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Introducao

v' O método TDEM consiste em injetar
corrente continua por meio de um loop
transmissor disposto na superficie e na
medida do decaimento do campo magnetico
secundario em funcao do tempo que esta
relacionado com a resistividade elétrica das
rochas da subsuperficie.

Fontes TDEM:

As antenas transmissora sao normalmente grandes
“loops” quadrados e os receptores sao bobinas
peguenas.



Principios teoricos do método TDEM

v Quando a corrente do “loop” é subtamente cortada,
pela Lel de Inducao de Faraday as correntes
Induzidas no substrato se propagam na forma
do “loop” transmissor.

- Efeito Fumaca




Principios teoricos do método TDEM

Cor;ente ——% .
b hgada—»l %—— —o=t a) Corrente no loop transmissor

Corrente At LA
: e campo magnético primario
\ desligada \ b L b

Corrente no
Tranmissor

Corrente |
ligada

b) f.e.m induzida na Terra
causada pela corrente no Tx

H o
o
28N
o
o5
[I-t.ﬂq
o5
(SR

Medidas

durante .o , .
a corrente c) Campo magnético secundario

desligada causado pelas correntes Eddy

y——

Campo
Magnético
Secundario

-
’ TIME
20 ou 30 gates

dB/dt ’ de medidas
|




Principios teoricos do método TDEM
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Calculo da resitividade aparente

Nos tempos atrasados, a voltagem medida € uma funcao que
esta relacionada com a condutividade e com o tempo, dada por:

kM2/3

(t)2/3 5/3

onde:

K, = 1,>3M/207, sendo L, = 41 X 107 H/m;
t = tempo (segundos);

M = Momento do magnético, M = IA (A.m?);
0, = resistividade elétrica (Ohm.m);

e(t) = Tensao Normalizada medida por uma bobina unitaria de
area 1 m2.



Profundidade de investigacao

5(f) =5033 §

Skin depth

Profundidade de investigacao: 5 — 5000 m de profundidade.

A profundidade de investigacado depende de varios fatores:

v resistividade elétrica do meio

v  corrente no loop transmissor (poténcia do gerador)

v’ largura do loop

v frequéncia de repeticdo
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Current diffusion in the Earth




Current diffusion in the Earth
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Current diffusion in the Earth
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Current diffusion in the Earth — 10 ohm.m
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Current diffusion in the Earth — 100 ohm.m
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Current diffusion in the Earth — 10/100 ohm.m
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Current diffusion in the Earth
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Current diffusion in the Earth
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Aplicacoes do método TDEM

v Exploracdo de &gua subterranea: mapeamento de
aquiferos sedimentares, zonas de fraturas em rochas
cristalinas, intrusdo de agua salgada proximo a aquifero
costeiro

v' Estudos de contaminacdo do meio ambiente
v Exploracdo mineral: sulfetos macicos

v’ Estudos geotermais

v' Corrigir o “static shift” nas sondagens MT
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Figura 12 — Perfil geoldgico A-B através da Bacia do Parana, com indicacdo da sequéncia estratigrafica das
camadas, a partir de: (1) Embasamento Cristalino— rochas igneas e metamorficas; (2) Grupo Tubarao
— sedimentos glaciais e pos-glaciais; (3) Grupo Passa Dois — sedimentos marinhos; (4) Formacoes Pirambdia
e Botucatu — arenitos fluviais a deserticos; (5) Formacéao Serra Geral — basaltos de inundacao, e corpos
intrusivos basicos; (6) Grupo Bauru — arenitos fluviais; (7) Sedimentos neogénicos; (8) Sedimentos marinhos;
(9) Estruturas do embasamento; (10) Falhas (Modif de Gov. Est. Sdo Paulo. / Cons. Est. Rec. Hidricos 2005)
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Equipamento — TEM-47
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Apresentacao dos resultados

v “plot” em escala log-log do decaimento transiente da
voltagem (microvolts) pelo tempo (milisegundos);

v “plot” em escala log-log da resistividade aparente
(Ohm.m) pelo tempo (milisegundos);

v’ perfil de resistividade aparente (Ohm.m) pelo tempo
(milisegundos) ou profundidade (m);

v’ mapa de contornos para um tempo selecionado
para todas as estacoes na area do levantamento;
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8. Vantagens do método TDEM

