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The Need for Interconnection-wide Monitoring

 Reliability coordinators have excellent visibility within their footprints but may lack

interconnection-wide information.

 Oscillation amplitudes may get amplified at locations away from the source due to

resonance.
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Imaaes: hitps:/hanny.nerc.com/palrrmiea/Documents/ January_11_Oscillation_EventReport. pdf

Oscillation source: single generator
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Eastern Interconnectio

Oscillation Disturbance
January 11, 2019 Forced Oscillation Event

December 2019

“RCs should consider jointly developing
interconnection-wide oscillation detection

" and source location applications...”
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Partnership between PNNL, EPG, and LBNL.
Seven RCs participated in initial field demonstration.

ESAMS is intended to complement, not duplicate or replace, system operators’ situational
awareness of local conditions, already available through their internal tools.

How to operationalize ESAMS notifications?
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ESAMS
notification
received
2.3. Are observed 2.4.1s Ves
(5. . characteristics
2.1. Inspect o resonance
reported FO SIm!Iar g likely?
e previous FO?
characteristics
®

2.2. PMU-

basedAOSL t?OOI (" Follow investigation Follow investigation )
dailable? Inspect SCADA procedure in Section procedure in Section
1 output/PMU data for the L 2.5. 2.6.
identified source in the

last FO

Oscillation

Checks for resonance conditions may include:

. Yes

detected in OSL - Oscillation frequency close to inter-area mode
tool? ESAMS igh amplitude No - Mode-meter alarms
confidence oscillations or anomalous - Low damping ratio estimates from a mode-meter
high? T - ESAMS shows FO is detected in multiple areas
and amplitudes are similar in multiple areas
No
00l indicates source

located outside
RC-A area?,

Oscillation source
located outside
RC-A area

Contact plant owner

v

Take mitigation actions ( Communicate )
as recommended by findings to other [+— Resolution actions
OSL tool & RCs Y,

ESAMS
time-series plots
show oscillation?

High oscillation Yes
amplitude reported

Document
in RC-A area?

actions taken

Source is located
INn your region

Low risk to wide-area
reliability. Offline analysis
recommended.

24.1s
resonance
likely?

ESAMS source location
o 3
likely incorrect
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Information in ESAMS Notifications

Forced Oscillation Detection & Source Location

Time

QUALITY  AVAILABILITY

Forced Oscillation observed for N . s
Forced Oscillation event was detected by signal .. .‘
RC Region with Highest net oscillation energy export: MISO Confidence Level: Low ]
Doesn't appear to be localizedonlyto MISO .
: |
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MISO
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‘Confidence Lavel Stoning:
: - = FRCC
MNoResut 0 0.4 fi1.] 08 1 AR SR o -
n' = Sassa m FO Source ldentification Region Confidence Level Criteria
Normalized Dissipating Energy ] High:=2
i REGION WITH HIG HI'E:SLL;DSITWE MET ENERGY MISO Lows [-2) -2
Time (EST): I Frequency: 0.64 Hz; Oscillation Type: Inter-area Oscillations Low:< 2
Peak to Peak Amplitude Oscillation Band RMS Energy Supporting Information Finding Confidence Scoring Scoring Alzorithm
Elements
47 Mw b MW
112 M 7 MW o
(L1 MW 15 MW DOES THIS REGION ALSO HAVE IMPORTS? Yes a 'r':s_—{?
5 MW 3 MW
Ll EMW OTHER REGIONS WITH POSITIVE NET ENERGY fiane =+
3 I=0
FLOW?
2 or maore =-
£80% = +
ROBUSTMESS OF FINDING 100% 0% And =50% =0
0% = -
z
SOURCE REGION'S DATA QUALITY,/2VAILABILITY| 100% + s
»E0% And 280% =0
008 = -
OVERALL MEASUURE OF DATA 50.95%

Oscillation frequency
Oscillation start and end
times

Highest observed
amplitudes and their
location

Time series plots
Energy flow diagram
Confidence score
Tie-line flows with a
geographical context
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Case Conditions Likely Source Oscillation | Frequency Likely Source
Case 1 Oscillation visible only in active power A generator governor, cyclic load or Band Range (HZ)
sending end of HVDC line 2
Case 2 Oscillation visible only in reactive power | An excitation system, or receiving 1 0.01-0.15 Speed'govemor
end of HVDC line control
Case 3 Oscillation visible in both active and re- | A generator governor, cyclic load or ~ .
active power, but active power amplitude | sending end of HVDC line 2 0.15-1 Undetermined
considerably higher than reactive power 3 1-5 L ocal plant control
amplitude
Case 4 Oscillation visible in both active and reac- | An excitation system, or receiving Z >3 Generator torsional
tive power, but reactive power amplitude | end of HVDC line modes,
considerably higher than active power b h
amplitude supsyncnronous
Case 5 Similar oscillation amplitudes In both ac- | An excitation system, or receiving .resonar?ce’ control
tive and reactive power end of HVDC line Interactions
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No Oscillation

detected in
OSL tool?

Tool indicates
source inside

SAMS plots ESAMS No RC area?
show ee0 o000 oo confidence high?
scillation? : /
v Take mitigation
acti
No ° No ctions as
° recommended by
. OSL tool
\ 4 é V}
Low risk to wide-area Resolution action E|SAMS slc_)kurlce
reliability. Offline analysis esolution actions oc?atlon IKely ( Communicate
recommended. Incorrect L flndlngs to other
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Characteristics
similar to
revious FO?

Yes

\ 4

Inspect PMU data/SCADA
output from previously

identified source Resonance

No PMU data No

available?

conditions?

No

High amplitude
oscillations/
anomalous behavior/
increased variabilit
observed?

<
<

[ Resolution actions

Communicate W

findings to other
Contact plant owner RCs

A\ 4

[ Resolution actions ]7




Pacific
Northwest

NATIONAL LABORATORY

You Receive a Notification from ESAMS.

What to do Next?

Confidence Are resonance IsRC-Aa High oscillation amplitude |(Is RC-B a net Is RC-B a net Recommended
score conditions likely? [neighbor? in RC-B area? DEF exporter? |exporter to RC-A?  |Action

Yes Wait _

No Yes Yes Yes Yes Investigate

No Yes Yes Yes No Wait

No Yes Yes No Wait
High/Medium  [Ng Yes No Yes Yes Investigate

No Yes No Yes No Wait

No Yes No No Wait

No No Yes Yes Investigate

No No No Wait

Yes Investigateﬁ

No Yes Yes Investigate

No Yes No Yes Investigate
Low -

No Yes No No Wait

No No Yes Investigate

No No No Wait

Sou relsNO
located in your
region

RC-A: Identified as source region
RC-B: Other RCs in the interconnection
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* |nterconnection-wide monitoring tools like
ESAMS can aid forced oscillation
mitigation actions in tandem with RC’s
iInternal monitoring tools.

* Next Steps for ESAMS:

= Demonstration in Southern Company

= Cloud Demonstration with ISO-NE and
PJM

* Enhance readability and interpretability
of ESAMS notifications in collaboration
with human factors experts

* Include suggested actions for each RC

Want to provide feedback to the report?
Email Jim Follum. james.follum@pnnl.gov
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Thank you

shuchismita.biswas@pnnl.gov
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