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Situation
Storage of CO2 in depleted gas reservoirs and saline
aquifers is being considered to prevent its emission
to the atmosphere and thus the subsequent climate
changing effects. The injection of large amounts of
anhydrous carbon dioxide in the underground will
lead to salt precipitation as connate water evapo-
rates in the CO2 flux.
This precipitation leads to decreased porosity and
permeability of the formation in the near wellbore
region and may have a significant negative influence
on CO2 injectivity and thus the economics of the
operation.

Basic Concepts
The temporal and spatial extension of the drying
zone are controlled by the mass flow and character-
istics of the reservoir. The reduction of permeabil-
ity of a porous medium caused by the precipitation
of salt is currently being investigated [1, 2]. How-
ever, the application of these results to the reservoir
remain troublesome as it is unclear how to translate
and up-scale these relations to in-situ conditions.
An improved understanding of the relevant physics
regarding salt precipitation would be beneficial for
extrapolation of the laboratory permeability effects.
Therefore, a laboratory investigation of salt precip-
itation in a heterogeneous porous medium at the
micro-scale has been performed.

Material and methods
The precipitation of salt in a Bentheimer sandstone
(approx. 125 cm3) induced by CO2 through-flow of
0.265 cm3/(cm2 h) is investigated at 27±1 bar and
306±1 K. The spatial and temporal development
of salt crystals are monitored intermittently using
micro CT analysis over a period of 160 days (700
g, 400 pore volumes). The sandstone is initially
saturated with potassium iodide brine just below
its salt saturation limit.

The injection is controlled using a Sierra Instruments, Inc.
Smart-Trak mass flow controller. The pressure sensors are
Drück PTX-611’s. The differential pressure sensor is an En-
dress+Hauser Deltabar S. The back pressure regulator is a
REDQ regulator S91W. The gas production is measured us-
ing a Ritter MilliGas Counter.
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Saturation change through the core

Slice 51 slice 451 Slice 751 Slice 1049

Horizontal microCT slices from the bottom to top of the core after 99±10 g of CO2 injected. The darker
regions of the core show where the injected CO2 has displaced the brine. The scans show that the CO2 is
present mainly at the top of the core, but a continuous path through the core is considered to be present.

microCT scans at various times

before the experiment saturated post experimental After oven drying

Horizontal microCT slices ,(near the top), at four different distinct phases in the experiments. The con-
trast of the scan of the saturated core is very low. The post experimental scan is visually similar to the
intermittent scans, but the contrast is higher. The quality of the scan of the oven dried core is excellent.
Large pores, sand and precipitated salt can clearly be visually distinguished. In addition, a large fracture
is visible.

Attenuation distribution
The student distribution has been chosen as the
most suitable to represent the data. The distribu-
tion is the result of noise, heterogeneous nature of
the solid material and, most importantly, the vol-
ume averaging effect of voxels. Deviations at the
lower and higher attenuations are attributed to the
presence of voxels consisting of air and precipitated
salt, respectively. The threshold values used for
distinguising the salt are based on the fitted distri-
butions.
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Empty core data

fit empty core
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Without core holder data
fit without core holder data

Distribution of the CT attenuations of the empty core (left)
and post-experimental (right) scan. The fitted t distribu-
tions (µ = 21395.7 ‖ 20614.3, σ = 97.3001 ‖ 1347.91 and ν

= 41.5539 ‖ 5.79109 ) are fair representations of the data.

Largest crystal volumes
There is no discernible trend in the growth of the
salt precipitate with injected amount of CO2 .

The volume of the twenty largest salt crystals in all the CT
scans. The size of the largest salt crystal varies between 0.24
to 0.45, 0.14 to 0.32 and 0.10 to 0.25 mm3, for the respective
three threshold values. The 20th largest crystal is between
1.9 to 4.4 times smaller than the largest one.

Size distribution
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Thresh of 1%
Thresh of 0.5%
Thresh of 0.1%

The volume distribution of the recognized salt crys-
tals (in excess of 27 voxels) in the scan of the
core after the experiment without the core holder.
The distribution is smooth and similar for all three
thresholds. The maximum size of a salt crystal is
0.18 - 0.25 mm3.

Location of salt crystals
The centroid z (left) and r (right) coordinates within the
micro CT scan of the recognized salt crystals in the post-
experimental scan. There is a larger amount of salt crystals
between the radial distance of 14 and 25 mm. There is no
observable trend in the z coordinates.
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