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Old problem – new setting

• Gas storage wells
- The Netherlands
- Germany

• Gas producing wells
- North Sea – HPHT gas wells

• Due to…..
- Evaporation
- Pressure draw down effects 



• CO2 injection in a saline aquifer (Ketzin/Germany)

• High salinity brine 0.22 [kg/kg]

Drilled

- 3 shallow wells (<800m) 2 observation & 1 injection well

Injection

- ‘up to’ 60 k tons @~ +/- 1kg/s 

- Food grade, pure CO2

- Injection June 2008, c.14 000 tons injected

Geology

- Reservoir - fluvial sandstone 

- Caprock - 200m thick carbonate cemented mudstone

? Could it be a problem - CO2SINK ?



AIM

• Study the halite precipitation and permeability impairment on the reservoir 
rock during the supercritical CO2 injection scaled to CO2SINK conditions

Set up 

• Cleaned Berea plugs : L ~ 28 cm, D ~ 0.75 cm, f ~18 %, k ~ 100 mD, 1-5% 
clay

• Saturated with brine of 25% salinity

• Continuous injection of sc CO2 @9 cc/min, 50 ° C, 60 bar, 32 hrs

• Final CO2 permeability was measured at Srem. Determined by mass 
balance.

• Faces from post flood core were analyzed  by ESEM & SEM.

Supercritical CO2 Experiment



Flood set up



Results – effective gas permeability

Berea Core CO2 Permeability
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• Red dot is the rel perm of berea core after 
being flooded supercritical CO2 (>300PV)

• Blue line is the N2 gas rel perm data on 
different Berea core plug with similar 
properties.

• The black lines on the red dot present an 
estimation of the error on the permeability 
measurement (excluding influences of 
determining the remaining water saturation, 
gas slip effect and turbulence).

Relative permeability plot

Permeability reduction ~ 60%
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Schematic cross sections of the core faces used for ESEM & SEM 
analysis.
At each face, 4 different regions were scanned

ESEM analysis



Dry Clean Berea Core

2                 6.2     34.0   0.4    5.4    42.1   1.3   1.1 2.0    7.6      100

3 8.2     36.4   0.6    3.5    45.4   0.9   2.0    0.7    2.3    100

4 9.4     41.2   0.6    3.9    37.9   1.8   1.9    0.5    2.7    100

1 4.8     32.7   0.6    8.4    44.5   1.9   1.0    1.3    4.8    100

Samples C O Mg Al Si K Ca Ti     Fe        Total

Wt%

The elemental analysis shows no evidence for halite crystals



Flooded core
Composition maps

0 k Nak

C K

Al k Si k

Cl k k k

Ca k Fe k

100

100

Total

0.0

1.0

K 

56.0

11.1

Cl

0.9

2.8

Si

0.135.11.26.62

1.025.535.123.51

AlNaO C Sample 
(Wt %)

1
2

Face 1



ESEM - Face 2 

1
2

3

Wt %
Grain

1 2 3

C 1.8 2.6 2.5

O 25.9 1.6 1.5

Na 4.8 36.7 37.1

Al 0.6 0.2 0.2

Si 57.9 1.0 1.1

Cl 9.0 57.9 57.7

ESEM & SEM analysis

(magnification 600)
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Hopper
crystals

Platy
crystals

SEM picture showing different morphologies

Different crystal morphologies

Hopper crystals = rapid suppurations / rapid 
growth



Summary

• The experiment has shown supercritical CO2 injection in brine 
saturated core plugs causes halite precipitation and reduced relative 
permeability by approximately half

• ESEM/SEM analysis identified various different morphologies of halite 
crystal throughout the core.

• The results highlight the risks of possible halite precipitation with the 
CO2 injection in to high salinity reservoirs.

• The reduction in rel perm needs to be determined on a case by case 
basis

• More experiments required e.g . on varying permabilities





Figure 7a: Clean Berea core SEM compositional elemental maps (meg 600). No halite (NaCl) crystals are observed on the grains of 
the core
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Back up – clean Berea core


