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MODELING OF CHANGES IN CAPROCK DURING CO2
UNDERGROUND GEOLOGICAL STORAGE 

Purpose. Geologic fixation represents an immediately available option for reducing the global environmental im-
pact of CO2 by removing large amounts of the gas from the atmosphere. The overall objective of this article is to assess 
the factors that impact injection and storage of CO2 in deep saline aquifers and to understand how destabilization of 
chemical equilibrium can potentially damage the caprock. 

Methodology. Because of the large spatial extent and long time scale, it is difficult to study the effect of CO2 se-
questration in saline aquifers via laboratory or field studies conducted over short periods of time. To address issues re-
lated to viability and risk of CO2 injection into the subsurface we used geochemical software, which takes into account 
the thermodynamics and kinetics of chemical reactions and mass transport. A series of calculations were performed 
with a reactive transport program Crunch Flow, which gave us a chance to compare simulation results of pH and porosi-
ty profiles in the caprock in the acidified reservoir water and in non-acidified reservoir water. 

Findings. The results of the modeling show that the injection of CO2 can potentially have a significant effect on the ca-
prock by changing the porosity due to the dissolution and precipitation of minerals, but that impact is limited to a zone 
from several decimeters to several meters of the caprock. After modeling, we observed that pH variations along the profile 
are much smaller in amplitude in the non-acidified water reservoir than in the acidified water reservoir. On the other hand, 
the impact on porosity by the non-acidified water reservoir is greater than by the acidified water reservoir. 

Originality. The impact of the diffusion of dissolved CO2 in the caprock is limited in vertical extension. The ampli-
tude depends essentially on the pH of the water in the reservoir at the interface with the caprock. In this scenario, the 
consequences of the long term CO2 influence on the caprock integrity appear to be small, especially in the context of 
carbonate-dominant storage systems.

Practical value.The obtained results will help us to predict what will happen with the carbonate caprock minerals, 
when CO2 will be injected underground. 
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Statement of the problem and its relation to 
important scientific and practical tasks. 2 The world’s 
consumption of energy increased rapidly in the past cen-
tury, with a large portion of the usage coming from the 
combustion of carbon-based fossil fuels such as coal, pe-
troleum and natural gas. Carbon dioxide (CO2) which 
causes greenhouse effect is typically formed via the com-
bustion of fossil fuels. Excess levels of CO2 in the atmos-
phere could lead to an increase in the average global tem-
perature and lead to adverse climatic changes. World CO2
emissions are expected to double by the year 2030 if no 
specific policy initiatives and measures are taken. The 
quantities of stationary CO2 emissions for world’s regions 
are shown in fig.1 as a proportion of the total 2010 statio-
nary emissions.  

The distribution of stationary CO2 emission sources 
by industry sector is shown in fig. 2 [2]. Power plants 
dominate the statistics with 54% of all identified statio-
nary CO2 emission sources. The next highest category is 
the cement industry with its 15% of all sources and the 
gas processing sector with its 12%. 
                                          
© . ., .C., . ., . ., 2012 

Fig. 1. CO2 emission sources by geographical region [1] 

Sequestration of anthropogenic CO2 emissions remains 
an important and viable strategy in the worldwide effort to 
reduce the human contribution to climate change. The via-
bility of newly constructed power plants largely depends 
upon the available method of sequestering the significant 
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portion of the CO2 they generate. The need for technolo-
gies capable of accomplishing this task is apparent. 

The capture and sequestration, or secure storage, of 
CO2 released by power plants and steel/cement factories 
can be perceived as a long term strategy towards signifi-
cant reduction in CO2 emissions. 

Fig. 2. Distributions of CO2 emission sources by industry 
sector 

Analysis of recent researches and publications, 
which discuss current issues. For the last years various 
CO2 capture methods and power generation technologies 
were examined with respect to net power generation effi-
ciency, amount of CO2 captured, and scale-up considera-
tions. The capture methods investigated membrane tech-
nologies for both pre- and post-combustion separation of 
CO2 and adsorption/absorption technologies. Also, ad-
vanced power generation technologies evaluated were: 
oxy-combustion, chemical-looping combustion (CLC), 
natural gas reforming combined cycle (NGRCC), and in-
tegrated gasification combined cycle (IGCC).  

The general sequestration areas that were examined 
in the literature review included oceanic storage, geolog-
ic storage, and mineralization. 

