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Abstract. Trapped gas saturation (Sgr) plays an important role in subsurface engineering such as carbon capture and 
storage, H2 storage efficiency as well as the production of natural gas. Unfortunately, Sgr is notoriously difficult to 
measure in the laboratory or field. The conventional method of measurement- low-rate unsteady-state core flooding 
- is often impacted by gas dissolution effects, resulting in large uncertainties of the measured Sgr. Moreover, it is not 
understood why this effect occurs even for brines carefully pre-equilibrated with gas. In order to address this 
question, we used high resolution X-ray CT imaging techniques to directly visualize the pore-scale processes during 
gas trapping. Consistent with previous studies we find that for pre-equilibrated brine, the remaining gas saturation 
continually decreased with more (pre-equilibrated) brine injected and even after the brine injection was stopped, 
resulting in very low Sgr values (possibly even zero) at the pore scale level. Furthermore, we were able to clearly 
observe the initial trapping of gas by snap-off effect followed by a further shrinkage of the gas clusters that had no 
connected pathway to the outside. Our experimental insights suggest that the effect is related to the effective phase 
behaviour of gas inside the porous medium which due to the geometric confinement could be different than the 
phase behaviour of bulk fluids. The underlying mechanism is likely linked to ripening dynamics which involves a 
coupling between phase equilibrium and dissolution/partitioning of components, diffusive transport and capillarity 
in the geometric confinement of the pore space.  

1 Introduction  

 
In the space of multiphase flow in porous media which is 
encountered in many industrial surface and sub-surface 
applications such as groundwater management, contaminant 
hydrology and hydrocarbon recovery the recent focus on 
climate change and energy transition is also putting a higher 
priority on subsurface process that involve gasses such as 
carbon dioxide sequestration (CCS) and underground 
hydrogen storage [1-4].  For the gas-related processes ranging 
from natural gas production to CCS and H2 storage, the 
trapped gas saturation (Sgr) is a key parameter [5-7].  
 
Natural gas is mainly produced from gas reservoirs by 
pressure depletion. During production the reservoir pore 
pressure decreases. If a strong aquifer is present, the free 
water level could then rise during production because of the 
pressure depletion, causing the water from aquifer to imbibe 
into the pore space previously filled by gas (as rock in gas 
reservoirs is predominantly water-wet due to the absence of 
longer-chain hydrocarbon components), as sketched in Fig. 1. 
Water imbibition will then lead to capillary trapping of gas 
and limit the fraction of gas that can be produced, and hence 
negatively impact the economics of the projects. Similar 
considerations apply to hydrogen storage and CO2 

sequestration for which the amount of trapping can lead to 
different storage volumes than otherwise expected.  
  
The trapped gas saturation depends on several parameters 
ranging from the phase behaviour/pressure-temperature 
conditions, depletion rate, rock type, wettability and 
interfacial tensions, and other petrophysical properties 
(porosity, permeability) to initial gas saturation [5-10]. 
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Fig. 1. Schematics of a gas reservoir with one producing well by 
pressure depletion, for the case of an active aquifer. 
 
In practice, trapped gas saturations need to be measured 
experimentally. The importance of core analysis 
measurements for determination of residual gas saturation has 
long been recognised and a large amount of experimental 
work has been conducted in industry. Residual gas saturations 
reported in the literature range from 5% to 60% for the same 
porosity and for similar initial water saturations (there are 
reports suggesting even more than 70%, for tight samples) 
[11-22]. While it is known that residual saturation does not 
only depend on average porosity but also the pore structure, 
this large variation still raises the question whether this very 
large variation is not caused by other effects. This question 
was addressed in the study by Cense et al. [6] using one-
dimensional in-situ X-ray saturation monitoring (ISSM) in 
USS core flooding experiments. It was observed that gas 
starts to dissolve within the core near the inlet while still gas 
is still displaced at outlet i.e. before trapping was reached [6] 
even though the injected brine was carefully pre-saturated 
with gas. That basically means that before reaching a true 
residual saturation (without any further gas displacement) the 
dissolution at the inlet may prevent or hide establishing a 
clear residual gas saturation over the whole sample [5-7] 
which would negatively impact the reliability of such 
measurements.  
 
