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Problem: /nconsistencies from brittle & creep experiments on role of
pore fluid ?

Typical procedure <~ Before experiment : Darcy permeability => Characteristic time or flow

rate for fully drained conditions
In French et al. (2012) & Noel et al. (2019) < Sample should be largely drained
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Problem: Anomalously low skeleton bulk moduli ?

Typical procedure <~ Before experiment : Typical procedure <~ Before experiment : Darcy
permeability => Characteristic time or flow rate for full fluid pressure equilibration

. 1 [aV, Aey
= . -1 — [ Zhe ) ‘ . .
Skeleton compressibility Cs [GPa™"] 7 ((_jpc)m ( pr)pd- e.g.in quartz-rlch .
Skeleton compressibility C,;, [GPa 1] 1% (31{) Py % (3\ T;{) P, Ks ~ Kquartz

To get the skeleton bulk modulus K = 1/C, experimentally :
=> “Unjacketed test” K,;,; = K : “outer” confining Pressure P, = “inner” pore pressure P,



Problem: Anomalously low skeleton bulk moduli ?

Typical procedure < Before experiment : Darcy permeability
=> “Unjacketed test” K, = K

@eton compressibility Cs [@

Skeleton compressibility C,;, [GPa 1]
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e.g. in quartz-rich :
Ks ~ Kquartz

Berea sandstone interpreted as with
isolated porosity & micro-
heterogeneous

Values down to K, ~ 15 GPa have been
reported for sandstones
(Fabre & Gustkiewicz, 1997; Tarokh &
Makhnenko, 2019) !?
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as what if

fluid pressure did not have time

to equilibrate across the sample ?




Background

Do we fully know how porous rocks respond to fluid pressure variation ?

i.e. What dictates :

» Magnitude of effect experienced by the rock ?

» Characteristic time at which effect takes place ?

Medium considered :
— Quartz-rich clean sandstone
— Well-cemented
— Homogeneous & Isotropic
— Pressure-dependent properties

— Water full saturation

0 I mm g e 1 mm
SEM example for Fontainebleau sandstone




Outline

0 Background for Hydro-Mechanics

i.e. What we know (or expect) in poroelasticity
(a view from experimental RP)

I Hydraulic & Mechanical properties, if two pore families

i.e. Recalling & using the simplest theoretical models.
(a view from experimental RP)

Il If so, How to combine Hydraulic & Mechanical in such rocks ?
(a view from experimental RP)

Il _ Implications for measured rock properties (K, K, , etc.)



Background : Poroelastic & Compressibility coefficients
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EXPERIMENTALLY : Role of strain rates or oscillating frequency

Differential equation for fluid pressure diffusion (or strain):
0 92 oP
°Pf _ Pr _ B

ot /nS, 92 at’
(Darcy) Permeability => dictates the time for the effect.

a) Drained boundary conditions: P_oscillations b) Drained boundary conditions: p, oscillations
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0 Background for Hydro-Mechanics :

i.e. What we expect in poroelasticity & some unconsistencies
(a view from experimental RP)

I Hydraulic & Mechanical properties if two pore families:
i.e. Recalling & using the simplest theoretical models.
(a view from experimental RP)

Il _If so, How to combine Hydraulic & Mechanical in such rocks ?

Il _If so, Effect on measured properties & some brittle effects ?
(a view from experimental Rock Physicist)



I _Hydraulic & Mechanical properties

a. Effective Mechanical properties
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I _Hydraulic & Mechanical properties

a. Porosity variation

Effective Porosity ¢ [%]
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Table 1. Microstructural parameters used for the prediction of the synthetic curves of mechanical (i.e. bulk
modulus) and hydraulic (i.e. permeability) properties as a function of Terzaghi effective pressure. Cracks porosity,
opening and aspect ratio are assumed to be the same in all synthetic rocks.

