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Agenda
Geomagnetic Disturbance Workshop

October 1, 2024 | 1:00 p.m. — 5:30 p.m. Eastern
August 2, 2024 | 8:30 a.m. — 12:30 p.m. Eastern

NERC Office
1401 H Street NW Suite 410
Washington, DC 20005

Attendees (in-person): Workshop Registration

Webex Registration October 1
Webex Registration October 2

In-person Attendee Check-in and Lunch | 12:00 — 1:00 p.m. Eastern
NERC Antitrust Compliance Guidelines and Public Announcement

Agenda Items | October 1, 2024 1:00 p.m. — 5:30 p.m. Eastern
1. Welcome and Workshop Overview — NERC Staff
2. Remembering Dr. Jenn Gannon
3. May 2024 GMD Event Review Plan — Overview — NERC Staff
4. Overview of the Space Weather Event | 2:00 - 2:20 p.m. — Shawn Dahl, NOAA SWPC
5. Observations from review of the NERC GIC Data database | 2:20 — 2:40 p.m.— NERC Staff
Break 3:00 —3:20

6. Discussion of Using the NERC Data Systems in the Event Review | 2:40 —3:00 p.m. — NERC Staff
and all participants

7. Results of GIC Model Validations from Select Areas | 3:20 — 3:45 p.m. — EPRI
8. Industry Analysis and Perspectives from the May GMD Event | 3:45 —4:45 p.m.

a. Round Table for All Participants, with specific insights from Hydro Quebec and PJM
9. Day 1 Wrap-up
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https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eventbrite.com%2Fe%2Fgmd-mitigation-may-2024-gmd-event-review-registration-1004740374507%3Faff%3Doddtdtcreator&data=05%7C02%7Cmark.olson%40nerc.net%7C2731f0f536d9408bc6c408dcc8657ee7%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638605585501570395%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=LRfcuQ8IDVYVSxhiMZPK%2BaALQdASrArw5NjjH%2F02LC0%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnerc.webex.com%2Fweblink%2Fregister%2Fr26340db00974546af2bc1511eae31cd3&data=05%7C02%7Cmark.olson%40nerc.net%7C2731f0f536d9408bc6c408dcc8657ee7%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638605585501587927%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=e6pCwau%2F8hMqq9zvU1guvZ8PG2zXsw1lrFoKlIiSE9s%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnerc.webex.com%2Fweblink%2Fregister%2Fr7d4540c8739b24a0cc205063e56e9409&data=05%7C02%7Cmark.olson%40nerc.net%7C2731f0f536d9408bc6c408dcc8657ee7%7Ca2d34bfabd5b4dc39a2e098f99296771%7C0%7C0%7C638605585501598861%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=IBxeyO4MPVR4y2Ucl3JKpHB95SImY9qfF7H7ktirZ0I%3D&reserved=0
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October 2, 2024 8:30 a.m. — 12:30 p.m. Eastern

In-person Attendee Breakfast | 7:45 — 8:30 a.m.

10. Analysis of Recorded Data of the Gannon GMD Event | 8:30 — 8:50 a.m. — Ramsis Girgis, Hitachi
Energy

11. PowerWorld Presentation | 8:50 — 9:10 a.m.— Scott Dahman

12. U.S. Department of Energy Update | 9:10 — 9:30 a.m. — Joseph Blankenburg
13. Discuss of Observations of Harmonics during Gannon Storm | 9:30 — 9:45 a.m.
Break | 9:45 - 10:10 a.m.

14. Space Weather Prediction Center Geoelectric Field Model | 10: 10 — 10:30 a.m.— Jordan Guerra,
NOAA SWPC

15. NASA Overview of the Gannon Storm | 10:30 — 10:55 a.m. — Tony lampietro, NASA Goddard
Space Flight Center

Break 11:20 - 11:30
16. Discussion of May 2024 Gannon Storm After Action Review | Industry Perspectives

17. Workshop Wrap up

Agenda — GMD Workshop — October 1-2, 2024 2



NERC-EPRI Geomagnetic
Disturbance Workshop

Mark Olson, Manager, Reliability Assessments
October 1-2, 2024
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. Reducing Risk from Geomagnetic Disturbances

RELIABILITY CORPORATION

e The ERO Enterprise reduces risks to the Bulk Power
System from severe GMD events through three main
efforts:
= State of the art Reliability Standards | TPL-007-4 and EOP-010-1 Research [ Reliability

. . and Tools @ Standards
= Partnerships for leading-edge research and tool development

= Data collection program to improve knowledge and

e This workshop is intended to support these efforts!
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Workshop Info

NERC

e Workshop Objective: Identify key insights from the

May 2024 GMD Event (Gannon Storm) NECiAAITY COmBaRATION
e Presentation topic areas: Industry Workshop

Geomagnetic Disturbance Mitigation

= Space weather event overview
May 2024 GMD Event Review

NERC data systems observations

Preliminary GIC model validation results Hybrid Meeting

Industry planner and operator analysis October 1, 2024 | 1:00 ~5:30 p.m. Eastern
October 2, 2024 | 8:30 a.m. — 12:30 p.m. Eastern

Vendor and manufacturer analysis
MERC Office

= Space weather community updates 1401 H Street NW Suite 410
Washington, DC 20005

e Active participation in discussion is strongly
Materials will be made publicly available on
encouraged NERC's website
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NERC Housekeeping for Hybrid In-person and Webex

NORTH AMERICAN ELECTRIC =
RELIABILITY CORPORATION ee Ing

e |dentify yourself and your organization during Q&A

e Use ‘Raise Hand’ feature in webex for questions and comments
= Chat in webex can also be used

e Keep microphones and phones muted
= Unmute with webex controls or by pressing *6 on your phones
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Remembering Dr. Jenn Gannon
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Gannon Storm May 5 — 15, 2024

* Most intense space weather event on Earth in the last 20
years, since the Halloween Storms of October-November
2003

e Unlike tropical storms and hurricanes there is no policy
process for naming space weather storms

e The space weather community holistically names space
weather storms such as the Halloween Storm

e Community quickly coalesced around a name for the May
2024 storm — the Gannon Storm—in Jenn’s honor

e She would have loved to study the impacts of this event

Dr. Jennifer Gannon
July 13, 1978 — May 2, 2024
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Dr. Gannon’s Contributions
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PRI |

NERC and the North American electric power
industry are deeply indebted to Dr. Jenn Gannon for e
her lasting contributions to space weather readiness

e Improved earth conductivity models used in GMD
vulnerability assessments

e [nstalled magnetometer stations and trained
planners in performing GIC validation studies

e Contributed to NERC’s GMD Data Collection
program that shares GIC data with industry and
researchers

August 2020

EPRI Report 3002019720

e Worked with the space weather community to
deliver products and services to support the needs|
of grid owners and operators

Station in the Texas Magnetometer Network | NSF project collaboration
=2 with CPI (Jenn Gannon) and Texas A&M
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Space Weather Advisory Group User
Survey

October 1, 2024
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Published - Survey of Needs

NORTH AMERICAN ELECTRIC
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e Required by the Promoting Research and
Observations of Space Weather to Improve the
Forecasting Of Tomorrow (PROSWIFT) Act Results of the First National Survey of User

e Survey conducted by the Space Weather Advisory Needs for Space Weather
Group (SWAG)

e Power sector input was provided via the NERC-EPRI
August 2023 GMD Workshop

e Over 125 participants from the electric sector

e Other sectors:
= Space traffic management
= Emergency management

Aviation
= Human space flight Septanier 28, 24

= Global Navigation Satellite Systems (GNSS)
9 RELIABILITY | RESILIENCE | SECURITY
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Survey Questions

RELIABILITY CORPORATION

10

How familiar are you with space weather products and services?

How do you consider space weather conditions in planning and operating the power
system and equipment?

What space weather information do you use?
Where and how do you get the space weather information?

How satisfied are you with the quality and utility of current space weather
observations, products, and services?

Based on your experience with current space weather products and services, what
feedback do you have for providers to help them meet your needs?
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Findings and Recommendations

e Finding 2.1. Validation of GIC models and vulnerability assessments using GIC and
magnetic field measurements are a key priority to advance mitigation of the impacts
from GIC.

= Recommendation 2.1.1. NOAA, in collaboration with USGS, should support one or more existing (non-
Federal) operational magnetometer arrays and assess priorities for new installations to provide
increased public access to geomagnetic field data with adequate coverage, prioritizing areas of higher
hazard.

