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About GPA
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Grid Protection Alliance

GPA is a not-for-profit

GRID corporation established in 2010

PROTECTION SI:)eciaIizes in software and

ALLIANCE services for the electric utility
industry

® All software is open-source,
published under the permissive
MIT license

Focus is on a robust, reliable and
resilient grid

https://gridprotectionalliance.org
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Tools Used for Analysis...

GPA Synchrophasor Products
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GPA’s Synchrophasor Open-Source Product Suite

https://github.com/GridProtectionAlliance

Daily updates available at https://gridprotectionalliance.org/NightlyBuilds/

Collect

Distribute

Y IR A0, “onfigtion Test
SITCAN] :j_.'_)]j‘_r,_ia_f %on ester

Gateway
Exchange S
Protoco

ECA

operHistorian

i Aﬂ[pjfm@ @ DATA WALKER

PDQ TRACKER

phasor data quaITty alarming & reporting

[ —
Tracker Mana

eJelelall open and Extensible

Control & Analytics platform
for synchrophasor data

Save Display

) PLAYBACK UTILITY

openHistorian

m orardara

Beautiful metric & analytic dashboards

GRID
PROTECTION
ALLIANCE

NASPI, Salt Lake City — April 2024 c



https://github.com/GridProtectionAlliance
https://gridprotectionalliance.org/NightlyBuilds/

openPDC

Version 2.8

® The electric industry’s work-horse PDC supporting
the largest synchrophasor data systems in North
America

® Massively threaded, distributed multi-node
architecture enables high availability and throughput
Logs performance history every 10 seconds — includes
latency, data completeness, and connection errors,
among others

® Supports Windows (including Server versions) - Linux

Historian

opeanDC t
i - ‘GB/’_/' : s
& Apple OSX deployments supported via Mono ? ?n

® Easily extensible with the development of input,

output or action adapters

® Remote manager simplifies administration
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@ openHistorian

Version 2.7

High performance processing of time-series data

= For both data

gpenHistorian_ System Components

archival and retrieval S~ ———
. . '_ pubisub_[* .% Cache
= High frame rate s T
. . [ goentisiorisn ] E’ ..; Read |
application refresh R
. ¢ < J ’SNAde Library W
= Fast extraction of . =k

large data blocks

Support for multiple data h
types =

. . . SUBSTATION wua b \::i‘::ibe‘
GPS precision timestamps

Can insert data out of sequence

Lossless data compression L 1‘" e

PROTECTION NASPI, Salt Lake City — April 2024

ALLIANCE



Tools Used to Move Data...

Data Transfer Technologies
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New Protocol Streaming Data — IEEE 2664

Advanced Synchrophasor Protocol Project

L
=M\ DOE FOA 1492
/= DE-OE0000859
V5

sttp

Streaming Telemetry Transport Protocol
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Intrinsically reduces losses and
latency compared to frame-based
protocols

Allows the safe co-mingling of
phasor data with other
operational data network traffic

Detailed metadata exchanged as
part of protocol

Includes lossless compression to
reduce bandwidth utilization

Security-first design with strong
authentication and option for
encryption
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Adapters Can Push Data to Cloud in Real-Time

® The openPDC and
openHistorian include a
new adapter that can
send data to a cloud
repository

In production use for the
Azure Event Hub

@ Other cloud data

repositories are being
added

= Amazon Kinesis
= Google Pub/Sub

H
& openHistorian Manager

Home Inputs Outputs Actions Metadata Meonitoring Reporting System

Name™ AZURE-CLOUD-PUSH

Search Directory | CProgram Files\openHistarian',

Type  AzureEventHub: Sends measurements to an Azure Event Hub

Connection String

Parameters | pyentHubMetadataClientConnectionString Value
EventHubMetadataClientName Default
InputMeasurementkeys

hdstzAdataDartitinnk o

EventHubDataClientConnectionString={Endpoint=sb:/time-series-

EventHubDataClientMame=time-series

Runtime I

MName Assembly Name Type Name

Page Sizes 7

Load Order™ 0

Adapter Type: AzureBventHubAdapters.AzureEventHubOutputAdapter from AzureEventHubAdapters.dil

'L Click here to edit
% parameter value,

Connection String | InputMeasurementkeys={FILTER ActiveMeasurements WHERE SignalType="FREQ};

testservicebus.windows.nel//SharedAccessKey=time-series-test Name=publishj;

[+ Enabled

R occie O Add New [ save

Enabled
0 of 0

@
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Existing Reports for Analytic Use Cases...

