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Meteorologia Espacial
(Space Weather)

Impacts of Space Weather
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O dia em que o Sol trouxe a escuridao...
(13/03/1989)
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* extreme on
March 13, 1989

Créditos: NASA

* Plasma do Sol penetra a  Efeitos
magnetosfera excecionais!

« Alimenta sistemas de  Blackout na
corrente em torno da Terra Hydro-Queébec
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GICs e seus efeitos
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* GICs sao correntes DC (f ~ 0,1 mHz - 0,1 Hz)

 Saturam os nucleos de transformadores

* Produzem sobreaquecimento, harmonicos na
rede, vibracao mecanica

 Perda de poténcia reativa nos transformadores S\

* Fugas de fluxo para fora do nucleo | JeRmEmmacoorieace

 Destruicao do d6leo de isolamento |
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Eventos mais recentes e GICs a latitudes
intermedias

* marc¢o e nhovembro de 1991

 outubro-novembro de 2003 (tempestade de Halloween)
 outubro de 2011

 mar¢o de 2015 (tempestade do dia de S. Patricio)
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GIC [A]

Eventos mais recentes e GICs a latitudes

intermedias

GIC-MANZANARES 03-24-1991
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Maximum values of GICs under the conditions during the Halloween storm.



Projeto MAG-GIC: o que estuda’

Task 2: Analise do
sinal fonte das GICs
(Anna Morozova,
CITEUC)

Task 3: Modelo de
condutividades
crustais (Fernando
Santos, IDL)

Task 4: Simulacao
de GICs na rede
elétrica (Fernando
Pinheiro, CITEUC)
Task 5: Identificacao
e simulacao das
correntes geradoras
de GICs (Alexandra
Pais, CITEUC)
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Projeto MAG-GIC:
reinstalacao do Observatério Magnético

S.Marcos

f Task I: o3 4
transferéncia:do OM
(Paulo’ Ribeiro, 5 LS Sy
CIFEUL) =t s o A
4 : 7
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Projeto MAG-GIC: cronograma

Inicio

2018 2019 2020
Tasks # Task/sub-task name pers.‘months resp.unit all units 1 M7 8 9 12 M2 1 2 3 4 5 6 M3 7 8 9 10 1 12 M4 1 2 3 4 5 6 Ms 7 8 9 0 1 12 M6
1 Geomagnetic data provision and 33 CITEUC  CITEUC/DL
transfer of COI station
1.1 Characterization of pre-selected sites
12 Monitoring of construction
13 Starting of new COIl operation I
2 Separation of GIC sources 3295 CITEUC  CITEUC [ I I I [ I [ I I [ I I I
21 Separation of GIC sources
22 Identification of PCA modes
23 Sq modeling
3 Crustal electrical conductivity model 16.4 IDL IDL
31 Reprocessing of old TEM-MT data
32 New TEM-MT soundings
33 Quasi-3D conductivity model
+ GEmadeinginthe pouer i ws omee omeenw. [ ey e Y O A T T T T T
41 Network model
4.2 Charts of the GIC-driving electric field
43 GIC modeling
44 Extreme events
5.1 Coding of SECS algorithm {
52 Equivalent currents calculation
53 FACsignal
1 M7 8 9 0 1 ‘dn]z 1 2 3 4 5 'fn ‘ 7 8 9 0 1 12 t 1 2 3 4 5 6 Ms 7 8 9 0 1 12 M6
2018 y . 2019 2 2020
4 y r N
Milestones: M1 T2: Preliminary selection of the be sets for PCA f M3 T3: A quasi-3D crustal conductivity model [ 5] Team meeting o discuss prliminay esuls of /
proje
M2 T1: Selection of the new _for COI station a M4 T1: Starting the operation of the new COIl of 4vatory M6 T1: Homogenization of the COl geomagne' deries and
Application of the new COI observatory tc
y. INTERMAGNET

T3: New set of T soundings T2: Best method(s) to extract Sq using F T2: Possible sources for the modes dr by the PCA

T4: Characte _fon of power grid +_ T4: Charts of induced geoelectric field T4: Model of GICs in the power grid"  Afreme events

T5: Code”_gfle SECS algorithm T5: IEC model for different GIC driver T5: Model for the FAC signal

Caraterizacao da rede

A. Pais & F.Pinheiro, REN, 11/10/2018

Modelo de condutividade

Cartas do campo induzido

Cartas de

risco de GICs



Projeto MAG-GIC: quem participa?