= Recommendation 2.1.2. NOAA should collaborate with DOE and electric power industry software
providers to integrate geoelectric field maps and estimates into standard electric power industry
software used for GIC studies and GMD vulnerability assessments.

= Recommendation 2.1.3. NOAA, in collaboration with USGS, should invest in infrastructure to ingest
magnetic field data from privately owned sensors into operational geoelectric field models to support
industry needs.

11 RELIABILITY | RESILIENCE | SECURITY
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NORTH AMERICAN ELECTRIC Findings and Recommendations
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e Finding 2.2. The electric power industry finds existing space weather alerts and
warnings to be useful for triggering preparatory actions prior to the onset of a GMD
event.

= Recommendation 2.2.1. DOE and industry should develop a process for direct sharing of real-time GIC
data—for situational awareness—between operators through open access data models and
cooperative agreements.

= Recommendation 2.2.2. NOAA should continue to validate and evolve predictive models of the
geoelectric field to improve forecasting capabilities and alert lead times.

= Recommendation 2.2.3. NOAA should support the development of regional and local alerts through
private sector partnerships.

= Recommendation 2.2.4. NOAA, in collaboration with the electric power industry (particularly the
power grid RCs), should identify and implement ways to minimize alert latencies, for example,
through the use of automated tools that reduce human intervention in the communication path.
Enabling industry-to-industry sharing of data is an initial first step.
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NERC Findings and Recommendations

NORTH AMERICAN ELECTRIC
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e Finding 2.3. Harmonic studies are an important component of assessing GIC risk.

= Recommendation 2.3.1. DOE should lead a collaborative effort with the electric power sector to
develop capabilities, guidance, and tools for incorporating GIC-related harmonics in GMD vulnerability
assessments and promote widespread adoption and use through standard system planning tools,

training, and best practices.
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NORTH AMERICAN ELECTRIC Findings and Recommendations

RELIABILITY CORPORATION

e Finding 2.4. Effective GIC mitigation is an interdisciplinary, cross-sector, and
community-wide effort requiring increased collaboration between DOE, the National
Labs, and the power industry.

= Recommendation 2.4.1. DOE, the National Labs, and power industry should collaborate to update
vulnerability assessment tools and capabilities. This collaboration should consider capabilities using
recent Earth conductivity data, harmonic assessment approaches, and model validation insights.

= Recommendation 2.4.2. NOAA and USGS, in collaboration with the space weather commercial sector,
should provide expanded training opportunities for the power industry on current capabilities for
warnings, alerts, and geoelectric field estimates, including those from the commercial sector.

= Recommendation 2.4.3. DHS and DOE should solicit sector representatives to participate with other
infrastructure sectors and emergency managers to understand and mitigate risks from
interdependencies
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May 2024 Geomagnetic Disturbance
Event Review

Working Meeting

October 1, 2024
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May 2024 Gannon GMD Event

®* From May 10-12 strongest Geomagec Soms
geomagnetic disturbance (GMD) in s e

Extreme | Power systems: Widaspread voltage control problems and protective system problems can occur, some grid systems may experience | Kp=9 4 per cycle

Ove r tWO d e C a d e S complete collapse or biackauts. Transformers may experience damage. {4 days per cycle)

Spacecraft operations: May experience extensive surface charging, problems with erientation, uplink/downlink and fracking safellites.
Other systems: Fipeline currents can reach hundrads of amps, HF (high frequency) radio propagation may be impassible in many areas
for one to two days, satellite navigation may be degraded for days, low-frequency radio navigation can be out for hours, and aurora has

. o . .
. R e I I a b I I I ty C O O r d I n a t O rS ( R C) re C e I Ve d been seen as low as Florida and southem Texas (typically 40° geomagnefic lat.).
Severe Power systems: Possible videspread voltage contol problems and some protecive systems wil mistakenly frip out key assets fromthe | Kp=8 100 per cycle

.
rid includinga %- | (B0 days per cycle)
early warning from the U.S. Space g |
Spacecraft operations: May exparience surface charging and tracking problems, corrections may be nesded for orientation problems.
. . Other systems: Induced pipeline currents affect preventive measures, HF radio propagation sporadic, satelite navigation degraded for
We at h e r P re d I Ct I O n Ce n t e r (S PWC) hours, low-frequency radio navigafion disrupted, and aurora has been seen as low as Alabama and northern California (typically 45°

geomagnetic t)

G3 | Strong Power systems: Voliage comections may be required, false alams triggered on some protection devices Kp=T 200 per cycle

[ ) T h e B PS re m a i n e d St a b I e W h i I e S O m e Spacecraft operations: Surface charging may occur on satelite components, drag may increase on low-Earth-orhit satelites, and (130 days per cyce)

corrections may be needed for orientation problems.
Other systems: Intermittent satellite navigation and low-Trequency radio navigation problems may occur, HF radio may be infermitient

i m p a Cts We re O b S e rve d and aurora has been seen s low s linois and Oregon (fypically 50° geomagnetic lat ).

G2 | Moderate | Power systems: Highlaifude power systems may experience valtage alams, long-duration storms may cause transformer damage Kp=6 600 per cycle

Spacecraft operations: Carrective acions to orientation may be required by ground control: possible changes in drag afiec orit (360 days per cycle)

e NERC and industry are collaborating on T
an after-action review

(eomagnetic lat.)

G1 Minor Power systems: \Veak power grid fluciuations can occur. Kp=5 1700 per cycle
Spacecraft operations: Minor impact on satelite operations possible 900 days per cycle)
QOther systems: Migratory animals are affected at this and higher levels; aurora is commonly visible at high latitudes (northern Michigan
and Maine].
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Early Acti
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RELIABILITY CORPORATION

e SWPC initiated voice notification to RCs six Estimated Planetary K index (3 hour data) =
hours prior to onset of GMD event using 9
NERC hotline

e Actions taken by system operators: Z
= Implementing GMD Operating Procedures and : :

‘Conservative Operations’ protocols g g e pr g a :
= Scheduling additional generation # T )
= Cancellation of some transmission maintenance Uvd;t;g;;:;ﬂ;gf—i{fﬁzﬁgféPredim o
" |Increased monitoring of system geomagnetically- SRR <=5 (Ko=o(c2) I _
induced currents (GICs) and system performance

The K index characterizes the magnitude of GMD
events. SWPC alerts RCs prior to GMD events that
are expected to be K7 and stronger

17 RELIABILITY | RESILIENCE | SECURITY



NERC

After Action Review

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

NERC North American Electric Reliability ...

e Analysis of grid conditions during the event can validate and ok

R . Amidst _the May 10-12 geomagnetip #storm—the
improve GMD tools and operating procedures v e e e o ey
ground currents induced by the storm. NERC

uses #geomagnetic induced current and

. . . £ < -
e NERC data collection systems and industry feedback are being e argerand yevemronie inpeste

Considering the magnitude and duration of storm,

NERC requests that all entities submit this data

analyzed for insights: e
= |Impact of GIC on equipment
= Validation of models used for GMD Vulnerability Assessments

NERC

= Effectiveness of operating mitigations

e Results of a collaborative review with industry and researchers GEOMAGNETIC DISTURBANCE EVENT
. . . UPDATE AND REPORTING REQUEST
will be available in early 2025

Il O <

NERC Data Sources include GMD Data
System, Transmission Availability Data
System (TADS), and Generator
Availability Data System (GADS)
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Working Group Participants

e BC Hydro e NERC

e AEP e EPRI

e Dominion Energy e NOAA SWPC
e Hydro One

e Hydro Quebec

e |[ESO

e Manitoba Hydro
e National Grid

e PJM

e TVA

e WECC

19 RELIABILITY | RESILIENCE | SECURITY
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Goal: Use data and analysis from the event to validate or identify needs for
improvements to GMD vulnerability assessment tools, models, and mitigation

Focus Areas

e Impact of GIC-related harmonics on the BPS: How did harmonics affect BPS equipment?
What levels of harmonic distortion were observed? What levels are predicted?

e Transformer thermal impacts: What effect did GIC levels have on transformer heating?

e GMD Benchmarks: How did peak geoelectric fields and magnetic field signature
compare to the Benchmark GMD Event in TPL-007?

e GIC Model Validation: Did GIC models provide reasonable estimates of GIC?

e GMD Operations Best Practices: What operating actions were taken? How can operator
situational awareness be better supported?