Example Analytic Reports
operating on historical data
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Signal to Noise Reports

® Cause of growing noise —

failed fuse clip
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Unbalance and SNR Report

Report Period:  Last 30 Days v 03(23/2020 18:21:41.63800

Worst 25 SNR Report

Filter: Worst 25 v Signal to Noise Ratio ¥ by Maximum

Tag Name [ #of Alarms _ Time inAlarm [ Percent in Alarm

XFRO9999 F 2200 0d Oh 1m 13s 50.00
XFR88888F 2155 0d Oh 1m 12s 50.00
XFRTTTITTF 2152 0d Oh 1m 12s 50.00
XFRB66666:F 21582 0d Oh 1m 12s 50.00
Line-A'lH 2134 0d oh 1m 118 43.85
Line-B 2132 0d Oh 1m 11s 42,73

2°|>|l l[ nr ] rll" ‘l'"|"|'|"'|" T ot T"I |F‘I"1
0 1 2 3 4 5

Samples x10°

04/22/2020 15:21:41.63900

Mean

53.29

4973

4972

4972

41.61

4229

~
-

Generate Report

Standard Dev. _

2545

1.534

1.532

1.532

7.247

7.282

Instance:

Maximum a
60.26
5524
55.24
5524
48.87

48.08

REP + Records: 25

~  Clear
- Sort

Minimum
40.47
40.75
40.76
40.76

-26.54

-17.63

Source: Tennessee Valley Authority
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Unbalance Reports

® Unbalanced Operation leads to

= Higher losses

= Stress on transformers and generators

Unbalance Reports
= |dentify unbalanced lines
= Alert and notify

"" openHistorian

Unbalance and SNR Report Records: 25

Instance: REP v

Report Period: Last 30 Days 03/23/2020 18:21:41.63900 | & 04/22/2020 18:21:41.63900 | mg

Filter:| ‘\orst 25 Voltage Unbalance v by Maximum Generate Report

Worst 100 Unbalance Report

Tag Name _ #of Alarms © Time inAlarm [ Percent inAlarm [ Mean [ Standard Dev. . Maximum gy Minimum . ngﬁr
XFR99999 2200 0d 0h 1m 13s 50.00 3.50 0.054 428 0.00
XFR88358 2155 0d Oh 1m 12s 50.00 3.48 0.206 401 0.00
XFRTTITT 2152 0d 0h 1m 12s 50.00 3T 0.032 3159 0.00
XFRG6666 2152 0d 0h 1m 12s 50.00 3.22 0.049 3.30 0.00
Line-A 2134 0d Oh 1m 11s 43.85 2.98 0.042 3.29 0.00

@
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Existing Reports for Analytic Use Cases (expanded setl)...

Other Example Reports
using “more” than synchrophasors

Synchophasor++

PROTECTION NASPI, Salt Lake City — April 2024
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Sequence-of-Event Analytics

Features CAE Ta .l

® EPB Chattanooga has 1100+ DV A T1VVIO
“self-healing” S&C IntelliRupters =
connected to their fiber network ST e

® Has made major improvements to = EE

EPB SAIDI and SAIFI

® GPA has developed SOE Tools to
help EPB investigate disturbances
and validate IntelliRupter
operation

® Next step are displays for
distribution operators to augment
data from distribution SCADA

@ER%%ECT.ON NASPI, Salt Lake City — April 2024 15
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Breaker dashboard from Relay Data

PCB A Alarms

R Switch SC Switch Hot Line Tag Dead Line Switch Low Gas Alarm

Loss of Close
Recloser Lockout Excess Motor Run Trouble Alarm Primary DC Failure
Potential

SEL-451 Password
Pri Prot Relay Fail Sec Prot Relay Fail DC Ground Alarm DC High Warning

Near Real-time
d a t a fro m Primary Trip Coil Secondary Trip Coil Breaker Failure

.
re I a y S VI a Monitor Monitor Lockout
D N P3 Line #1 115kV - MW Line #1 115kV - MvVar Line #1 115KV - Vs Phase 1 (kV)

119 12 0.010

Line #1 115kV - Amps Phase 3 Line #1 115kV - Amps Phase 2 i Line #1 115kV - Amps Phase 1

Low Gas Lockout

Sec DC Failed

AC Ripple

Line #1 115KV - 3V0 Magnitude

41

Line #1 115kV - Amps Ground

ALLIANCE
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Event Dashboard

Events Disturbances Faults Breakers Trending TrendingData Completeness Comectness
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Large Sensitive Customer Voltage Sag Report

Home - Business Indicator For Large Customer Voltage Sag RS

0.000 0.000 0.000 0.000

Manth Monthly BI Stafic Impact Dynamic Impact Status Reportable Events By LSC By LPC ::

