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Vivien Navelot et al
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Jeanne Mercier de Lépinay et al

The Lesser Antilles subduction
zone compounds an insular arc
divided in two magmatic arcs in
the northern part: the external
arc, active from the Eocene to the
Oligocene and the internal arc,
active from the Mio-Pliocene to
the present, the latter presenting
active volcanic islands, some of
them of geothermal interest.
During the exploration phase of
the project, the geothermal
reservoir  characterization is
performed thanks to the study of ‘ N §
the demonstration area |
subsurface and of the exhumed
potential analogs of the deep
reservoir.

volcano-sedimentary
and volcanic rocks:

Faults:
_— observed
.-~ inferred

M. Mombru, D. Lemarchand, S. Rihs (LHYGeS) G. Beauchamp, R. Hebert, B. Ledésert, (GEC), A. Rabaute
(GeoSubsight), V. Navelot, Y. Géraud (GeoRessources), M.-L.
Bernard (Université des Antilles), J. Espitalier, M. Garcia, D.

Siffert (KIDOVA)

J. Mercier de Lépinay, M. Munschy (IPGS), J. Charroy (Teranov), S. Hautot, P. Tarits (Imagir) Magnetic mapping for
structural geology and
Geothermal exploration in

Guadeloupe, Lesser Antilles

Characterization of geothermal (...
lower Miocene-

upper Oligocene
B Oligocene
I Eocene

V. Navelot, Y. Géraud, D. Bartier (Georessources), M. Diraison (IPGS), G. Beauchamps, R.
Hebert, B. Ledésert, (GEC), A. Favier, J.-M. Lardeaux, M. Corsini, C. Verati, (Geoazur), S.
Haffen (Teranov)
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Multidisciplinary exploratory study {(...) K. Luu, M. Noble, A. Gesret, F. Pellet (Armines)

. Legendre: J.-F. Lebrun, Y. Mazabraud, M. Philippon, J.-L. Léticée, M. Fabre, (Université des Antilles)

Including micro-seismic data into reservoir
modeling

From conceptual model to production
optimization

FRACTURED RESERVOIR RESERVOIR MODELING SOFTWARE Making GEOTREF results available to geothermal professionals
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— - GefWellDyn - GefLogAualysis 1. Plugins and workflows resulting from GEOTREF
Resulting from GEOTREF }—‘ * GefSim: Link between SKUA-GOCAD and geothermal reservoir simulators
Developed (TOUGH2, Hydrotherm, IMFT’s...) to simulate the flow and heat transport
Software platform within GEOTREE response of 3D geological models.
GEOTREF T T Developed/ initiated GefOWL: Optimization of well layouts and numerical assessment of geothermal
outside GEOTREF reservoir potential.
GefWellDyn: Analysis of PT and PTS log data to infer reservoir pressure and
temperature, and to identify & quantify well inflows & outflows.
GefGeophy: Forward modeling and calibration of 3D reservoir models based on
geophysical data (gravimetric, (aero)magnetic...).
GefGeol: Import, management, QA/QC, visualization, analysis and interpretation
of field data as input to geological modeling.
GefLogAnalysis: Analysis and use of well-logging data to predict lithology or
facies (classification) and to estimate rock properties.
2. External software tools resulting from GEOTREF
Dual-medium geothermal reservoir simulator (IMFT).
Well flow simulator (IMFT).
Equivalent flow & transport property calculation (IMFT, GeoRessources...).
Analysis and use of micro-seismic data (Armines, GeoRessources...).
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— GObs + UserObjects Plugins & workflows
- Camera 3D b ht by KIDOVA
— Plugins & workflows PDGM and inlupgmled

— Devkit PDGM
Plugins & workflows . .
KIDOVA — KivMOGs + devkit
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from Legendre and Philippon (in prep.) 2017
— GoFraK (collaboration

with TOTAL)
KivDFN3d + devkit

From, Laurencin et al. (accepted), 2017, De Min, 2014; Feuillet et al., 2002;
Feuillet et al., 2011; Jany et al., 1990; Leclerc 2009; Léticée et al., 2005;
Raussen et al., 2013; Symithe et al., 2015; Vila et al., 1986

