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Introduction: Sandstone reservoirs have important uses for oil and
gas deposits, carbon sequestration, waste disposal, and other fluid
related extracation or mjection. Therefore, the deformation of sand-
stone 1s necessary to use these reservoirs effectively. These sand-
stones are often fluid-saturated and under upper-crustal pressures,
which can be achieved in a laboratory setting with confining and
pore fluid pressures. Deformation of porous sandstones results in
dilatant and compactant behavior, changing the volume of the
sample and available pore space. Understanding the mechanisms
that lead to volume change 1s vital for sandstone reservoir quality.
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Brittle deformation
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Variables

o.qx. effective stress

o,. normal stress

T \ \ microcracks
O grains
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! P;: pore fluid pressure

P4 differential pressure
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- Effective stress law models inelastic behavior | | ¢ 0 e PIESSUIE

during deformation: AV: change in volume

G = O, - P; Vt: total volume

- Differential pressure during experiment relateq |€v: volumetric strain

to effective stress: Ao: differential stress

Puir=P. - Py o1, 63: principal stresses
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Results

* Volumetric and axial strain plots for
experiments performed at differential
pressures of 10 and 20 MPa

eEnhanced compaction of high pore
fluid pressure experiments at Py, =20 MPa

*More damage 1in low pore fluid pressure

microstructure than high pore fluid pressure

80 80 -
A~
av!
) Rt
5 40| 40 |
=
m R
= ¥
BB 12/2
= ® 1212
= 0 L I 160/150
Q STt vt
0 0.4 0.8 12 ¢ 0.4
Axial Strain (%) Volumetric Strain (%)
Volume Change at Differential Pressure of 10 MPa
80 . .

-
o

Differential Stress (MPa)

130/120
® 12/2
190/180
160/150
0 ® 70/60 " 1
e |
0 | 0.4
Volumetric Strain (%)
Volume Change at Differential Pressure of 20 MPa
—
A 80
=
o)
)
2
A 190/170
T 40- :
= ® 130/110
O
>
o 170/150
-
0r ® 30/10 i

Volumetric Strain (%)

Graph axes

Volumetric strain: cv =AV/Vt

Axial strain™: ex = AL/L

*measured via LVDT

Difterential stress: Ao =0l - 03
Expeniment # | Pc Pt Difterential | Initial

(MPa) | (MPa) | Pressure | porosity
MPa) | (%)

HI67-ATb 130 | 120 1} -

H168-A8b 12 . 0 25

H169-Ala 190 180 0 25

HI71-A3a 190 180 i 26

H172-Ada 190 180 ) 24

H173-A3a 12 ) ( 24

H174-A6a 160 150 ) 24

HI75-A%a 70 60 0 24

HI177-A%9; 130 120 0 24

HIT9-Alla | 40 | 10 0 | o+ thin
HIS0-Al2a | 30 | 10+—20  section
HISIAa 100 | 170 | 2 )5 sample
HI182-Al3a 130 110 20 y
H183-Al6a 130 | 110 y 25

H184-Al7a 170 /ﬁE]/ 20 24

HIS3-Al8a | 3 10 20 23
HI186-A19a71 30 10 20 i

reproducible experiments
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Discussion
| b low pore ﬂu1d pressure

a. highlpore ﬂuid pressure
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Understanding:
*High P, and P, could increase

than at low P, and P;

normal stress within the grain
charder to nucleate microcracks

-
-

___initial grain size

low pore fluid pressure high pore fluid pressure

Implications

 Sandstone reservolr quality depends on permeability of sandstone
* Permeability and fluid flow 1s affected by compaction
oenhanced compaction 1s important for extraction

Conclusions

* Enhanced compaction at Pair of 20 MPa

* Pyir of 10 MPa followed behavior expected by effective stress law

* Microstructures for high pore fluid pressure show less damage

throughout sample

o result of higher normal stress within g

pressures

-ain due to higher confining
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