October 0.123 51324k 51021k Data Loaded f e @1 £ %
fovember 0.000 S0k S0k In Process fv m @ £ =
December 0.075 52313k 52121k Data Loaded _4_ hr @ £ ox
0.505 59705k 520k Data Loaded ¥ ] [ 72 =
0.1 510541k 59921k Data Loaded + ol @ i
0.000 50k S0k Data Loaded F e il [F ~# =
April 0.000 S0k S0k Data Loaded ¥ il [E 7 =
0.000 S0k S0k Data Loaded rs el [E 2 =
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Large Sensitive Consumer Corporate Business Metric

FISCAL YEAR 2018

Transmission & Power Supply
Large Sensitive Consumer Voltage Sag (Weather Adjusted)

September 2018
Annual Trend Summary
Large Consumer Voltage Sag FY18:
FY 2018 Performance Plan Target: 2.75 Events [ Large Consumer - Total Estimated Consumer Impact $17.2 M
4
35
3
260
25 — 40
| F Drivers
2 0 =
R i
E K Human cyr mop
15 Wl E| Error Event }
Foreign
A B % 11% Object
1 S Lightning
T 26%
o 0.250 0.300 0.250 0.300 Avian
. _ Pollution
Equipment 15%
o T . 3 Failure
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep FY18 FYlg FY20 13% Customer
EEN FY Forecast I Monthly Actual FY Target =B=FYTD Actual ——FYTD Threshold ——FYTD Target FYTD Stretch Equipment Unknown
5% 20%
Definition Formula
Any voltage sag below 80% of nominal (SARFI 80} at Large Sensitive Consumer power quality monitoring points. The adjusted quantity represents the sag rate
adjusted for lightning and major events. Only delivery points serving indusries over 10-MW and sening one of the following industries are included: Food Production, | | ¢ _ # 0 Voltage Sags below 80% of Normal
Textiles, Paper, Printing, Chemicals, Rubber, Plastics, Glass, Primary Metals, Electronics, Transpartation (Auto Manufacturing). There are 117 such industries in # of Monitor Months
FY2018.

Oct Nov Dec Jan Feb Mar Apr May Jun
FYTD Actual 0.26 0.32 045 0.75 0.83 0.94 1.27 147 170 197 209 230
FYTD Plan 023 046 069 092 1.15 1.38 160 183 206 229 252 275

Stretch Thresheld

Not actual TVA metric data.
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Alarms for Analytic Use Cases...

Example Analytic Alarming
operating on real-time data

PROTECTION NASPI, Salt Lake City — April 2024
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Real-time Current Unbalance

® Simple equation:
I2 / Il

® Where I2isthe negative sequence current magnitude
® And I1is the positive sequence current magnitude

@%Ré%cnow NASPI, Salt Lake City — April 2024
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Current Unbalance Benefits

® Fault Detection and Analysis: Quickly identifies imbalances that may indicate phase-to-
phase faults, or ground faults, which are often signaled by an increase in the negative
sequence current component relative to the positive sequence.

® Health Monitoring of Equipment: Re?ular monitoring of sequence components
helps in assessing the health of electrical equipment. An increase in the negative
sequence component can indicate issues like uneven load distribution or potential
equipment failures.

® Grid Stability Insights: Helps in understanding the stability and balance of the grid
by analyzing the distribution of currents. An ideal balanced system should have
minimal negative sequence currents, so deviations from this can signal potential
issues.

® Preventive Maintenance Triggers: Can be used to automate alerts for
maintenance teams when certain thresholds are breached, potentially preventing
more significant problems by addressing issues early.

® Enhanced Operational Decision Making: Provides operators with real-time data
to make informed decisions regarding load balancing, phase adjustment, and other
operational strategies to maintain system reliability and efficiency.

@ER%%ECT@N NASPI, Salt Lake City — April 2024 22
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Real-time Alarming Trigger (configurable)

1) I2/I1 ratio is greater than 10, and

2) I1 value is greater than 10 amps for 5 seconds.

When alarm is triggered, can send an e-mail
or trigger an alarm monitoring system

@ I?RRCI)DTECT[ON Synchrophasor Product Overview — September 2020
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Don’t Fear the Code...

Simple calculation executed every 1/30 of a second
Implemented as an openPDC Action Adapter

// Get values
double il = measurementIl.AdjustedValue;

double i2 = measurementI2.AdjustedValue;

// Calculate value
double result = il == 0.0D ? double.NaN : i2 / il;

// Publish result

OnNewMeasurements(new [] { Measurement.Clone(pair.Value, result, frame.Timestamp) });

@
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