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►The Phenomenon – Quick Review

►Origin of Your GMD Outage Description 
Obligation

►Grid Consequences
• Vulnerability Assessment & GMD Outage 
Descriptions

►BMCD GMD Outage Roadmap

Agenda
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► Coronal mass ejection; a cloud of solar material and magnetic fields
► Last 24 to 48 hours
► Geomagnetic Storm creates Geomagnetically Induced Current(GIC)

Geomagnetic Disturbance

Source: Technology Assessment – Critical Infrastructure Protection Protecting 
the Electrical Grid from Geomagnetic Disturbances, US GAO, December 2018
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Geomagnetic Induced Current Production

Source: Technology Assessment – Critical Infrastructure Protection Protecting 
the Electrical Grid from Geomagnetic Disturbances, US GAO, December 2018
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Origin of GMD Outage Obligation

ERCOT Planning Guide Section 6.11
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GIC currents from ground

Transformer saturation

Harmonics Internal overheating

SVC/Capacitor bank 
tripping

Generator 
tripping

P&C incorrect 
operation

Reactive power
loss

Transmission 
line

tripping

GMD Outage Descriptions

Vulnerability & Transformer Assessments

GIC Grid Consequences
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Burns & McDonnell GMD Outage Description Roadmap
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1 3Source: “Transformer Thermal Impact Assessment”, NERC. October 2017

► “GIC results in an offset of the ac sinusoidal flux resulting in 
asymmetric or half-cycle saturation”
- Harmonic Production at Transformers

Harmonic Production - Half-Cycle Saturation
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1 5Source: “PSCAD Cookbook”, Rev 1., August 13, 2018

► The system response depends on the energy storage elements and 
their configuration around the harmonic sources.
• Energy storage elements include, transmission line coupling, shunt/series 

capacitors and reactors, etc.

System Response -Harmonics Analysis
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1 7
Source: https://electrical-engineering-portal.com/transmission-line-protection-relaying https://electrical-
engineering-portal.com/download-center/books-and-guides/power-substations/transformer-differential-

protection-scheme, https://www.acrastyle.co.uk/products/protection-solutions/protection-panels/

► The protection system response depends on the zones of 
protection, the equipment used, and the types of schemes that 
make up the protection system

Protection System Response

https://electrical-engineering-portal.com/transmission-line-protection-relaying
https://electrical-engineering-portal.com/download-center/books-and-guides/power-substations/transformer-differential-protection-scheme
https://www.acrastyle.co.uk/products/protection-solutions/protection-panels/
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1 9Source: https://icseg.iti.illinois.edu/ieee-14-bus-system/

► The protection system response is translated into facilities outages 
as viewed from a system standpoint (outage of a cap bank, svc,  
generator, transmission line, etc.)

Facilities Outage

https://icseg.iti.illinois.edu/ieee-14-bus-system/
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► The key deliverable for this type of work is not only the 
contingencies to be submitted to ERCOT but also a compliance 
document that outlines the methodology and results.

Deliverables
//////   GMD_Outages.con   /////////
CONTINGENCY “Jones to Jacobs1”

DISCONNECT BRANCH FROM BUS 456218 TO BUS 825421 CKT 1
END
CONTINGENCY “Mary St. 161/345 xfrm"

DISCONNECT BRANCH FROM BUS 85741 TO BUS 632517 CKT 3
END
CONTINGENCY “Dunkel GSU1"

DISCONNECT BRANCH FROM BUS 4578 TO BUS 10254 CKT 1
END
CONTINGENCY “George Plant GT1"

DISCONNECT BUS 54168
END
END

GMD Outages: 
Methodology & Results

For

Jones Road Electric
2019
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