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Motivation

CORONAL MASS EJECTIONS

COSMIC RAYS

What are the major
impacts of Space weather?
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Motivation

lonospheric currents

l

Spatiotemporal variations produce variations in the
Earth's geomagnetic field

l Faraday’s law of induction

Electric field induced at the Earth’s surface
and below

Electroject ~ 1,000,000 A

Changes in the magnetic flux induces
voltage potential on surface of earth

Geomagnetic Induced Currents

______________________ GIC’s
. |
| Geomagnetic Induced Currents |
| GIC’s :
L e e e e e e e e e e e e - -
I Flow in any conducting structure
e.g.: a power or pipeline grid grounded in the Earth
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Motivation

Consequences of GIC’s in

the power network?
(Molinski, 2002)

e

*

e

*

/
0‘0

e

*

e

*

e

*

e

*

Example of a transformer coil that overheated.
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Governing Equations

©@ Nodal Admittance Matrix method

=  Mathematically equivalent
(Boteler & Pirjola, 2014)

© LP Method (Lehtinen & Pirjola, 1985)

\4

Ie — (]1_|_ Ynze)—lle
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Governing Equations

: (]1 4+ _Ynze)—lle

B \\’ Perfect earthing
GICs through currents

eqrfhing Earthing
. impedance matrix
resistance |
Network Admittance
matrix

Numerical implementation based on GEOMAGICA (Bailey et al., 2017)
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Governing Equations

Power Network

Rje — Resistance through the node i is earthed; R;; — Resistance between nodes i and j; Vl-(])- — Voltage from nodes i to j. 6
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Area of Study

South of Portugal
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Full collaboration

Location of substations
and their ground
resistance;

Characterization of each
transformer (type,
winding resistance for
high and low voltage);

Transmission line
information (length and
line resistance).
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Area of study

One-line Diagram

L,

REN Substations

SPM - Palmela

SER - Evora

SAV - Algueva

SFA - Ferreira do Alentejo

SSN - Sines

50Q - Ourique
STRV - Tavira
SPO - Portimao
STN - Tunes

SET - Estai

Non REN Substations
CAV1 - Central Alqueva 1 CSN - Central de Sines
CAV2 - Central Alqueva2 LUIZ - Luizianes
ATS - Artland (Sines)

NVC - Neves Corvo (SOMINCOR)
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rea of study

Equivalent circuit for Neighboring Networks ars
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Area of study

Equivalent circuit for Neighboring Networks Neighboring Network ~_Network
Northern Port twork N 5
orthern Portuguese networ @ i e

2» SPM connected to 5 substations R, | i
Spanish network - REE E

) STVR ConnECted tO 1 Su bStat|On Equivalent Circuit 2 (EQC-2) from Boteler et al, 2013.

R — substation grounding resistance; R, — Line resistance; V| — Line voltage.
2 SAV connected to 1 substation

Thevenin |
equivalent circuit N
q Ry, = R + R,
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Uniform Electric Field (1 V/km)

Electric field of 1 V/km ‘ Extreme geomagnetic storm

3

Allows to evaluate the:

* Vulnerability of substations;

* Vulnerability of different sections of the network.
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Uniform Electric Field (1 V/km)

What influences GICs?

GIC N - max: 86.2 A GICE - max: 69.6 A

9930'W 9owW 8930'W sow 7030'W 7°W 9930'W 9owW 8930'W sow 7030'W 7°W
1 I L ! I 1 I L ! I
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9030'W QoW 8030'W sow 7030'W 7°W 9030'W QoW 8030'W sow 7030'W 7°W

36°30'N 36930'N

GIC at each substation in the Beta area under a northward (left) and eastward (right) electric field (geen into,
orange out of the ground.

