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Introduction

LABORATORY

** The Helmholtz-Smoluchowski equation AV ¢ ¢
. . E . . r =0
relates the streaming potential coupling Cs = P = =
coefficient (SPCC) to A 7/
e zeta potential
AV £t ¢

e Pore fluid dielectric permittivity C, = s —
e Pore fluid conductivity mt (O-f +225/A)
e Pore fluid viscosity

o

* No implicit dependance on grain size

S

*%

1999 Revil produced equations implying a grain size dependent model
This presentation: SPCC as a function of grain size

This presentation: SPCC as a function of pore size

This presentation: SPCC as a function of pore throat size
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XS] Introduction

¢ Previous experimental determinations — only two
= Bull & Gortner (1932)
= Boléve et al (2007)

s This presentation: A set of new high quality SPCC measurements
as a function of grain size and pore throat size.
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+** SPCC as a function of grain diameter

Revil (1999) equations imply the model
d AV de; &

A= 3(F -1) > C, = AP 7, (do, +63,(F-1))

Our model (after Glover et al., 2006)

d | AV de; ¢

A= C = —
2mF * AP g, (do, +42, mF)

Coincident for spheres and F>>1
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** SPCC as a function of pore radius

Our model for all geometries

AV reNa
S AP nf(rafx/a+423«/§)

C

Our model for spherical particles (a=8/3)

AV req ¢
CS: = ¢ \
AP n, (r o +2%, «/g)
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+** SPCC as a function of pore throat diameter a=8/3 for
Our model for all geometries spherical
- dpt M; &5 £a particles
S =
7k (dPT Mivao; +83; \/f)
. 1.627dpr ¢ £a
"¢ (1627dpr VAo +8342)
Random
C — der &4 év\/g(\/g_l) c - dpr 8f§\/5(3\/§—2\/§)
" lder ValV3-1)o, +83,2 (V2 -1)) " r (der V(32 - 2480y +83,2 (4-243))
Cubic Hexagonal
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30 1 L1l IIIIII 1 [ | IIIIII 1 L1 11111 -
{Classical HS equation,  7=24.5+0.50C, ¢ = -75 mV} ( ) | . :
m(a) = ¢CS=25.04V/MPa Cy= 2104 N NaCIf C) 1000 GO0
',—i B S e e S T 2 s @ﬁ:/"?” 3x104 Sim
g'—' ) _ g‘ '{1 /’/ .r_i;l _______________ =
(1] i B —_ - I-E_E.r
(3] b - O - = -
® % <= - 3g 10 : o ' 1x10-3 S/m |
=S ] [ T = ] A __----mTTTC S :
ES ] = £ |7 g TR E 3x10-3 S/m|
b= - 9 2T wmEIYt L ___x. 3% XU o/m|
o5 157 Data: Bul &~ B & -~ ,,'i'fi—-*}*‘"&4 + 3
e 7 = Gortner (1932)F Q= i -7 & HH HH
m.g - - mé’ i1 - >
E% 10 — o E g P e St 2= B0 Sl
© 3 5 Et:|uation1(g9)9 K g O i g G & $
[ - Revil et al. ( b) | | r$ 2
o] 4 L = 1 3x10-4 S/m
& 5- L=409s g Foo---- o e
' ] Equation (6) -
. s =4x10-9S "
O 1 I lllllll 1 1 lllllll ) rrrrrn 01 ——rr . ——rrr . ——rrr
1x10° 1x10° 1x10™ 1x10° 1x105 1x10™ 1x107 1x107

Grain diameter (m)

Bull and Gortner (1932)

3. Previous

Grain size (m)

Boleve et al. (2007)
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Normalised Probability (-)
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Grain size (m)

12 grain sizes by laser diffractometry
Measured pore throat diameters (Hg)
Calculated pore radii (after Glover and Walker, 2009)
Measured porosity (Hg and He)

Measured permeabilities

1.E-02
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Experimental methods

4 5cm

S - L Faraday cage
Downstream Upstream Swagelock
pressure pressure NPT union
ransducer transducer (PTFE)
=

Flow in

_A_<_

Swagelock
NPT union

(PTFE)

