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Methods for storing carbon dioxide compositions in
subterranean geological formations and an apparatus for
carrying out the method
The invention relates to methods for introducing
carbon dioxide (COs) into subterranean geological

formations for the permanent storage therein.

Background of the invention

The increase of C0O, in the atmosphere is thought to

have a major influence on global climate. It is therefore
desirable that the emission of anthropogenic CO, into the
atmosphere 1s reduced. The capture and storage of CO,
provides a way to avoid emitting CO; into the atmosphere,
by capturing CO; from sources such as o0il and natural gas
processing plants and power plants, transporting 1t and
injecting it into deep rock formations. At depths below
about 800-1000m, CO; 1is 1in a supercritical state that
provides potential for efficient utilization of underground
storage space. It is considered likely that injecting CO;
into deep geological formations at carefully selected sites
will enable storage for long periods of time with a
predicted 99% of the C0O; being retained for 1000 years.
CO; can remain trapped underground by virtue of a number of
mechanisms, including trapping below an impermezble,
confining layer (caprock), retention as an immobile phase
trapped 1in the pore spaces of the storage formation,
disscolution in in situ formation fluids, absorption onto
organic matter in coal and shale and by reacting with
minerals in the storage formation and caprock to carbonate
materials. Suitable fields for long-term storage include
depleted o0il and gas reservoirs, saline formations, which
are deep underground porous reservoir rocks saturated with

brine and possibly coal formations.
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An extensive review of existing CO; Capture and
Storage (CCS) projects and technology is given in the IPCC
Special report on Carbon Dioxide Capture and Storage (CCS)
{(“Carbon Dioxide Capture and Storage”, IPCC, 2005, editors:
Metz et al., Cambridge University Press, UK},

The paper SPE 127096 “An overview

of active large-scale CO, storage projects”, I. Wright et
al. presented at the 2009 SPE International Conference on
CQz capture, Storage and Utilization held in San Diego,
California, USA 2-4 November 2009 provides a more recent
update on existing large-scale CO; storage projects. Of
the commercial scale projects reviewed in these documents,
the most significant in terms of cumulative volume injected
are the Sleipner and In Salah projects.

Us 20100116511 Al discloses a method for permanent
storage of CO, compositions in a subterranean geological
formation, where the conditions are continously adapted
such that the composition is injected in supercritical
state. Said document also describes an arrangement for
injection of CO; in the formation, which consists of a
conduit having an injection port and means for control of
the injection parameters with the possibility of changing
the parameters.,

The Sleipner CGS Project is located 250 km off the
Norwegian coast and is operated by StatoilHydro. The CO;
is stored in supercritical state in the Utsira formation at
a depth of 800-1000m below the sea surface. CO; produced
during natural gas processing 1s captured and subsequently
injected underground. CO; injection started in October 1996
and by 2008, more than ten million tons of C0; had been
injected at a rate of approximately 2700 tons per day. A
shallow long-reach well is used to take the CO» 2.4 km away

from the producing wells and platform area. The injection
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site 1s placed beneath a local docme of the top Utsira
formation.

The In Salah CCS Project is an onshore project for the
production of natural gas located in the Algerian Central
Sahara. The Krechba Field produces natural gas containing
up to 10% of CO; from a number of geological reservoirs.
CO; 1is stripped from the gas and re-injected into a
sandstone reservoir at a depth of 1800m enabling the
storage of 1.2 Mt of CO, per year.

While the global capacity to store CO2 deep
underground is believed to be large, the opening of a new
storage site 1s inevitably costly as 1t requires an
assessment of potential risk to humans and the ecosystem.
It is thus desirable that existing sites are exploited to
maximum capacity. Yet current estimates suggest that the
existing mechanisms used to inject supercritical CO, into
deep storage sites result in only around 2% of the pore
volume of the geological storage site being utilized for
CO, sequestration. This 1is believed to be due to the
uneven sweep of the injected CO in subterranean
formations, which leads to a phenomenon called “Iingering”
in which the CO; injection front is highly uneven with
small areas of high penetration surrounded by areas in
which the CO, has not penetrated at all. Pursuing current
practices will result in the loss of considerable storage
volume in available storage sites.

