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Chapter 1

Geological storage of COy

Geological storage of CO, corresponds to injecting and storing CQOy in deep
geological formations. In this ¢hapter we give a general overview of geo- -
logical storage andydiscuss the main challenges for its practical application.
Furthermore, some of the challenges attached to(tl:ié‘concept are discugssed.
et Mk oot -

1.1 Background

ok cleser”

Geological storage involves injection of captured CO; into deep geological
formations. Of the different geological formations deep saline aquifers are
the most ubiqaitous and offers the largest-potential storage volume([1].) In

addition, deep saline aquifers can be used immediately in contrast to oil and y ﬁ;‘{‘ st
gas reservoirs that must be exploited first. For these Teasons, deep-saling * (S80S

aquifers_are veryatiraetive for geelogical storage of CO;. A deep saline (FCOX e
ymjfér ‘consists of deep sedimen@rjy)ecks saturated with formation water or QQF«V‘-‘C:I'”" _'SL e

brine. The term brine is used foX, water saturated with or containing large
amounts of a salt, especially of-sadinm ehloride. According td U.S. Geologic

Survéy (USGS) classification, water classified as brine contains more than \‘\J&\E‘\\
35,000 ppm (p;\l-rts P_er,@ll@_n) total dissolved solids of salt.

To increase the storage volume the CO, is injected at super-critical state,
[15]. Having the CO, in supericritical state- mears \that temperatures 7' and
pressures P are ab.gﬁthe critical point, that is T, = 31,1°Cand P, = 7,38 M
Pa, see Figure 1.1. CO; at super-critical state hasmd(?ﬁity than in gas -
phase and smaller viscosity than in fluid phase. Viscosity will be defined in

the next chapter © Givemtypical geathermal gradients the-cenditions for-hav="
ing the CO; in super-critical state are found at depths around 800m below
sea level [3].
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variations with a well defined average. This means that quantities within
a porous media are considered as averages over a representative elementary
volume (REV) of the medium around the point considered [6].

Each fluid present in a porous media is called a phase. For example, brine in
deep saline aquifers is considered as a phase. The phases can move with in
the connected pores, and the governing equations for this movement will be
presented throughout this chapter.

The connected (effective) pore volume, Vpp, is the actual volume of the pores
where the phases can move in. The ratio between the connected pore volume
and the total volume, Vr, of the medium is called the effective porosity ¢, of
the porous medium, i.e.

Ve

i

Usually this dimensionless quantity is expressed as a percentage. From now
on, we will refer to the effective porosity as the porosity. Note that the
porosity is a property of the rock. In the next section some properties of the
fluid or the phases will be presented.

¢ =

2.2 Properties of a Fluid Phase

These properties concerns each individual phase regardless of how many
phases that are present in the system.

Each fluid phase has a densily p, which is mass of fluid per unit volume
with units of [kg/m®) in the SI system. The wiscosity p of a fluid phase re-
flects the internal resistance to flow of that phase. For example, water has
low viscosity, while oil has high viscosity. Since this property reflects resis-
tance the ST-unit is [Pa s| = [kg/ms].

In fluid mechanics the compressibility c of a phase is a measure of the volume
change of the phase due to a pressure change in the phase. The compress-
ibility is defined as;

_ _1dV _1dp
T Vidp pdp

where V' is total volume and p is the pressure [29].

When more than one phase is present ,in the system the physics becomes
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