Geologic methods of sequestration involve the capture 
of CO2 emissions from the waste streams of fossil-fuel burn-
ing power plants, or other high volume CO2 producing 
plants, and subsequent compression for transportation to a 
suitable disposal site for pressurized injection [3]. In the 
geologic medium, suitable disposal sites include oil/natural 
gas wells that are either under producing or no longer in 
production, un-mineable coal seams, deep saline aquifers, 
and deep ocean injection, where pressure and temperature 
boundaries maintain CO2 in its liquid phase. Each of these 
methods presents some unique benefits and challenges. 
Fig. 3. shows the phase diagram of CO2 [2]. 

Deep saline aquifers are widespread in many parts of 
the world, and their use needs fewer costs on infrastruc-
ture associated with pipeline construction. The storage 
capacity of saline aquifers is high, with a global capacity 
estimated between 300 and 10,000 GtCO2 [4]. Residence 
time in saline aquifers is long ranging from hundreds to 
several thousand years [5], depending on the local hydro-
logic gradients. Such aquifers are typically not suitable 
for irrigation and other uses, so injection of CO2 into 
them has limited environmental impact and less likely to 
present a problem for potential future use. 

Coal bed injection involves the injection of CO2 into 
deep coal seams, where the combined influence of physi-

cal trapping from low permeability surroundings and 
physical or chemical adsorption to the coal structure 
serves to contain the injected gas [6]. As an additional 
benefit, the possibility of a recoverable reserve of me-
thane presents an attractive economic solution. 

Fig. 3. CO2 phase diagram 

Oil and Gas Reservoir Injection. Both depleted and 
active fossil fuel reservoirs are potential storage space for 
CO2 in underground formations. CO2 may be injected di-
rectly into a depleted or inactive reservoir without expec-
tation of any further oil production, or the CO2 injection 
may result in enhanced oil/gas recovery and simultane-
ous CO2 sequestration. CO2 may also be injected into 
producing oil and gas reservoirs, where CO2-enhanced 
oil recovery and CO2-enhanced gas recovery will offer an 
economic benefit. 

Fig. 4. Options for storing CO2 in deep underground 
geological formations 

Deep ocean injection, as a sequestration method, uti-
lizes the ocean as a storage medium for containing either 
gaseous or liquefied CO2. Injection of gaseous CO2 to the 
ocean occurs at depths between 500 and 2,000 meters be-
low the ocean surface and works on the principle that the 
injection gaseous CO2 will diffuse into the seawater and 
react to form carbonates which will then settle to the bot-
tom [7]. The other form of deep ocean injection is to in-
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ject liquefied (compressed) CO2 at a depth greater than 
3,000 meters where the density difference between the 
ocean water and the liquefied CO2 will cause the CO2 to 
settle downward where it will form a pool on the ocean 
floor. Research is ongoing to determine the effects of se-
questering CO2 through this method. Currently it is pre-
dicted that diffusion of the CO2 pool into the deep ocean 
waters will cause the oceans pH to decrease leading to an 
acidic ocean as well as the potential for an early release 
of the CO2 back to the atmosphere.

Unsolved aspects of the problem. Because of the 
scope of the investigation, the field of options had to be 
reduced. The deep saline aquifer injection was pursued 
because they are very common in location and would not 
require large transport distances from existing sites, has 
high storage capacity, has long retention times, does not 
present unreasonable environmental risks, and utilizes 
mature and well known technology.

The injected CO2 is usually at supercritical condi-
tions. Under these conditions, the fluid properties of CO2
are similar to both a liquid phase (density 200…900 
kg/m3) and a gas phase (low viscosity). Also, CO2 is very 
soluble in water. Its migration in porous media (reser-
voirs and caprocks) containing water involves capillary 
effects. Since CO2 is less dense than water, it will rise in 
the reservoir. A fraction of this CO2 will be trapped in the 
porosity (capillary trapping or hydrodynamic trapping) 
and the rest will reach the structural trap (or stratigraphi-
cal trap) constituted by the caprock. The caprock will 
therefore be in physical contact with the CO2 during most 
of the storage lifetime. 

Any heterogeneity in the caprock, such as small 
cracks or fractures, will facilitate the migration of CO2
into the caprock. The behavior of these preferential 
pathways and the reactivity with the CO2-rich fluids is 
critical for the understanding of the evolution of the con-
finement properties of the caprock. In this connection, 
the dissolution of the mineral phase constituting the ce-
ment of the rock (e.g. carbonates) can potentially open or 
close the porosity and affect the permeability as well as 
create cracks and fractures. 

