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About Dominion Energy

» We've existed in one form or another since 1787
s 3.5 million electric customers

v 31 GW of total electric generating capacity

» 2.2 GW of solar generation capacity

% 65,310 miles of electric transmission and
distribution lines

% 1184 PMUs
% 849 relay PMUs
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Need for Enhanced Monitoring

Largest concentration of data centers in the world
* Can cause harmonics on the transmission system

Significant deployment of renewables
* Large numbers of renewables require coordination to avoid oscillations

SCADA does not always detect oscillations
* Low sampling rate, lack of precise time synchronization

System observability when current EMS system is down

 PMUs at key location can enable system awareness in the absence of
SCADA-based monitoring.
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PMUs at Dominion Energy

Beginning of DOE FOA970 LSE v2.0, Development of power Go live for
synchrophasor Digital Fault Recorder flow and contingency Synchrophasor-based
initiative PMU conversion begins analysis methodologies EMS
2013 2020 2025
2009 | 2017 | 2023 | 2026

DOE SGIG Demo: LSE Kick-off for PMUs in the Power flow and

v1.0 released as open- Control Center contingency analysis
source software Proof-of-Concept validation at DE
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Vision Statement

To provide operator use of PMU data to support real-time decision making and enhanced
system visibility

Mission Statement

Provide our Operations Personnel with new energy management applications that can reveal
system changes undetectable through traditional SCADA/EMS. New applications will allow
rapid, robust, and redundant analysis that will potentially include wide-area network
monitoring, oscillation, and islanding detection, etc.
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Benefits

Ability to detect dynamic phenomena such as oscillations.

= Provide ‘spare tire’ capabilities: system observability during EMS degradation.

= Allow operations staff to have an independent estimation of the grid's state and review
events in much greater detail.

= Increase situational awareness, reliability, and accuracy of SOC decisions with the
addition of PMU-based telemetry.

= Provide a foundation to develop applications and displays for managing increasing
renewables resources.
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Synchrophasor-based EMS

Modern power grids are transitioning to
renewables and IBRs with dynamic
changes, bi-directional power flows,
oscillations, variability in power output,
declining inertia and system strength.

System loads are more dynamic with
addition of sensitive data center loads.

Operators need dynamic intelligence to
maintain grid reliability, stability, and
power quality.

=

Platform for managing smart grids.
Independent from EMS SCADA.

Based on high-speed time synchronized
data.

LSE always solves at high-speed.

Provides assessments of power system
dynamics.

Faster and time-synchronized platform
for contingency analysis and real-time
assessments.

%*é Electric Power Group

\\\

Dominion
Energy’



Synchrophasor EMS Components

 Wide Area Monitoring System

* Linear State Estimator
 Synchrophasor Power Flow (SPF)
 Contingency Analysis (CA)

eGRID

Synchrophasor EMS

* Unified display platform with one-lines, tabulars and

dashboards

* Dispatcher Training System (DTS) - Study Mode
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SPF and CA

Goal
= Develop a platform for Synchrophasor EMS.
* Fast and time-synchronized solution for LSE and advanced applications.
* Near-real time assessment tools.
= Ability to manage grid operations independent of EMS/SCADA.
Approach
* Use LSE to generate a base case for near-real time assessments.

= Power Flow driven by LSE data, providing full system observability and the most
up-to-date state of the grid.

* Integrate high speed Synchrophasor data and slow speed SCADA data to address PMU
coverage limitations during transition to full PMU coverage.

= Use SPF as a base to implement advanced applications including RTCA and RTA.
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Synchrophasor Power Flow — Methodology

The Synchrophasor Power Flow (SPF) overcomes:

* Lack of convergency in legacy SE (specially during extreme events) — LSE always converge.

* High and slow speed data discrepancies.

* Limited PMU coverage of DE substations.
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Uses LSE
estimations to
update the voltage
profile using MVAr
injections at key
locations
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Synchrophasor Power Flow — Methodology

Fictitious Injections in SPF

Serve as anchor points to adjust the voltage profile
based on LSE.
V-Q sensitivities are used to rank optimal locations.

Limits on reactive injections are imposed to avoid over-

tuning.

The SPF solution is used to identify real-time violations.