The advancement of pore scale imaging capability by X-ray 
computed micro tomography [26-27] provides an opportunity 
to investigate this problem in more detail. The micro-CT 
technology can provide not only the measurements of 
porosity, permeability, saturation of different phases, relative 
permeability, but also characterize the dynamics of 
gas/oil/water systems inside complex pore geometries at the 
scale of individual trapped gas bubbles [26,28]. This means 
that the trapping dynamics can now be visualised at the pore 
scale [35-40]. Iglauer et al. [41] started to image the trapped 
gas at the pore scale in a sandstone. Then Chaudhary et al. 
[42] extended the trapped CO2 in various bead packs with 
wettability. Andrew et al. [43,44] imaged the trapped CO2 in 
sandstone and carbonate under in-situ reservoir conditions. 
Furthermore, in addition to the long static images, dynamic 
imaging capability brings more advantage on study unsteady-
state flow [28-34]. However, there has been no dynamic study 
on trapped gas saturation to learn why the uncertainty of the 
measured Sgr at core scale is so large.  
 
The aim of this study is to address this question and quantify 
trapped gas saturation in sandstone rock by performing core 
flooding experiments with dynamic imaging by micro-CT 
which has been successfully applied in the past for studying 
the dynamic behaviour of the non-wetting phase [28,29,33] 
and gas [45,46]. In order to understand the reason why 
trapped gas dissolves despite the brine being saturated, which 
is one of the causes for the large range of observe Sgr, we 
conducted core flooding experiments with both gas saturated 
brine and unsaturated brine with dynamic imaging and 
establish the differences in flow regimes and compare the 
difference in dissolution characteristics. 
 
 

 

2 Materials and methods  

2.1. Rock samples and fluid properties  

A cylindrical sample of a Bentheimer sandstone with the 
diameter of 4 mm and length of 20 mm was used in this study, 
see Fig. 2.  The porosity estimated from the micro-CT image 
was 20.4 %, more details could be found in Section 2.3.2. The 
permeability measured on the bulk plug, where this mini-plug 
was drilled, is 2.48×10-12 m2. 
 

 
Fig. 2. On the left, three-dimensional X-ray image of the whole 
sample used in the experiment, with voxel size of 5 μm. On the right, 
two-dimensional cross sections of three-dimensional micro-CT 
images of a dry scan. The dark is pore space and the grey is grain. 
 
The brine used in this study is water doped with 5 wt% NaI 
to increase the contrast and to distinguish the interface 
between gas and brine. The gas used in this work is 
compressed air. 

2.2 Experimental methods  

Unsteady state (USS) brine displacing gas experiments at 
laboratory temperature were conducted. This study consisted 
of two main experiments: a) an USS flow experiment 
performed using the gas saturated brine at 0.5 µL/min; and b) 
an USS flow experiment performed using unsaturated brine 
at 0.5 µL/min. From these two experiments, we could 
compare how gas dissolution impact the trapped gas 
saturation. 
 
The flow apparatus of these experiments is shown in Fig. 3. 
The experimental flow apparatus showing the three main 
components: core holder, differential pressure transducer, 
and four syringe pumps to apply a constant flow rate as well 
as confining and back pressure. The sample was placed in a 
fluoropolymer elastomer (Viton) sleeve in the carbon fibre 
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Hassler type flow cell. Fluid flow lines were used to connect 
the core holder with the pumps. The core holder used in this 
work is shown in Fig. 4.  

 
Fig. 3. The experimental flow apparatus used in this work: (A) for 
mixing brine and compressed air; (B) for displacement experiments. 
 

 
Fig. 4. The core holder used in this study. Brine was injected from 
the bottom of the sample and the production line is at the top of the 
core holder. 
 
