Master project:   CO2 storage and  stability of  convection plumes in model aquifers

[bookmark: _GoBack]When CO2 is injected into a closed water aquifer, which  may  be  a  porous  medium  closed by  a  caprock,  the  CO2   will rise  due  to  buoyancy to top  of  the reservoir  where it   it will  dissolve  partially  in  water  by  diffusion and  convection and  form carbonic  acid. The density of carbonic acid is  higher than the density of  pure  water and the  will cause  the  carbonic  acid to sink  due to buoyancy.  This will set up an instable convection pattern which will be  stabilized by the  viscosity of the fluids, the  resistance of the porous  medium,  and the  CO2  diffusion constant.   The  main tasks of this  project will be to perform systematic experiments in  quasi  2D  experimental  models   by changing buoyancy  and  the  permeability  of the porous  medium.  This problem is  of  central importance to mastering CO2 Storage in aquifers.  
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Figur:  A layer of  CO2 above a water-saturated porous  medium consisting of glass  beads. An indicator acid  has been added  to the  water carbonic  acid  to  turn it  blue.   Where the  CO2 has  been absorbed  by the water,  carbonic  acid forms  which turns the color to green.  The acid  has  larger density than water  and  form sinking  plumes.  
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A layer of CO2 above a water- saturated porous medium consisting of glass beads. An 
indicator of acidity has been added to the water turning it blue. Where the CO2 has 
been absorbed by the water carbonic acid forms which turns the color to green. The 
acid has a larger density than the surrounding water creating sinking plumes pulling 
fresh water to the surface. (K.J. Måløy laboratory.)  
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We will develop a generalized statistical mechanics for porous media flow at the pore 
level which will give us an effective media description on the much larger continuum scales – a 
generalized non-equilibrium thermodynamics for porous media flow. 
 



RESEARCH:  Practical problems associated with flow in porous media – where liquid or gas flow 
through the pores of otherwise solid materials – have often been described with trial and error 
methods because the science underlying the calculations is insufficient, or inadequate to describe 
the situations in which calculation must be made. It is the aim of PoreLab to replace the current 
systems of calculations having little predictability or capacity for generalization with more 
scientifically robust methods. This requires the integration of theoretical, computational and 
experimental physics, physical chemistry and petroleum engineering, joining three fields of science: 
hydrodynamics of porous media, non-equilibrium thermodynamics and statistical mechanics in an 
approach that is new and unique.       
The Importance: The physics of porous media is of central importance in many processes found in 
biology, chemistry, geology, geophysics and physics and in industrial contexts ranging from fuel 
cell technology to oil recovery to CO2 sequestration. We mention two examples: 
x Two-phase flows of liquid water and reactant or product gases in the porous transport layers and 



in the catalytic layers of the polymer electrolyte fuel cell are central for the cell performance. 
More than 20% of the voltage can be lost by bad water management, see e.g. [1] but no solution 
has so far been found. By understanding how the pore-size distribution, the degree of water 
saturation and the material wettability can lead to permanent clogging of pores by water, we can 
better avoid such clogging.  This will improve the access of gases to the catalyst and maintain 
the cell voltage better.  



x One of the promising ways to control the amount of CO2 in the atmosphere is to pump it into 
abandoned oil reservoirs that are more or less water saturated.  The gas enters the porous 
medium, spreads in it and eventually gets absorbed by the water forming carbonic acid.  This 
acid has a larger density than the surrounding water, creating flow patterns in the reservoir which 
effectively mixes the two fluids, see Figure 1.     



The upscaling problem: Common to most of the practical 
applications of porous media physics is that the length scale 
where our interests lie is much larger than the scale at which the 
relevant physics is going on.  Oil reservoirs are in the range of 
kilometers.  The pores are typically ten to a hundred micrometer 
in size – some 7 orders of magnitude smaller.  How do we infer 
the behavior at the large scales from the physics at the pore level? 
This is the upscaling problem.  



On length scales that are orders of magnitude larger than 
the pore scale, the only approach that makes sense is to replace 
the original porous medium by a continuous – effective – 
medium governed by a set of differential equations. The physics 
at the pore scale needs to be coded into these effective medium 
differential equations.  Hence, solving the upscaling problem 
consists in deriving the correct effective medium differential 
equations from the underlying pore-level physics.  
Vision for PoreLab: We will take on the upscaling problem. We 



will do so following a different approach from those tried before.  Looking back, one finds a 
magnificent example of upscaling in a different context in thermodynamics. Thermodynamics 
concerns the relations between heat and work on a macroscopic scale and is expressed through 
differentials and differential equations.  They are reflections, though, of the underlying dynamics at 
the molecular level, i.e. at scales that are some ten decades smaller.  What allows us to get from the 
physics at the molecular level to the macroscopic thermodynamic description is statistical 
mechanics.  Thermodynamics and statistical mechanics are, however, as methods not tied to 
molecules and heat.  They are in fact more general.   This is then our vision for PoreLab:  



 



Figure 1: A layer of CO2 above a water-
saturated porous medium consisting of 
glass beads. An indicator of acidity has 
been added to the water turning it blue.  
Where the CO2 has been absorbed by 
the water carbonic acid forms which 
turns the color to green.  The acid has a 
larger density than the surrounding 
water creating sinking plumes pulling 
fresh water to the surface. (K.J. Måløy 
laboratory.) 
 
 
 















