GICs In the Irish Power Grid

during Kp8 and Kp9 Storms

Sean Blake, Peter Gallagher, Joe McCauley
Trinity College Dublin

Alan G. Jones, Colin Hogg
Dublin Institute for Advanced Studies

DIAS
Geophysics

Ciaran Beggan, Alan Thompson, Gemma Kelly
British Geological Survey

David Bell
Eirgrid, plc

British
Geological Survey

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Z RISH RESEARCH COUNCIL (3=
EIHEHID An Chombhairle um Thaighde in Eirinn



Space Weather in Ireland

Geographic Latitude: 53.34
Geomagnetic Latitude: 56.03

Source: 500px.com/danielmcglashin
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GICs In Ireland: The Problem

* No historic power grid failures
attributed to GICs

 No direct measurement of GICs

« Sparse electric field data from
magnetotelluric surveys
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GICs in Ireland: Monitoring

INTERMAG and EIRMAG sites in Europe
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GICs in Ireland: Monitoring

INTERMAG and EIRMAG sites in Europe
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GICs in Ireland: Monitoring

INTERMAG and EIRMAG sites in Europe
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- Long-term electric fields

* GIC probe
-since August 2015
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The Events

March Halloween St. Patrick's June 22
1989 2003 2015 2015
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1) Interpolate Magnetic Field using
Spherical Elementary Current
System method.

2) Calculate E-field using plane wave
approximation.

3) Calculate GICs In grid.
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Irish Power Grid Model

Irish 400, 275 and 220 kV Transmission System

® @ 400kV Station

® & 275kV Station
55°NE @ @ 220kV Station

— 400kV Line

 Straight-line lengths 275k Line

— 220kV Line

« Excluded lower voltage lines

* Assumed transformer ground ss-
resistance of 0.5 Ohms
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Irish Power Grid Response

E =1 V/km East, Max GIC = 26.43 . E = 1 V/km North, Max GIC = 15.19
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Electric Field

Resistivity of Top Layer of Irish Geolog
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O From Adam et al. 2013
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Electric Field

Resistivity of Top Layer of Irish Geolog

1 * 1 dB(t—1)
E— AT
Voo Jo AT dt 55°N

O From Adam et al. 2013

E(t) =

0.05
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Results: 22-23 June 2015
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Results: 17-18 March 2015

350 Varying Horizont1al Magnetic Field
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Results: 30-31 October 2003
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Results: 13-14 March 1989

Varying Horizontal Magnetic Field
Peak Values: e A ‘
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Sum of GICs
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Conclusions and Future Work

1) New Eirmag network:
- Long-term magnetic and electric field monitoring.
- Eirgrid operated GIC probe to directly measure GICs.
- Data will be available online next year.

2) Plane-wave model has given estimates of GICs comparable
to other mid-latitude countries
- Use thin-sheet model in the future.
- Improve conductivity map in the future.
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