In view of this state of the art it is an object of
the present invention to provide an improved method for the
permanent storage of CO; 1in subterranean geological
formations.

It is a further object of the present invention to

provide methods which allow for a more efficient use of the
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storage capacity of geological formations, for permanent

storage of COQ;.

Summary of the invention

The invention relates to a method of introducing a coO,
composition into a subterranean geological formation for
storage of CO; therein, the method comprising the steps of:
injecting the CO; composition intoc the formation using a
first set of injection parameters at which said COz
composition is a supercritical fluid having a first
viscosity and density, modifying the injection parameters
such that the CO, composition is injected into the
fermation using at least one second set of injection
parameters at which said CQO; composition is a supercritical
fluid having a second viscosity and density that is
different from the first viscosity and density, wherein the
injection parameters include the injection temperature,
injection pressure and hydrocarbon content of the CO,
compos'ition.

By purposefully altering the injection parameters
while injecting the CO, composition into the formation, the
viscosity and density and thus the flow behaviour of the
CO; composition at the point where it is injected into the
formation can be changed, for example, from a more gas-like
flow to a more liquid-like flow or vice versa. The result
is a ;tabilized injection front which provides improved
reservolr sweep by reducing the so-called "fingering
phenomenon”, i.e., by minimizing the size of by-passed
areas in the formation. It is estimated that capacity of

the geological storage will be significantly higher than

CA 2812470 2018-01-25
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with conventional storage techniques. Thus, more efficient
use of the reservoir capacity can be made and the total

cost of CO, capture and storage will be reduced.

The period over which C0O, is injected into a reservoir
can encompass several decades, depending on the capacity of
the particular subterranean formation. In order to maintain
a stable injection front over this period, it is preferable
to alternate cyclically between the first and second set of
injection parameters to obtain a cyclical property change
at the site of injection. Within any one injection cycle,
i.e. the time interval between commencing injection using
the first set of injection parameters, switching to the
second set of injection ©parameters and recommencing
injection with the first set of injection parameters, the
period of time in which said CO, composition is injected
into said formation under said first set of 1injection
parameters may be substantially equal to the period of tTime
in which said CO; composition is 1njected into said
formation under said second set of injection parameters or
longer or shorter than this latter time period. Hence, an
injection c¢ycle may comprise the injection of the CO;
composition at a higher viscosity and density, i.e. in a
liquid-like phase for two months followed by injection of
the CO, composition at a lower viscosity and density, i.e.
in a gas—like phase for one month, or the injection at each
of the different phases for two months each.

In accordance with a first preferred embodiment of the
present invention, the first and second injection
parameters differ from one another 1in the 1injection
temperature of the CO, composition. Altering the
temperature of the CO2 composition means that the

composition, while still a supercritical £fluid at the
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injection site, has a different viscosity and density and
hence Dbehaves differently. In particular, the flow
characteristics of the CO, composition will be altered,
enabling different area of the subterranean formation to be
filled. Preferably, the temperature of the C0O;, composition
is set and altered either at the well-head of the injection
well or upstream of this, for example at the processing
plant at which the CO; composition is captured. In either
case, the temperature 1is set such that the required
viscosity/density of the CO, composition is obtained at the
site of injection.

In accordance with a second preferred embodiment of
the present invention, the first and second injection
parameters differ from one another 1in the injection
pressure of the CO;, composition. In a similar manner to
modifying the injection temperature, modifying the
injection pressure results in a change of viscosity and
density of the supercritical fluid, in a sense creating a
different supercritical “phase”. The pressure orf the CO;
composition 1s preferably altered in the processing plant
upstream of the well.

