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Reservoir characterization of fractured rocks

What do we want to know?

Geological characteristics
Rock type: lithology, mineralogy
Structural characteristics: fractures/fracture networks, faults, fabric, stress field

Mechanical characteristics Hydraulic characteristics Fracture properties
Young’s modulus Localized flow zones Compliance
Poisson’s ratio Hydraulic conductivity Aperture/
(Density) Storage capacity hydraulic conductivity

f

Seismic properties
What can we get from (borehole) geophysics?
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Fracture detection and mapping

Optical and acoustic televiewer
(OTV,ATV)

Borehole radar (BHR): fluid filled
fractures in crystalline rocks

— Fracture dip with respect to
borehole and extent of the
fracture

Full waveform sonic (FWS):
hydraulically open fractures

Poster Greenwood et al.: Borehole radar and
full waveform sonic measurements of the

Bedretto stress-measurement boreholes

Bedretto underground laboratory
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Hydraulic characteristics
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Self potential data
— Localization of in- and
outflow zones along fractures
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Reservoir characterization of fractured rocks

Can we get quantitative fracture properties ?

Geological characteristics

Rock type: lithology, mineralogy

Structural characteristics: fractures/fracture networks, faults, fabric, stress field

Mechanical characteristics

Young’s modulus

Poisson’s ratio
(Density)

f

Seismic properties

Hydraulic characteristics

Localized flow zones

Hydraulic conductivity
Storage capacity

Fracture properties

Compliance

Aperture/
hydraulic conductivity
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Borehole experiment
— hydrophone VSP and FWS
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Full waveform sonic data
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Fracture compliance
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: : _ _ Grimsel test site
Tube wave inversion — hydrophone VSP data Grimsel test site
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Bedretto underground laboratory
Outlook: Tube wave inversion of full waveform sonic data ?
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From discrete fractures to fracture networks and
their seismic signatures
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Seismic signatures of fracture networks - Numerical simulations
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Seismic signatures of fracture networks - Numerical simulations

Fluid pressure
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Poster Solazzi et al.: Seismic signatures of porous rocks containing partially
saturated fracture networks
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Seismic signatures of fracture networks - Numerical simulations

Upscaled body velocities
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Seismic signatures of fracture networks (plane wave solution)
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Summary

Localization of discrete fractures, geometrical characteristics, hydraulic
characteristics

Quantitative estimation of physical fracture properties: mechanical compliance
and hydraulic aperture

Numerical simulations: Seismic response is sensitive to various fracture network
characteristics and their saturating fluids

Can we link this response to attributes which can be obtained from field data?
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