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SPACE WEATHER IMPACT OMN GROUND-BASED SYSTEMS

Overview 3. GIC measurements with DMV 4. Validation of HV network model

Extreme space weather events can pose risks to ground-based
infrastructure like high voltage (HV) transformers, railways and gas
pipelines through the induction of geomagnetically induced currents
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We use the Differential Magnetometer Method (DMM) to indirectly
measure GIC in HV lines rather than GIC through ground points. FALLAGO CRYSTAL RIGC
410
1. DMM Hardware and Method August 2018 November2074 W e
° 2 x10° Whiteadder o GIC at Whiteadder =~ 400KV Line L0.6A/2 21'|- 4.10 -8.9A/12.1A 090 240101 193 A/5.4 A
| i ) | | e\t 200 _ . | | | | | 0.3Q) Line Resist e @.: S
Figure 1: Hardware and o S i O oo S —m—e W“ Sl l< °f ] 240 Trans Resist
setup of a DMM station. g S Lo | ]2 ° W L 0.5A LineGIC -5.4A/12.7 A TORNESS
1.7 ‘ ‘ E 2.70)
:) tZLGD :etwork (rjr?o.c:.em, - 5l ] 0.6A Earth GIC 0.60 153 A/103 A
arthData igitiser, | | | | | 1 ="GD
‘ 43?) - | ' ' <Ll No;/184 00:00  Nov04,12:00 Nov05,00:00 NovO05, 12:00 Nov06,00:00 Nov06,12:00  Nov 07, 00:00 0 1.20) -6.1 A/24.7 A 2.7Q) '|'|"
fluxgate  magnetometer — e A Lo ' ’ - ’ ' ’ il N ?M_234:.|. 02Q | o - @ 34.2A/12.7A
(clockwise from top left). = A '\W,M,ﬁw % SECE: | R eyt INBAR TG 260 -
b) Schematic plan view of - T 0 g :ﬂuw H 1 = -0.5A/16.7 A 25.7A/-12.6 A
o 9
i E) ; double circuit ~ : - : -100
;Jnsc::rrrlllsne atansMererr;itee . T E . SMEATON CASB ;
y ItE. €) x104 O
c) Geometry for sensor 4'7———%—1 //\\fﬁg&w% i SM &’25 25.7 A/-12.6 A
. . . 3 __ 10 & _ . | | | | 0.5A/-61.9A
location and the wires in raaall B unaetine [N Nov04,00:00 Nov04,1200 Nov05 0000 Nov05, 1200 Nov0G,0000 Nov0, 1200  Nov07,00:00 "|'|' 0.30 [ o180
the A-frame pylon model. DRt LS ’ Lty B I 2018 GD":'_ 0.7 @'l""
1 l | | | . at liderton s W
d) Complete setup at Aug'265, 00:00  Aug25,12:00  Aug26,00:00  Aug26,12:00  Aug27,00:00  Aug27,12:00  Aug 28, 0100:80 ) 1 ! ' 0.70 10.4A/10.0A
Station ||dert0n, d) | | GIC at Wl;liteadder | | i ! S N STRATHAVEN ECCLES
NOFthumberland (”_D) = ’ Line current for one set ofwiresl | = 0 W,’MMWMVW
= ol | | O
with buried sensor, solar I LA 5 12 | = | Figure 6: Circuit diagram of 400kV power grid system in East Lothian, Scotland, with
panel and mobile aerials. G TR " ol | - s | | | | | location of DMM stations WHI and ASB. Line currents (per phase) in the transmission
B O e I e O L e L 2T lines and total Earth GIC in the transformers for North-South and East-West oriented
) GIC measured at Torness GIC at Knayton electric fields of 1 V/km were calculated using the GB network model and thin-sheet

[ d) 10 |
2 ° D M M Sltes 2| [=——GciC-average | | conductivity distribution described in Beggan et al. (2015) and Kelly et al. (2017).
= W‘W\ | AN A WHI — DMM site at Whiteadder, East Lothian; ASB — DMM site at Abbey St. Bathans.
ol e  aaaar o NS Y

-5 -

GICin A

N
I
GICinA

|

Figure 2: UK High
Voltage transmission

Analysis of measured vs modelled on 26" Aug 2018
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Whiteadder, East Lothian (WHI), (panel d) estimated line GIC at
-1000 WHI; (panel e) GIC data from a transformer Hall probe at Torness
substation; (panel f) East-West component of the electric field

Figure 4 (right) (panels a-d): Estimated line GIC measured with
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