Synthetic ~ Porosity ¢,  Tubes radius » Cracks porosity ¢.  Cracks opening w  Cracks aspect ratio
sample (%) (pm) (%) (um) §

1 0.1 0.01 exp(—P./5) 0.2 exp(—P./5) 2x 1073

2 1 0.1

3 5 0.5

3 10 1

4 20 5

5 30 10




Effective Porosity ¢ [%]

Effective Bulk modulus K [GPa]

a. Porosity variation
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a. Permeability variation

b. Relative pe
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0 Background for Hydro-Mechanics :

i.e. What we expect in poroelasticity & some unconsistencies
(a view from experimental RP)

I Hydraulic & Mechanical properties if two pore families:
i.e. Recalling & using the simplest theoretical models.
(a view from experimental RP)

In rocks with double porosity
=> Hydraulic & Mechanical pp depend in opposite manner to microstructure

Il If so, How to combine Hydraulic & Mechanical in such rocks ?

Il _If so, Effect on measured properties & some brittle effects ?
(a view from experimental Rock Physicist)



a. Schematics for Cbp
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b. Typical approach
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Bulk compressibility

a. Schematics for Cbp

Pore fluid
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b. Typical approach ¢. Networks in parallel
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a. Schematics for Cbp
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0 Background for Hydro-Mechanics :

i.e. What we expect in poroelasticity & some unconsistencies
(a view from experimental RP)

I Hydraulic & Mechanical properties if two pore families:
i.e. Recalling & using the simplest theoretical models.
(a view from experimental RP)

In rocks with double porosity
=> Hydraulic & Mechanical pp depend in opposite manner to microstructure

Il _If so, How to combine Hydraulic & Mechanical in such rocks ?

If C,.,.xs When P; equilibrated in cracks => Very different from expected !
III _If so, Effect on measured properties & some brittle effects ?

(a view from experimental Rock Physicist)



Fitting to French et al. (2012) (Injection at one side of the sample)
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a. Testing concept for Hydraulic fracturing:

Fitting to French et al. (2012)

(Injection at one side of the sample)
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0 Background for Hydro-Mechanics :

i.e. What we expect in poroelasticity & some unconsistencies
(a view from experimental RP)

I Hydraulic & Mechanical properties if two pore families:
i.e. Recalling & using the simplest theoretical models.
(a view from experimental RP)

In rocks with double porosity
=> Hydraulic & Mechanical pp depend in opposite manner to microstructure

Il _If so, How to combine Hydraulic & Mechanical in such rocks ?

If C,.,.xs When P; equilibrated in cracks => Very different from expected !
III _If so, Effect on measured properties & some brittle effects ?

(a view from experimental Rock Physicist)

Could explain unexpected failures



BUT .... Bulk modulus showed fully consistent frequency-dependent dispersion
for Drained — to — Undrained transition !

Stress is uniformly applied to the rock sample
versus
Fluid pressure needs to diffuse from the injection point

Bulk compressibility
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III_ Hydraulic & Mechanical properties
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60 - XA =
XAXA.A: ’,D’
50 Kpury=37.0GPa_xi* 0" K,'=30.0GPa
s -
é 40 - 2 Values ranging down to 15 GPa have
: Bo- e been reported for sandstones
o (Fabre & Gustkiewicz, 1997; Tarokh &
20 1 X
2 V- Makhnenko, 2019)
10 - A Dunnville sandstone
X Fused quartz
O T T T T
0.0 0.5 1.0 1.5 2.0 2.5
ey (x1073)
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Conclusion

Rocks, in particular sandstones, often bear two pores famillies (cracks-
pores or soft-stiff).

» Hydraulic & Mechanical properties depend in an exact opposite
manner to these pore families.

» If accounting for such existence, Hydro-Mechanical response of
porous rocks might behave 1n an exotic manner.