Non-polarising
electrode

Non-polarising Fine Bead
electrode nylon net pack Perspex tube
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** NaCl electrolyte 5

ressure
DG t d
* pH 6.9 ranancljcers
% C;=2x10*and 2x10° mol/L /' measurement
DG — €] ;
» 0;=2.44x103 and 2.41x10% S/m . Q9 Y
< T=25°C Bealo ] [

R/

*

Omega PX302 pressure transducers

e

*

Cypress Ag/AgCl electrodes

e

*

Keithley microvoltmeter logger

e

*

4 flow rates

x 2 directions . K uV meter

nt

P-500 Pump

x 12 grain sizes

x2 fluids >«
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- Streaming potential coupling
coefficient (V/MPa)

— T
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ATORY

S

25
20
Xs ; Xs=1e-8
16 F 44 T
s H_H“Equaﬁonﬁ
£s=3.53e-9S
10 S S T AN S— N
5 + - Equation4 ————— 1
(Revil et al., 1999b)
£s=3.53e-9S
1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03
Grain diameter (m)

5. Results

1.E-02

High quality
experimental
data fit the
grain
diameter
dependent
SPCC models
excellently

Cf = 2X1O_4
mol/L
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Ts=1e-95

Equation 6
£s=3.53e-9S

coefficient (V/IMPa)

=
w

- Streaming potential coupling

&
(V)

™ Equation 4
(Revil et al. , 1999b)

£s=3.53e-98
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1.E-07

1.E

-06 1.E-05

1.E-04

Grain diameter (m)

1.E-03

1.E-02

5. Results

High quality
experimental
data fit the
grain
diameter
dependent
SPCC models
excellently

Cf = 2X1O_3
mol/L
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(a)——— ————— HS equation —J- —————
(=)
£ 20 = Cubic g
- Equation (24 vl
= \\i;é?,’
(o I\ | 7
= % Random i / Eore
T 15 ; diameter
= Equation (26) g ' Equation (10)
D = \t':'f i
25 Al
Q O _@ fl
U,E 10 Hexagonal o ,,-" Grain
E g Equation (28) *@‘ / f diameter
a0 Y / Equation (4

E g Arive quation (4)
@ /
= , \

5 4
‘? Grain

diameter
Equation (6)
0 A _Fi-.e._-..‘ﬁ-'-—' . ——r ¥ —TrT T .,...‘. T TTTIIT T
1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03

Pore throatdiameter (m)

1.E-02

5. Results

High quality
experimental
data fit the
pore throat
diameter
dependent
SPCC models
excellently

Cf = 2X1O_4
mol/L
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i Cubic

- Equation (24)
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— Random g
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= 0.6 Equation (26) ,_% :

o] \ / Pore

Q = b | { .

o g > /| diameter
= B Tetragonal __g ’ | Equation (10)
D 04 | Equation(28) R

= AL

IE o ‘j

c © Grain

E ¥ diameter

N 02 . f‘\ Equation (4)

1 |

| Grain
diameter
Lot Equation (6)
0.0 = T T rrrrr T T T llrln; T T™TTTT T TTTTT T T™TTTT
1.E-08 1.E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02

Pore throatdiameter (m)

5. Results

High quality
experimental
data fit the
pore throat
diameter
dependent
SPCC models
excellently

Cf = 2X1O_3
mol/L
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¢ The classical HS model cannot predict the SPCC as a function of
grain size

** However, there are few data available to test the models
*** New high quality measurements have been done as a function of
* Grainsize
* Pore throat diameter
* Poresize
» for 12 particle sizes
» 2 pore fluid salinities
> 4 flow rates

> eachin 2 flow directions
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peestc) Conclusions
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¢ The Revil (1999) grain size dependent model agrees with the new
high quality experimental data excellently

** The ‘new’ Glover and Déry grain size dependent model is an
approximation of that by Revil (1999)

** It also performs very well
» A new pore radius dependent model has been developped.

** A new pore throat diameter dependent model has also been
developped

** The pore throat diameter dependent model agrees with the new high
quality experimental data excellently too
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