The experiments were performed by following the steps: 

 
1. The brine was prepared in the Quizix pump at 5 bar. 
2. The Bentheimer rock sample was put in the Viton 

sleeve in the core holder. Fluid flow lines were used 
to connect the pumps and core holder that was 
mounted inside the micro-CT scanner. 

3. Confining pressure was applied by injecting 
deionized water into the empty annulus space 
between the carbon fibre sleeve and the Viton 
sleeve. To avoid any bypass flow between the 
sample and the sleeve, the confining pressure was 
set as 30 bar. 

4. A dry scan of the whole sample was taken with the 
voxel size of 5 µm. 

5. The back pressure was set at 5 bar using water 
saturated compressed air. 

6. Brine and compressed air were mixed by 
recirculating through the flow lines bypassing the 
sample at 5 bar for more than 48 hours, as Fig. 3(A) 
shows. The compressed air cylinder was open and 
the sample was disconnected from the flow line. 

7. Only air was inside of the rock sample at the start of 
the experiment, meaning that the initial gas 
saturation is 1. Brine was injected at a very low flow 
rate of 0.5 µL/min to ensure that the pressure drop 
across the sample is less than 2% of the pore 
pressure (as recommended in [6]) to make sure that 
the pressure gradient along the sample would not be 
too high to dissolve more compressed air. The 
pressure drop along the sample would be from 0.6 
mbar when it was fully saturated with brine, which 
is far more less than 5 bar – the back pressure. Fig. 
3(B) shows the flow loop for the displacement 
experiments. 

8. Images with voxel size of 5 µm were taken at the 
same time continually during the coreflooding. It 
usually takes around 30 minutes for a high-
resolution 3D image. 
 

For the first experiment – (USS coreflood performed using 
the gas saturated brine) we found that after breakthrough the 
gas saturation changes slowly   if we keep injecting beyond 1 
PV. At this stage of the experiment, the images were taken 
once every hour After injecting 32 PV, the flow rate was 
increased to 1 µL/min and then to 2 µL/min after injecting 46 
PV. The experiment was stopped when no gas was found in 
the sample, after around 60 hours. 
  
For the second experiment – (USS flow experiment 
performed using the unsaturated brine) we follow a similar 
protocol, however since we found that all the gas in the 
sample disappeared after injecting 4 PV, we stopped the tests 
after around 5 hours. 

2.3 Imaging methods and processing  

2.3.1 Imaging Method 

The 3D images were taken by a TESCAN DynaTOM X-ray 
microscope (which is a vertical gantry based micro-CT) using 
a flat panel detector, see Fig. 5. The X-ray energy was 130 
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keV and the power was 16 W. The number of projections for 
the dry scan was 2200 and the average of the frame was 10 to 
enhance image quality and the projections of the dynamic 
scans was 1500 with 1 frame averaging. There are two key  
advantages of this scanner when flow experiments were 
conducted: (1) the gantry rotates 360 degrees with sample 
fixed on the sample stage without moving the flow lines - 
keeping the stability of the core flooding experiment, (2) the 
time resolution for imaging is very quick, so it only takes 30 
minutes to take the image of the whole sample length (which 
was scanned in 4 segments) compared to several hours for a 
conventional desktop micro-CT scanner for only one 
segment. 
 
All tomograms were reconstructed into three-dimensional 
images using the Panteha reconstruction software 
(TESCAN). The voxel size of all the images is 5 µm and the 
size of the images was 800 × 800 × 3780.  
 
All images were registered to the dry scan to have the same 
orientation. The Lanczos algorithm was used to resample the 
images [46]. A non-local means filter was used to remove 
noise and smooth the images while preserving edges [48-50]. 
 
The images are processed in Avizo using the watershed 
method for segmentation. 
 

 
Fig. 5. Flow apparatus placed inside the gantry of the 
DynaTOM micro-CT scanner. 

2.3.2 Characterization of the fluid in the pore space 

The cross-section images of the sample are shown in Fig. 6. 
The top image shows the segmented image of the dry scan, 
pore space in blue and grains in grey. The bottom image 
shows the segmented image when 25.6 PV brine was injected, 
with brine in blue, gas in red and grains in grey. 
 