20 RELIABILITY | RESILIENCE | SECURITY
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Actions

1. Analyze NERC transmission availability database for impacts
= Who: NERC Staff with support from registered entity data providers and working group
= When: analysis begins after August 15 Transmission Availability Data System (TADS) reporting deadline

= What: Anonymized summaries of impacts to transformers, lines, and other equipment will be
reviewed to understand the scope of impacts to equipment from the event

Similar review of NERC generator availability database can be performed after the
November reporting deadline for GADS

Status: review in progress

21 RELIABILITY | RESILIENCE | SECURITY



NERC Actions

NORTH AMERICAN ELECTRIC
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2. Perform GIC model validations
= Who: EPRI and participating entities (voluntary)

= When: ongoing through December
= What: Use GIC measurements and geoelectric field estimates to evaluate model performance

o Geographic areas of interest:
— areas with complex earth structure (e.g., upper mid-west U.S., New England, Piedmont geographic region)

— Areas where entities believe the observed GIC levels during the event were higher or lower than unexpected

Status: preliminary results for some geographic areas are available; more areas desired
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3. Analyze observed transformer heating impacts
= Who: EPRI and participating entities (voluntary)
= When: ongoing through December

= What: Review available information from transformers that were affected by high GIC (identified in
TADS) or equipped with thermal instrumentation to inform models and vulnerability assessment
o ldentify unexpected transformer thermal issues
o Compare thermal modeling results with observed measurements where available

o Review available thermal measurement data and modeled estimates for the May event to examine potential
transformer thermal hot-spot heating that can be produced by GIC signatures from solar storms with similar
characteristics

Status: limited thermal measurements available. More discussion needed.
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4. Analyze observed harmonic impacts to transmission equipment
= Who: EPRI and working group participants
= When: ongoing through December

= What: Review available information from transmission equipment that was potentially affected by
GIC-related harmonics (identified in TADS or GADS) to inform models and vulnerability assessment
tools and procedures

o ldentify unexpected harmonic impacts (e.g., equipment tripping)
o Obtain measured harmonic distortion where available and compare with modeled/predicted values

Status: NERC Data system review in progress
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Actions

5. Industry observations and analysis
= Covering equipment impacts, entity analysis, and operating experience/lessons

Status: Workshop discussion topic
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Discussion — Gannon Storm Review Plan
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Contact:
mark.olson@nerc.net
donna.pratt@nerc.net
barritt@epri.com
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May 2024 Geomagnetic Disturbance
Event Review

Working Meeting

October 1, 2024
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GMD Event Review Schedule

* June — September | Event Information Collection and Review
e October 1 -2 | Discussion at NERC-EPRI GMD Workshop

e November — December | Report preliminary results

e January (2025) | Report results and recommendations
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Overview of 2024 GMD Event Review Plan

About NERC Career Opportunities Governance Committees Program Areas & Departments Standards Initiatives Reports

e NERC data collection systems
. . Event Analysis Home > Program Areas & Departments > Event Analysis, Reliability Assessment, and Performance Analysis >
a n d I n d u St r-y fe e d b a C k WI I I b e Event Analysis |:> Geomagnetic Disturbance Data (GMD)

] . Lessons Learned Geomagnetic Disturbance Data
a n a IYZEd fo r I n S Ig hts : Event Reports NERC’s GMD data collection program supports ongoing _
EA Program research and ahal\{sis of GMD risk. GMD events are Subscribe to the GMD Distribution List
= |mpact of GIC on equipment fuman Perfomancs el the eracion of this meteril with space avaund 15352 incluce “Please add me tothe
Interregional Transfer Capability Study pace around . =nip pistribution List" in the subject line.

(ITCS) the earth (atmosphere and magnetosphere). The
[ ] 1 1 Modeling Assessments resulting disturbances in earth’s magnetic field have the
Valldatlon Of mOdeIS used for GMD o_el_n_g e potential to disrupt operations or cause damage to GMD Training
Reliability Assessments critical  infrastructure, including power systems.

VU I n e ra b I | Ity ASSESS m e ntS Performance Analysis Extremely strong GMD events, though rare, can induce GMD - Section 1600 Data Request

Section 1600 Data Requests strong quasi-dc currents in the electric power grid that GMD User Guide

1 1 PR . Id affect T It 3 | d tecti
“ EffeCtlveneSS Of Operatlng Reliability Indicators o T GMD Event Data Download Guide

system performance, and the operation and health of

Demand Response Availability Data

m itiga t | O n S System (DADS) some large power transformers. May 2024 GMD I_F{vent Review Plan

Generating Availability Data System Through the GMD data collection program, NERC is
(GADS) collecting GIC and magnetometer data from reporting

® Document results in a report: - T S entities far desisnated strane GMD events (Kn = 7 and
stand-alone or part of annual
State of Reliability Report

e Share findings with industry and
researchers in early 2025
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Next Steps

e [Include follow up activities from October meeting]
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Essential Space Weather Information
May 10-11t" Gannon Storm
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SWPC: “Safequarding Society with
Actionable Space Weather Information”




Sunspots & Solar Cycle

Current Solar Cycle 25

Previous _
Solar Cycle 24 Infaround maximum
2010 E‘ - .
On average, every 11 o N

years the Sun goes
from quiet to active
and back to more
quiet. This is called
the
“Solar Cycle”.

F10.7cm Radio Flux
Predicted Max 170 - 185
Feb - Dec 2024

International Sunspot Number
Predicted Max 137 - 164
Feb 2024 - Jan 2025

N
o
o

Sunspot Number
Solar Flux Units

Experimental Solar Cycle 25 Prediction

—— Experimental Prediction
—— Monthly observations 25% quartile
= Smoothed monthly observations 50% quartile
issued 2 Aug 2024 2019 NOAA/NASA/ISES Panel Prediction (range) 75% quartile

Space Weather Prediction Testbed
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Geomagnetic Storms

Image Credit: NASA/Goddard/Aaron Kaasse https://www.nasa.gov/mission_pages/sunearth/science/magnetosphere2.html
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Feb 11 1238 UTC
the U.S. Dept. of Commerce, NOAA, Space Weather Prediction Center

#
A. NOAA Geomagnetic Activity Observation and Forecast

The greatest observed 3
Scale levels).

The greatest expected 3
G2).

hr Kp over the past 24 hours was 4 (below NOAA

hr Kp for Feb 11-Feb 13 2024 is 5.67 (NOAA Scale

NOAA Kp index breakdown Feb 11-Feb 13 2024

Feb 11 Feb 12
©e-e3UT 4.33 1.67
©3-86UT 3.33 1.33

Feb 13
4.67 (G1)
4.67 (G1)
4.67 (G1)
5.67 (G2)
4.67 (G1)
4.33
4.00
3.67

86-89UT 3.67 1.33
©9-12UT 3.67
12-15UT 3.00
15-18UT 3.00
4.00
5.e@ (G1)

ationale: Periods of G1 (Minor) geomagnetic storms are likely on 11-13
with G2 (Moderate) likely on 13 Feb due to the anticipated arrival of
multiple CMEs.

When a CME strikes and
envelopes Earth’s
magnetic field, storms
may begin. In particular,
if the CME mag field
connects with Earth’s.

E and greater

nierconnections

Protection of
the Power Grid

|
i&‘!" lEnter:onnection
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Interconnection <

Western Interconnection
7’ ~
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7

EMRO ENPCC ORF W SERC OTexas RE EWECC

Can produce problematic geomagnetic
induced currents on power that can
trigger necessary protective measures,
voltage alarms, harmonics, heating, etc.