In accordance with a third preferred embodiment of the
present invention, the first and second injection
parameters differ from one another by the hydrocarbon
content of the CO; composition. The purposeful enrichment
of the CO; composition with hydrocarbons, preferably lower
alkanes, and more preferably one or more of methane,
ethane, propane and butane, similarly alters the viscosity
and density o¢f the CO, composition at the site of
injection. In other words, a CO, composition can be
altered to have a higher or lower critical temperature and
pressure by the addition of a defined concentration of one

or more hydrocarbons, such as those defined above. This
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shift in the critical properties means that at the same injection
temperature and pressure, the hydrocarbon-enriched composition
will have a different viscosity/density to that of the non-
enriched composition.

Preferably, the hydrocarbon content in the CO, composition
is in the range of 1 mol% hydrocarbon to 15 mol% hydrocarbon,
more preferably 2 mol% hydrocarbon to 7 mol% hydrocarbon and most
preferably 2 mol% hydrocarbon to 3 mol% hydrocarbon.

The invention also relates to an arrangement for introducing
a CO; composition into a subterranean geological formation
comprising: a conduit comprising an injection port having one or
more openings (14a-14zy, property controlling means for
controlling injection parameters of the CO; composition, the
injection parameters consisting of the temperature, pressure and
hydrocarbon content of the CO, composition at the site of
injection, wherein the property controlling means are adapted to
change the injection parameters from a first set of injection
parameters, at which the injected CO, composition has first
viscosity and density values, to a second set of parameters, at
which the injected CO0O, composition has second viscosity and
density values during injection of said CO, compoéition into the
formation.

In one aspect, the invention relates to method of
introducing a CO, composition into a subterranean geological
formation for storage of CO, therein, said method comprising the
steps of: injecting said CO; composition into said formation using
a first set of injection parameters at which said CO, composition
is a supercritical fluid having first viscosity and density
values, modifying said injection parameters such that said CO;,
composition is injected into said formation using at least one
second set of injection parameters at which said CO, composition

is a supercritical fluid having second viscosity and density

CA 2812470 2018-01-25
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values that are different from said first viscosity and density
values, and alternating cyclically between said first and second
set of injection parameters, wherein said injection parameters
include the injection temperature, injection pressure and
hydrocarbon content of said CO, composition.

In another aspect, the invention relates to an arrangement
for introducing a CO; composition into a subterranean geological
formation for storage of CO; therein, said arrangement comprising:
a conduit comprising at least one injection port, property
controlling means 1in communication with said conduit for
controlling at least one injection parameter of said CO,
composition, said injection parameters including the femperature,
pressure and hydrocarbon content of the CO, composition at the
site of injection via said injection port, wherein said property
controlling means are adapted to change said at least one
injection parameter from a first set of injection parameters, at
which the injected CO, composition has first viscosity and density
values, to at least a second set of parameters, at which the
injected CO, composition has second viscosity and density values
during injection of said CO, composition into said formation, and
wherein said property controlling means is adapted to alter the
injection parameters to alternate cyclically between said first
and second set of injection parameters during injection of said

CO, composition.

Brief description of the fiqures

Figure 1 shows a schematic representation of an injection

front formed by conventional CO, injection,
Figure 2 shows a schematic representation of an injection

front formed in accordance with the present invention, and

CA 2812470 2018-01-25
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Figure 3a illustrates the relationship between
pressure and dynamic viscosity of pure CO, at different
temperatures,

Figure 3b i1llustrations the relationship Dbetween
pressure and specific density of pure CO; at different
temperatures,

Figure 4a 1llustrates the relationship between the
dynamic viscosity and mole fraction of methane in a binary
mixture of CO, and CHy at different pressures,

Figure 4b illustrates the relationship between the
specific density and mole fraction of methane in a binary
mixture of CO; and CHy at different pressures

Fig. 5 shows an arrangement according to the
invention.

Fig. 6 shows the concept of “front stabilization”.

Detailed description of the invention

A "site of 1injection”, within the context of the

present invention, shall be understood as being a position
adjacent an opening of an injection port, through which
opening CO; is 1injected into an aquifer; said position
being outside an outer surface of said conduit or well. The
expression "at the site of injection”, in some embodiments,
can be understood to mean "at reservoir conditions". These
expressions are used synonymously.