» Could explain the (1) delayed mechanical response to fluid
injections; (2) low K| retrieved in some permeable samples; etc.
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a. Testing concept for Hydraulic fracturing:

Fitting to French et al. (2012)

(Injection at one side of the sample)
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I Experimental Complexities

* Role of the fluid volumes
* Role of strain amplitudes and rates
* Theory versus Experiment

Il Experimental method
* Apparatus & Protocols
* Principle

III Bentheim sandstone sample
* Results

* Interpretation & Discussion

IV Conclusions



I _Experimental complexities:

Principle

Drained
Boundary Conditions

Biot’s theory | Theoretical definition
| 4} T
Drained compressibility C; [GPa—'] —i_, c Vs
i LOF oy
aVv;
Biot’s coefficient o [] — [ ==
vy .
o 1 (8V,
Undrained compressibility €, [GPa™"] — | =
1*’5 D'PC -
: : dpy
Skempton’ fficient B
empton’s coefficient B [] (@Pc)

Undrained
Boundary Conditions




I _Experimental complexities:

Principle

| Biot’s theory |

Theoretical definition

Drained compressibility C; [GPa—']
Biot’s coefficient « []
Undrained compressibility C', [GPa~!]

Skempton’s coefficient B []

T (%
i LOF oy

Drained
Boundary Conditions

( av, )
W),

1 (%
Vi \OF. ),

Undrained
Boundary Conditions

Opy
OF €/ my

Theoretical definition

| |
Zimmerman's theory |
| |

Bulk compressibility C. [GPa™!]
Pore compressibility C',,. [GPa™]
Bulk compressibility Cj, [GPa~!]

Pore compressibility Cp, [GPa ']

T [/,
- L_E? ( @Pc) Py
1 (oV,
1 [V,
Vi (ﬁpf ) P

1 (aﬂfp)
Vo \9pr /) p.

AU VRN

AP,
solicitation

Apy

solicitation




I_Experimental complexities: Principle

| Biot’s theory | Theoretical definition

. e 1 /aV;
Drained compressibility C'; [GPa ™! —— ;
P yCal : Vi (r‘fﬁPc)p Drained
av; .
Biot’s coefficient o [] B (mf) Boundary Conditions
i),
. | e 3 1 /0V,
Undrained compressibility €, [GPa™"] — | = -
Vo \OF: ) Undrained
Skempton’s coefficient B [] (gﬁj ) Boundary Conditions
2 €/ my
Zimmerman's theory | Theoretical definition
Bulk compressibility . [GPa™'] —Lib (g;b ) p AP,
1 78V solicitation
Pore compressibility . [GPa™!] — ( 7 )
V, \ OF. -
Bulk compressibility Cj, [GPa—!] 1 9%
3 Y~ Vs \8ps ) » l Apy
, 1 /8V, citati
Pore compressibility Cp, [GPa '] — (L—p solicitation
Vp \ Op;s P
- — 1 70V,
Skeleton compressibility Cs [GPa™"] 717 -
) ‘if e/ p, Unjacketed
Skeleton compressibility C;, [GPa '] . (; ; ) Boundary Conditions
' cl By




I _Experimental complexities:

Principle

| Biot’s theory |

Theoretical definition

Drained compressibility C; [GPa—']

Biot’s coefficient « []

Undrained compressibility C', [GPa~!]

Skempton’s coefficient B []

T (%
Vi @P oy

L
1 (%
Vi \OF. ),
Opy
OF €/ my

Theoretical definition

| |
Zimmerman's theory |
| |

Bulk compressibility C. [GPa™!]

Pore compressibility C',,. [GPa™]

Wi
Bulk compressibility Cj, [GPa~!] i (L_h‘)
Vo \Ops/ p
e 1 1 [0V,
Pore compressibility Cy, [GPa™"] — | =—
Vp \ Op;s P
" v ® _1 .I. @1'-&,
Skeleton compressibility Cs [GPa™"] — | -
":b OF, cl P,
Skeleton compressibility C;, [GPa '] i oV
' Vo \OF: ) p,

Considered easier to get experimentally
BUT need precise knowledge of:
V, < Pore fluid volume
me=p V, < Pore fluid mass
In practice, measured properties are
la) Vtot Vot Vi < Tubing total fluid vol.

2) mG=p (Vp—l— Vq) & “Dead vol.”

