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s B % Project Description

Geological characterisation of potential storage formations based
on the Storage Catalogue of Germany (Miiller and Reinhold, 2011)

Additional criterion: Gravitation Number (Kopp et al., 2009) as a
measure for efficient storage utilisation

Numerical simulations of brine migration scenarios along fault zones and
salt domes embedded in realistic geological settings

~Stakeholder“-integration (participative modelling)

— Expert input: E.g water suppliers sharing knowledge on salinisation
issues

— Decision Making: Choice of relevant target variables for risk
analysis

— Interpretation and evaluation of results: Methodological
evaluation, significance of results

— Understanding: Stakeholder are informed about processes and
findings

00000
00000000
oooooooo

+  University Stuttgart, IWS, Department of Hydromechanics and Modelling of Hydrosystems

ot .
oooooo
Wit
’’’’’’’’’’
ooooo

ot
bt
‘‘‘‘‘




Finding a suitable site for CCS

3. Risik Analysis * Identification of relevant risks
1 * Setu

* Recom

2. Site explo * Exploration wells

Ismic methods
* Pumping
—> Determination of hydrau

parameters: permeability and porosity

* GIS based id itable formations

1. Ranking of potential
formations (screening) »

* Further screening criteria’
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Storage Catalogue of Germany

Criteria for potential storage formations:
" Depth: >800 m

®" Formation thickness: >10 m

" Porosity: >10 % (>20%) } No regional
" Permeability: >10 mD (>300 mD) flata Quallable

Criteria for barrier formations
" Lithologie (e.g.. clay, salt formations)

" Depth: >800 m

= Barrier thickness: >20 m

(Mdller and Reinhold, 2011)

Machti

E)?Eerptmgfwthe Storage
Catalogue

The Sorage Catalogue of Germany identified potential
formations for CO, storage

Can the Gravitation Number be used as an additional criterion?
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Storage efficiency

Techno-Economic Resource-Reserve Pyramid.

* Matched Capacity

Distance between CO, capture and
storage

* Practical Capacity

Exclusion due to regulatory or
economical constraints

* Effective Capacity
Excludes the parts not accessible
for CO, storage

* Theoretical Capacity
Bachu et al. (2007) Total pore volume
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The Gravitation Number

Kopp et al. (2009) suggest to use the Gr Number as a screening
criterion for the effective capacity

e Qualitative ranking of potential formations
* Easy to calculate

Gravitation Number [-]

Gr = (ow—0c02) 9K __ gravitational forces

 peoo2mtez viscousforces

eCo2
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Relation between effective capacity and Gr Number

Case 1: Large Gr Number
* Graviational forces dominate

* Front moves along the cap rock 8., F10 0.2 0.4 0.6
* Poor storage efficiency gg
:
0F, . . . . .
U 100 200 300 400 500
Case 2: Small Gr Number
. . Sc(}? [']D 0.2 0.4 0.6
* Viscous forces dominate 50
* Better usage of the given pore Ok . . . . |
space U 100 200 300 400 500

* More residual trapping
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Assumptions for regional calculation of Gr Number

Gr = (ow—0c02) 9K __ gravitational forces

— mMc o2 — -
VISCous 1orces
HCO2 °CO2 f

* Gr dependant on permeability. No regionalised data for permeability, therefore not
included (constant)

« Specific injection rate of CO, is assumed constant

- Gr Number is only dependant on initial fluid properties (density and viscosity)

- Requirements depth, temperature and salinity

Gr Number can be used to compare the different storage efficiencies of
formations caused by the contribution of different initial fluid properties
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Regional calculation of Gr Number

Salinity

Gravitationszahl
(Wert * Exp11)
0,396835 - 0,500000

== GrNumber

+  0§50001 - 0,700000
0 12525 50 75 100
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How important is storage efficiency based on the Gr Number
method compared to other criteria?

* Proximity to aquifers used for drinking water supply
* Population density

* Cap-rock integrity

* Structure (anticline, sloping etc.)

* Data availability: Permeability, porosity, formation thickness

— Many criteria are of higher importance for a screening process
Gr Number is supposed to be an additional criterion (or secondary criterion)
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Evaluation of the dependence of storage efficiency on the
Gr Number

Does the a-priori calculated Gr Number have a significant effect on
storage efficiency for a given injection rate (e.g. 1 Mt per year)?

Evaluation with the help of numerical simulations:
e 2 fluid-phases (brine

and CO,)
* Radially symmetric domain CO,-Front f
. . . s G X
* Spill-point (stopping criterion) e N 7 ;ﬂ
1 km from Injection | = / /'
» Selection of 10 representative M, =
cells from the Gr Number map | = /
- 10 different values for S—— \ .
depth, temperature and salinity P e |
........................ e e s e, r*_
* All other parameters are " spil Poine
identical Schematic simulation set-up
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Evaluation of the dependence of the Gr Number on storage

efficiency
x 10"
» 10 ! ’ 677
We chose the injected CO, mass | | :
until the spill-point is reached § >822 '
as an indicator for storage efficiency o - ]
>084
Results: 8"">'<I'777""§ """"""" """"""" """""""
* Tendency: Small Gr Number — | \P205 |
greater CO, mass in domain = o7b T O
(blue points) S 4815
* Reversed behavior for shallow o A A7 D
formations with high temperature | | 5
gradients (red points) d - oz
- Difference of CO, from min | | ~050
to max Gr Number of 30% 4 i : _ X946
compared to mean mass value 1.6 1.8 2 2.2 2.4
of the 10 simulations CO, Mass, [kg] < 10°
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Inclusion of additional parameters to test the
relevance of the Gr Number method

Is the relevance of the Gr Number still given if the parameters porosity and
formation thickness are varied?

* Model set-up similar to the previous model
* Selection of three areas with high, medium and low Gr Number

* Porosity and formation thickness
are varied according to data availability (Monte Carlo):

* Area small Gr Number: co,-Front A
Porosity: 10,5 — 20% G \
Thickness: 10 — 20m SRR i ;’ _J!_;
« Area medium Gr Number: . = y
Porosity: 6 — 25% e = / /
' :5-20 = e
Thickness m - < ]

* Area high Gr Number: .
Porosity: 4 - 8% Fomme

Thickness: 10m Schematic simulation set-up
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Gravitationszahl
(Wert * Exp11)

0,396835 - 0,500000

* 0500001 - 0,550000

*  0,550001 - 0,600000

#  0,600001 - 0,650000

= 0850001 - 0,700000

&  0,700001 - 0986770

Selection of the three areas

b 012525 s 75 100
4 — e w0 meter
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Inclusion of additional parameters to test the
relevance of the Gr Number method

The figure shows the mean and
the standard deviation of the CO,

mass for the three areas

- Tendency

small Gr Number leads to
higher CO, mass

IS still recognizable

- But porosity and

formation thickness have greater
influence on storage efficiency
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Conclusion and Discussion

Gr Number method is evaluated as a qualitative indicator for storage
efficiency

* Simulations to test the effect of the Gr Number on storage efficiency
show:

> Small Gr Number higher CO, mass in the domain
> Differences in mass up to 30% of the injected CO, mass

* Testing the relevance of the Gr Number in comparison to the
parameters porosity and formation thickness show:

> Porosity and formation thickness have a greater influence
on the CO, mass than the Gr Number

> However the trend (see above) is still recognizable

Discussion: Is the relevance of the Gr Number enough
for it to be used as an additional screening criterion?
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