 
Fig. 6. Two-dimensional cross sections (same slice as in Fig. 2) of 
three-dimensional segmented images of a dry scan (top). At the 
bottom we show the same slice for a flow experiment with the gas 
phase in red and brine in blue.  

3 Results and discussion 

In the Section 3.1 and Section 3.2 respectively, we present the 
trapped gas distribution and the quantification of the gas 
saturation across the sample for the two USS experiments 
described in the previous section. This is followed by the 
comparison and discussion of these two experiments: in 
Section 3.3 on saturation profiles and in Section 3.4 on how 
trapped gas distributes through the inner pore space. 

3.1. USS flow experiment with gas saturated brine  

The USS flow experiment using gas saturated brine was 
performed in 60.1 hours during which 30 whole-sample 3D 
images were collected. Fig. 7 shows a time sequence with 10 
representative examples taken at different stages, displaying 
the water/gas displacement process. As expected, we found 
that the brine has invaded the whole sample relatively 
quickly, aided by the spontaneous imbibition process. As a 
result, quickly after breakthrough, the gas in the pore throats 
was displaced leaving ultimately trapped gas in the large pore 
bodies. If we continue injection, we find however that after 
about 8 PV injected, the gas completely disappeared first near 
the inlet of the sample then gradually more gas disappeared 
from the inlet to the outlet. At the end of the process, if we 
continue injecting even more brine all of the gas from the 
sample disappeared. 
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To quantify the gas saturation at each pore volume injected, 
images were all segmented using interactive thresholding 
module in the Avizo software. Fig. 8 shows the average gas 
saturation in the sample as a function of pore volume injected, 
as a red curve. Three stages can be identified. For the first 
stage (from 0 to 1-2 PV) the water/gas displacement process 
plays a dominant role. We infer this from the gradient of 
saturation vs. injected volume curve ~ 0.96, which is very 
close to 1. Gas saturation decreased from 1 to around 0.38 
during the injection of the first PV of brine. For the next two 
stages we hypothesize that even though we carefully prepared 
and saturated the brine with gas, the gas-brine dissolution 
plays an important role. In the second stage (2 to 18 PV 
injected) a decrease in Sg from 0.38 to 0.1 is observed. We 
label this as the first stage of dissolution (i.e. Dissolution 1). 
Next, the dissolution rate decreased to a lower rate (which we 
label as Dissolution 2) until there is no gas in the pores and 
throats. Thus, even though the brine was fully saturated with 
gas before the start of the experiment, gas could still dissolve 
slowly in the brine. As less and less gas-brine interfaces are 
available when more PV brine was injected, the dissolution 
rate decreased leading to two dissolution regimes each with 
constant dissolution rate (linear decrease of gas saturation 
with time). At this point it is not entirely clear what these two 
different regimes represent but it is possible that the 
Dissolution 1 regime might still contain some displacement 
(and hence saturation decreases faster) while the Dissolution 
2 regime contains only dissolution.  
 

3.2. USS flow experiment with unsaturated brine  

At the moment of performing the first tests   it was not clear 
what really causes the dissolution of the gas, even though the 
injection brine is gas saturated. In order to get a clear 
reference point to what conventional dissolution would look-
like, we performed a second experiment in which we injected 
unsaturated brine.  
 
This experiment lasted 5.3 hours and 10 images were 
collected. Fig. 9 shows how gas distributes when more 
unsaturated brine was injected. Grey-scale images show how 
gas was displaced. 
 