A crucial aspect of geologic sequestration is the lea-
kage potential of CO2 out of the target formation. From a 
global perspective, leakage of CO2 from reservoirs would 
make CO2 sequestration less effective, or even ineffective. 

Leakage can occur through the caprock on top of the 
storage aquifer, it may also occur through a faulted zone, 
especially when the fault covers all the geological layers 
from the surface to the basement rock. Leakage through 
the caprock can basically occur by three processes: 1) 
diffusion through the pore system, 2) capillary transport 
through the pore system, 3) multiphase migration 
through a micro-fracture network, or by a combination of 
any of these. 

Furthermore, leakage could occur through abandoned 
wells. Abandoned wells may act as a bypass to the at-
mosphere if these were not sealed properly. The aban-
doned well leakage of CO2 can occur via any of several 
possible pathways along a well (fig. 5): a) leakage be-
tween the cement and the outside of the casing, b) be-

tween the cement and the inside of the metal casing,  
c) within the cement plug itself, d) through deterioration 
(corrosion) of the metal casing, e) deterioration of the 
cement in the annulus, f) leakage in the annular region 
between the formation and the cement [8]. 

Fig. 5. Possible leakage pathways in an abandoned well 

Formulation of the problem. In this article we tried 
to understand how destabilization of chemical equili-
brium can potentially damage the caprock. 

Statement of main research data with substantia-
tion of scientific results. We performed several simula-
tions of caprock changes during CO2 underground geo-
logical storage, considering initial porosity 15%, diffu-
sion coefficient 10-11 m/s, temperature 800C, storage time 
up to 2000 years. A series of calculations were per-
formed with reactive transport program Crunch Flow [9–
10]. We tried to compare simulation results of pH and 
porosity changes in the caprock of the acidified water re-
servoir and non-acidified water reservoir. 

After modeling, we observed that pH variations along 
the profile are much smaller in amplitude in the non-
acidified water reservoir (ranging between 6.0 and 6.52) 
than in the acidified water (ranging between 4.7 and 6.6) 
fig. 6 and fig. 8. 

The non-acidified water impact on porosity (ranging 
between 15.0 and 16.3) is greater than this of the acidi-
fied water (ranging between 15.0 and 15.8) fig. 7 and 
fig. 9. However, no decrease of the porosity is observed 
in the first meter of the caprock under the non-acidified 
water reservoir.  

Conclusions. Under the assumptions and the initial and 
boundary conditions considered here, the impact of the dif-
fusion of dissolved CO2 in the caprock is limited in vertical 
extension. The amplitude depends essentially on the pH of 
the water in the reservoir at the interface with the caprock 
(increase in caprock porosity in the first centimeters is high-
er for the non-acidified water reservoir). In these scenarios, 
the long term consequences of the CO2 perturbation on the 
caprock integrity appear to be small, especially in the con-
text of carbonate-dominant storage systems. 
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Fig. 6. pH profiles in the caprock in the acidified water reservoir 

Fig. 7. Porosity profiles in the caprock in the acidified water reservoir  

Fig. 8. pH profiles in the caprock in the non-acidified water reservoir 

Fig. 9. Porosity profiles in the caprock in the non-acidified water reservoir 

So, the results of the modeling show that the injection of 
CO2 can potentially have a significant effect on the caprock 
by changing the mineralogy and changing the porosity due 
to the dissolution and precipitation of minerals. Although, 
the impact on the caprock is limited to the narrow zone 

(from several centimeters to several meters). The results of 
the modeling show that the impact of the reactivity with 
CO2 rich fluids with the carbonate minerals potentially in-
duces significant changes of porosity. Nevertheless, this 
reactivity is limited to the first centimeters of the caprock. 
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INFLUENCE OF CRYOTREATING ON CHANGE OF PROPERTIES  
OF SYNTHETIC DIAMONDS AND EFFICIENCY OF THEIR 

APPLICATION IN DRILLING TOOLS
.

- -
.

160  355/300 .
.

. -
, ,

, -
. -

-
.

. , -
. -

 350 –500 . -
 500 –550 ,

- .
. , -

, -
- , -

.
. -

. -
, , -

, .
: , , ,

. 3

                                          
© . ., . ., 2012 

. -
.




