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reservoir exploration

> Acoustic or

electrical
borehole
imagery tools
provide an
oriented
mapping of the ™
borehole wall.
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Borehole image response comparison
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> As pre-existing

the permeable "
pathways, such
techniques permit to
get a consistent
fracture
characterization in
terms of location,
geometry, thickness,
aperture and
hydrothermal
alteration.
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Measurement of
fracture orientation
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" Closed fracture

Altered zones are
characterized by a halo
surrounding the fractures.
The mineralogical
composition of the altered
halo could be derived from
other methods (cuttings,
cores, spectral gamme

ray..

).

Typology of fractures

3D modeling of
the fracture
network
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Soultz network

> Electrical fracture aperture sizes

(um) are derived from ARI logs.

Permeable fractures are generally
characterized by larger electrical
aperture. At Soultz, they are mainly

located within hydrothermally
altered granite zones.

ARI images
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Electrical fracture
aperture (e) from ARI
versus depth.

some parameters (Faivre, 1993)

e ARI (microns)
Electrical fracture aperture (e) is derived

from a formula taking into account both

rock matrix and mud resistivities as well as

> Induced fractures (vertical induced fractures, en-
échelon fractures, mechanic breakout or thermal
breakouts) and post-stimulated fractures could be
interpreted and measured on borehole image logs.
Their geometrical relationship with the present-day
stress field could be derived or computed.
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Cross-sections through
borehole shape derived
from transit time log (Maury
& Etchecopar, 1992).
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Orientation of o,
derived from analysis
of vertical induced
fractures and breakout s
in the Soultz wells
(Valley & Evans, 2006).

Orientation of fault and their movement
direction in black. Orientation of the
stress field derived from fault inversion
method in red: star with 5, 4 and 3
branches are o,, 6,, 6, respectively, in
a Soultz well (Bérard, 2003; Evans et al.,
2005).

> Despite of the high resolution
of the tools, all fractures
present in the rock mass are
not systematically visible on
the image logs and about 20%
of fractures are only detected
properly.

Soultz exploration well
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> Within fracture zones,
the detailed fracture
organization is not well
visible due to the
alteration of rock, which

1.

saturates the tool
response.

Amplitude
Fracture zone at 4770m in the GPK3 Soult:

> From a 1D fracture analysis at the
borehole scale, several 3D fracture
interpretations could be outlined

beyond the borehole wall.
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Extension of fractures
Fracture network or beyond the borehole ?
fracture with altered halo ?

How to constrain the
fracture network in 3D?

«Combination with
geophysical tools;

*Benchmark on fractured
reservoir analogues;

*3D modeling based on
statistical/ geostatistical
methods;

*3D mechanical
modeling of fracture
system.
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Conclusions

»As coring sampling is very
exceptional in EGS projects,
borehole imageries constitute
the unique tool to measure
the in-situ fracture geometry.

»These methods permit to
obtain high quality fracture
datasets and stress
estimation of a geothermal
EGS reservoir and contribute
to a better understanding of
the fluid circulation.

»Borehole image logs are
routinely used in EGS
projects, although there are
some issues: fracture
detection, 3D extension,
lithology characterization.

Major needs

«»Combination with other
geophysical measurements
(well logging, seismic...) for a
better characterization of the
geothermal reservoir.

«»Better understanding of
fracture organization based
on naturally fractured
outcrops and mechanical
modeling of fracture network.
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