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GIC impact

e GIC-driven half-cycle saturation of
power transformers can cause:

» Leakage magnetic fields.
-2 Transformer heating
» Harmonic currents.
- Relay tripping
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» Increased reactive power
consumption.
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Brief history of the high-level US
interest in the topic

FERC order
143 FERC ¥ 61,147 2013

N E RC' DO E _ FEDERAL ENERGY REGULATORY COMMISSION
FERC Phase |

re p 0] rt 2 O 1 O NERC [hehatie paam EOP-010-1 — Geomagnetic Disturbance Operations
- e e Standard 2014

(Tssued May
1. Tile: Gesmagnetic Disturbance Operations
% Number: EOPI0-]
- —— 3, Purpose: . To mitigase the effects of geomagnetic disnarbance (GMD) evems by
2012 Special Reliability Assessme ACTION: Final Rule implementing Operating Mans, Processes, and Procedares,
Interim Report: SUMMARY: Under section 215 of the Feders 4 Appiubiiny
4.1. Functional Entities:

EffeCtS Of Geoma . Reysilatoey Commission (Comission) ditects 410 Relisbility Coordinstor

AGENCY: Federal Energy Regulatory Camm

ngh-Impa Ct, Low-Fre Di stu rba nces on t Corporation (NERC), the Comemission-certifie 4 Lﬂ”ﬁﬁm:'ﬁ;‘nw:mm ?;Li:‘:rlmm?::
e o A BT e Event R|Sk to the Nor! subsmi to the Commission for approval propos s, m,.w.d:"u.pwmm“

c i @
reliable operation of intercon

Power System

impact of geomagretic disturbances (GMD) ot

Bulk Power System

System. The Commission directs NERC to im peomagnetically-induced cun
darnage, loss of Resctive Pow
February 2012 first stage, NERC must soheit, withis six mon Protection System Misopemti

one or more Reliability Standands that require

SEVERE SPACE

UNDERSTANDING SOCI

. Requirements and Measures

System to develop and implement operational
e PR ! RI. Each Relishility Coordirator

consistent with the reliable aperation of the Bu maietain, and implement a G
Plan that eoordinates GMD ¢
A WOR NERC must subemit, within 18 months of the ¢ MI hma_rl)pewdﬂ ing Prov - . S 3
more Raliability Standands tha reqire owners the GMD Operaing Plan a NATIONAL SPACE WEATHER STRATEGY
{Vialation Risk Factor: Medi

10 conduct initial and on-going asscssments of Harizon: Lang-term Plannin
Planning, Same-day Operati

Operations]
L1 A description of activi
‘mitigate the effects of
the relishle operntion ¢

intercannected transiy PRODUCT OF THE
within the Reliability ¢

12 A foe the Reli i i i
oo the GMD Y National Science and Technology Council

-— asann NERC report I O
2012

Commitea cn tha Societol ond Economic

. NERC

—
NORTH AMERICAN ELECTRIC
Division on Ergl  RELIABILITY CORRORATION

Dralh §: Oetaber 29,2013

THE MATIOMAL ACADEMIES PRESS
hingpen, 0.C
[Hem-———

October 2015

Coppip © Nt Asdwny iF Soeint A8 gps resasem

NRC workshop report 2008 NSWS 2015




How bad can it get?
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FIGURE 7.1 Scenario showing effects of a 4800 nT/min geomagnetic field disturbance at 50° geomagnetic lat
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(NERC, 2012) NERC recognizes that other studies have indicated a severe GMD event would
result in the failure of a large number of EHV transformers. The work of the GMD Task Force
documented in this report does not support this result for reasons detailed in Chapter 5
(Power Transformers), and Chapter 8 (Power System Analysis). Instead, voltage instability
is the far more likely result of a severe GMD storm, although older transformers of a certain
design and transformers near the end of operational life could experience damage, which is
also detailed in Chapter 5 (Power Transformers).
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Extreme E-field scenario for the

proposed standard |- .
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Some key future challenges

Low magnitude GIC impacts? (Forbes et al.
and Schrijver et al. papers)

Smart grid vulnerability via phasor
measurement units (PMUs)?

Improved extreme GIC event scenarios.
3D geomagnetic induction.
Improved long lead-time forecast capacity.



Summary

GIC are one of the key space weather problems.

There is high-level US interest in addressing the problem:
— GMD Standards work.
— Core piece of the National Space Weather Strategy.
We have made significant progress to understand the
science and engineering of the impacts. Establishing

common language and understanding between scientists
and power engineers one of the key advancements.

Many interesting science and engineering challenges lie
ahead: NASA LWS Institute GIC Working Group (PI A.
Pulkkinen) has worked to identify and address the key
guestions.
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