Reservoir model calibration / inversion workflow

St Martin and St Barthélémy islands belong
to the Anguilla bank and show Eocene to
Lower Miocene volcanic and volcano-
sedimentary rocks consisting in the
basement of the volcanic arc. We show that
both neoformed (fractures) and inherited
structures such as regional faults (N50°,
N130°, N90° and NO°) and bedding control
fluid circulation. Studying the structures
and hydrothermal mineralization cropping
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— Other plugins & workflows

STRTRTNST)

BC: Basal Complex — SC: Septentrional Chain — EP:
Erosional Plain — AC: Axial Chain — VH-M: Vieux-Habitants
Matéliane Escarpment — GDSVC: Grande Découverte
Soufriere Volcanic Complex — MC: Monts Caraibes

The Basse-Terre Island is the result of 4 eruptive subaerial
phases, punctuated by inactivity phases: I. Basal Complex;
Il. Septentrional Chain; Ill. Axial Chain, including Monts

FO fields on a fracture:
set basis

Fracture praperties
on a fracture-set basis
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10 zones of interest with 1 to 3
predefined platform locations / zones

Objectives

Equivalent k-tensor and other
flow & transport property fields

* Linking the software tools developed within GEOTREF to a powerful
geological modeling software (SKUA-GOCAD).
v’ Access to data and results stored in the same software.
v Access to available modeling tools (structural, geological...).
v’ Access to visualization and interactive tools.
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Caraibes and IV. Grande Découverte Soufriere Volcanic
Complex. The latter 2 phases are the ones outcropping at
the scale of the PER and are mostly represented by non-
cohesive formations which coat the structures.

out in these islands allows to picture how
fluids are channelled by inherited structures
in a deep active geothermal reservoir.

Observation from micro-seismic
Understanding from a mechanical
standpoint and locating micro-seismic
event sources: use of tri-axial tests
with fluid injection to generate micro-

Recognition from micro-seismic
Recognizing activated fracture planes
and connected fractures from
induced micro-seismic event source
datasets.

Fractured reservoir characterization
Using all available fracture-related
data to describe the fracture system
and characterize all fracture set
properties required for reservoir

Fractured reservoir modeling
Full-field modeling of static, flow and
transport properties of fractured
reservoirs.

1. Fracture density modeling.

Numerical conceptual model

Building numerical conceptual reservoir
models at early prefeasibility study
stages.

¢ Going beyond handmade

Numerical simulations
1. Geothermal reservoir simulator.
* Single-phase flow, heat
transport.
Dual-medium model.

Reservoir model calibration
Approach & methods adapted to
fractured and geothermal reservoirs.
Objectives:

e Calibrating model parameters,

Reservoir performance forecasting and

well layout optimization

Taking into account:

* Production performance criteria
(objective function).

Managing data specific to geothermal or fractured reservaoirs.
Developing workflows to implement methodological approaches

resulting from GEOTREF.
v’ Steps to follow to achieve expected results.

Forward geophysical modeling and model calibration (IPGS...).

Automatic reservoir simulation model calibration (LHyGeS...).
And many others...
3. Plugins and workflows brought by KIDOVA and integrated

* GoFraK (collaboration with TOTAL): General plugin & workflow dedicated to
fracture data analysis and naturally fractured reservoir modeling.
KivDFN3d: Constrained and conditional stochastic DFN simulation.

Reservoir uncertainties.
User-defined / sensitivity analysis
parameters: nb & def. of platforms,
production / injection rates &
periods.

Optimization parameters: platform
locations...

Superposition principle as a proxy to
simulate multiple well platforms.

Constrained stochastic DFN
simulation.

Numerical simulation of
fracture propagation and
mechanical interactions as
input to build proxy rules for
fracture linkage.

Calculation of equivalent flow
and transport properties.

Coupled with well flow
simulator.
2. Well flow simulator.

* Two-phase flow.

* Compositional: H,0-NaCl-CO,.
Multi-feed zones: point-like
(discontinuity) or extended
(interval) zones.

initial & boundary conditions.
Managing change of support.
Simplifying reservoir models.
Accounting for multiple scales of
conditioning dynamic data.
Preserving the conditioning on
static & geophysical data.
Defining, ranking & managing
static and dynamic model
uncertainties.

conceptual model sketches.