Fig. 10 shows the gas saturation as a function of pore volume 
injected. Compared with the USS flow experiments with fully 
saturated brine (in Section 3.1), we only see two stages in this 
experiment. Consistent with the first experiment, Sgr 
decreased from 1 to 0.17 when 1.5 PV brine was injected, in 
which displacement dominated the change on Sgr. It is not 
always possible to completely distinguish the proportion of 
displacement and dissolution. But when looking at Fig. 11 
and 12 it is clear that saturation increase beyond 1-Sgr has to 
be dissolution, where Sgr is typically in the range of 10% or 
more, depending on a number of parameters. So saturations 
close to 100% brine would mean that some dissolution has to 
have happened. On the other hand, while gas is still connected 
as visible from the connectivity in Fig. 13 and 14, 
displacement is the faster process. The discrimination is 
perhaps best done when looking at the average gas saturation 
vs. injected PV in Figs. 8 and 10, where we can relate regions 

if similar slope with the intervals in Fig. 11 – 14 where we 
can identify the dominant mechanism. As the absolute value 
of the gradient of this curve is 0.75, not only displacement, 
but also the dissolution plays a role on saturation change. 
Then the Sgr decreased to 0 in 3 hours in a very low 
dissolution rate. However, the dissolution stage starts at 
earlier stage than the experiment with saturated brine and the 
displacement and dissolution happened at the same time, as 
indicated in Fig. 10. 

 

Fig. 7. 2D grey-scale images perpendicular to the flow direction 
when the sample was flooded by the gas saturated brine. The 



The 35th International Symposium of the Society of Core Analysts 

injection direction is from left to right. Light grey is grain, dark grey 
is brine, and the black is gas. 

 

 
Fig. 8. For the USS flow experiment with gas saturated brine, the 
red curve shows the trapped saturations as a function of pore 
volumes injected. The yellow shadow is displacement stage, dark 
purple represents the “Dissolution 1” stage and light purple 
represents the “Dissolution 2” stage. 

3.3. Saturation profiles  

In order to get further insights, the saturation profiles along 
the cores were computed for the two experiments from Fig. 7 
and Fig. 9. From the segmented 3D images the saturation in 
each slice perpendicular to the long sample axis was averaged 
and plotted vs. distance from the inlet. The respective 
saturation profiles shown in Fig. 11 and Fig. 12 illustrate the 
trend how the gas distributes in the whole sample when 
injecting saturated and un-saturated brine, respectively. 
 
In Fig. 11, we can see the brine has imbibed into a lot of small 
pores and throats during the injection of 1-2 PV leading to 
significant trapping, which is related to the Displacement 
stage. Then the brine saturation increases throughout the 
sample in a homogeneous manner, which is a signature for 
displacement processes. At some point the gas phase starts to 
disappear from the inlet above the trapping limit at the stage 
of Dissolution 1 i.e. as a frontal dissolution process. However, 
we still see some homogeneous increase of saturation during 
that stage in a similar manner as during the displacement 
stage which could indicate that during this stage still 
displacement occurs. Then the Dissolution 2 starts until Sgr 
locally decreases to 0.  
 
Because of the involvement of many parameters in particular 
the solute dispersion behaviour, and the proportionality to the 
interfacial area, the dissolution rate limit is not so easy to 
estimate. At equilibrium, the gas dissolution limit in 
unsaturated brine at 5 bar is about 2 vol%.  But the actual 
dissolution rate, which could be calculated from the 
saturation change from Fig. 8 and 10, exceeds the equilibrium 
assumption, which means that such simple estimates do not 
work. We think that at the end the dissolution rate is governed 

by a combination of interfacial area but also solute dispersion 
in combination with local thermodynamics and dissolution 
kinetics which should also scale somehow with factors such 
as local capillary pressure in the gas bubble and local (super) 
saturation in the brine. 
 
 

 
 
Fig. 9. 2D Grey-scale images perpendicular to the flow direction 
when the sample was flooded by unsaturated brine. The injection 
direction is from left to right. Light grey is grain, dark grey is brine, 
and the black is gas. 
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Fig. 10. For the USS flow experiment with unsaturated brine, the red 
curve shows the trapped gas saturations as a function of pore 
volumes injected. The yellow shadow represents displacement stage, 
the purple represents the stage of Dissolution. For unsaturated brine 
there is a large overlap between displacement and dissolution where 
dissolution already begins right away in a significant fraction in 
parallel to displacement processes.  