It serves as a foundation for performing real-time CA.
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Synchrophasor Power Flow — Screen Example
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Results from
various data
sources
(validation)

VOLTAGE ANGLE

PMU 1013 KV

PF 7482 KV

MVAR RESIDUAL MW RESIDUAL

430 MVAR

890 MVAR

SPF represents the most
up-to-date state of the
system, given by the
addition of LSE data
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Contingency Analysis — Methodology

The RTCA allows operators to
* Simulate "what-if" scenarios involving potential grid events.
« Evaluate potential scenarios under the latest and most accurate system conditions.
* Identify voltage and flow violations under N-1 conditions.
* LSE usage to incorporate LSE data and enhance the reliability of CA for operational decision-

making.
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Contingency Analysis — Methodology

CA Methodology

Fixed fictitious injections instead of PV

Remove injections when outage contingency is
applied close enough.

This approach minimizes over-tuning and false-
positive violations.

It seamlessly integrate with RAS, area interchange
control, and islanding, which are critical

components of real-time assessments.
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Contingency Analysis — Screen Example

M- | Fle Worspaces Diplay | ANGbSSEngigs | Data Comectiity  AccessContiol  User/Admin/TSettings  Oneline Diagram  Logs

ency Anal

singe Cortingency Multiple Contingency Non-Converged Contingencie: 2 | See Confingendes

v PV Distributed External

Variable _
- tine Transiomer Capaitor Reactor Sectionalize | Generation | Contingency o

TP O sceced rous

Contingency Name. T | Contingency Type. T terations T | Solved T | RAS Implemented T | RAP Implemented T | Violations T | islands Post-Con T | Generation Loss T | Load Loss T | Volt # T | Max Volt Bus T MaxVolt% T Flow# T MaxFiow% T  MaxFlow Branch T/ Solution Total Time
Test Contingency_Name. 1 TestContingencyType 2 0 o 000 MW 2000MW 0 TestMaxVoltgus - 0 TestMaxFlowBranch 321 Millseconds
Test Contingency_Name_2. TestContingencyType 3 3 0 000 MW 2600MW 3 TestMaxVoltBus | 330 % 0 TestMaxFlowBranch 308 Milliseconds

Displays automatically
identifiy violating conditions
selz and highlight them for

Showing Violations For: Te"st7Con ingency Name_1
o operators

Current Value T | % Over Normal Limit T | % Over Highest Exceeded Limit T |BaseKV T | ViolationType T EquipmentName T Substation T | Emergency Low T | Normal Low T Normal High T | Emergency High
22600 KV 10324% 23000 TestViolationType 1 TestEquipmentName 1 TestSubstation 1 212.00 KV (106.50%) 218.90 KV (10324%) 23920 KV (34.48%) 24190 KV (93.43%)

53700 KV, 10634% 10028% 50000 TestviolationType2 TestEquipmentName 2 TestSubstation 2 485.00 KV (11072% 505.00 KV (106.34%) 535.50 KV (10028%) 540.00 KV (99.44%)

Voltage and :

flow e RTCA represents the most

B _to-date state of the
: , = up-to-da
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400KV
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to real-time p—

assessment Wy o

Current Value T | % Over Normal Limit T | % Over Highest Exceeded Limit T |BaseKV T | ViolationType T  EquipmentType T |Substation T Attention T Nomal T Emergency

250KV 5250% 2000% 50000 2 2 TestEquip 2 Testsubstation 2

600 MW 10909 % 10909% 22000 TestViolationType 1 TestEquipmentType 1 TestSubstation 1 4.40 MVA (136.36%) 6.60 MVA (3091%) 7.70 MVA (77.92%)

500 MW 7576% - 50000 TestViolationlype TestEquipmentlype  TestSubstation 5.50 MVA (9091%) 6.60 MVA (75.76%) 7.70 MVA (6494%) 8.80 MVA (56.82%)
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Conclusions

SPF and RTCA tools in S-EMS enable operators to manage today’s dynamic grid

= LSE provides high-speed time-
synchronized data.

= Methodology that incorporate LSE data in | s

Telemetry Availability

power flow and contingency analysis.

= Fast and time-synchronized tools that

provide real time assessments of the grid.

@ cGRID

Synchrophasor EMS

16 o
Dominion

Energy’

\\\

%*é Electric Power Group



17

)
gé’

inion
* Electric Power Group ’



	Slide Number 1
	About Dominion Energy
	Need for Enhanced Monitoring
	PMUs at Dominion Energy
	Slide Number 5
	Benefits
	Slide Number 7
	Synchrophasor EMS Components
	Slide Number 9
	Synchrophasor Power Flow – Methodology
	Synchrophasor Power Flow – Methodology
	Synchrophasor Power Flow – Screen Example
	Contingency Analysis – Methodology 
	Contingency Analysis – Methodology 
	Contingency Analysis – Screen Example 
	Conclusions
	Slide Number 17

