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GEOSTOR: Geology and Modelling GEoSTOR

Assessment of static and dynamic CO,-storage capacity
in geological formations below the German North Sea

Questions to be addressed are:

* Where can CO, be stored ?

* How much and how quickly can CO, be stored ?
 How big will such a storage site be ?
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Methods to be used are: BGH Geowissenschafien

oy, und Rohstofle

* Geological modelling
 Dynamic process simulation
e Scenario analysis
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Properties of CO,

|Phase Diagram for Pure Carbon Dioxide |

100 :
Supercritical 1000
Region | a00 |
/ 8oo | e
Solid b o
10 Sol ] [ Critical Point | ""‘E 700 f B - it
f T — i g F
= Liquid = = oot i @ i
@ | . i . &
2 7 F 400 o "
o n 3 i i &
< g i S T=0C ——
1 — Gas| 2 300 f = - T=20°C swmwinveme
i i A T=30"C —riorree |
[Tripte Point Subsurface Conditions: 200 __.-'.‘.-;7-".-" T=d0C -——
Triple Point 10.5 MPa km” I 100 § o T=80"C =eweree o
30 K km" 0 - - ) . . . . . .
01 -t 0 20 40 &0 80 100 120 140 160 180 200

-100 -850 60 40 20 Q 20 40 G0 ep 100

TEI‘I‘IPIE rature [ﬂc] Diata from Spen and Wagner 1955

CO, Critical Point @ 73.8 bar and 30.95 °C

Suitable storage conditions: below
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Density CO, < density of formation water, i.e. CO, is buoyant -> barrier required

IPCC 2005,Span and Wagner 1996, CO2CRC Bielinski 2007
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Geological storage formations i

Claystone
- barrier rock (seal)
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Bundesanstall fir
Geowissenschafien

o ammmmm.  und Rohstofle

Sandstone

- reservoir rock J I1Z Klima, 2009; CO2CRC, 2009
BGR
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Structural Traps

G e O ‘ O g i C a | t ra p S Simple anticline/domal trap Listric faulted structural trap TOR
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Complex faulted structural traps Graben and horst block traps
Thrust-fault structural trap Piercement-dome traps
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Structural/Stratigraphic Traps

Updip sedimentary/diagenetic trap Unconformity and buried-hill traps

Spill point a <= = 7:

Storage volume in trap Vtrap determined by formation geometry
. . Incised valley Stratigraphic onlap
and spill point depth. = phiesi

Estimation of static storage potential:
Stratigraphic Traps

MCOZ — ,DCOZ (P’reSI TT‘eS) Vt’rap n gefficiency Basin-floor sand lobe Carbonate buildup
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Geological modelling et

Bundesanstalt fir

Responsible: BG Gecwissenschaften

oy ammmems  und Rohstofle

Task: Estimation of static storage potential

- Interpretation of new seismic data (2D/3D)
- Constructing static geological models

- Representation of geometric details

b - Identification of potential storage structures
a0 | - Lithofacies modelling for petrophysical
A : : s | Fig. a) Structural model of study area pararn.eters' espECIa”y porosity
£ / ' A from Zechstein till Tertiary - Mapping of storage structures
Eaﬂ: =4 formations; b) the profile-A from epe . . .
| West-East (Westschleswig block) ~ ~ Identification of two representative storage sites
i ' depicts the lithology units of Triassic
_ | formations (after Wolf et al. 2014,
A oo e o e - Kaufmann and Kuhlmann 2014)
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Dynamic storage capacity GEOSTOR

The static CO, storage capacity is an overestimation of the realistically achievable capacity.

Dynamic processes to be considered are:

Limitations due to injection scheme (pressure limitations to prevent fracturing the rock)

Dynamic effects during injection like gravity override and displacement efficiency, viscous fingering
and gravitational instabilities

Pressure overlap when using multiple injectors

Partial sweep in formation due to heterogeneity of petrophysical parameters

temporal effects of trapping mechanisms

Considering these effects will reduce the achievable storage capacity potentially by orders of
magnitude.

Numerical simulation of CO, injection and of it’s long term effects can represent these effects and thus
yield more realistic dynamic storage capacity estimates.

“ Sebastian Bauer E’@?\i

Institut fir Geowissenschaften
£ | CAU Kiel

Christian-Albrechts-Universitét zu F&iel



A AN,
Numerical simulations st

: ff.“{g‘fi
Responsible: ﬁy

Christian-Albrechts-Universitat zu F&iel

Task: Quantification of the dynamic storage capacity and long-term as well as large-scale effects

- Determination of dynamic storage capacity

- ldentification of optimum injection schemes and strategies

- Prediction of large scale and long term pressure and CO,-phase development both laterally as well
as vertically

- Assessment of brine displacement risks

- Quantification of spatial requirements of an individual storage site

- Investigation of potential interferences with e.g. wind-parks or other subsurface uses

This can be achieved using numerical process simulations and will be investigated exemplarily for two
representative sites
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Numerical simulations

s | Numerical simulation of multi-phase flow
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Benisch and Bauer (2013); Singh (2018); Dethlefsen et al. (2014)
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injection time
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rock and fluids

CO, injection schemes
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Synthetic example: Anticline trap GEoSTOR

20 a injection, 80 a post-injection; 30 km by 30 km;

Formation pressure [Pa] CO, saturation [-]
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Synthetic example: Far field and long s
term effects

Injection
Post-Injection
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Trapping mechanisms GEosTOR

e e structural and stratigraphic trapping:
shochurd and shiclicropnic . . .
ag- by hydraulic barrier to CO, rise (trap)
3 e * residual trapping:
E VPR - immobilization of residual CO, in storage formation
o Increasing storoge security : .t .
E ~ e solubility trapping:
ciubiihy . . . . .
B Gl dissolution of CO, in formation brine
R mireed
0 _ repoing * mineral trapping:
geochemical reactions with host rock and formation
| 10 100 1,000 10,000 _
| | - brine
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ﬁ SRR T —> Prediction of contribution of individual trapping

renctons . .
E‘; — dissalufion ond diffusion mechanism to long term storage based on local setting
B behavlor and injection scheme
' covechon- aominated
E [Wiscous, buoyant, copilicry

IPCC (2005); Class et al. (2007)
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Role in GEOSTOR project o

This work packages provide:

* the geological setting (geometry and parameters)
e Static storage potential

* Dynamic storage capacity

 Long-term and far-field effects

Basis for other work in GEOSTOR

* Input to monitoring and risk assessment,
 induced geomechanical effects

e Subsurface planning

 Technology and costs

Institut fir Geowissenschaften
r CAU K|e| Christian-Albrechts-Universitat zu K.iel

“ Sebastian Bauer «g




	GEOSTOR: Geology and Modelling
	Properties of CO2
	Geological storage formations
	Geological traps
	Geological modelling
	Dynamic storage capacity
	Numerical simulations 
	Numerical simulations 
	Synthetic example: Anticline trap
	Synthetic example: Far field and long term effects
	Trapping mechanisms
	Role in GEOSTOR project