The present invention relates to methods for storing
C0Oz in subterranean geological formations.

The CO; injected 1is a CO, composition compressed to
assume a supercritical state at the site of 1injection,
i.e., at reservoir conditions. The compressed gas may
include CO, and additional compounds, which compounds
preferably amount to less than 50%wt, 40%wt, 30%wt, 20%wt,
10%wt, b53wt, 2%wk, most preferably to less than 1%wt, based
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on total compressed gas weight. The term "CO;", according
to the invention, and depending on the context, may relate
to the above described mixtures of C0O; and other
components. The CO; injected 1s preferably not mixed with
liquids, such as water or an aqueous solution, prior to
injection. The CO; thus preferably does not contain liquid
components.

The invention shall now be explained with reference to
the appended figures.

Figure 1 generally shows a conventional arrangement
for introducing CO; into a subterranean formation. A
conduit 2 1is provided to transport CO; from a level
substantially above surface into a reservoir 8 provided by
the formation. The conduit 2 may be in form of a tube
disposed within the casing of a well. Alternatively, the
casing of the well itself may constitute the conduit 2. The
conduit 2 terminates within the reservoir in an injection
port 4. CO, 1is 1injected wvia the conduit 2 1into the
reservoir 8 under controlled pressure and temperature and
is a supercritical fluid at the injection port 4 with a
gas—-like viscosity. The 1injection front formed when
injecting CO, under these conditions is illustrated by the
line 10 and the injected CO, is represented by the shaded
area. As can be seen from Fig. 1, the gas-like CO,; tends
to migrate upwards, leaving the lower areas of the storage
reservolr empty. It will be apparent that the same
problem arises when the injection conditions result in a
denser CO, composition, except that in this case the lower
areas of the geological formation will be filled first,
leaving the upper areas of the formation substantially
empty.

Fig. 2 shows a simulation of the injection of a CO;

composition according to the present invention, namely that
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the density and viscosity of the injected CO; composition
is varied during injection. In this figure, the conduit 2,
port 4 and formation structure 8 are assumed to be the same
as that shown in Fig. 1. In this case, however, the
characteristics of 1injected CO, composition are switched
once, or periodically during injection to give it a higher
viscosity and higher density, which makes it behave more
like a 1liquid. During injection of the higher density
(liquid-1ike) CO, composition, the injected stream tends to
occupy the lower areas of the geological storage formation
8. The resulting injection front 10 is more uniform, and
the storage capacity of the geological formation 8
increased. While this simulation illustrates the CO,
composition injected under only two different sets of
conditions to result in two different supercritical phases,
it will be understood that more than two sets of conditions
may be used to alter the wviscosity and density still
further.

Turning now to Figs. 3 and 4 it will be described how,
in practice, this velocity and density change is achieved
in accordance with a first and second embodiment of the
present invention. Fig. 3a shows a representation of the
relationship between the dynamic viscosity of pure CO, and
pressure for different temperatures. The graph is
restricted to show this relationship above the critical
point (304.1K or 28.25°C and 73.8 bar), where CO; is a
supercritical fluid, as this represents the conditions in a
subterranean storage reservoir. As can be seen from this
graph, the line representing temperature at 310 K, which is
the closest line above the critical point (304.1 K, 28.25
°C) and hence the first line to represent supercritical
behaviour, shows a large change 1in viscosity at lower

pressures after which the relationship 1is substantially
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linear. As the temperature increases, the relationship
tends more to a linear one at lower pressures also. The

isotherms indicate that a similar relationship exists
between viscosity and temperature at constant pressure.

Fig. 3b shows a representation of the relationship
between static density and pressure of pure CO, for
different temperatures. Once again this graph is
restricted to showing supercritical conditions. In Fig. 3b
it is evident that at temperatures and pressures close to
the critical point a small change in pressure results in a
large change 1in density. At higher temperatures and
pressures, the relationship between density and pressure is
substantially linear. It can further be deduced from the
isotherms that a similar relationship exists between
temperature and density.

