Numerical Simulations of CO, Injection In
the Altmark Gas Field, Germany
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= Salzwedel-Peckensen natural gas reservoir
= Properties of CO,-CH,-N, gas mixtures

= 3D simulations of CSEGR*

= [njection strategies

= Conclusions

: ' Y *CSEGR = Carbon Sequestration with Enhanced Gas Recovery




Location of the Altmark Gas Field
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Production History
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Gas Composition

Gas component vol.%

N, 40 % - 90 %
CH, 8 % - 60 %
CH, average 32 %

CO, <1%
C,Hg <1%
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Density of Gas Mixtures
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Density

= Natural gas density strongly affected by
CO, fraction

= Less affected by N, fraction
= Small error in using CO,-CH, approx.




Viscosity of Gas Mixtures
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Density of Gas Mixtures
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Viscosity

= Natural gas viscosity Is strongly affected
by CO, fraction

= Also strongly affected by N, fraction
= Greater error using CO,-CH, approx.

But variation in viscosity is small relative
to variations and uncertainty in reservoir
permeability (= gas mobility).




Hydrostratigraphic Units

Sequence Lithology | Lithostratigraphy Thickness Usable Abbreviation
(m| Porosity [%]

Zvklus 17 | silt Mellin™ Wechselfolge™! 12 8 ZvklT

Zvklus 16 | sili Mellin Basisfolge™ 30 5 Zvk16

Zvklus 15 silt Mellin Wechselfolge 28 I Zyvkl15

Zvklus 14 sand Wechselfolee der oberen' Peckensen 17 14 Zvkl14
H:WIH'h!:ﬂllﬁ'

Zvklus 13 sanid Basissandstein'® der oberen Pecken- 12 15 Zyvk13
sen Schichten

Zvklus 12 clay Wechselfolge der unteren'™ Pecken- 25 3 Lyk12
sen Schichten

Zvklus9-11 | sili Mellin Wechselfolge 13.5 N 2911

Zyvklus® sand Sandsteinfolge'™' der unteren Pecken- 2 15 AL
sen Schichten

Zvklus 7 sand Eldena-Wechselfolge!™ 16 5 Zvk07

Zvklus |-G | sand Fldena-Hasissandstein 90 3 ARSI
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5-Spot Model
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3D Gri

\.«”..,,//,/ﬂ,w,w,%,,,w/,ﬂ,ﬂ,ﬁ,ﬂ,
A0
\\Q\“s““”“““““”wo'/ AN /NWM////

(7 ¢
AR
A N
N A

R

Nz

N emtaamas

i)
\{/

Ly r F I

15 x 15 x 18 elements

S
L)
©
N
N

X

&
~
N
N

X

&
~
N
N




3D Gri

2 high permeability layers
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3D Gri

extraction of CH, in 18 elements in a vertical column
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3D Gri
extraction of CH, in 18 elements in a vertical column
injection of CO, in 18 elements in a vertical column
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Properties of 3D Model

| Model parameter Value
mimber of injection wells in total 1)
munber of extraction wells in total 1)

model type

five-spot configuration

THRCH |i1 area

21 km = 2.1 km

reservolr height

226G

dip of lavers

0°

temperature 12077, constant
pressure hvdrostatic distribution
pressure at the bottom 20 MPa
duration of COs injection phase 0 a

total COg injection rate 1.2 x 10" ke CO;
('O injection rate at one sink site!!) S8kg/s

soometry of source

vertical column

duration of CHy extraction

A0, sinmltaneons to CO» injection

seometry of sink

vertical colmmm




Injection Strategies

= CO, injection rate 1.6 kg/s to 16 kg/s
= Permeability of rock layers
low: 5x10-17" m? -- 2.5x10-"° m?
high: 10-¥ m? -- 107" m?
= Water injection for mobility reduction




Initial Conditions

Production "] Injection
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CSEGR Simulations

CO, injection rate 8 kg/s
low permeability layers 10-19 m?2
high permeability layers 10-13 m?
CO, in gas phase > 10 % 9.7 a

Simulations are carried out using TOUGH2/EOS7C (Oldenburg et al., 2005)
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Breakthrough Times
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CO, at the Production Well
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Mobility Control

extraction of CH, in 18 elements in a vertical column
injection of H,O in 18 elements in a vertical column
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Liquid Saturation
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Breakthrough Times
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CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase

t=90 d T ﬁ;
x

. 0914027
0530933
— 074784
— 0GGE4747
— 0581653
— 049856
— 0415467
— 0332373
0245925
I 0166157
00830933

=
| \

rr r.r_rrr ‘III

[HFRRFLEY Lan)|




CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase
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CO, in the Gas Phase
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Conclusions

= Altmark area suitable for CSEGR

= Breakthrough occurs through high
permeability layers within 3 a to 10 a

= Possible breakthrough delay of ~1 a

= More specific results based on site-
specific data
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