In practice, measured properties are
1b) Viet =V, + V¢ < Tubing total fluid vol.




I_Experimental complexities: Principle

|Biﬂt’s theory | Theoretical definition  Measurement

Drained compressibility C; [GPa—']

Biot’s coefficient o [] mb )
| o ) WA - All properties defined
Undrained compressibility C', [GPa~!] 7 (Ef P,:) - as Partial derivatives => Only in case of
o _ Op; """ | small stress/strain amplitudes
Skempton’s coefficient 5 [] ({?Pc)mf - under steady-state conditions => Only
Zimmerman’s theory i Theoretical definitior] 1n case of low stress/strain rates
Bulk compressibility Cj. [GPa™'] _Li,&, (g}{)pf Considered easier to get experimentally
. B 1 [0V, BUT need precise knowledge of:
Pore compressibility C,,. [GPa™'] 7 ( 5 Pi )p{ v, 5::} Pore fluid voli o
Bulk compressibility Cy, [GPa~!] i (d—h’) my=p V, & Pore fluid mass
E’b f}%’f r. | In practice, measured properties are
Pore compressibility Cp, [GPa '] S (;?p) la) Vit =V, + V¢ < Tubing total fluid vol.
— _ 17 @1{' B12) m=p (Vy+Vyq) & “Dead vol.”
Skeleton compressibility Cs [GPa '] 7 ( 5P ) |
o 1 ,51C e In practice, measured properties are
e I B (apﬁ) .| 1) Vit = ¥, + V¢  Tubing total fluid vol.




I _Experimental complexities:

Principle

Theoretical definition

| Biot’s theory |

.
Drained compressibility C; [GPa—'] —i {: Y
Vi, \OF. oy
( avy )
av, =
. e 3 1 [0V,
Undrained compressibility €, [GPa™"] — | =
1*’5 D"PC i

' 7
Opy
OF €/ my

Biot’s coefficient « []

Skempton’s coefficient B []

Measurement
N ( ﬂ\Eb :
AP
NN ?f No Prob!em !
v (2 ) No pressurization of
Aep fluid & No effect of the
B ( AP, = fluid compressibility
(ﬁpﬂ
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Theoretical definition

Measuremefit Can be accounted for by

| |
Zimmerman's theory |
| |

Bulk compressibility C. [GPa™!]

Pore compressibility C',,. [GPa™]

Bulk compressibility Cj, [GPa~!]

Pore compressibility Cy, [GPa ']

measuring properties for
2 distinct dead volumes
(Vi & V)

Problem !!
Fluid pressurizes so that
Crplays arole

. . 1 /0V,\
Skeleton compressibility Cs [GPa™"] 7\ ap
b c/ Py
( @ )

Skeleton compressibility C;, [GPa 1]

=> Properties can hardly
be obtained




I _Experimental complexities:

Principle

| Biot’s theory |

Theoretical definition

Measurement

Drained compressibility C; [GPa~—']

Biot’s coefficient « []

Undrained compressibility C', [GPa~!]

Skempton’s coefficient B []

BYLA
Vi \oF./,,
(%)

av; 5
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Vi \OF. ),
Opy
aPE mig
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1 (.AL )
Vi \ Qe B
B .-’1'!.(:'5.
APC m}
Apy
AP: ) e

Theoretical definition

Measurement

| |
Zimmerman's theory |
| |

Bulk compressibility C. [GPa™!]

Pore compressibility C',,. [GPa™]
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Vi \OF, ps

(‘“{)
L (A )

WV,
Bulk compressibility Cj, [GPa~!] i (L : b) (
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1 /aV, 1 A 4
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II Experimental method : Apparatus & Principle