 
 
However, for the unsaturated brine case shown in Fig. 12 
there are distinct differences compared with the saturated 
case. At the early stage there is always a superposition of 
dissolution and displacement. And at the late stage where 
brine saturation increases above the limit by trapping, i.e. can 
only increase by dissolution, the dissolution occurs 
homogeneously over the whole sample, while in the saturated 
case it was always a frontal dissolution process.  
 
 
 
 
 
 
 
 
 
 

 
Fig. 11. For the USS flow experiment with gas saturated brine, brine saturation profiles averaged in slices perpendicular to the flow direction 
at each PV with gas saturated brine injected. 
 

 
 
Fig. 12. For the USS flow experiment with unsaturated brine, brine saturation profiles averaged in slices perpendicular to the flow direction at 
each PV with unsaturated brine injected. 
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3.4. Trapped gas distribution visualized in 3D  

The displacement and dissolution characteristics from the 
saturation profiles in Section 3.3 are also visible in 3D which 
allows to visualize also the gas connectivity. Comparing the 
gas-saturated brine case in Fig. 13 with the unsaturated case 
in Fig. 14 we found that the gas distribution is very different. 
 
Fig. 13 shows three-dimensional images of the (trapped) gas 
distribution when it was displaced by gas-saturated brine. 
Each colour represents disconnected gas clusters/ganglia. 
When 0.4 PV brine was injected, we could see in the gas-
saturated brine case the displacement dominated the flow 
regime and some gas clusters at the inlet start to be isolated 
while gas volume decreased. When more brine was injected 
to 0.7 PV, the gas saturated brine has already separated the 
gas clusters while majority of the gas phase still connected 
when the similar volume unsaturated brine was flooded. 
Continually, gas volume decreased with more gas saturated 
brine injected but gas did not disappear from the inlet of the 
sample before 7 PV brine was injected.  
 
In other words, the brine passed through the sample first and 
gas clusters became disconnected first. The dissolution 
started to play a role after 2 PV brine injected mainly as a 
frontal dissolution process. During that process, beginning 
from the inlet side, the volume of each cluster is decreasing 
gradually until it disappears. 
 
 Fig. 14 shows three-dimensional images of the (trapped) gas 
distribution in the sample when it was displaced by 
unsaturated brine. In general, the volume of disconnected gas 
cluster/ganglion in Fig. 14 is much smaller and more 
separated than in the saturated case. The gas decreased much 
faster and all gas disappeared after injecting around 3 PV 
brine. However, initially, the gas clusters remain a much 
higher connectivity in particular towards the outlet indicating 
that they were not or only very little affected by displacement 
processes. At the same time, we see already dissolution 
occurring at the inlet.  
 
Fig. 15 shows an example for the steps how the gas was first 
trapped and then dissolved in the brine. After 1 PV of gas 
saturated brine was injected, the gas was trapped in the pore. 
With more brine was injected, the gas volume is shrinking 
and gradually becoming a sphere and then eventually 
disappears completely. 
 
 

 
Fig. 13. Three-dimensional images of the configuration of gas along 
the sample during the USS flow experiment with gas saturated 
brine. Each colour represents separated gas clusters/ganglia. 
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Fig. 14. Three-dimensional images of the configuration of gas along 
the sample during the USS flow experiment with unsaturated 
brine. Each colour represents separated gas clusters/ganglia. 

 

 
Fig. 15. Gas configuration during injecting at the pore scale. Gas 
was trapped first and then the volume decreased until disappeared. 
 
 
That supports the view that the gas-saturated brine must really 
be at bulk saturation level, i.e. saturation at injection pressure 
(and temperature). However, in the pore space, that brine is 
slightly under-saturated with respect to the pore pressure of 
the gas, which is the injection pressure plus the capillary 
pressure of the gas. The situation is similar as in ripening 
dynamics, where local capillary pressure leads to an increase 
in partitioning of gas into the liquid phase followed by 
diffusive transport to larger gas bubbles with lower capillary 
pressure. In absence of external flow, this diffusive exchange 
leads to the ripening dynamics. As the size of the gas bubble 
decrease because of the dissolution, the capillary pressure 
increases which is increasing the dissolution rate.  
 
