA synchrophasor
Investment project
received 2013 Platt’s
Global Energy Award
for Industry
Leadership in Grid
Optimization B

Industry Leadership
Grid Optimization

= (g PLATTS
— MEBRAW HILL FTNANCTRI




Osclillation Detection Monitor
SYNCHROPHASOR: OSCILLATION DETECTION MAP  8/4/2016 08:23:59 IW Im "m.m

A

m I CLICK ON A PMU
J ‘}3 TO VIEW DETAILS

ENERGY BAND KEY

LRI legel 5.0 - 14 Hz

IGLESEN RSN 1.0 - 5.0 Hz
Inter-Area Oscillations

Local Plant Controls or AGC
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How are the Oscillation Magnitudes Calculated?

For each of the 4 bands, an estimate of the RMS value is calculated

Oscillation

PMU
Magnitude

Measurements

Average

Preprocess [ lﬁ{:] —P () —P"  Filter | l ( )

——

Restrict the signal Calculate the
to the particular RMS Value
frequency band of the Oscillation

—
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How are oscillations detected?

The magnitude of the oscillation is calculated in 4 frequency bands

[5.0-140]_  LUIIARACAANAAAAAII \ il \
ne 8 .
BAND 4 :Cause > Generators, HVDC, SVC -- 14Hz shown
sl LAAMMALAAL
Hz
m  VOVUVUII
BAND 3: Cause > Local Plant Controls ---5 Hz shown
ool BVANEVANYANEVANEVAN
2 N NS NN L N
BAND 2: Cause > - Inter-Area Oscillations — 1 Hz shown
| 001- || | M
015Kz | B BAND 1: Cause > Local Plant Controls or AGC -- 0.1 Hz
PMU Measurement shown

(one of 136) - 5 seconds >
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How are oscillations detected?

Step 2
If the oscillation Is strong enough, and lasts long enough
then an alarm is issued

20MW RMS

-f—120 sec

Alarm

Must persist for this long:

= Band 1- (0.01- 0.15 Hz) >> 400 seconds
= Band2- (0.15-1.0Hz) >> 120 seconds
= Band3- (1.0-5.0Hz) >> 120 seconds

= Band4 - (5.0-14.0Hz) >> 120 seconds
10
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Oscillation Bands

Band 1 Band 2 ‘ Band 3 Band 4

Inter-area power oscillations
[

Local oscillations

Control-electrical

Torsional, SSR

@R G overnor, AGC, mechanical

| | )
Oscillation Frequency
0.1 1 10 (H2)
( | | |
Oscillation Period
(sec) 10 1 01 11

11



SYNCHROPHASOR: OSCILLATION DETECTION SUMMARY 2/20/2014 9:18:23 AM | CLOSE

||
I SUMMARY TRENDS
I

SYNCHROPHASOR: OSCILLATION DETECTION SUMMARY 10/3/2013 8:55:54 AM CLOSE

ENERGY BAND KEY ‘r\‘\\_y__?

CLICK ON A PMU
TO VIEW DETAILS
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Operational Status

= Monitoring 140 measurement points from 66
PMUs

* Visiblility of previously undetected oscillations

= ODM Map display on video wall of Dispatch floor.
= Full ODM application on all Dispatcher consoles.
= Audible alarms SCADA

= Operational Staff

13
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Current Dispatch Standing Orders

= Implemented as of June 1st, 2016

= BPA System Operators must respond to

alarms

= Single PMU Site Alarm

« System Operators contact field staff at alarmed
measurement point

= Multiple PMU Sites Alarm

« System Operators take more proactive approach
14
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Events

15
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Wind Power Plant High
Frequency Osclllations
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Wind Power Plant

OSCILLATION DETECTION SUMMARY

ENERGY BAND KEY
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Wind Power Plant

1/30/2014 9:21:56 AM 1/30/2014 9:21:56 AM

239,000

238,500

238,000

237,500

237,000
5:30

1/30/2014 9:21:56 AM 1/30/2014 9:21:56 AM
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Hydro Generator Event
In October 2014



SYNCHROPHASOR: OSCILLATION DETECTION SUMMARY 1013012014 8:15:00 AM & |2 | cLose
| ]

I SUMMARY TRENDS

CLICK ONA PMU
TO VIEW DETAILS
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Hydro Generator Event in October 2014

W N hﬂ Period of oscillation
: A A A A N[L)] | is 8 seconds,
VYR RVAY; M\f\h WAV Hﬁ\l WATAVAVATA oscillation frequency
Sl LR AL TR TAVAVRTRVATATAIAY \VIVVV is 0.33 Hz, seen in

YV ¥y , | V VY both active and
reactive power

Reactive Power The oscillation is
A caused by a surging
Aa A « | water vortex in one

W ot NN R 0 n L of the turbines

SRR AR A AUV operating at a partia
0 \/VVV load

wer (M )
[
\
—/‘
S
-
—
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Water Vortex

23
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Oscillation Event on PowerHouse
Line
that Occurred on October 2015
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10/17/2015 6:30:00 AM = | CLOSE

l SUMMARY TRENDS

CLICK ON A PMU
TO VIEW DETAILS

25
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1300 rmi rubem

26



THE DALLES PH4 ACTIVE POWER

10/17/2015 6:00:00 AM 60.00 minutes 10/17/2015 7:00:00 AM
The DALLES PH4 REACTIVE POWER

10/17/2015 6:00:00 AM 60.00 minutes 10/17/2015 7:00:00 AM

The oscillation is caused when the Under-Excitation Limiter (UEL)

and the PSS started interacting.

Solution: Move the units out of the UEL area.
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Plant Controller Issue

Power Plant Active Power

1000 2000 3000 4000 5000 6000 7000
Time (sec)

28 ammmmmm
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Central Oregon Plant Oscillation



SYNCHROPHASOR: OSCILLATION DETECTION SUMMARY 2/20/2014 9:18:23 AM I CLOSE

i
I SUMMARY TRENDS
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ENERGY BAND KEY
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CLICKON A PMU
TO VIEW DETAILS
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PDCI Oscillation

33



PDCI Oscillation

CLICK ON A PMU
TO VIEW DETAILS

ENERGY BAND KEY

- B
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500-kV Bus Voltage
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Questions

36



