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Observations: where does Gassmann break?

Tight Gas Sandstone
porosity: 4.1%
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Outline

1. Fluid effect in closed system: Gassmann
2. Fluid effect in non- closed system: partial drainage
and DFM
3. Wave induced internal flow and dispersion
4. Modeling Examples:
* Mesoscopic heterogeneity
e Microscopic heterogeneity (crack-pore system)
5. DFM from real measured data



Fluid effect in closed system: Gassmann
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Fluid effect in non- closed system: partial drainage and DFM
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q: “+” for incoming flow, “-” for outgoing flow




What about closed system with internal flow?

External flow Internal flow




What’s the role of fluid flow?
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Gassmann’s effect

Frequency



What’s the role of fluid flow?

PetroChina #9 Velocity vs. Frequency,
Pd = 1500, (Dry, Butane, & Brine Saturated)
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How much more deformed
due to relaxation?

NV —oV, :_:vapz(d:)le _aDsz)

How much fluid
moved?

Olmex

sz
— K— (deZH - delH )

f




How to calculate q=q(f) ?

* Need geometry info on heterogeneity
* Navier-Stokes equation with proper boundary condition
* Need proper approximation

* Mesoscale: general format with characteristic
frequency w,
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* Microscale:

Analytical solution

Numerical solution



Frequency dependency of fluid flow: gq=q(f)
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Where to start from: e Hz or 0 Hz?

High freq

Gassmann
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q=q(f) in mesoscopic heterogeneity?

Amplitude of internal flow
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q=q(f) in microscopic heterogeneity?

2J,(5)
&J,(6)

(&)=

¢ =q3ion/K, y

Tang 2011



Squirt flow dispersion, by DFM
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Pressure effect on heterogeneities
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Elliptical vs. non-elliptical cracks
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Elliptical vs. non-elliptical cracks
Tight Gas Sandstone

Sample GA2: X100 Sample GA3: X100 1
Depth :2080.78 Depth: 2072.53m




Summaries

SR

Using “dynamic fluid modulus”, Gassmann
equation can be extended into heterogeneous
rocks at non-zero frequency.

Explicitly link heterogeneities to dispersion and
attenuation, by a fluid term.

More intuitive physical meaning.

Modeling: more powerful and flexible .
Inverting: new insight on rock microstructure
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Thank You!



