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Natural gas storage seismic
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Gas storage monitoring: a 30 years experience

m 1980s surface surveys
= fluid substitution: time shifts, amplitude variations

m 1990s

= Time-Lapse differences, stress effects
= Permanent downhole arrays and well seismics

m 2000s

= Permanent recording with permanent sources and receivers
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Seismic monitoring: amplitudes and time
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Gournay-sur-Aronde
Time shifts

April 1981 — January 1982
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Blondin E. and Mari J.L., 1986,
Detection of gas bubble boundary movement,
Geophysical Prospecting, 34, 73-93
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Time shift curves
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Gournay-sur-Aronde
Amplitude variation: dim spot
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Cere-la-Ronde
Time-lapse differences  Surface seismics
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Meunier et Huguet, 1998, Céré-la-Ronde: A laboratory for time-lapse monitoring in the Paris Basin, The Leading Edge, 17, 1388-1394 -
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Fwave velocity (mifs)

5 wave velocity (mis)

Céré-la-Ronde
Velocity dependence on effective pressure Fluid substitution and stress effects

Brine saturated Vosges sandstone - P wave VP vs effective pressure - Log scale

4100 362
-
E
g: 360 |
=
-g 3.58
] ——\P
E
E -—--ix--- Reqr. fin
= £g
3500 1 1 1 1 1 1 1 1 A5R 1 1 1
0 S5 10 15 20 25 30 35 40 45 o 05 10 15 20
Effective pressure (MPa) Effective pressure (log, MPa)
BErine saturated Vosges sandstone - § wave VS vs effective pressure - Log scale
340
7 ]
E
g3l
g
2
@ 332 —— P
2 - i
& Regr. lin
1800 1 1 1 1 1 1 1 1 308 1 1
D 5 10 15 20 25 30 35 40 45 0 0s 10 15 20
Effective pressure (MPa) Effective pressure (log, MPa)

Rasolofosaon & Zinszner (2003),

aon : Hertz-Mindlin
Characterization of reservoir rocks
for seismic monitoring studies. mOde|

Laboratory measurement of Hertz

and Gassmann parameters, h

Oil and Gas Science & Technology, ‘/ — k G ﬂ_
e

58, 615-635

Deep Saline Aquifers for Geological Storage of CO2 and Energy

TEY

Time shift versus source-receiver offset
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Permanent Downhole Geophones

Instrumentation of a Diagram of a PDG
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Céré-la-Ronde - .-
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Céré-la-Ronde

Estimation of gas saturation from time shifts and Gassmann's relation

saturation index :
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Seismovie

Permanent sources and receiving arrays

Permanent
Source

W2

Buried
source

Permanent
array

Réservoir

Deep Saline Aquifers for Geological Storage of CO2 and Energy

27-29 May 2009

Energy
Environment



Céré-la-Ronde

Differences wit
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DT (us)

Céré-la-Ronde
Time shifts & well pressure
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Saint-Clair — Time shifts
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Saturation estimation @
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Conclusions

m  Porous space compressibility, sensitive to fluid content and stress
effects contribute to time and amplitude variations in seismic data

m  Permanent source and receiver patterns enable us to measure

time shifts of a few tenths of millisecond

m  Amplitude variations depend strongly on acoustic impedance contrasts

m Derivating saturations from time and amplitude variations

remains a difficult issue
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