AP solicitation Ap, solicitation
| -
£ | Flid a| Undrained b| Drained  ¢| Drained
O, | injection Oscillating W Oscillating /UU\ Constant
2 Confining pressure Confining pressure Confining pressure
| | } | ',
75] ﬁi F F W =
E Vul Vuz
=
g - Dry Oscillating Oscillating Oscillating Pumps
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> - 7 7 7
-> ( ( (
o Glycering —_ q_ﬂé — — li:\é -— — r,:lé —
.J:; »Water (LI | L L= L & L L
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™M Pore pressure D Oscillating
8 W Pore pressure Pore pressure v,
| SRANENE | WLERNEF | SLAVAN
V Oscillating
T . T ] Fluid volume 'M’
| | | | | N
[ | [ [ [ 4
10 20 30 40 50

Effective Pressure P o [MPa]

Three sets of Boundary Conditions & Two types of solicitations:
e Undrained (Jacket on or off) + AP, solicitation

* Drained + AP, solicitation

* Drained + Ap¢solicitation



II_Experimental method : Exemple

S Unjacketed test (a & b)
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II Experimental method : Apparatus & Principle

AP solicitation Ap, solicitation
— . D n T
£ | Fluid a| Undrained b| Drained  ¢| Drained
g Injection Oscillating (U\ J\ Oscillating (UU\ Constant
E Confining pressure Confining pressure Confining pressure
| | | 1 2
n -ii -.: -.—t w | =
E I/ul VuZ
5
Oscillati Oscillati g / Pumps
NPT B s ) kalll
- Y 4
3) Glycerlne — IT_‘% < — FI__@ — —_— I‘% —
= W (L L L L A= =
= = Water ®
72 . .
< Oscillating Constant
— Pore pressure o Oscillating
8| {W\ Pore pressure Pore pressure v,
V Oscillating
T ¢ T 1 Fluid volume
| | | | | >
[ [ | [ I 4
10 20 30 40 50

Effective Pressure _ P » [IMPa]

Three sets of Boundary Conditions & Two types of solicitations:

* Undrained (Jacket on or off) + AP_solicitation => C & B or C|

* Drained + AP, solicitation => C,=Cy & C, (0r 1)
* Drained + Ap,solicitation => C,, & G,
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Method: Undrained properties

— Quasi-static ramp
— Oscillatory measurement
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III_ Bentheim sandstone : the rock sample

Bentheim sandstone

* Clean (> 95% quartz) sandstone.
 Homogeneous and isotropic at sample scale.
* Porosity of 24.3%

* Permeability of about 2 10-3 m? (200 mD).

* Crack closing pressure of about 15 MPa.

* No pressure dependence of permeability.

» Under Dry, Water & Glycerine saturation

10—1 1
9 I
< g
ol ”
g |
g 108 £
§ s :_C.';
Q Q
2 :
S A
Crack closing ;
pressure .
0-01 1 1 1 1 l 1 1 1 1 l 1 1 1 L . 1 1 L 1 l L 1 1 1 l 1 1 1 1 l 1 1 1 1 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 | 1 1 1 1 i 1 1 1 1 i 1 1 1 1 10- 5
0 5 10 15 20 25 30 350 5 10 15 20 25 30 35
Differential pressure _ P, [MPa] Differential pressure P [MPa]
iy — 4 diff



III_ Bentheim sandstone : the rock sample

-

a) Microstructure b) O elements

d) Al elements o % e) K elements f) Na elements

H H
200 pm 1 200 pm




III Bentheim sandstone : Results

= 0.20 ! r , i ., . e e A s e sananae D IV
— a Saturation: || Measurement: |] | P Biot’s coefficient: | ]
s O a1 &0 TEF e EEr TR B Water  [1.0 —
o= p—— | 11 : : : : 17 =
2 T 015 e e e ateri \ O ¢, = [ ! ! ; ! B Glycerine ] )
NG B Glycerine | {f | | | ‘ . |
) A‘“ v ' A Vprc E
S O AV,/bp, 8
e e e S EEEE - i
2 2 S
2 : -
SEO00SIS, T T —a——————§ . i 3
s £ ' | E 2
S8 M . . [ . | ]
ZEoool S A A A A A T oo
~ 0 5 10 15 20 25 30 0 5 10 15 20 25 30
s Differential Pressure _ P, [MPa] Differential Pressure _ P .. [MPa]
Drained
* Dependence to Py of all coefficients.
* Drained properties independent of the
saturating fluid
* G, >Cy, < Consistent !
* C,.>Cy, < Consistent !
* o reaches 1 at lowest Py