In previous studies there were already indications for 
ripening/anti-ripening process occurring in similar situation 
[45,46,51,52]. This provides a credible setting for the effect 
observed here as well, only that the situation is slightly 
different because there is external flow. That means that there 
is less chance of the traditional ripening to occur where 
smaller gas bubbles are “eaten” up by larger gas bubbles 
because that require local super-saturation and diffusive 
exchange. However, in the presence of an external flow field 
the advection rate might be locally much higher than 
diffusion which is then maintaining the concentration at a 
constant level (saturated to injection pressure at the inlet and 
due to gas dissolution saturated to a maximum possible 
saturation throughout the rest of the sample). That prevents 
the type of mass exchange between smaller and larger 
bubbles normally seen in Ostwald ripening which is in 
addition also constrained by pore sizes in porous media.  
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4 Conclusions  

This paper provides fundamentally novel insights into the 
trapping of gas in sandstone rock, using state-of-the art 
imaging techniques during core flooding. An experimental 
workflow is presented where at the pore scale gas and brine 
distributions within samples are imaged by 3D X-ray 
computed micro-tomography, while continuously injecting 
brine. In contrast to the conventional in-situ saturation 
monitoring approach, used currently by many SCAL 
laboratories, this approach has the advantage that the dynamic 
behaviour of the gas and the changes in saturation are 
visualized at the pore scale level. This does not only allow us 
to obtain in situ evidence and to quantification of trapped gas 
saturation but other impact factors such as capillary effects 
that may influence the trapping behaviour. 
 
Our experiments reproduce the behaviour reported in the 
literature [6] that even though gas-saturated brine is injected 
the trapped gas still dissolves. Without detailed pore scale 
resolution that allows to discriminate dissolution from 
displacement at least to some extent, the gas/brine dissolution 
effect significantly impacts the ability of accurately 
determining the trapped gas saturation. 
 
By conducting gas trapping flow experiments with both gas-
saturated brine and also brine that was not saturated with gas, 
we could establish a clear difference in pore scale flow 
regimes between the two situations which differ in 
dissolution and displacement behaviour. For the non-
saturated brine, we observe gas displacement and gas 
dissolution in parallel, where the gas dissolution follows a 
predominantly frontal dissolution from the inlet.  For the gas-
saturated brine, we see a clearer separation of displacement 
and dissolution processes. Initially the gas saturation decrease 
is dominated by displacement which leads to disconnected 
and presumably trapped gas. After almost all gas has been 
trapped, dissolution occurs more homogeneously throughout 
the whole sample shrinking first all gas bubbles, followed by 
a somewhat less pronounced frontal dissolution.  
 
Based on the differences in the displacement/dissolution 
regime and the observation of the pore scale dissolution 
dynamics and impact on connectivity, we find supporting 
evidence that the underlying reason of the dissolution of gas 
might be linked to ripening dynamics which involves a 
coupling between phase equilibrium and 
dissolution/partitioning of components on the one hand and 
capillarity in the geometric confinement of the pore space on 
the other hand. 
 
The solution to decrease the impact of dissolution on 
quantifying trapped gas saturation might be to inject slightly 
super-saturated brine i.e. brine equilibrated at injection 
pressure plus a representative capillary pressure, which 
requires further studies in the future, which are already in the 
planning.  
 

These insights clearly demonstrate the value of combining 
multiphase flow experiments with pore-scale imaging 
because that can provide key insights and lead to solutions to 
some of the challenges often faced from conventional SCAL 
experiments. These insights can be used to develop more 
rigorously validated, physically based pore‐scale models of 
pore scale processes that are more robust than empirical 
correlations to predict trapped gas saturation under various 
conditions. For instance, with high quality 3D images of the 
rock samples with two or three phases flowing through the 
pore space, how rock structure, flow rate and wettability 
could impact on the phase behaviours and transport inside of 
the reservoir subsurface could be clearly captured. The 
techniques could be adapted for several applications, 
including EOR, CCS and H2 storage. 
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