ATMOSE;
R Mo

Real-Time Solar Wind — Aug 8-14th w/ CME
&l

SWPC  2024-08-08 00:00:00 2024-08-15 00:00:00
Mag + Solar Wlnd ACE
30 T T T T T T T T T T T T T T T T T T T : T U T T T T T
201 IMF Mag fleld strength in nT o~ ik ]
L -“- ’ s Y i “"\v‘\
§ b B P . = R
A0k J
- 201 .
III _30 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 1 1
T T T T T T T | T T T T T T T | T T T T T T T T T T T T T T I T T T T I T T T T T T T | T T T T T T T
% T A e Ay - . - Pl ] “"—*«-'h._‘,%_., .vﬁ_“h.:-_.___,_,,_ﬂ.-’\
2 13sp e T o 1
1 1 1 1 1 il 1 | 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 ol l"'". 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1
. 1000 3 T T T T T T T | T T T T T T T | T T T T T T T T T T T T T T I T T T T I T T T T T T T | T T T T T T T E
] E 3
= F i & P e il o ]
J? 10 g T TP LA oy LI .\5‘- -‘J‘E\":FM?I i Ao |, T e, T . el ;
g 1 E "“"wu.\., \. SRR o'y e e g 1TV wﬁ...\.w-.s.w‘-'\ﬁ-.._ Tt il e __,_,-.-','.'. \ i L 3" .. Lo ade il . ‘.,M-._."-, (el E
@ = E
D E 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 I 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 3
600 — ——— T ———— —— ———T7T 777777 T
& 550} . .
E sop Speedin km/s o iR ]
= e ,‘qﬂ-\ MM
T 480 : -} o ‘”_ PN ,wwmﬁ s 1
= 400 pigh W, M w* Wt i 1 AR -a"g‘-@%ﬂ g -';.;f e Aot ] "MV,M' - T e ]
» 350} il LV ")
3['0 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1
— T T T T T T T | T T T T T T T | T T T T T T T T T T T T T T I T T T T I T T T T T T T | T T T T T T T 3
' .
- 1et6} .
= E
B qetb it J
[T} 3
a ]
'I_LI 1E+4 i 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 ;
g [ T T T T T T T | T T T T T T T | T T T T T T T T T | | T T | T T T T T T T ]
E L -
< 5[ ]
e 4 .
2 -
1 -
0
suspect density =1 7~
(date) Aug8 Aug 9 Aug 10 Aug 11 Aug 12 Aug 13 Aug 14

=
£
a5
-
(5]

Away + Towards -

Notice how the
orientation shifts
between N/S; by

comparison, this CME
mag strength was 4x
above background as
compared to early
May — which was 12x
above background

Kp 4 — Kp5 (G1) w/ N-
directed IMF; but Kp6-Kp8
(G2-G4) when IMF shifted

S-directed. Rapidly
decreased when IMF
rotated N-ward again.



Normal Sequence of Events

ALERT Probabilities predicted in 3-day forecast;
Sent at R2 or greater a flare occurs (speed of light), effect
already taking place in outer atmosphere
WARNING N .
Sent for S1 or greater Probabilities predlcFed in 3-day
ALERT forecast;
Can be nearly speed of light, but
Sent fOI’ eaCh 81'85 |€V€| Warnings pOSSIble
WATCHES
Sent for G1 - G4 or greater
WARNING e o e
Sent for Kp4-7+ (G1 - G3+) watches and warnings possible.
ALERT Science limits threshold
Sent for each level through capabilities however

Kp 9z (G1-G5)



Typical Actions related to just the
Power Grid regarding
Geomagnetic Storms

Phone call to Wisconsin Electric Control Area and b ¢
the New York ISO

: : , Communicating Space Weather
Phone call to Wisconsin Electric Control and Information

the New York ISO (NY only for G2 Watch) | 70k subscribers

Satellite Companies, Airlines, Communications
State and Local Emergency Managers

NERC Hotline Call and Wisconsin Electric Control
Area (G3 Watch — call NY only)

" 5&8: PRODUCT SUBSCRIPTION SERVICE

Situation Room

@ iNWS - Interactive NWS

NERC Hotline Call and Wisconsin Electric Control;
FEMA notified; possibly the NSC/WHSR

NERC Hotline Call and Wisconsin Electric Control;
FEMA notified;
NSC/WHSR informed

(R,S,G, 4and 5)



Sunspots: May 8" through May 12t

Massive sunspot groups present on the Sun. The northern cluster was responsible for numerous R2-R3 level events,
but no CMEs of note. The southern region, however, became very magnetically complex and began to be of major
concern for more impactful space weather events as it rotated westward.



: WHAT: Several CMEs will likely reach Earth and lead to increased geomagnetic activity

EVENT:

A coronal mass ejection (CME) is an
eruption of solar material. When they
arrive at Earth, a geomagnetic storm
can result. Watches at this level are

infrequent, but not uncommon.

TIMING:

The CMEs are anticipated to merge
and arrive at Earth late 10 to early

11 May
EFFECTS:

The general public should keep informed

by visiting our webpage for any forecast
| changes and updates. The aurora may
"~ become visible over many of the northern
states and some of the lower Midwest to

Oregon.

Multiple CMEs
analyzed and
at least 5 were
determined to
have Earth-
directed
components.
G3 Watch
issued over 36
hours in
advance.

Frequent solar flares occurred over these days. The northern region produced numerous flares at the R2-R3
level, but no CMEs were observed of note. The southern region eventually began flaring and provided plenty of

activity, to include associated CMEs.



CMEs: to Arrive May 10-11t G4 Storm Likely

ic activity

rth and lead to highly elevated geomagnet

EVENT:

A coronal mass ejection (CME) is an eruption
of solar material. When they arrive at Earth,
a geomagnetic storm can result. Watches at

this level are very rare.

TIMING:

The CMEs are anticipated to merge
and arrive at Earth by late on May
10th or early on May 11th.

EFFECTS: Confidence

The general public should visit our webpage to

keep properly informed. The aurora may become H
visible over much of the northern half of the I n C re ased an d
country, and maybe as far south as Alabama to

prc vl G3 Was
upgraded to
the very rare
) G4 or Greater
e — Watch 24

60 i
) \‘

e . hours in
advance.

2024-05-08 19:00:00

G .e
1000
800
e 600} A
400 ey —_
200 s

Plasma Density (f'N/cm’)
)
° &5 8 & B8

Solar Wind Speed at Earth (km/s)

adial Velocity (km/s)

Space Weather Prediction Center Model: WSA-Enlil

Coronagraph imagery confirmed the explosive CMEs expelling from the Sun. Most of these CMEs were determined

to have Earth-directed components, with later CMEs moving faster and model results suggested arrivals beginning

10 May and lasting into 11 May. A G3 (Strong) Watch was issued 36 hours in advance of the CME arrivals. This was
eventually upgraded to a G4 Watch 24 hours prior to CME arrivals.



Early Friday, May 10, SWPC held a telemedia conference attended by over 1300

> I73 "
reporters; including from the AP, NY Times, Bloomberg News, CNN, Reuters The B’den

Throughout the event, SWPC gave over 150 individual broadcast or radio interviews

including National and International media outlets ‘&%‘ Active Space Weather Conditions Thl’Ough Weekend Ad m I n IStrat I 0 n

T WHAT: Large Sunspot Groups and Flares Lead to First G4 Watch Since 2005 Pro.mpted imn.'IEdiate THE WHITE HOUSE |S mon |t0 rl n g
e NOAA Spa rediction Center action to provide WASHINGTON the situation”

eomagnetic Storm Watch — the first since

gt el ool i decision support
t five earth-directed coronal mass ejections ( s -
(n pr} dnhriey idday Frida services to technology
‘ance warning successfuy mitigated many and infrastructure

impacts ] : S O e rators, including
‘SWPC was indispensable to AMAJOR SATELLITE OPERATOR

< . . - . : 2 ,(I"r.
4 ) A
VERC. i oo et e x electric power grid ns an N FEM
25 North America took significant Inthe loop in real time. We are taking el =B 5 (8.6, 4 and 5) s e
22 steps to prepare before the rotective measures to minimize the ope rators' satelllte (5.G, 4 and 5)
52 storm.” impact on our satellite operations and

overail network heaith alloween partners, aviation, and
Post-Event | * Webinar Feedbac The Weather Companysis] A Othel“ SECtO rs.

“Congratulations C, SWPC, and EPRI for
all your great wor ting the grid —and the
country! — during this event! This was no joke and o P
¥ ong: ed fi . actions for, and that was definitely due (o g Natiof = > Z
¥ u!.'f_.‘;‘yu.‘«'lbr i"fmuﬁﬂl nllld’(:;m.mmlm(d]ur_wm o ) A v Safeguarding Society with Actionable Space Weather Information Space Weather Prediction Center;
effective efforts! Thank you! having at least a day of Boulder, CO

advanced warning (thank you!).”

Situation Room

“This was the first space weath "
that we were able to actively take prepavedness

557" Weather Wing

SWPC activated the North American
Electric Reliability Corporation (NERC)
hotline to discuss the G4 or Greater

Watch. Regions I-X, and the

Cybersecurity and

NERC disseminated the information, : S Infrastructure Security
providing nearly six hours of advanced ; L2t Agency.
lead time for around 3,000 electric

utility companies nationwide.
United States
transmission grid

Provided detailed briefings
on expected impacts and
recommended precautions.