The relationships illustrated in Figs. 3a and 3b
illustrate that a desired change in viscosity or density
can be achieved by altering one or both of the injection
pressure or injection temperature of a CO; composition. In
the context of the present invention, the “injection
pressure” 1s used to 1indicate the pressure of the CO;
composition at the point of injection from the conduit or
well into the geological storage formation. Similarly, the
“injection temperature” is used to indicate the temperature
of the CO, composition at the point of injection from the
conduit or well 1into the geological storage formation.
Thus any modification of temperature or pressure effected
upstream of the injection point would have to be made to
achieve the desired swing in injection parameters at the
point of injection. It will be recognized by those skilled
in the art that the temperature or pressure swing required
to achieve the desired shift in wviscosity and density

depends on the prevailing pressure and temperature in the
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storage reservoir. For example, 1n a reservoir where the
pressure and temperature are close to the critical point,
such as in the Sleipner project, in which CO, 1s stored at
a depth of between 800 and 1000, below sea level, a
temperature reduction of 3°C (at constant pressure) 1is
sufficient to change the behaviour of the CO, composition
from a gas to a liquid at the injection point. Similarly,
a pressure increase (at constant temperature) of 7 bar will
change the flow characteristics of the injected CO; stream
from gas-like to a liquid-like. In reservoirs where the
pressure and temperatures are well above the critical point
of the injected CO, composition, such as in the Snghvit
project located in the Barents Sea offshore Norway at a
depth of 2600m below sea level, a temperature increase of
47°C or pressure increase of 73 bar is necessary to effect
the same change in flow behaviour from gas-like to liquid-
like.

Again, since the viscosity and density of the COQ;
composition depends on the reservoir conditions, namely the
prevalling temperature and pressure, the shift in viscosity
and density at the two or more different injection
parameters will depend on the real reservoir conditions.
One example of a possible shift 1in viscosity for a
geological storage site at a temperature of 80°C would be
between values of around 0.00446 cP and around 0.00539 cP.
For the same geological formation, a change 1in density
between around 551 kg/m3 and around 732 kg/m3 would be
possible. Clearly the larger the difference between the
viscosity and density values, the mocre the flow behaviour
of the injected fluid will wvary. The most appropriate
values for any specific CO; sequestration plant will depend

on the particular characteristics of the storage reservoir.
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It should be understood that the injected stream is

always a supercritical fluid and thus exists in a phase
between liquid and gas. It cannot actually become a liquid
or a gas, yet 1t can demonstrate more gas-like or more
liquid-like properties i.e. occupy a different
supercritical “phase” Dby virtue of its viscosity and
density.

In addition to modifying the temperature and/or the
pressure of the injected CO; composition, a third
embodiment of the present invention relates to the change
in viscosity and/or density of an injected CO, composition
by purposefully enriching it with hydrocarbons,
specifically with alkanes. Of most interest in the context
of the present invention are the lower alkanes, for
example, methane, ethane propane and butane, o©or a mixture
of these. Fach of these lower alkanes have different
densities and viscosities, hence the resultant CO»
composition will have a different viscosity and density
depending on the type and concentration of the respective
lower alkane. An example of the effect of adding methane
to pure CO, is illustrated in Figs. 4a and 4b. Fig. 4da
shows a graph of the relationship between dynamic viscosity
and concentration of methane in a binary mixture of methane
and CO, at 40°C for different pressures. Fig. 4b shows a
graph of the relationship between static density and
concentration of methane in a binary mixture of methane and
CO, at 40°C for different pressures. As can be seen from
Fig. 4a, for a fixed pressure, the level of viscosity falls
with the concentration of methane. Likewise from Fig. 4b
it is evident that density also falls with increased
methane content. However, 1in both cases the greatest rate
of change 1s evident at molar fractions below about 0.2.