Line length
Line voltage
Line Orientation

Number of connections
between substations

Transformers
characteristics

“Edge Effect”
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Uniform Electric Field (1 V/km)

389N [~ 38°N

Directional Sensitivity @~ @ - - |
(Boteler & Pirjola, 2017) | UlL = GILyCOSU T GICESING : o
T —al|
SET 3030'W BowW 7930W oW
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180

Directional sensitivity for SET, SER and STRV substations.
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Uniform Electric Field (1 V/km)

. . e 0 . /’)/ . | v -
Directional Sensitivity 100 L
(Boteler & Pirjola, 2017) w5 - 45
- NP
o araf
— e \
___________ — 10 @ \
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0 = arctan — | A = = \
eak - \
1 P GICy ! f' i |
o — J ;‘ A %
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270 < 90
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E\ SNG STVR |
\ SFA /
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\ 00 Mo /
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\ © /
X
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\\ O /’/
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225\ /135
h N SET e
\\\ STN ////
180

Orientation of the uniform electric field that produces the peak GIC value for each
substation. The length of the bars represents the maximum GIC value.
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Uniform Electric Field (1 V/km)

100 —

GIC [A]

A O U O v & & O © @ YN
SELIELFLLT S ELF PP S

GICpeak results in each substation for a uniform electric field.
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Uniform Electric Field (1 V/km)

GIC per transformer ®
20 —
Most vulnerable i
I->Autotransformers in general, = B
in particular for SPO o
10 —

5_ - ] —

b | 1 I Iyvird |
SET STN SPO STVR SFA SSN SAV SER  SPM

fl  soa |
g
3
3
g

v =1 HY Bl Series

17
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o [ ]

Geomagnetic Source Field
Coimbra Geomagnetic Observatory —_— . oW e A

COl won | L o

= Working since 1866 ) N

" Measurements of the geomagnetic field components | -
100 400N — *.S PT B 400N
E o oW ew ew 4w 2w

17/3 '
North and east components of the geomagnetic field (with the time average

subtracted) during the St Patrick day storm (March 17th), both at COI (blue) and
D3147: Alves Ribeiro et al.

SPT — Toledo (red) observatories.
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3D conductivity model

Real measurements that are planned

oW ow  sw oW o ew O MT Soundings = 50 km
420N :—42°N
410N }41°N

Delay due to COVID-19
400N 4 400N ‘
390N :—39°N
Use a simplified 3D conductivity model

389N - :—38°N

® MT Soundings |
370N - - 370N

10w oW 8w 7OW  6W
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Simplified 3D conductivity model

Synthetic measurements
MODEM (Kelbert et al., 2014)

0-30km

30 - 100 km

100 - 2000 km

> 2000 km

Distribution of the resistivity at mainland in depth used for the 3D
based on previous studies of the
lithosphere inland (Da Silva et al., 2007; Almeida et al., 2005; Alves
Ribeiro, 2018) and in the ocean (Monteiro Santos et al., 2003).

simplified conductivity model,

Eatrh surface
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Location of the MT soundings (black and red dots) used to solve the
forward modelling. Bathymetry based on ETOPO1 Global Relief Model
(Amante & Eakins, 2009).
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St. Patrick Storm
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St. Patrick Storm

17.03.2015

Geomagnetic field registered at COI
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Electric field induced during the St. Patrick day storm Histogram with the total number of 1-min occurrences along all possible geographical

directions
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St. Patrick Storm
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St. Patrick Storm

17.03.2015
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day GIC series expected for substations in the south of Portugal
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St. Patrick Storm

17.03.2015
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Concluding Remarks
Uniform Electric Field — 1 V/km

= Allows us to study the vulnerability of substations with

respect to the grid parameters
Good option for installing a

Hall sensor effect in the South
of Portugal

= SPO substation is the most vulnerable »
(GICpeak of 110.8 A)

St. Patrick Storm —17.03.15

= Highest GIC intensities depend both on the orientation
of the induced E and on the 0,4 of the substation

= SET substation is the most vulnerable (GIC,_, of 5.28 A)
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Future Work

Network 3D Conductivity model
Extend network for all of Resume MT data acquisition
Portugal; as soon as allowed:

e o _ .
® Equivalent circuit — work on More precise 3D conductivity

collaboration with REE for :
creation of more precise model of Portugal mainland.

equivalent circuit in the
borders;

Evaluate possible substation
for installation of Hall sensors
in the northern part of the
network.

GIC Sources

Understand linear
polarization of dH/dt
in observed storms
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