 Universidade de Coimbra/ CITEUC: Joao Fernandes (Co-Pl), Anna
Morozova, Alexandra Pais (Pl), Nuno Peixinho, Fernando Pinheiro, Paulo

Ribeiro
FCiéncias.ID/ IDL: Miguel Miranda, Fernando Santos

Investigador Doutorado contratado CITEUC

Bolseiros:

* | doutoramento CITEUC
* | mestrado IDL

* 2 mestrados CITEUC

Consultores/colaboradores
IPMA: Jorge Cruz (task |)
IPGP: Vincent Lesur, IPGP (task |) g CITEUC
IAGA: Mioara Mandea (task |) DATERRAE DO ESPAGO
Obs. de Ebro: Miquel Torta (tasks 4, 5) :

REN (task 4) L0 INSTITUTO
A. Pais & F. Pinheiro, REN, 11/10/2018 :’9 = ;\ DOM LUIZ




GICs (Geomagnetically
Induced Currents) - Modelacao

* p resistividade elétrica
 0=I|/p condutividade elétrica

* Z(w) tensor das impedancias

A. Pais & F. Pinheiro, REN, 11/10/2018



GICs - Modelacao

Lehtinen & Pirjola, 1985

* I vetor das GICs * Z impedancias de aterramento

* 1 matriz identidade * ] fontes de corrente

* Y admitancias da rede A. Pais & F. Pinheiro, REN, 11/10/2018




Resumindo:
calculo das GICs

1Variacoes do campo geomagnético
(tasks | e 2)

L1Condutividade do solo (task 3)

_1Geometria e parametros da rede
(task 4)

Dimensao, orientacao, nodos
Numero e tipo de transformadores
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Colaboracao com a REN

1 Pontos fortes da equipa

Experiéncia em geomagnetismo interno e
externo (CITEUC)

Monitorizacao da atividade solar e
geomagnética (SpinLab)

Experiéncia em condutividade elétrica de
solos (IDL)

JPontos sensiveis

Primeiro estudo de calculo de GICs

O (mas temos consultor especialista e financiamento para
PhD especialista)

Necessidade de dados da rede elétrica
d (parceria com REN é muito importante)
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SPINLab - Home

The Space-Planetary Interactions monitoring and forecasting Laboratory (SPINLab) is dedicated to
Space Weather. Space Weather describes the variations in solar activity that by interacting with
Earth affect the performance of technological systems with an impact on economical activities and

the life of populations.

SPINLab has access to 150 years of continuous observations of the geomagnetic field and the Sun
acquired by University of Coimbra, counting also on the expertise in this field of Centro de

SPINLab

Space-Planetary Interactions Monitoring and Forecasting
Laboratory

Investigacao da Terra e do Espaco da Universidade de Coimbra's (CITEUC) researchers.

This web portal makes available the most recent data that allow to follow the Space Weather

conditions.

Space-Weather current conditions

Observatério Geofisico e Astrondmico
UNIVERSIDADE DE COMBRA

YRS PP S e S|
¢ . L) ¥

Local K index

/I.I“,- it A l ‘,‘II'“ %
Kool

A. Pais & F. Pinheiro, REN, 11/10/2018

News:

» 04)09/18 06:13 UTC
This morning there was an
earthquake in the bernan
abyssal zone, and ntwas ekt
with maximum intensity of WV
in the region of Albergana a

velha. (Detils: IPMA)

10007118 14:32 UTC

"CMEs and their siones™: "No
obwous coronal dimming
seems 10 have been
assocated with this C1 flare,
but a faint CME was observed
in LASCO coronagraphic
imagery (notdetecid by

LASCO)." (Source: STCE)

06/06/18 15:48 UTC

Proton auroras observed on
Mars: "The new results
obtained bv the researchers

Alerts:

110918

Alertfor geomagnésc sorm of
Kp 6 (medium) miensity jor
12/09/2018 issued at
11/09/2018. (fonse: SIDC)

20006/18 00:50 UTC
Waming: AG1 (Minor)
geomagnesc sorm alertwas
issued at 180256 UTC (1056
pm Eastern). AG1 (Minor)
storm warning is vakd from
0220-0900 UTC on 18 June
(10:20 pm- 5200 am Eastermn)
due 10 coronal hole high
speed sweam actwty. (source:

NOAA/SWPC)

02/06/18 18:49 UTC
Waming: G1 (Minor) storm
levels were observed at
01/1329 UTC (9:29 Easiern). A




Colaboracao com a REN

JOportunidades

Novidade dos resultados

Foram estabelecidos acordos
e colaboracoes necessarios

Tema na area dos riscos
naturais, atrai financiamentos
de programas nacionais e
europeus

A. Pais & F. Pinheiro, REN, 11/10/2018




4650000- |
4600000- _
4550000- =
4500000- | ohmm
=
A 4450000- 10000
: 3000
E 4400000
s
= 1000
S 4350000-
H 300
v
wn 100
4250000- 2
4200000- 10
4150000-
4100000 i

500000 = 600000 700000
W <— UTM/m —->E

A. Pais & F.Pinheiro, REN, 11/10/2018



Colaboracao com a REN

1 Colaboracao com a REN &
iIimportante

Dados da rede
Instalacao de sensores?
Co-supervisao de bolseiros?
1 De que forma os nossos resultados
podem ser uteis a REN?
Eventos relevantes a assinalar?

A. Pais & F.Pinheiro, REN, 11/10/2018




Figure 7.1: The Hall effect sensor at the ground of a transformer in the Woodland
substation. This devices bins the data into minute bins in sifu, and a daily file is

emailed to interested parties (David Bell, EirGrid, personal communication).
In: Sean Blake’s thesis, 2017




Obrigada pela atencao
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