As principais vantagens do metodo TDEM em relacéo as
sondagens no dominio da freqiiéncia séo:

v’ tempo reduzido para a execucao do levantamento

v as medidas sao feitas com os transmissores desligados, ou seja,
na auséncia de um campo EM primario

v ndo usa eletrodos, portanto ndo ocorrem problemas de “static
shift” comum nas sondagens MT

v' detecta melhor as camadas condutoras
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It this work, same TOEM [Time Domain Electioma gnetic ) resuls at USP | Liiversily of 590 Paula) campis in
550 Paulo city, Brazil ane presented. The data were soquired locsing on two mains objectives: (i) 1o map
geaelearical stratigraphy of 550 Paulosedimentary basin, em phasizing on hydrogeol ogical studies abou sed-
imentary and crystalline aquiters, and (ii) 1o analyz the viability of TOEM data soquisivion use in urban
environment. The study area i located in 35o Paulo basin border, characterized by REesende and 55o Paulo
lrmations, which are constituted by sand-clays sedimens over a granite-gneisic basemenl Twd aquip-
ments were used in order 1o aaquire database: Protemd7 (low power ), and Protem57-MI2 [high power )
Capadtive noise allect olsained data with Protemd? due 1o the presence of metal pipes buried atlAG P
(Institute of Astronomy, Geophysics, and AimasphericSdence) @3t site a1 USP. Dnithe other hand, capacitive
naise did not alfect scquired data with ProtemS7-MI2, and the data present high signal (o noise ratio Sur-
veys helped in determining sedimentary and aystalline squilers, characrerized by a Facnire rone with
water inside basin basement (conductive zone). Resulis show good agreement with local geology oblained
fram lithological boreholes located in the study aress Maoredver, it shows that TDEM method can be used
in urban environments with a countless potential in hydrogeological studies, offering great relisbility. Studies
showed that main TDEM-methad limitation st USP was the lack of space lof opening the ramsmiter kop
Results ane very promising and open new perspectives lor TDEM-method use in uiban envionmens i
this are.a re mains wex ploned.

2011 Haevier BV, All nights reserved.

1. Introduction

TDEM [Time Domain Electromagnetic) method emerged in the mid
B80's with the need to deeply explore regions with little resistive layers,
since otherelectromagnetic method s usng frequency domain were not
dble to accomplish these investigations with good resolution
[Christiansen et al, 2006 ). The history of TDEM application shows
that TOEM iz a reliable method, once data interpretation is usually in
agreement with gedogical inform ation obtained of ground water explo-
mtion borehdes

Several mesearchers have successfully used TDEM method in
hydrogeolegy, geothermal studies, mineral explomtion, envimonmen-
tal studies etc (Christansen et al, 2006; Fitterman and Stewart,
1986; Hallbaver-Zadorozhnaya and Stettler, 2009; jens et al, 2003;
Land et al_, 2003; McMeill, 1994; Saren=n e al_, 2003, among others).
Howrever, there are no more than few studies about its application in
Brazil (Bortolozo et al. 20010; Carrasguila and Uugergerli, 2006;

* Corresponding author.
E-mzil address: porsanidiag uspbr (|1 Porsani).

