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v* Two experiments

JOGMEC 2016-17 microbubble water injection monitoring experiment
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JOGMEC 2016-17 microbubble water injection monitoring experiment
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CaMI CO2 injection testing Nov 2018
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CaMI CO2 injection testing Nov 2018
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Geophysics well
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Amplitude

Hypothesis

1. Suppression of low f
2. Boost of high f
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Hypothesis:

The seismic wave In the presence of recently injected
microbubble / CO, Is acting as If it were experiencing

“elastic bracing”.



s Elastic bracing and the Klein-Gordon equation

“Elastic bracing” — e.g., string embedded in a rubber sheet
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Elastic bracing and the Klein-Gordon equation

“Elastic bracing” — e.g., the rope bridge model
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Fig. 1. Schematic of the system of two strings with an elastic band between
them.

Fig. 2. Motion in a cross section of a three-rope Inca suspension bridge. The
white dot inside the large black dot indicates that the x-axis is perpendicular
to the plane of the sheet.

Gravel and Gautier (2011)
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Elastic bracing and the Klein-Gordon equation

h2
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Time dependent Schrddinger equation
? ... honrelativistic

3

E. Schrodinger (Wikipedia)

2\ 2
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“No photo
available Relativistic Klein-Gordon equation

O. Klein
(Wikipedia)

W. Gordon
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* Elastic bracing and the Klein-Gordon equation

Classical interpretation of the KG equation
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‘7' Elastic bracing and the Klein-Gordon equation
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Elastic bracing and the Klein-Gordon equation
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v' An elastic equation with Klein-Gordon bracing

Elastic force balance receives an extra term:
pu; — 0455 =0
...Incorporated into a displacement-stress FD scheme via:

A
— X stress terms
Pi,j

n+1 n
i = AU Uy

u

whose “2” weight Is reduced locally by the amount n
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v' An elastic equation with Klein-Gordon bracing
Elastic force balance receives an extra term:
pui — 05 — Mu; =0

...Incorporated into a displacement-stress FD scheme via:

n+1 __ n—1 AtQ
up T = (2= mij)ul; —up X stress terms
| | Pi.g

whose “2” weight Is reduced locally by the amount n
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s An elastic equation with Klein-Gordon bracing
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2D elastic FD code modified from J. Li
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An elastic equation with Klein-Gordon bracing
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Discussion
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Probably could have explained this with heterogeneity: case for
Introducing “new physics”?
No microscopic / mechanical explanation is put forward: what is
the value of a macroscopic description absent one?
Emphasize in seismic:

e Introduction of a small number of parameters (e.g., Q)

e constrainable with bandlimited observations
e data — seismic model par — mechanical/petrophysical par

Next steps:
o confirm / falsify with more observations!

e continue to analyze transient waveform changes in injection
e laboratory analyses with microbubble water

19



	Elastic bracing and its effect on seismic waveforms in reservoir injection zones
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