III Bentheim sandstone : Results

0.20— T T————

rrrrpr ot rororrp ottt T T L L L L L N LN 1.0
al | [ Dry: O C, |[ Undrained: C,; 11b] ; ; [ Undrained: B° :
L Unjacketed: B C Dead volume (1) 17 Dead volume (1) log =
Sf 0.15-_________i_________:_________h________f__ B Water B Glycerine |] __“"""?""""45 _________ _L_ B Water B Glycerine || - QQI
2 ; ; ; | peadvoume |][ ; ; ; | Dead volume ) .-
iy : l : | @ Water @ Glycerine ||| ™ . 5 .| ® Water @ Glycerine |10 ‘3
5 : 5 5 5 : | ' | | | | | | 1 £
% 0.10F@ N - e SRR . &
) : i : | =
< 005 E—B— ———————ly------ 4t £
s e - |
0000 e b A 100
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Differential Pressure _ P, [MPa] Differential Pressure _ P, [MPa]
Drained Undrained & Unjacketed
* Dependence to Py of all coefficients. | | Lower dependence to Py
* Drained properties independent of the | |« C fits with C,,,.,,
saturating fluid * Undrained properties dependent to
¢ Gy > G, & Consistent ! — C; < Consistent !
* C,.>C,, & Consistent ! — V4 < Consistent !

* o reaches 1 at lowest Py




III Bentheim sandstone : Interpretation & Discussion

Measured vs Inferred Zimmerman’s coefficients

i 010 a ' ' l Valule: | | b Value: :0'20 —
% r | : ! ' | Cqumz 11 : | | . > Cbpmeas g:s
Zoosf g o W] bermec |l B
: I | | | | O C*=C,.-C, 11 '| Saturation: ] UT
006t s " EN T e ]
I | I I mmm Glycerine 1 PR ————————— ————————— B Glycerine |H(.10

e
o
~

10.05

e

(e

. [\
Bulk compressibility

Skeleton compressibility

e 07000

o
o
S

Checking Zimmerman’s coefficients

For this sandstone sample:
> Cbc - Cbp - Cs - Cquartz
» C,, = ¢ C,., with small deviation at low Py < 5 MPa.

pe
(@] (P]
o o
22 04 ©
- »
2 3
m 0.25

0 5 10 15 20 25 30 0 5 10 15 20 25 30

Differential Pressure _ P, . [MPa] Differential Pressure _ P, [MPa]



III Bentheim sandstone : Interpretation & Discussion

Measured vs Inferred Zimmerman’s coefficients

— T T T T ' ' 0.20
= 0.10[ 5 ' ' ' ' Valule: ' H b : : 1 ' Value: H =
= | ‘ | N & ‘ oo &
Zimmerman’s vs Biot’s coefficients
For this sandstone sample:

» . obtained fits only with o,

» o, & o, not same pressure dependence.

NB: a; & o, at high P, probably fit a (i.e. shift from corrections).
AN ) A S - S SN S U | A I S S A I S 'Y s

Measured vs Inferred Biot’s coefficient

ole o T Measwredar WA [ Measureda |12
= & =0 (G /6 it : : : : 0 o,=(C,/C) | —

(] L Y S PR S~ T — | % . Y SR TE S — 1. 110 —
S S N N | WS E S B i LA G )
2 o[\ | W Gleere |\ @\ : g iz Jos
— O
= =
o Q
) Q
wn Q
: :
=0 _ 02 &

00 cacolocecboneolsesnloeaatoseeloeeellossstbosestessodcccoloeoutocccianaalOl
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III Bentheim sandstone : Interpretation & Discussion

