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Geomagnetically Induced Current
From PJM Report

Ground induced current example:

* In this standard transmission line setup GICs flow from the earth into the grounded neutral of a three
phase wye connected transformer, where it divides evenly in each phase of the transformer. The

GIC then proceeds into transmission lines and flows to other transformers, returning from them to
earth.
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ATC and EMPrimus R&D
Changes to the GIC Blocker

 Fail Safe Resilience
— Spark Gap
* Non consumable
« Repeatable
 Inspected after 10 events

* Operational Enhancements
— Rogowski Coil (N-G path proof)
— DC Voltage Probe (automation)
— Breaker status (SCADA)
— Spark gap counter (maintenance)
— Kirk Key Interlock for bypass
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ATC’s Plan Model—GIC and Geology
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EXPLANATION
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6IC Neutral Current - DC Amps [Per EPRI + Current flows from ground to the transformer]

’ ) ATC’s Plan Mitigate--
= Choice of Location
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.
Operational History

» Auto Operation
— Normal mode of operation

— Goes into blocking if GIC above 5 amps for 1
minute

— Goes back to normal mode when GIC is below 5
amps for 60 minutes

— No operator intervention needed

— Device has operated approximately 33 times
since its in service in 2015

— No negative effects to the system to date
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Sequence of Operation

Normal Mode

Normal Mode of Operation (Red = Current Flow)

q
T
: — Spark
reaker
200 Amp ’Gap
(Closed) Resistor
Transformer =) / .
Neutral e Voltage
DC Breaker | _Capa citor Probe
) (Closed) Bank CT3

CT1

+

current set point) Shunt

To SEL Electronics
(User settable DC { 0.001 Ohm F CT2

SolidGround™ One Line Diagram
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Transformer
Neutral

To SEL Electronics
(User settable DC
current set point)

{

Going into the GIC Mode (Red = Current Flow)

Sequence of Operation

Transitioning to GIC Blocking

(GIC= Geomagnetic Induced Current)

SEL Electronics sense quasi-DC current above set point value and
calls for the DC breaker to open.

p—
T

vg

CT1l

0.001 Ohm
Shunt

LI

)

AC Breaker

(Closed)

DC Breaker
(Open)

200 Amp
Resistor

Capaciter
Bank

@ Voltage

Probe

CT3

SolidGround™ One Line Diagram

Spark
Gap
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Sequence of Operation

Ground Fault in GIC Mode

Ground Fault in the GIC Mode (Red = Current Flow)

(GIC= Geomagnetic Induced Current)
When a ground fault occurs, spark gap protects capacitor and transformer from

overvoltage. The spark gap assembly can handle many ground faults. Normal operation
will cause the AC breaker to close to reset to stand-by mode (see next slide). If AC
breaker fails to close a major alarm will be generated.

p—
T’ |
AC Breaker
(Closes) 200 Amp Spark
Resistor

([
Transformer [ /
Neutral @ Voltage

—_— ) Probe i SEL
DC Breaker Capacitor CT3
(Closed) Bank
CT1 g7
To SEL Electronics 0.001 Ohm CT2
(User settable DC Shunt ;
current set point)

......................................
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Sequence of Operation

Reset to Normal Mode

Normal Mode of Operation (Red = Current Flow)

p—
T
' AC Break Spark
reaker
‘ ' 200 Amp Gap
(Closed) Resistor
Transformer [ / .
Neutral Voltage
—— Probe
DC Breaker Capacitor
(Closed) Bank CT3
CT1l S»@
To SEL Electronics
(User settable DC 0.0010hm | CcT2
current set point) Shunt F

SolidGround™ One Line Diagram
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MGN NID IN “BY-PASS” MODE

SolidGround one-line diagram

AC Breaker

1 ohm power resistor

‘ 10kv spark

S600 KWar 245V,

DC Breaker Capacaor bank  9aAP
(1 ohm reactance) |

Transformer
Neutral

SolidGround™ Grid Protection Block Diagram
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Questions?
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Michael J. Londo

Consultant, Transmission Reliability Administrator,
ATC Real-Time Operations

262-506-6740
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David Wojtczak

Manager, Asset Technology and Services, ATC

262-506-6823
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