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Introduction

Storing H, in aquifers

Injection &
production .
well A Cushion gas represents 30-60% of total gas
§2 + Using H, increases investment costs
, ) o | ;  Other cushion gases
o0 Ol ot - would mix with H, and increase
qese™ operational costs
S + would react with H, assisted by microbial
activity (or other catalysers)
— CO, as cushion gas

*  Environmental benefits
- Decreases investment costs

+ Interesting physical properties around
critical point

\
&

Caprock: Hydrogen plume Injection/production:  H, - cushion gas: Cushion gas- brine Structural geology:

+ Diffusion *  Fluid-rock + P/T change + Unstable *  Fluid-rock + Fault leakage

+ Capillary leakage interaction * Multiphase displacement & interaction + Farand near

» Fracturing « Microbial activity processes uncrontrolled » Unstable field stress

+ Buoyancy « Dissolution & « Stress/strain lateral spreading displacement changes
pressure residual trapping changes + Gas mixing « Dissolution & » Reactivation

residual trapping « Overpressure

@ Geoscience for a sustainahle Earth
TEEN — FRENCH NATICNAL GEDOLOGICAL SURVEY — WWWWL.DNLE.EY 2 b rg m



Streett et al., 1983 « Phase Equilibria in Hydrogen Binary
Mixtures From 63 to 280 K and Pressures to 6000 Bars ».
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PRESSURE —

LEGEND
3-PHASE REGION
ISOTHERM
ISOBAR

Fig. 4. Schematic three-dimensional draeing of P - T — X diagram. The vertical planes T, — T, are isotherms and the

horizontal planes P, and P, are isobars. The shaded surface AFBEA is the region of coexistence of solid. liquid
and vapor phases (see text for discussion). :

PRESSURE o=

TEMPERATURE —
Gordon,1972 « A Superéﬁtical Phase Separation ».
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Introduction

CO, as cushion gas

What about H, - CO, mixing and reaction?
Mixing _ _
« thermodynamic behaviour of the system H, - CO,;

* Reservoir conditions and reservoir quality;
 Injection and withdraw rates

Reaction (not studied here but)

« Examples of methanation in situ involve other gases, not
only pure CO,

« Sabatier reaction occurs at high temperature (300°C to
400°C)

« Uncertainty of microbial activity kinetic

CO, - H, system

Type lll Phase Diagram
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CO2
critical

(32°C  at

Property Hydrogen

Density (gaseous) at 0°C, 1 bar (kg/m3) 0.089 1.951

73 bars

Density at 25° C, 100 bar (kg/m3) 7.67 813.9 434.87
Density at 50° C, 100 bar (kg/m3) 7.1 384.4
Boiling point (1bar) -252.76°C -78,6°C
Viscosity at 25° C, 100 bar (pPa-s) 9.15 75.29 35.103
Viscosity at 50° C, 100 bar (uPa-s) 9.638 28.34
Coefficient of compressibility at 25° C, 100 bar (Z) 1.06 0.2186 0.37149
Coefficient of compressibility at 50° C, 100 bar (2) 1.056 0.4262
Difference in physical parameters for H2 and CO2 at same P/T conditions
(data from Peace and NITS databases, 2021)
EoS capacities and limitations:
H2 % mol
2 7,5 10
EoS
GERG 2008 4% 17,5% 14%
Peng Robinson 16% 10,5% 9%
SRK 16% 12% 10,5%
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CO, — H, system
Phase diagram

Interesting properties of CO, around its critical point
Density

« Derived from Equation of states;

+ High density contrast between CO, and H, at CO, critical
point and around

+ “Contaminants” sensitivity in pure CO, phase

o a concentration of H, as low as 2% could lower the
density by as much as 25% compared to pure CO, at
“CCS conditions” (Sanchez-Vicente et al, 2013)

The maximum relative error between the
experimental and calculated densities using
different EoS
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EoS capacities and limitations: relative error between the experimental and calculated densities using different EoS

Relative error between GERG and Yolanda_sanchez_2013@x_H2=2.0 Zoo Relative error between GERG and Yolanda_sanchez_2013@x_H2=7.5 ‘i/g, 5 Relative error between GERG and YoIanda_sanchez_2013@x_H2=10.01"‘/:
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EoS capacities and limitations: relative error between the experimental and calculated densities using different EoS
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EoS capacities and limitations:

relative error between the experimental and calculated densities using different EoS
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Pression MPa

CO, — H, system
Phase diagram

+ thermodynamic behaviour of the system H, - CO,

Phase diagram of the binary system CO2-H2 a Fandino et 2015
# Sanchez et al 2013
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CO, — H, system
Phase diagram

« Conceptual model

Case (3) at 303K 30°C

,/"" .

Case (1) at 290K 16,8°C Case (2) at 298K 25°C
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H2 mole fraction

Injection well

e

Single phase

CO,

&

Geoscience for a sustainahle Earth

brgm



16,8°C 25°C 30°C
Scenario 3.2 mEElLZate

co2_F2_31.10.: {00252 41.10.22 scencria2 «3
2-Jon05 ™ J Bane: 25 of 80

Scenarip 1 HEE e Scenario 2

Concept simulation*

CO, gas mole
fraction

10500

CO, liquid mole

fraction
H, Gas mole
fraction

* CMG-GEM courtesy

» Earth
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Conclusions

Storage conditions CO,-H,
system

The investigation the P-T-x diagram of the

system of interest concluded the possibility of
2 phases to exist.

The examination of the different EoS is a
valuable guidance towards a robust equation,
in order to better describe the complex liquid
—gas behavior.

Pressure (MPa)

A multicomponent, multiphasic module

BRGM — FRENCH Nl;l-ONAL GEOLOGICAL SURVEY — WWW.BRGM.EU

8 9% 3000
i SECARB
*
30 ~
Deep cold basin [Deep warm basin | L 2500
Snohvit
*
25
- 2000
6.75%
20 A
In Salah Engelbostel
* x
- 1500
15 Heinldal F\18.9%
Degole *7%
"“I‘\flcztgiIenska“r 1% - 1000
- " . A\ .
10 GGr'Ef:&V:Zﬁah:tads *z%x'-':'bOd'CE « Potential storage sites
 GeprlAR.3% [Shallow warm basin) x Town Gas storage (up to 62%H?2)
Kggz,i;g-"' % * CO2 storage sites
5 - 1_"_/__,-~-'*Spllsby § s Tsang et street - 500
| Beynes e a  Fandino et 2015
skirk d x e * Sanchez et al 2013
* | e Keetal
0 1 I T 1 1 Ll 1 0
280 300 320 340 360 380 400
27°C Temperature (K)

Depth (m)



Feasibility of H, — CO, aquifer
Permeability | (md) 2023-Sep-04 S t or ag e

INJ

IOOOO‘OGOO-'

~8000.0000

Offshore reservoirs are promising targets to enable the
concept,

Two-phase zone would serve as buffer zone limiting
mixing
o Challenge to simulate realistic cases
I Numerical complexity

EoS uncertainties
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