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Introduction

- Objective : design of geophysical tools for in-situ
real-time monitoring of underground processes.

- Application to CO2 Injection/storage monitoring.

- Measurements of seismic parametesr changes in
relation to gas injections.

- Research supported by EU FP7 research projects
MUSTANG/PANACEA and TRUST.






The Maguelone experimental site

- Located on the coastal
lido near Montpellier.

Arnel Lagoon

- Clastic reservoirs
targeted for gas
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Sedimentological and petrophysical setting at Maguelone



Gas Injections : 2012 - 2015

. Baseline measurements (2010 & 2012)
. 3 N2 test injections (03/12 to 11/12)
- 3 CO2 Injections (01/13 to 10/15)

. Control measurements (10/12, 06/13 & 06/15)
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Compilation of 6 gas injection experiments: impact on arrival times
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Downhole seismic observatory RSTP-10 before injection (Dec 2015; vertical component)
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Geophone at 5 m depth (vertical component) - CO2 injection (8 to 9 m depth) — Dec 2014
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Modelling of sel




1D (vertical) modelling

» Reservoir bulk density : Pp=(1—0).pm+¢.(1—S;).p0+¢.5;.p,

» Reflected amplitude ratio :

 Reflection at reservoir top
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2D Modelling: acoustic impedance model changes
(density changes only)

Modele Impedance acoustigue ] Modele Impedance acoustigque

NoO Injection Gas Injection

13



Leph (m)

u

10

2D Mo

Rays for V5% downgorg P waves

25 1 1.5

Pestian (m)

ra

(X}

]

Tima (51

Ampinade

elling: ra

Timas o VSP comngorg P owses

computation for blocky model

0.005 ~

0.0

0.015

0.02

12 15
Cwpth [m;

v

Vortical apliudes for VSP dowrgorg P aroas

2.2

10 15

Dwptl (m)

w

"

Downgoing wave

Ceph (m)

u

10

Rays ‘or VSP Jpgeing = waves

05 1 1.5 2

Pestian (m)

)

0

Tima (5]

Ampdnade

Trens for VSP upgoing P waves

0.005

001

0.015

0.02

0.025

0.03

0.03

-0.04

0.0

Upgoing waves

a8 10 12 14 16
Cupth [m)
Vertcd ampnodes bar VEP upgoing P waves
6 g 10 12 12 ‘G
Dwpth (m)

Times

Amplitudes



Al nads

0.03

0.aa

0

0.

-2

0.03

0.0&

0205

0.05

2D Modelling: comparison of ray amplitudes

Visries amiituckes e WER aposing P waves

Upper reservoir (top reflection)

Reservoirs base reflections

Bottom reservoir (top reflection)

B i0 12 &
Dreptls (m)

No Injection

15

Al nuds

0.a3

0.a2

Y

0.1

-2

0.33

0.3

-5

0.35

Viericd amiitades ks WEP aposing F wavies

B o 12 &
Craptls (m)

Gas injection




tIs)

2D Modelling: amplitude changes with/without injection
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Field data: amplitude changes with/without injection
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- The SIMEXx experiment at Maguelone has revealed clear
seismic amplitudes anomalies linked with gas injection.

- Changes in interface seismic reflectivity should generate
small amplitude changes. It cannot explain the high
amplitude changes recorded during experiments.

- Volumetric amplitude attenuation should be taken into
account, with poro-elastic theory, drainage and imbibition
effects and patchy saturation. This should produce high
guality factor changes for small saturation changes.