Corrected, directly measured, undrained properties —

FrEe g ee e —T T T 1010 &

— ? ? 11b : : 1 1 '| Saturation: T ?5
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| . E}lycerlne 008 DT
3 [
S =
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S 1 TNy SRt s T Ml 0.06 2
© 1t : 1 2
E 3 =
3 I : . : : : : : S
e | T R AR S S S — 0.04 ©
% 02 ; ] : : ] . . 1 | | . ] ‘qz)
. Corrected from the effect of the dead volume | E
0.0L 0.02 £

-

Measured vs Inferred undrained properties —
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OS  y  mm e s mecm [ g5 U
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g & S 0000O000OO0O O ______ {1 ei MG f oo RS R 1 0.06 ‘7
o 04 5 I 11 ———- ' g
RS Rl NG ‘ v S s il it St Lty | o
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a | : : S A SN SO S, S 0.04 O
_«f) 02f b T TR e ] ' ' ' ' ‘ : _ 3
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III_Bentheim sandstone :

Interpretation & Discussion

What of the pore compressibility coefficients C,, & C, ?

Measured coefficients Relation
: CopC
From Zimmerman (2000) Ches Cops Cpe, Cu Cop = G ’g — Cy
e—0C
C
& Cre. B G =",
C.=C. -C Increase in theoretical
¢ pc pp oo o - Cgp - combinations
B P (C-C) 1
— b _
Cop, B Cop oB Cy Decrease
(Coo — Co)? number of unknowns
_ \Ybe = Ygqtz e
s = gC—C)
Co B C,, = (Cbc;Bth:) - Cf
_ (Coe — Cqrz)
Cbc CPP_OCM_CUI)_Cf
(Coe — Ctz
Cb(_‘ Cpp = éBl = - Cf




III_Bentheim sandstone :

What of the pore compressibility coefficients C,, & C, ?

_ C [GPa']

Pores

_ C [GPa']

Pores

p

_ C [GPa']

Pores

Interpretation & Discussion

1.0 T T i T T 5 T I 0.10
a : ‘ Measured Cpc: b ] ' From Cpe & Eq. 1:
0.8F------m-t-mmoeoe irmmomece Pemmcscoma * Waersatration |1 [ i 44 B Water saturation ~0.08
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H ‘ 1 B Glycerine saturation
o6 . _!|Equationl(Table2): |1 [ . . ] 0.06
B Water saturation
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0.2 0.02
0.0 i i i i l i i . i i i i 0.00
1.0 : 5 : ? , : 3 : : ; : : 0.4
C ' /| Measured Cpc: d From Cpc & Eq.5:
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@ Water saturation
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0.2
0.0 b b j i
1.0 3 T T T 1 T ; ‘
c : Measured Cpc: f From Cpc & Eq. 7 :
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02f
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Conclusion

Method

— New method from low amplitude and low frequency pressure oscillations

— Use Three boundary Conditions & Two solicitation methods

» Up to 7 constants measurable independently.

Case of Bentheim sandstone

— Pressure dependence of all compressibility/poroelasticity coefficients
— Overall fit with poroelastic theories:
» No effect of fluids under drained conditions
» Effect of fluid compressibility under undrained conditions
» Good comparison between the different coefficients:
» Zimmerman’s coefficients
» Biot versus Zimmerman’s theories

— It is inferred that : C;= C,=C (i.e. rock micro-homogeneous)

quartz




III Bentheim sandstone : Interpretation & Discussion

Role of the pore fluid pressure (@ constant Pdiff ?
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O | Y *C %
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z : .
5 0.10 2
2 =
2 2
177]
g | ; 3
S 0.05 , &
= ] | 2
= i o
& [ : : : : ] : : ‘ : | z
(OO0 S S P P I T e e e . w1 10.000 &
0 2 4 6 8 10 0 2 4 6 8 10

Pore Pressure _ p [MPa] Pore Pressure _p.[MPa]



What has been done...
And what might remain !?

Thank you for your attention

Pimienta, L., Fortin, J., & Guéguen, Y. (2017): New method for Compressibility
& Poroelasticity coefficients in porous and permeable rocks, Journal of
Geophysical Research
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