Going beyond standard “heat in
place” methods to assess
geothermal reservoir performance.
Performing sensitivity analysis to
quantify the impact of structural, .
geological and geothermal

uncertainties on geothermal

resource evaluation.

modeling. 2.
Statistical analysis: fracture

orientation, density...

Natural fracture stability

analysis.

Hydraulic calibration of fracture
properties.

seismic datasets. 1. Micro-seismic data analysis
Induced micro-seismic events. using clustering algorithm. 1.
Mechanical behavior analysis. Recognition of fracture planes
Relating confining pressure to (Hough transform, Kmeans...).
fracture system permeability. Generation of DFN consistent
Seismogram analysis. with micro-seismic data analysis
Microseism source location. results & fracture data. Based
Analysis of velocity field and focal on nucleation, growth and
mechanism. arrest rules.

v Each step = user’s choices (questions / answers, selection of data), or
particular task to perform with direct access to required tools. .
v Backup of all user’s choices and calculation parameters.

The Basal
Complex enables
the study of an
analogue of the
metamorphic
evolution,
through the
evolution of the
protolith in an arc
context without
hydrothermalism
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The Terre-de-Haut Island, in
Saintes, is a prominent
analogue: the heart of the
paleo-reservoir is exhumed and
gives the key to the
understanding of the
hydrothermal system’s
functioning and evolution.
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J. Espitalier, D. Siffert (KIDOVA), J. Fortin, Z. Li, A. Nicolas (ENS), G. Beauchamps, R. Herbert, B. Ledésert (GEC), M. Corsini, A. Favier, J.-M. Lardeaux, C. Verati (Geoazur), Y. Géraud, V. Navelot (GeoRessources), M.
Diraison (IPGS), S. Viard, J. Charroy, S. Haffen (Teranov), J.-F. Lebrun, M. Philippon, M. Fabre, L. Legendre (UA)

S. Audonneau, M. Garcia, V. Garcia, J.-B. Mathieu (KIDOVA), D. Bruel, K. Luu, D.-T. Ngo, M. Noble (Armines), F. Bonneau , G. Caumon, M. Raguenel (GeoRessources), Alain Rabaute (Geosubsight), R. Ababou, W. Bergez,
C. Colin, M. Marcoux, T. Rajeh, I. Thiagalingam (IMFT), J. Mercier de Lépinay, M. Munschy (IPGS), I. Toloni, P. Ackerer (LHYGeS)

Basse-Terre

EGU 2017 The societal level of the GEOTREF project consists in evaluating the role of context in the learning and teaching about
geothermal energy. In a first part, the conceptions of a representative population of students from Guadeloupe, Martinique
and Dominica are collected with a survey in order to characterize conceptions and opinions, fundamental in the efficiency of
this learning, and supposed linked to the environment. In a second part, a pedagogical project about geothermal is set up,
between two groups of students from Guadeloupe (France) and Montreal (Canada). The point is to build an innovative
pedagogy, involving students from various contexts and to make them study the same topic. We think that the diversity of

context discussed in learning enables students to open their mind and get a richer knowledge about the topic studied.
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Mechanical behavior of limestone (...)

Les Saintes
F. Bonneau, G. Caumon, M. Raguenel (GeoRessources ), D. Bruel (Armines)
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Micro-seismicity and permeability (...)

T. Rajeh, I. Thiagalingam, R. Ababou, M. Marcoux, C. Colin, W. Bergez (IMFT) M. Garcia, D. Siffert, J.B. Mathieu (KIDOVA)

D.-T. Ngo, D. Bruel, F. Pellet, P. Goblet (Armines), M. Garcia, J. Espitalier (KIDOVA)

C. Anjou, T. Forissier, Y. Mazabraux
(Université des Antilles)

Fluid-induced rupture on heat-treated {(...)

D.-T. Ngo, D. Bruel, (Armines), T. Rajeh, R. Ababou, M. Marcoux (IMFT), M. Garcia, V. Garcia, S. Audonneau (KIDOVA)
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