~

‘(;’I_\ e CENTRE NATIONAL
y 2 VSfUSion DE LA RECHERCHE
SCIENTIFIQUE
4)‘1 A Baker Hughes - CGG Company Ecole et
Géotharmie
Seilez

Observatoire
des Sciences
de la Terre
I.IMIVERS\TE LOUIS PASTEUR
STRASBEOURG

ORIENTED THREE COMPONENT VSP* METHOD APPLIED TO IMAGING
HIGHLY DIPPING FAULTS IN THE DEEP GRANITE BASEMENT AT SOULTZ-SOUS-FORETS

by Joachim PLACE®4), Charles NAVILLE®, André GERARD®, Marc SCHAMING©
I NTRO DU CTlO N a) EEIG "EMC", Route de Soultz, BP 38,67250 Kutzenhausen, France

One of the most important problems encountered in a geothermal site development is the understanding of the fluid flow path within the b) IFP, 1-4 avenue de Bois Préau, 92582, Rueil-Malmaison, France

reservoir surrounding the wells and between wells.When applicable, the prospective geophysical methods constitute an attractive way to <) EOST, 5 rue René Descartes, 67084, Strasbourg Cedex, France
map the major and potentially permeable structures. The aim of this study is to assess the efficiency of the well seismic profiling method
in the investigation of the geometry of the sub vertical and hydrothermalized structures affecting the deep granite of the Rhine Graben.
Existing data sets recorded in 1993 (Le Bégat et al., 1994) in the GPK1 well of Soultz-sous-Foréts with vertical vibrator (P-wave source) were
fully processed for the first time, using the three components: the unexpected converted P-S seismic reflection results provide an Workshop ENGINE, Potsdam
invaluable structural information in the well vicinity. November 2006
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CASE OF OFFSETVSP & A Vertical Seismic Profiling is a
gﬁi:rr::’{ ému o ‘FQ/— field measurement procedure in o - PaSt and fUthe VSP SUfVeYS -
which the seismic source is o
\ﬁ activated at a fix surface position B Existing VSP data sets in GPK1:
and the seismic signal is " 1988 VSP's: from the surface to 2000 m deep
recorded by sensors located in a 15007 1993 VSP's:logged from 2700 m to 3480 m
well at successive depth levels. oo |
a,.?mrp':mﬁ;: If the source is located near the : Future acqu|s|t|0|.\ in GPK3 and GPK4:
well, the survey is called a Zero & o planned early 2007: from 4000 m to 5000 m
Offset VSP; if the source is 0
significantly far from the well, it
€ is called an Offset VSP. "
7 4500 + 1993 VSP survey (source positions)
Aims of ¢ VSP study: e o sy
VELOCITY SURVEY from waves travel time measurements, 2000 1500 10097 08 (logged depth interval)
STRUCTURAL INVESTIGATION using the seismic reflection, diffraction and
refraction events generated by structures located in the borehole vicinity, within a radius
of hundreds of meters from the well, and below the well bottom (Place et al., in press).
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’ of the three components
\_ ) \ j Most of the reflected energy appears on the

VERTICAL component only, from dipping reflec-
tors: it implies that the seismic reflections are

/( WAVES IDENTIFICATION )\ (FAULT IMAGING recorded in SHEAR-wavemode by the VSP tool,

after P-S conversion on the reflectors.
GPK1 well 2D depth migration of converted P-S \ /
GPK1 reflections on vertical component
X;P Source well % (unknown azimuth)
-\
" Horizontal distance (m) CONCLUSIONS
ol P E0RSTERIR BB SR E A ical ch isati f th i
ieashir e L fdh b sl fd geometrical characterisation of the major structures
@& i i ’ ot ‘ affecting the vicinity of a geothermal well in Soultz can be
] és'? 2500_ u“ “u""mn n mlm "" I ‘ “"“m ‘ ‘ derived with confidence from the exploitation of P-wave
P ¢°7 "l u “ l"ll ‘ ' |“| “' source VSP data. Remarkably, several strong heterogeneities
%, g 5 1 ‘ i ‘l q affecting the massive granite basement can be observed up to
e & Juco—_ ‘1- \'“ ‘1‘ . ' 700 m laterally away from the GPK1 well.
: ‘m “i “ 1%‘1"“1 ‘ LY 1 In the next VSP acquisition, numerous offset VSPs will be
, 5 3200— b l‘ J ‘“ﬂ ‘ ol 1]11 recorded in order to accurately constrain the position of the
# % ~150 ]W l]n‘ R || ﬂ' i reflecting faults and map them as far away from the well as
gfr;vi)’;a('gi)"e/ S by g J'1 } A possible. A downhole VSP tool mounted with three HT
- Vo 5780 mys 3400—_ 1 ‘ ‘1‘: 1- I"“F 1;1 gimballed orthogonal geophones and a HT hydrophone will
,;‘P/ Vs = 3545 m/s o Picture of the dip be used in order to further discriminate the P and S wavemode
o 3.500_ of the faults, not arrivals at the receiver.
on observed : h T L
P-Preflection . ) & their azimuth ! As the seismic response of a fault depends on its inner
dip ~65° ‘dip i structure (kind of alteration, porosity distribution...), the
Events 1,2 and 3 (previous figure) are converted . . hydraulic conductivity of a fault will be tentatively assessed by
P-S reflections from highly dipping fractured The dip of the structures can be read directly on the amplitude of converted P-Tube arrivals observed on the
\corridors, confirmed by the well logs. J \ the depth migrated seimic image at a scale 1:1. / hydrophone sensor, in addition with the seismic signature on
geophone sensors alone.
For future geothermal sites development, this study shows
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