Altering the composition of the CO, composition has the
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effect of changing the critical temperature and pressure of
the CO; composition. Clearly the effect of adding one or
more of the lower alkanes listed above will depend on the
alkane added. This is illustrated in the following table
that gives the c¢ritical temperature and pressure for

different binary mixtures of CO, and a lower alkane.

CO, Alkane Critical pressure Critical temperature
100 mol% CO, - 73.8 bar 28.25°C
97 mol% CO; 3 mol% n-butane 72.27 bar 32.78 °C
98 mol% CO», 2 mol% C6 alkane 76.23 bar 36.64 °C
97 mol% CO» 3 mol % ethane 77.65 bar 26.29 °C
97 mol% CO, 3 mol % propane 4.58 bar -59.37 °C

Depending on the prevailing reservoir pressure and
temperature, the viscosity and density of the mixture can
be altered more or less simply by altering the composition.
This 1s because the supercritical “phase” of this mixture,
i.e. the propensity of the supercritical mixture to behave
more like a gas or more like a liquid, depends on the
position of the reservoir pressure and temperatures
relative to the critical temperature and pressure.

Since methane, ethane, propane and butane may all be
present in CO; produced during natural gas production, the
concentration of one or more of these alkanes may be
increased or decreased periodically preferably at the
processing plant but possibly also at or close to the well-
head to obtain the desired change in viscosity and density
at the injection site.

While each of the parameters of injection temperature,
injection pressure and hydrocarbon content has been
discussed separately above, it will be understood that the
parameter swing effected during injection can include a

change in two or even all of these parameters in order to
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obtain the desired change in viscosity and density of the
injected CO, composition.

An arrangement suitable for performing the required
switching of injection parameters is illustrated
schematically in Fig. 5. This arrangement comprises a
conduit 2, which once again may be in the form of a tube
disposed within the casing of a well, or alternatively be
constituted by the well casing itself. In the illustrated
embodiment, the well is a vertical well, however, it will
be understood by those skilled in the art that it could
alternatively be an inclined or deviated well or have a
substantially wvertical, or inclined upper (proximal)
portion and a substantially horizontal distal portion. The
distal end of the conduit 2 terminates within the reservoir
8 in an injection port 4. The well conduit 2 is connected
via pipeline 12 to a processing plant 14. This may be a
natural gas processing plant, which produces CO, as a waste
product. At the well-head there is provided a compressor
16 and an additional parameter adjustment arrangement
illustrated simply by the element 18. This latter element
18 may include z mixer for mixing fixed amounts of one or
more lower alkanes, such as methane, ethane, propane and
butane with the CO, to obtain a C0; composition with a
defined alkane concentration. Alternatively, or
additionally, the parameter adjustment arrangement 18 may
include a heat exchanger or other arrangement for modifying
the temperature of the C0O, composition. The compressor 16
and parameter adjustment arrangement 18 are controlled to
alter one or more of the parameters of pressure temperature
and lower alkane content (i.e. concentration of methane,
ethane, propane and/or butane) at least once, and
preferably periodically throughout the injection of COC;

into the well to obtain the desired injection parameters,
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i.e. the temperature, pressure and lower alkane
concentration at the point of injection intoc the formation,
i.e. at the exit of port 4. In the illustrated example,
the parameter adjustment means are shown disposed on the
well itself. It will be understood that these elements may
be located at a distance from the wellhead, possibly even
onshore when the CO, sequestration site 1is offshore.
Alternatively, at least some of the injection parameters
may be controlled and altered by suitable means present in
processing plant 14. After separation from the natural
gas, the CO; 1is conventionally compressed and dehydrated
and then transported via pipeline 12 to the well-head. The
CO, obtained 1in this way may Dbe pure CO, or may
alternatively contain specific levels of contaminants,
including the lower alkanes, methane, ethane, propane and
butane. It 1s ©possible to periodically alter the
concentration of lower alkanes remaining 1in the CO; in
order to obtain the required concentration 1in the CQ;
injected into the formation 8. Moreover, provided that the
distance between the processing plant and the well-head is
short enough to allow 1it, it is also possible to set and
alter both the pressure and temperature of the C0O, leaving
the processing plant, e.g. using the existing compressor
and a heat exchanger, to obtain the desired parameter
variation at the point of injection.

