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Modelling GICs

e Geoelectric field

* Network analysis
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Geoelectric Field = Uniform Cond.

Models: 1-Layer

oB/ot = iwB
—
Ho,E,0 =0 X V XE =-iwuH
V XH = (0 +iwe)E
VOE =0
VOH=0

E,/H, = —Viwp/(o + iwe)




Geoelectric Field = 1D

oB/ot = iwB
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Models: N-Layers

Ey = Ay (6% + R €9

Hy = Ay (™Z, + Re¥/Z,)

Ey/Hx = iwp(l — e 2NNk (1 + e PN ))

(Weaver, 1994)



Geoelectric Field Grid — Uniform Cond.

Modelled geoelectric field at 2-Oct-2013 01:57 UT

= Measured geoelectric field at magnetomer sites.
+—— Modelled geoelectric field at 5° grid spacing.
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REGIONAL BOUNDARIES
for the
NATIONAL ELECTRICITY MARKET
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Network Analysis

Nodal Admittance Matrix method
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Mesh Impedance Matrix method
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(Boteler, 2014, J. Space Weather Space Clim.,DOI: 10.1051/swsc/2014018)



GIC Model

|e = (U + Ynze)-l Je (Lehtinen and Pirjola, 1985)

where U is and N x N unit matrix, Y, is the N x N network admittance matrix with

Yoi=-1/RY, (i#))

Yoi = S VR (i=))
and R"; are the line resistances between nodes i and |,
Z, is the N x N earthing impedance matrix
Jois a N x 1 column matrix

Jei = zk#i ‘]n,ji

Jni = ViR,

E ds

Sij




Network Models
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Transformers Configurations
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Auto, Star Transformers
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QLD: 2" October 2013, 0156-0159UT

(Marshall et al., 2017)
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TAS: 2"d October 2013, 0156-0159UT
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Obs vs Model: 2" October 2013, 11-22LT

(Marshall et al., 2017)
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Obs vs Model: 2" October 2013, 11-22LT
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Obs vs Model: 23 June 2015, 04-16LT
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Transfarmer Neutral Current (Amps)

Transfarmer Meutral Current (Amps)

Obs vs Model: 23 June 2015, 04-16LT
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QLD: Halloween 2003, 0534-0537UT

(Marshall et al., 2017)
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TAS: Halloween 2003, 0534-0537UT

(Marshall et al., 2017)
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Future

Obtain additional data for other states and
compare model with observations

Incorporate model results into mitigating
procedures

Operationalize the models to provide near real-
time GIC output — in progress

Incorporate more realistic conductivity models
and the derived geoelectric fields
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Geoelectric Field = 3D

I
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Figure 7. Magnitude of regional electric field component (E, associated
with My,) and telluric vectors of real e, for a northerly polarization mode
for [B|=1nT at a period of 360 s.
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(Wang et al., 2016, d0i:10.1002/2016SW001436)
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Instrumentation

Hioki 8880 SST29 Both NEX Earth cable AC

serial TR5 & DC current & Half Cell igggzggﬂ_
#151111189 Earthing reference voltage.
SST29 110kV AC ly at T29 &
Eberle PQ supply &
150 serial # 110kV TR5 Load Current 8-9-2017 —
TR5 VT & including harmonic 12-9-2017

1711-015

CT distortion (odd & even)




Instrumentation
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0601

SST29 110kV transformer (T5) - 8-9-2017
5th Harmonic voltage profile (200msec data)
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