NERC leadership acknowledged the
RELIASILITY CORPORATION. support, saying,




CME Arrivals in Solar Wind

2024-05-1

North (+)

South (-)

24 hours at G4-G5 36 hours at G3+ (12 hours of G3)



Geomagnetic Storm: 10-12 May 2024

Aviation

e Trans-oceanic flights
rerouted due to High
Frequency radio loss

e WAAS used for precision

Energy Sector
e US and Canada grid operators
took numerous actions to
mitigate impacts
e High voltage lines tripped in

northern Europe S R landing and performance
e UK transformers Image: Ken Trombatore  * based navigation
overheated/alarmed unavailable for ~15 hrs
e New Zealand disconnected e NOTAM advising of
northern islands power NAWAS? comms/nav disruptions

GPS Systems

Loss of lock on GPS signals
Range errors

Both civilian and defense
Idled Midwest planting

Satellite Operations

e ~5000 Satellites experienced
increased drag, necessitating
more frequent station-keeping |
burns and collision avoidance ® F Y ar—
maneuvers } Image John D/.ere \

. . Che New ork €imes May 13, 2024 .
¢ Degraded Starlink service Solar Storm Crashes GPSSystems Used by Atomic CI_O_Ck o .
® Surprising 0.1% variation in

e Global communications satellite Some Farmers, Stalling Planting
lost sync lock NIST Cesium clocks



May 10t"-12th: One of the Strongest Solar Storms, but
not the worst and not significantly impactful

‘g Historical Comparison of May 2024 Solar Storms

L WHAT: How did the G5 Geomagnetic Storm Compare to Other Major Events?

By one measure of
geomagnetic storm

l N
Inidax MAY || OCT ¢ MAR | MAY | SEP strength - called the
2024 | 2003 1989 1921 1859 . .
disturbance storm time
Disturbance . :
Storm Index | 412 || -383 [ 589 [~ -907] ~-1200 index - this event was
(nT) quite similar to historic
storms in 1958 and
Agindex | 971 || 204 | 246 | NA | NA 2003.
| A
Disturbance Storm Index (Dst): An index of magnetic activity SREE-UEUR L0
derived from a network of near-equatorial geomagnetic ATy U Plasma Density atEanth (o) It may Compete With
observatories that measures the intensity in space of the ring s - ]
of westward current around Earth (higher negative values ; 1 some of the lowest-
e s~ latitude aurora sightings
Ap-lndex: The average from eight daily values gives the on record over the paSt
Ap-index of a certain day (every 3-hour K-value - or measure of I
geomagnetic activity - is converted into a linear scale). Days 2 i i 500 years, though
with higher geomagnetic activity have a higher daily Ap-value. ;i scientists are Stl"
fe ociety with Actionable Spact Ty v o asseSSIng thls ranklng'

Model: WSA-Enlil

¢
o
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Aurora seen around the world...

NERC Post-Event
Webinar Feedback

Congratulations to NERC, SWPC, and EPRI for all
your great work in protecting the grid - and the
country! - during this event! This was no joke and
y'all should be thanked and congratulated for your
effective efforts! Thank you!

@, The Popular Story

This event underscored
the interconnectedness
and vulnerability of
modern infrastructure to
space weather.

SWPC('’s proactive
measures and detailed
briefings enabled
industries to implement
necessary precautions.

Demonstrated the
importance of
preparedness and the
effectiveness of
coordinated responses to
space weather threats.

In my opinion this was the most prepared for and successfully mitigated extreme
space weather storm in history; thanks to all the government involvement and
stress over the past 10-20 years, education and preparedness among the our
technological infrastructure; and all the efforts of the Space Weather Prediction
Center to inform all sectors possible before and throughout the event. If these actions
were not accomlished, this storm would have been much more impactful. More work
is to be done though, as this particular storm was less intense than the 1989 storm
and likely 3-5x less strength of what we know is historically possible



Th a n k YO u I Additional Training and Resources:
[ ]

/) FEMA

POC for your questions or needs

Shawn Dahl — SWPC Service Coordinator

Federal Operating Concept for

0 ~‘ PACE WEATHER PREDICTION CENTER i
o F Impending Space Weather Events
EDUCATION AND OUTREACH

Homeland

Security

https://www.fema.gov/sites/default/files/2020-
07/fema_incident-annex_space-weather.pdf

https://www.swpc.noaa.gov/content/education-
and-outreach

“Safeqguarding Society with Actionable Space Weather
Information”



mailto:Shawn.dahl@noaa.gov

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

NERC GMD Database

Gannon Storm Review

Maria Kachadurian, Principal Analyst — NERC
Geomagnetic Disturbance Workshop
October 1-2, 2024
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NEIRC Metadata

NeRmT nERIc AN CEaTRIC as of 9/27/2024
e Event name: 2024E04

e Event Start: 5/10/2024 00:00
* Event End: 5/12/2024 23:59

e Data submissions collected:

e GIC Monitors — 393
= 78% submission rate

* Magnetometers — 15
= 58% submission rate

e 75 NERC Registered Entities

e Event statistics:
= Maximum GIC reading —175.70
= Average reading—1.62
= Standard Deviation —3.54

= Number of GIC readings collected — 20,244,900
2 RELIABILITY | RESILIENCE | SECURITY



NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Reporting Device Locations
2024E04

GIC, Magnetometer Device Location

el

Device Type @GIC Monitor @ Magnetometer
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Maximum per Device

o Qoo
% ® o
® Ottawa
g @ :
® _%o
& ;-\' Toronto -
’ a ‘ . ".ﬂ\l ﬂ
] _r.'__ :
v r‘ﬁ; .;[I .‘-1"
J ~ g ¥ ark 6
. I'H'g l_:r | .
& ; "‘tf & 44 60
| ﬂ'nl-.a ALon
b United States @ c® B @ :2590-544
L 30 - 25.90
&
Pho=nix . . . « 0.09-11.30
Los Angeles & > 101.60
. ' 5447
259
Bubble Size Indicates Size of Maximum Reading
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NERC

NORTH AMERICAN ELECTRIC

RELIABILITY CORPORATION

Devices with Top 12 Readings

GIC Device ID | Maximum Average Standard Latitude Longitude
Reading Reading Deviation

10659

10421
10475
10420
10427
10112
10606
10184*
10397
10434
10232

10181*
*Sunburst Device

175.7
125.5
123.2
119.6
101.6
98.2
97.9
96.4
90.7
88
86.49
86

9.942203
6.33951
4.083634
5.303016
5.534237
4.43712
4.149756
3.394827
3.576646
3.829017
3.3915
3.395489

11.67344
7.265326
5.612009
6.702929
6.026821
6.567555
6.937468
5.464988
5.586292
5.997155
5.220794
5.736201

39.5
40.2
39.5
39
47.7
41.3
39
39.1
39.5
45
41.9

-87.9
-75.5
-81.9
-75.5
-77.5
-117.4
-72.9
-78.2
-78.3
-75.1
-92.8

-74

RELIABILITY | RESILIENCE | SECURITY



NERC Top 12 GIC Monitor Locations

RELIABILITY CORPORATION Based on Maximum Readings

Top 12 GIC Monitor Device Location

GICDevicelD ® 10112 @ 10151 @10134 @ 10232 @ 10397 @10420 ® 104271 @ 10427 @ 10434 @ 10475 @ 10600 @ 10659

@
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Juarez

Bubble Size Indicates Size of Maximum Reading
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NERC

NORTH

AMERICAN ELECTRIC
RELIABILITY CORPORATION

GIC Device

ID

10397
10232
10184
10659
10475
10606
10181
10420
10421
10427
10434

10112

Maximum
Reading

90.7
86.49
96.4
175.7
123.2
97.9
86
119.6
125.5
101.6
88
98.2

Time at Maximum Readings

Time at Maximum,
(Chronological Order), UTC
5/10/2024 18:37:50
5/10/2024 21:50:00
5/10/2024 22:37:39
5/11/2024 2:03:30
5/11/2024 2:06:00
5/11/2024 2:07:00
5/11/2024 2:07:31
5/11/2024 2:09:11
5/11/2024 2:09:15
5/11/2024 2:09:25
5/11/2024 2:09:50
5/11/2024 12:39:00