Compositional simulation results performed on
realistic models of C02 storage sites indicate increase in
CO2 storage capacity upon using the techniques described in
this patent.

Storage capacity is expected to increase by 30% when
the 1injection fluid 1is designed wusing the “Composition

Swing Injection” technique.
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According to the concept of “front stabilization”
demonstrated 1in the sketch as shown 1in Figure 6, the
“Composition Swing Injection” technique stops C02 fingering
and segregation into the top of the storage site since a

denser injection stream is injected alternatingly.
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CLAIMS:

Method of introducing a CO; composition into a subterranean
geological formation for storage of CO, therein, said method
comprising the steps of:

injecting said CO, composition into said formation using a
first set of injection parameters at which said CO, composition
is a supercritical fluid having first viscosity and density
values,

modifying said injection parameters such that said CO,
composition is injected into said formation using at least one
second set of injection parameters at which said CO,
composition is a supercritical fluid having second viscosity
and density wvalues that are different from said first
viscosity and density values, and

alternating cyclically between said first and second set of
injection parameters,

wherein said injection parameters include the injection
temperature, injection pressure and hydrocarbon content of

said CO, composition.

A method as claimed in claim 1, wherein the period of time in
which said CO, composition is injected into said formation
under said first set of injection parameters is substantially
equal to the period of time in which said CO, composition is
injected into said formation under said second set of

injection parameters.

A method as claimed in claim 1, wherein the period of time in
which said CO, composition is injected into said formation
under said first set of injection parameters 1is longer or

shorter than the period of time in which said CO, composition

CA 2812470 2018-01-25
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is injected into said formation under said second set of

injection parameters.

A method as claimed in any one of claims 1 to 3, wherein said
first and second injection parameters differ from one another

in injection temperature of said CO, composition.

A method as claimed in any one of claims 1 to 4, wherein said
first and second injection parameters differ from one another

in injection pressure of said CO; composition.

A method as claimed in any one of claims 1 to 5, wherein said
first and second injection parameters differ from one another

by the hydrocarbon content of said CO, composition.

A method as claimed in claim 6, wherein said hydrocarbon

content is made up of one or more alkanes.

A method as claimed in claim 6 or 7, wherein said hydrocarbon

content 1s made up of one or more of methane, ethane, propane

and butane.

A method as claimed in any one of claims 6 to 8, wherein the
hydrocarbon content in said CO, composition is in the range of

0 mol% hydrocarbon to 10 mol% hydrocarbon.

A method as claimed in any one of claims 6 to 8, wherein the
hydrocarben content in said CO, composition is in the range of

2 mol% hydrocarbon to 7 mol% hydrocarbon.

.A method as claimed in any one of claims 6 to 8, wherein the

hydrocarbon content in said CO; composition is in the range of

2 mol% hydrocarbon to 3 mol% hydrocarbon.

CA 2812470 2018-01-25
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An arrangement for introducing a CO, composition into a
subterranean geological formation for storage of CO, therein,
said arrangement comprising:

a conduit comprising at least one injection port, property
controlling means in communication with said conduit for
controlling at least one injection parameter of said CO,
composition, said injection parameters including the
temperature, pressure and hydrocarbon content of the CO,
composition at the site of injection via said injection port,
wherein said property controlling means are adapted to change
said at least one injection parameter from a first set of
injection parameters, at which the injected CO, composition has
first viscosity and density values, to at least a second set
of parameters, at which the injected CO, composition has second
viscosity and density values during injection of said CO,
composition into said formation, and

wherein said property controlling means is adapted to alter
the injection parameters to alternate cyclically between said
first and second set of injection parameters during injection

of said CO; composition.

The arrangement of claim 12, wherein said property controlling

means are connected to said conduit.

CA 2812470 2018-01-25
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