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Anthropogenic carbon dioxide emissions are one of the major contributors to
the greenhouse effect. A promising solution to reduce these emissions is the
CO, storage in deep saline aquifers. These are geologic formations

containing unusable brine and they represent a very important storage
volume. Due to the lack of interesting economic resources, these aquifers
are badly known and, in order to guarantee the safety of the storage site, an
Important work of characterization has to be done. In particular, the transport
parameters of caprocks, confining fluids in the aquifer, and their behaviour in
contact with CO, are of prlmary |mportance
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Assess the safety of a storage site by studying the migration of supercritical
or dissolved CO, through caprock and its evolution with geochemical

reactions
Characterization of samples before and after their alteration in storage
conditions

First step : AnaIyS|s of samples before alteration with CO,
T I

Samples : Calcareous marls from the Charmottes field in the

Paris === ~=—Dblanchien and three types of “dalle nacrée” between
1910 ¢ ‘'e [EEPN
% : ‘
' Main minerals | Calcite | Ankerite | Pyrite | Gypsum i!:
Comblanchien
% | t - - t
1910 m 95% races races
: Dalle nacree
Comblanchien 1910 m 40% | 30% | 5% | traces | 20%
_ 1958 m
Dalle nacrée
™ o . ml 40% | 30% | 9% | traces | 20%
t X - 1961 m
S | e Dalle nacrée
P —— | P - - 90% | traces | 5% 5% traces
Vi . O o W . B 2006 m
Caprocks T 7
Samples composition

The Paris basin

Transport parameters experiments :
Mercury porosimetry . - measurements of rocks porosity using a non-
wetting fluid

- similar to the intrusion of a gas into a saturated
sample

- leads to the capillary pressure vs. saturation
curve

- allows a rough estimation of entry pressure

Permeability measurements : - using helium in a dry sample
- triaxial cells allowing a 200 bar
confinement pressure

Top 9 Confining | Permeability 3
BN I
Closure L - pressure port | tests —/}lp
SN Upstream He
orts 4_|><
Piston—ssis—— . _®
| Sample —
Sintered Inox [ e Latex HPLC Pump
Porous disc e sheath ‘ |
:‘ﬁ/}—‘:ﬁ: ANNN « fM\ Mass flow
Viton 1 Confining O/ meter ‘ g
‘O’- ring §\~ pressure ports N2
Base & : Spectrometer ‘
Closure I |i A Downstream Upstl‘eam Downstream
R ports fluid fluid
Triaxial cell Confinement @ Pressure
flud Sensor

Diffusion experiments : - determination of water self-diffusion

D Seals Sample :
y%vz ‘ - method of through-diffusion with
- O/
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HTO - same behaviour as dissolved carbon
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Glossary : ==

Supercritical state : Physical state reached above the critical point under which a fluid has properties
Intermediate between a liquid and a gas

Permeation : Migration of a fluid through a porous medium in response to a pressure gradient

Entry pressure : Pressure above which a non-wetting fluid displaces a wetting fluid in a porous medium
Triaxial cell : Equipment allowing the application of a stress on a sample in order to reproduce the

lithostatic pressure in laboratory
Through-diffusion method : Diffusion coefficient measurement by maintaining a concentration gradient
on each side of a sample
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- When injected in the aquifer, carbon dioxide is either in supercritical state,

due to the high temperature and pressure conditions in the reservoir, or
dissolved in the aquifer brine. Several leakage mechanisms trough the
caprock may take place. The high pressure of the bubble might lead to the
percolation of supercritical CO, and the permeation of dissolved carbon |

dioxide. Molecular diffusion may also cause the migration of dissolved CO,. |

These phenomena are controlled by different parameters such as entry
capillary pressure, permeability or diffusion coefficient. They are measured in |
laboratory before and after the alteration of samples by CO, with

experiments reproducing storage conditions. Their evolution give valuable

data on the reactions taking place and on leakage possibilities.
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Mercury porosimetry : - Measurements of porosity :
Comblanchien | Dalle nacrée | Dalle nacrée | Dalle nacrée | |
1910 m 1958 m 1961 m 2006 m d
Porosity
£ (%) 2,9 0,1 3,8 59

1,0000
0,9000
0,8000
0,7000

Saturation (-)

0,1000
0,0000

~ 0,6000
0,5000
0,4000
0,3000
0,2000
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model :

¢ Comblanchien 1910 m

+ Dalle nacrée 1958 m

¢ Dalle nacrée 1961 m
Dalle nacrée 2006 m

1,E-01 1,E+00 1,E+01 1,E+02 1,E+03 1,E+04

- Capilllary pressure/saturation curve for
ained with the Laplace
- Theoilical eypyecaloutdied with the

’ @ﬁimﬁtﬁnﬁﬁ"é]ﬁtry pressure for CO,/brine |
». couple

law :

Capillary pressure (m)

Comblanchien | Dalle nacrée | Dalle nacrée | Dalle nacrée
1910 m 1958 m 1961 m 2006 m
Entry
pressure 11,4 11,4 5,8 0,7
P, (Bar)

Permeability tests :
Darcy’s Law for gas :

1,4E-18 -

1,2E-18

- apparent permeability measured with

. - Intrinsic permeabﬂﬂ;/‘ea?c@?é’te‘d%ﬁg Tl’f)e

P ’s method :
% 8,0E-19 /
§ 6,0E-19 /
// e - Wheén, dadsiBle, several samples of the
3n studied :
0,0E+00 50E 07 1OE 06 1151Ir5nzzn ir(;ESSOb;e (21I5:a())6 30E 06 35E 06 4OE -06
Comblanchien Dalle nacrée Dalle nacrée Dalle nacrée
1910 m 1958 m 1961 m 2006 m
Intrinsic
Permeability | 7,9.1020 | 2.0.10" | 4,7.10" | 9,210 | 4,3.10" | 8,6.101° 2,4.101
K., (m?)
Klinkenberg
Parameter | 4,0.108 1,9.108 1,2.108 1,2.108 1,5.108 1,1.108 6,8.10°
b (Pa)
—wﬂmm—wrp'cm'rra n TXOYTTTPTUTIG OUTUTTUTT T rrvrw—avwrru—ruw
for long term :
: 0
A(t)=S8C,e(D tle"—¢l6)
e
Dalle nacrée 1958 m Comblanchien Dalle nacrée
1910 m 1958 m
_ Effective
; .2 Diffusion
g 3 .. 1,1.10" 47102 (8,1.10"'2| 1,1.10-"
= =2 | Coefficient
= |LDs (m7s)
Nomatzed x| | e Dalle nacrée Dalle nacrée
= : 1961 m 2006 m
Hime (@) D, (m?/s) | 5,7.10"2 | 1,1.10" 2,7.10"

Conclusions :

m=) Determination of some caprocks transport parameters before their
alteration with CO,

=) Measurements showed low porosity, permeability and diffusion
coefficient

=) Overall high confining properties

=) Future work will consist in rock ageing under storage conditions and
observation of the evolution of previously studied parameters

=) These caprocks, due to high proportion of carbonates, should be
greatly reactive to CO,
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