Latitude

39.1
45
39

42.5

40.2

41.3

41.9

39.5

39.5
39

39.5

47.7

Longitude

-78.3
-92.8
-78.2
-87.9
-81.9

-72.9

-75.5
-75.5
-77.5
-75.1

-117.4

RELIABILITY | RESILIENCE | SECURITY



175.7

iImum

Device 10659

42.5, -87.9, Max

Location
2024E04 - Device 10659 - Rank #1 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN
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125.5

iImum

Device 10421

39.5, -75.5, Max

Location
2024E04 - Device 10421- Rank #2 of Top 12
-GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN
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123.2

iImum

Device 10475

40.2, -81.9, Max

Location
2024E04 - Device 10475- Rank #3 of Top 12
GICMeasured

ELECTRIC

NERC

NORTH AMERICAN
RELIABILITY CORPORATION

150
100
50
-50
-100

8¥:¢C ¥C0C/C1/S
A AT FATE
ve-0e¥c0c/el/S
(A1 8 AL
00:8T ¥20Z/Z1/S
8¥-91 ¥C0C/C1/S
9€:ST ¥20C/21/S
ve-¥1 ¥20e/el/S
(A B A FATE
00:2T ¥20Z/C1/S
8¥:01 ¥C0C/C1/S
9E:6 ¥C0Z/CL/S
ve:81C0e/CL/S
CL:LVT0C/CL/S
00:9¥20Z/2L/S
8v-¥ ¥C0e/CL/S
9E:EYC0Z/CL/S
ve-cveoe/et/s
¢l 1 vC0e/CL/S
00:0¥202/2L/S
8¥:¢C ¥COC/T1/S
9ETZYCOC/TL/S
vZ:0C ¥20e/T1/S
€161 ¥C0e/11/S
00:8T ¥20Z/T1/S
8¥:9T ¥COC/T1/S
9E:ST ¥C0e/11/S
ve-¥1¥202/11/S
CL:ET ¥COC/T1/S
00:2T ¥20Z/11/S
8¥:0T ¥C0C/11/S
9E:6 ¥C0Z/TL/S
ve-812C0e/T11/S
CL:LVC0E/TL/S
00:9¥20Z/TL/S
8v:¥ ¥C0e/TL/S
9E:E ¥C0C/TL/S
ve-cveoe/TL/S
CL:TVC0e/TL/S
00:0 ¥20Z/TL/S
8¥:¢C ¥C0C/01/S
9€:1¢¥¢0¢/01/S
¥2-0€ ¥202/01/S
€1:61 ¥20¢/01/S
00:8T ¥20Z/01/S
8¥:9T ¥C0C/01/S
9€:ST ¥¢0¢/01/S
vZ-¥1 ¥202/01/S
C1-ET ¥C0C/01/S
00:2T ¥20Z/01/S
8¥:0T ¥C0C/01/S
9E:6 ¥C0¢/01/S
ve-81202/01/5
CL-LVC02/0L/S
00:91202/0L/S
8v-¥ ¥€02/0L/S
9E:€ ¥202/0T/S
ve:eve0e/0L/s
¢L-11C0e/0L/S
00:0¥202/0L/S
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119.6

iImum

Device 10420

39.5, -75.5, Max

Location
2024E04 - Device 10420- Rank #4 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN

150
100
50
-50
-100

00:81:2¢ ¥€0¢/C1/S
00:9€:TC ¥20¢/C1/S
00:¥¢:0¢C €0¢/CT/S
00:€1:6T ¥€0¢/C1/S
00:00:8T ¥€0¢/CL/S
00:81:91 ¥€0¢/C1/S
00:9€:ST ¥€0¢/C1/S
00:¥¢:¥1 ¥C0¢/C1/S
00:¢T:€T ¥C0¢/CL/S
00:00:2T €0¢/CT/S
00:8%:0T ¥€0¢/CT/S
00:9€:6 ¥€0¢/C1/S
00:¥¢-8 ¥€0C/C1/S
00:21:L120¢C/C1/S
00:00:9 €0¢/C1/S
00:8¥ ¥ ¥€0C/C1/S
00:9€:E ¥20¢/C1/S
00:t¢-¢ ¥20¢/C1/S
00:21:T ¥20e/c1/S
00:00:0 ¥€0¢/C1/S
00:8¥:2¢ ¥20¢/11/S
00:9€:TC ¥C0¢/11/S
00:¥2:0C ¥€0¢/11/S
00:€T:6T ¥C0C/11/S
00:00:8T ¥€0¢/11/S
00:81:9T ¥€0¢/1T/S
00:9€:ST ¥C0¢/TT/S
00:¥¢:¥T ¥C02/11/S
00:CT:€T ¥C0C/1T/S
00:00:2T ¥€0¢/11/S
00:81:0T ¥€0¢/1T/S
00:9€:6 ¥20C/T1/S
00:¥¢:8 ¥C0C/T1/S
00:21:LC0C/T1/S
00:00:9 ¥20¢/T1/S
00:8v:¥ ¥C0C/T1/S
00:9€:€ ¥202/11/S
00:¢-¢ ¥20C/11/S
00:21:T ¥20¢/T1/S
00:00:0 ¥€0C/T1/S
00:81:2C ¥€0¢/01/S
00:9€:TC ¥C0¢/0T/S
00:¥¢:0¢C ¥€0¢/01/S
00:¢1:6T ¥€0¢/0T/S
00:00:8T ¥€0¢/0T/S
00:81:9T ¥€0¢/01/S
00:9€:ST ¥€0¢/0T/S
00:¥2:¥1 ¥20¢/01/S
00:CT:€T ¥C0¢/0T/S
00:00:2T €0¢/0T/S
00:8%:0T ¥€0¢/01/S
00:9€:6 ¥€0¢/01/5
00:t¢-8 ¥€0¢/01/S
00:21:L120¢/01/9
00:00:9 20¢/01/5
00:8v:¥ ¥€0¢/01/5
00:9€:€ ¥20¢/01/5
00:¥¢-¢ ¥20¢/01/9
00:21-1 ¥20¢/01/9
00:00:0 ¥€0¢/01/5
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101.6

imum

Device 10427

39, -77.5, Max

Location

2024E04 - Device 10427- Rank #5 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN

150
100
50
-50
-100

00:8t:2¢ ¥€0¢/CL/S
00°9€:TC ¥€0¢/CL/S
00:¥¢:0¢€ ¥€0¢/C1/S
00-CT:6T ¥€0C/CL/S
00:00:8T1 ¥€0¢/CL/S
00:81:9T1 ¥€0¢/C1/S
00:9€:ST ¥€0¢/C1/S
00:¥C:¥1 ¥C0¢/C1/S
00-CT:ET ¥C0C/CL/S
00°00:2T €0¢/CL/S
00:81:0T ¥€0¢/C1/S
00:9€:6 ¥€0¢/CL/S
00:¥2:8 ¥€0¢2/C1/S
00:¢1:L1202/CL/S
00:00:9 ¥20¢/C1/S
00:8¥:¥ ¥20¢/CL/S
00:9€:€ ¥202/C1/S
00:¥¢-¢ ¥20¢2/C1/S
00:¢1-T ¥202/CL/S
00:00:0 ¥€02/C1/S
00:8t:2C ¥20C/11/9
00°9€:TC ¥C0C/T1/S
00:¥7¢:0C ¥20C/11/S
00-€1:6T ¥C0C/T1/S
00:00:8T ¥€0¢/T1/S
00:8t:9T ¥C0C/T1/S
00°9€:ST ¥C0¢/T1/S
00:¥C:¥T ¥C0C/T1/S
00:¢T:ET ¥C0C/T1/S
00:00:2T ¥€0C/T1/S
00:81:0T ¥€0C/T1/9
00:9€:6 ¥202/T1/S
00:¥2:8 ¥202/T1/S
00:€1:L1202/T1/S
00:00:9 ¥202/11/S
00:8y:¥ ¥202/11/S
00:9€:€ ¥202/T1/S
00:2-¢ ¥202/T1/S
00:¢1:T ¥202C/T1/S
00:00:0 ¥20C/11/S
00:81:2¢€ ¥€0¢/01/9
00°9€:TC ¥€0¢/01/S
00:¥¢:0¢C ¥€0¢/01/9
00-¢T:6T ¥€0¢/01/S
00:00:8T ¥€0¢/01/S9
00:81:9T1 ¥€0¢/01/5
00:9€:ST ¥€0¢/01/S
00:¥C:¥1 ¥C0¢/01/S
00-CT:ET ¥C0C/01/S
00:00:2T €0¢/01/S
00:8t:0T ¥€0¢/01/S
00:9€:6 ¥€0¢/01/S
00:¥2:8 ¥20¢/01/5
00:¢1:L1202/01/S
00:00:9 ¥€02/01/S
00:8:¥ ¥20¢/01/5
00:9€:€ ¥20¢/01/5
00:¥¢-¢ ¥202/01/5
00:¢1:T ¥20¢/01/S
00:00:0 ¥€0¢/01/5
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98.2

iImum

Device 10112
47.7, -117.4, Max

Location
2024E04 - Device 10112- Rank #6 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN

150
100
50
-50
-100

00:81:2¢ ¥202/CL/S
00:9E:TC ¥e0C/CL/S
00:¥¢:0¢ ¥C€0¢/CL/S
00:¢1:61 ¥€0¢/CL/S
00:00:81 ¥€0¢/C1/S
00:8¥:91 ¥€0¢/C1/S
00°9€:ST ¥C0¢/CT/S
00:¥C:v1 ¥C0C/CL/S
00-CT:E€T ¥C0C/CL/S
00:00:2T ¥€0¢C/CL/S
00:81:0T ¥€0C/CL/S
00:9€:6 ¥€0¢2/C1/S
00:¥¢:8 ¥202/C1/S
00:21-L¥202/CT/S
00:00:9 ¥¥20¢/C1/S
00:8¥:¥ ¥202/21/S
00:9€:E ¥20¢/CL/S
00:¥¢-2 ¥20e/et/S
00:¢1-T ¥20e/et/S
00:00-0 ¥7€0¢/C1/S
00:8¥:2C ¥C0C/T1/S
00°9€:1C VC0T/TT/S
00:1¢:0C ¥YC0C/T1/S
00-CT:6T YC0C/TT/S
00°00:8T ¥C0C/TT/S
00:8¥:9T ¥C0C/TT/S
00°9€:ST ¥C0</T1/S
00:¥C:¥1 ¥C0C/TT/S
00:CT:E€T ¥C0C/T1/S
00:00:21 ¥C0C/T1/S
00:81:0T ¥C0C/TT/S
00:9€:6 ¥€02/T1/S
00:¥¢:8 ¥20¢/T1/S
00:¢T-L¥20E/TT/S
00:00-9 ¥202/11/S
00:8¥-¥ ¥202/T1/S
00:9€-€ ¥C0¢/T1/S
00:¥¢-C ¥C0e/11/S
00:¢T-T ¥20e/11/S
00:00-0 ¥20Z/T1/S
00:8¥:2€ ¥C0¢/01/S
00°9€:12 ¥C0¢/01/S
00:¥C:0¢ ¥€0¢/0T/S
00:CT:6T ¥€0</0T/S
00:00:8T ¥€0</0T/S
00:8¥:91 ¥€0¢/01/S
00:9€:ST ¥¢0¢/01/S
00:¥C:¥1 ¥202/01/S
00:CT:ET ¥202/0T/S
00:00:2T ¥€0¢/01/S
00:8¥:0T ¥€0¢/01/S
00:9€:6 ¥€02/01/S
00:¥¢-8 ¥202/01/S
00:21-L¥202/0T/S
00:00-9 ¥¥€0¢/01/S
00:8¥-¥ ¥€02/01/S
00:9€-€ ¥C0Z/01/S
00:¥¢-¢ ¥€0¢/01/S
00:21-T ¥202/01/S
00:00-0 ¥€02/01/S
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97.9

iImum

Device 10606

41.3, -72.9, Max

Location
2024E04 - Device 10606 - Rank # 7 of Top 12
GICMeasured

ELECTRIC

NERC

NORTH AMERICAN
RELIABILITY CORPORATION

150
100
50
-50
-100

81:€C ¥20¢C/CL/S
9E'TC ¥c0e/CL/S
¥¢:0¢€ ¥20ce/cL/S
¢L'61 ¥20cC/CL/S
00:8T ¥€0¢C/CL/S
8191 ¥20¢C/CL/S
9E'ST ¥20¢C/CL/S
vevL ¥20ce/cl/S
CL'ELC0C/CL/S
00:CT ¥202C/CL/S
81:01 ¥20¢C/CL/S
9E:6 ¥20C/C1/S
ve:8 ve0e/C1/S
¢L:Lve0e/Cl/S
00:9202/C1/S
8¥:v ¥202/C1/S
9E:E¥C0T/CT/S
¥e:eveoc/el/s
LT ve0e/el/s
00:0¥202/C1/S
81¢C ¥20C/1L/S
9E'Te ¥C0C/TIL/S
¥¢:0¢ ¥20C/1L/S
CL:6T ¥20C/1T/S
00:81 ¥20C/TIL/S
81:91 ¥20C/TL/S
9E'SL ¥C0C/TIL/S
YevL ve0C/1L/S
CLELC0C/TL/S
00:¢T ¥20C/1IL/S
81:0T ¥20C/TL/S
9E:6 ¥20Z/T1/S
vZ:8 ¥202/11/S
CL:LYE0T/TT/S
00:9202/11/S
8y ¥20C/11/S
9E:EPC0T/T1/S
ve:eveoe/11/s
LT v20e/11/S
00:0 ¥20Z/11/S
81:¢C ¥20¢C/0L/S
9E'T€ ¥20cC/0L/S
¥¢:0¢€ ¥20¢/0L/S
¢L:6T20cC/0L/S
00:81 ¥20¢/0L/S
81:91 ¥20¢/0L/S
9€E'ST ¥20¢/0T/S
v&v1 ¥20C/0L/S
CL'EL ¥20C/0L/S
00:¢T ¥20¢/0L/S
81:01 ¥20¢/0L/S
9E:6 ¥202/01/S
¥2:8 ¥202/01/S
¢L:LvE0T/0T/S
00:91202/01/S
8ty ¥202/01/5
9E:E ¥20T/0T/S
¥e:e veoe/01/s
¢L: 1 v202/01/S
00:0¥202/01/S
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96.4

imum

Device 10184

39, -78.2, Max

Location

2024E04 - Device 10184 - Rank #8 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN

150
100
50
-50
-100

00:81:¢¢ ¥€0¢C/CL/S
00:9€:T€ ¥€0¢C/CL/S
00:¥¢:0¢ ¥20¢C/CL/S
00:¢T'6T ¥€0¢C/CL/S
00:00:8T ¥€0C/CL/S
00:81:9T ¥€0¢C/CL/S
00:9€:ST ¥C0¢/CL/S
00:¥¢:¥T ¥C0C/CL/S
00:¢T'ET ¥C0C/CL/S
00:00:¢T ¥€0¢/CL/S
00:81:0T ¥€0C/CL/S
00:9€:6¥€0¢C/CL/S
00:¥¢-8¥20C/CL/S
00:¢T:L¥202C/CL/S
00:00:91¥20¢/CL/S
00:81:¥ ¥20C/CL/S
00:9€:E¥202C/CL/S
00:¥¢-C ¥20¢C/CL/S
00:¢T-T ¥202C/CL/S
00:00:01¥20¢/CL/S
00:81:¢¢€ ¥20C/TL/S
00:9€'T€ ¥C0C/TL/S
00:¥¢:0C ¥20C/TL/S
00:¢T:6T ¥C0C/TL/S
00:00:8T ¥20C/TL/S
00:81:9T ¥C0C/TL/S
00:9€'ST ¥C0C/TL/S
00:¥C:¥L ¥20C/TL/S
00:CT:ET ¥C0C/TL/S
00:00:¢T ¥C0C/TL/S
00:81:0T ¥C0C/TL/S
00:9€:6 ¥20C/TL/S
00:¥¢-8¥20C/TL/S
00:CT-L¥20C/TL/S
00:00:9¥20¢/TL/S
00:81:¥ ¥20C/TL/S
00:9€:E¥C0C/TL/S
00:¥¢-C ¥20e/T1L/S
00:CT:T ¥202C/TL/S
00:00:0¥20¢/TL/S
00:81:¢¢ ¥€0¢/01/S
00:9€'T¢ ¥€0¢/0L/S
00:¥¢:0¢ ¥C0¢/0L/S
00:¢T:6T ¥20¢C/0L/S
00:00:8T ¥€0¢C/0L/S
00:81:9T ¥€0¢/0L/S
00:9€:ST ¥€0¢/0L/S
00:¥¢:¥T ¥20¢C/0L/S
00:CT:ET ¥C0C/0L/S
00:00:CT ¥€0¢/0L/S
00:81:0T ¥€0¢/0L/S
00:9€-6 ¥20¢/0L/S
00:¥¢-8¥20¢C/0L/S
00:¢T-L¥20C/0L/S
00:00:9¥20¢/0L/S
00:81:¥ ¥20¢/0L/S
00:9€:E¥20¢C/0T/S
00:¥¢-¢ ¥20¢/0L/S
00:¢T-T ¥20¢/0L/S
00:00:01¥20¢/0L/S
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90.7

iImum

Device 10397

39.1, -78.3, Max

Location
2024E04 - Device 10397 - Rank #9 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN

150
100
50
-50
-100

00:8V:¢¢ ¥E0C/CL/S
00:9€E:TC ¥20C/CL/S
00:¥2:0¢ ¥¢0C/CL/S
00:CT'61 ¥C0C/CL/S
00:00:8T ¥C¢0C/CL/S
00:81:91 1€0C/CL/S
00:9E:ST 1¢0C/CL/S
00:¥C:v1 1C0C/CL/S
00:CT-ET ¥C0C/CL/S
00:00:CT ¥€02/CL/S
00:81°0T ¥€0C/CL/S
00:9€:6 20C/CL/S
00:¥2:8 ¥202Z/C1/S
00:C¢T:LVC0C/CL/IS
00:00:9¥C0¢/CL/S
00:8: ¥ ¥20&/C1/S
00:9€:E¥C0C/CL/S
00:¥¢:2¥20e/CL/S
00:2T T e0c/CT/S
00:00:0€02C/CT/S
00:8¥:¢C ¥C0C/TL/S
00:9€'TC ¥C0C/T1/S
00:¥¢:0C ¥¢0C/TL/S
00:¢T:6T ¥¢0C/TL/S
00:00:8T ¥7¢0C/TL/S
00:81:91 ¥C02Z/TL/S
00:9€:ST ¥202/TL/S
00:vC:v1 ¥20C/TL/S
00:CTET ¥C0C/TL/S
00:00:CT ¥C0C/T1/S
00:81:0T ¥€0C/TL/S
00:9E:6 ¥C0C/T1/S
00:¥¢:8¥C0C/TL/S
00:2T:LVC0C/TT/S
00:00:9¥20¢/1TT/S
00:81 ¥ ¥C0C/TT/S
00:9E:E ¥C0C/TT/S
00:¥2:C ¥20e/11/S
00:¢T:T ¥C0C/T1/S
00:00:0¥C0C/T1/S
00:81:¢C 1¥¢0C/0L/S
00:9€:TC 1¢0C/0L/S
00:¥¢:0C ¥20C/0L/S
00:€T:61 ¥€0C/0L/S
00:00:8T ¥€02/0L/S
00:8¥:91 ¥C02/01/S
00:9€:ST ¥¢02/01/S
00:¥C:vT ¥€0C/0L/S
00:¢T-ET 17C0C/0L/S
00:00:CT ¥7¢0C/0L/S
00:81:0T ¥€02Z/0L/S
00:9€:6 ¥20Z/0T/S
00:v¥2'8 ¥C0¢/0T/S
00:¢1:L¥202/01/S
00:00:9 ¥202/01/S
00:8¥:¥ ¥202/01/S
00:SE:E¥20Z/0T/S
00:%¢:2 ¥20&/0L/S
00:2T:T ¥20&/01/S
00:00:0 ¥20&/0T/S
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88

imum

Device 10434
39.5, -75.1, Max

Location

2024E04 - Device 10434 - Rank #10 of Top 12
GICMeasured

ELECTRIC

RELIABILITY CORPORATION

NERC

NORTH AMERICAN

150
100
50
-50
-100

00:81:2¢C ¥€0¢/C1/S
00:9€:TC ¥C0¢/CL/S
00:¥¢:0C ¥€0¢/CL/S
00-21:6T €0¢/CL/S
00:00:8T ¥€0¢/CL/S
00:81:91 ¥€0¢/C1/S
00:9€:ST ¥€0¢/C1/S
00:¥C:vT ¥20¢/C1/S
00-CT:ET ¥C0c/C1/S
00:00:2T ¥€0¢/CL/S
00:81:0T ¥€0¢/CL/S
00:9€:6 ¥€0¢/C1/S
00:v¥2:8 ¥20¢2/CL/S
00:¢1:L1202/CL/S
00:00:9 ¥€0¢2/C1/S
00:8y:¥ ¥20¢C/CL/S
00:9€:€ ¥20¢/CL/S
00:¥¢-C ¥202/C1/S
00:¢1-T ¥202/C1/S
00:00:0 ¥€0¢2/C1/S
00:81:€C ¥C0C/T1/S
00:9€:1C ¥20¢/T1/9
00:¥7¢:0C ¥C0C/11/S
00+€T:6T ¥C0C/T1/S
00:00:8T ¥€0¢/T1/S
00:8t:9T ¥C0C/T1/S
00°9€:ST ¥C0¢/T1/S
00:¥C:¥T ¥C0C/T1/S
00:CT:ET ¥C0C/T1/S
00:00:2T ¥€0C/T1/S
00:81:0T ¥€0C/T1/9
00:9€:6 ¥20C/T1/S
00:¥¢:8 ¥202/TT/S
00:¢1:L1202/T1/S
00:00:9 ¥202/11/S
00:8¥:¥ ¥202/11/S
00:9€:€ ¥202/T1/S
00:¢-¢ ¥202/T1/S
00:¢1:T ¥202/T1/S
00:00:0 ¥20C/11/S
00:8t:2¢€ ¥€0¢/01/9
00°9€:TC ¥€0¢/01/S
00:¥¢:0¢C ¥€0¢/01/9
00-¢T:6T ¥€0¢/0T/S
00:00:8T €0¢/01/9
00:81:91 ¥€0¢/01/5
00:9€:ST ¥€0¢/01/S
00:¥¢:¥1 ¥C0¢/01/S9
00-CT:ET ¥C0C/01/S
00:00:2T €0¢/01/S
00:81:0T ¥€0¢/01/S
00:9€:6 ¥€0¢/01/S
00:¥2:8 ¥20¢/01/S
00:¢1:L1202/01/S
00:00:9 ¥202/01/S
00:8¥:¥ ¥20¢/01/S
00:9€:€ ¥202/01/5
00:¥¢-€ ¥202/01/S
00:¢1:T ¥202/01/S
00:00:0 ¥€0¢2/01/S
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Next Steps

e Continue Data Cleanup Efforts

= Reach out to device owners with anomalous readings
o Attempt to obtain correct GIC monitor data
o Advise to recalibrate GIC monitor

= Monitor data completion rate for all events
o Send reminders as reporting deadline approaches

e Application Changes — 2025

Provide additional reports to address data anomalies

Implement additional data validations

Automate process for identifying data gaps

Improve awareness of data quality to the data reporters and research
community
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NERC Data Systems
May 2024 Review

Maria Kachadurian, Principal Analyst — NERC
Geomagnetic Disturbance Workshop
October 1-2, 2024
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Section 1600 Data Requests

e Section 1600 of the North American Electric Reliability
Corporation (“NERC") Rules of Procedure, authorizes NERC to
request data (“Data Request") that is necessary to meet its
obligations under section 215 of the Federal Power Act.

e Each Section 1600 data request specifies
= Data to be collected
= Registered entity function(s) to which it applies
= Criteria for reporting requirements
e Current Section 1600 Data Requests in Effect
= Generating Availability Data System (GADS)
= Geomagnetic Disturbance Data System (GMD)
= Misoperation Information Data Analysis System (MIDAS)
= Transmission Availability Data System (TADS)
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GADS/TADS/MIDAS
Findings
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NEIRC GADS

NORTH AMERICAN ELECTRIC As Of 9/27/2024

e Reporting is mandatory for:
= Conventional generating units 20 MW+
= Wind plants with total installed capacity 75 MW+
= Solar plants with total installed capacity 100 MW+

e Reporting Deadline, Q1 — Q3 2024: November 15

e Potential GMD-related outages during May 10-12 timeframe:

= Number of outages due to Transmission System Problems (other than
catastrophe) : 4
o One outage specified KP 9+ GMD as outage cause

= Regions affected: Northeast Power Coordinating Council (NPCC)

= Unit types affected: Fossil-Steam (2), Combined Cycle Block, Pumped
Storage/Hydro
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NEIRC TADS

NORTH AMERICAN ELECTRIC As Of 9/27/2024

e TAD collects transmission outage data for:
Bulk Electric System AC Circuits (Overhead and Underground)

= Transmission Transformers (No Generator Step-up Units)
Bulk Electric System AC/DC Back-to-Back Converters
Bulk Electric System DC Circuits

e Reporting Deadline, Q2 2024: August 15, 2024

= Potential GMD-related outages during May 10-12 timeframe: 12 outages

o 10 outages — AC circuit equipment

— Causes: Unknown, Failed AC Circuit Equipment, Power System Condition, Failed
Protection System Equipment, Other

o 2 outages — Transformers
— Cause: Failed AC Substati