(Er2G-3851 4 = sex front matier © 3011 Eleevier BV All righis neserved.
oz 1001 016/ ap ppen 201 110,001

lucena et al, 20089; Morais and Menezes, 2005; Porzani et al.,
2010a; Santos and Porzani, 2007). For that reason, further studies
are required to aim hydrogeological ones in Brazilian soils, taking
into consideration the country’s great hydric potential Besides, geo-
physical studies are usually conducted in environments far from
urban centers in order to avoid data contamination by elecromagnetic
noise. Consequently, the challenge forthe 21st-century genscien tists is
to perform geophysical surveys in urban areas with high electromag-
netic noise level. Until now, there are no records in the literature
using TOEM method in urban emvironment. A= a result, it stll remains
as an unexplored area.

Aiming at contributing to apply TDEM-method research in urban
areas, this work presents results of some practical experiments surveyed
at ISP | University of Sdp Poulo ), in 550 Paulo city, Brazil (Fig. 1). Studies
hawe had two ohjectives: (i) to map the distibution of electrical resistiv-
ity of several 550 Paulo sedimentary basin portions, with emphass on
mapping sedimentary and crystalline aquifers for hydrogeological
explomtion, and (i ] to analyze the viabilityinusng TDEM data aoquisi-
tion inurban environment insde USP with huge elecromagnetic noise
and several structures that may affect the sounding with some coupling
effects, usualin large worldwide cities
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1. Introduction

The Time Domain ElecoroMagnetic (TDEM) method is relatively
new, when compared with Fequency-domain electromagnetic resis-
tiviy methods. TDEM was introduced for ground water exploration
in the mid-1980s where there was a need for deep exploration in
the presence of kow resstvity Byers. In that environment, frequency-
domain method swere not able to achieve adequate depth or resolution
(Christiansen et al., 2006). Since the 1980s, TDEM data acquisition
and processing techniques have been steadily developing and have
been applied in varous countries (Bortdozo et al., 2010; Monteiro
Santos and E-Kaliouby, 2011; Porsani et al, 2012; Serensen et al.,
2003 among others ).

The history of TOEM applications for hydmgeological studies has
shown thatitis a robust geophysical method with a fast data acquisi-
tion, and the results usually have good correlation with geological
infbrmation Fom adjacent water wells. Berause of its udlity for

* Correspanding authar. Ta.: +55 11 3091 4734; fax: +55 11 3091 5034,
E<mail oddresses: porsani@iagusp br (|1 Porsini), fsanins@fcul pt (FAM Snbos).

8451/% - sez font matter © 2012 Elsevier BY. All rights mserved.

06/ app gen. )

geoelectrical stratigraphy, the TDEM method i an exc
mapping sedimentary basins, groundwater and mine:
environmental studies, geo thermal studies, brine intr
aquifer, etc. (Christiansen et al, 2006; Danielsen
Fitterman and Stewart, 1986; Hallbauer-Zadorozhnay:
2009; Jargensen et al., 2003 ; Krvochieva and Choutea
et al, 2003; McMeill, 1994; Nielsen etal., 2007; Sarense

Many researchers have used the TDEM successfull
studies, but there is no record to our knowledge of usin
in an area where seismic activity has been riggered
from water wells. Additonally, this method has only
a few smudies in Brazil (Bortolozo et al., 2010:; Ca
Ulugergerli, 2006; [ocena et al., 2009; Meju e al,
et al., 2010, 2012 ; Santos and Porsani, 2007], and ther
need to obtain hydrogeological information over vast
with deeply weathered soils.

Earthquakes induced by filling of arge hyd melectn
fluid injertion under high pressure in deep wells are
nomena that have been sudied in several cases (Ass
2002; Chimpliganond et al, 2007; Ferreira et al., 2008;
Simpson et al., 1988; Talwani and Acree, 1984; Tahw:
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Perspectivas do
metodo TDEM
no Brasil ?



TDEM Terrestre:

- Exploracao de agua subterranea;
- Exploracao mineral (ouro, cassiterita etc);
- Estudos ambientais;

TDEM Aéreo:

- Determinacao de areas de risco ....



Resultados
TDEM aéreo na
Noruega
(Pfaffhuber et al.,
2010)

1km

10 100
Resistividade (Ohm.m)







