
GIANNAKOPOULOU and

Transmitter
Wire

CHARACTERISATION OF ACTIVE FRACTURES BY LOW FREQUENCY SINGLE HOLE AND CROSS HOLE
ELECTROMAGNETIC MEASUREMENTS

GIANNAKOPOULOU and Alain TABBAGH

CENTRE DE RECHERCHES C.N.R.S., 58150 GARCHY, 
DEPARTEMENT DE GEOPHYSIQUE APPLIQUEE, UNIVERSITE PARIS

1. 2. KEY WORDS

Water circulation in is the dominant process for thermal
exchanges and in rocks, the detection and the characterisation of
active is thus an important element in geothermal studies. Low 

Electromagnetic methods can be used to characterize fractures 
when injected fluids are significantly more conductive or magnetic than 
the medium. They provide information over metric, plurimetric and

ranges of distance from the wall so completing information 
supplied by wall imagery techniques. We propose here the principle of an
apparatus which realizes both single and cross hole In the
first application three orthogonal transmitters and orthogonal
receivers 1.2 apart are used. The same sensors are used for the signal
transmitted in by vertical Although in complex
situations, where several discordant families are present, the orientation is 

to be restitute, the sensitivity of measurements, in both modes, to
single fracture orientation is good. In cross hole, the responses are
approximately proportional to the fracture area and conductance.
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E.M. geophysical techniques, fracture characterization in hot dry rocks,
single hole, cross hole, resistivity contrasts. 

3. INTRODUCTION

Water circulation within rocks is the process which to
extract energy from the earth's crust To evaluate this process
for fracture location are required to and separate
those where the fluid circulates from the active ones. the may
be conductive (brine, for example) or loaded (Sakashita
and different low electromagnetic techniques can be of
value for achieving these three objectives.

In downhole measurements, mapping of the wall fractures by hole
imaging is now common practise (using acoustic impedance or electrical
contact resistance), but their penetration is limited to approximately one

The investigated volume is thus

Figure 1 a) Disposition of the orthogonal coil receiver and transmitter systems. 
b) The system of emitting cables in the cross hole mode. 
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and

and, a fracturation can be induced by the
images may not be representative of the bulk rock. arc
therefore required for studying metric to
rangesof from hole.

4. MEASIJREMENT CONCEPTS

A s active fractures can conductive targets and E.M. methods
are more sensitive to orientation than methods, E.M. induction
is preferred to gaivanic injection 1978; et
1987; Tsang et 1993). Here were combined. 
For metric to ranges of investigation we defined a single

(Tabbagh 1994) whcre
magnetic transmitters and magnetic receivers 

1.2 m are (Figure 1 a). by a
car: perform nine complex

presented in a matrix form:
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Figure 2 Single hole mode values of the diagonal of a fracture, at
0.002 susceptibility of 0.0033 S.I. and conductivity of 10 inside a medium of 1000 !

responses are expressed by the ratio ofthe secondary field to primary one at location,
the x direction), Hz (in y) and 8040 (in z).
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When the fracture not (Figure 4 a 4 b), the non
diagonal terms are of equivalent magnitude as the diagonal ones

However the susceptibility responses are complicated than the
conductivity responses which are of interest for restituting
orientation. The combination of and magnetic 
measurements would preferable to characterize susceptibility

et et in prep.). When several
discordant fractures are present, ail the responses become complex and it
becomes to restitute the orientation ofeach.

5.2 Cross Hole Mode

For one fracture the responses are to the area, to
thickness and to the conductivity or to susceptibility The
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Figure 3 Single hole mode : in phase of the non zero diagonal terms of a centred at in, of

0.002 susceptibility of 0.0033 S.I. and conductivity of 10 a surrounding of resistivity and
responses are expressed by the ratio ofthe secondary magnetic field primary one at receiver location, in frequencies arc

the x direction), 8020 (in y) and 8040 (in z).
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6. CONCLUSION practice, is not possible. But as the of these on the
direction of water circulation tends to be limited, this drawback IS of
consequence.

As can be the general characteristics of inductive E.M.
prospecting. the theoretical modelling confirms that the single hote and 
cross hole concepts are relevant to fracture detection. The magnetic
susceptibility that corresponds to a greater with the distance 

the target, is less than the electrical conductivity. For single
or fractured zone the orientation restitution will be reliable; when

The present study was by the French Agency who
supplied both the grant for thesis and supported the calculation 
costs through the 2.07.0006 with Paris 6 university

several discordant orientations are present, their in
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Figure 4 Single hole mode : in - phase (a) and quadrature (b) values ofthe zero terms of a fracture of 0.002 m thickness, a 0.0033
susceptibility and 10 conductivity, dipping at
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