
ORGANIZZAZIONE                    CON LA COLLABORAZIONE DI

Dynamics of upward brine displacement 
caused by CO2 injection
Antonio P. Rinaldi & Curtis M. Oldenburg

Istituto Nazionale di
Geofisica e V ulcanologia
Sezione di Bologna

Lawrence Berkeley
National Laboratory
Earth Sciences Division

Abstract

Upward displacement of brine from deep reservoirs driven by pressure increases 

resulting from CO2 injection for geologic carbon sequestration may occur through 

improperly abandoned wells, permeable faults, or permeable channels between pinch-

outs of shale formations.  The concern about upward brine flow is that, upon intrusion 

into aquifers containing groundwater resources, the brine may degrade groundwater.  

Because both salinity and temperature increase with depth in sedimentary basins, 

upward displacement of brine involves lifting fluid that is saline but also warm into 

shallower regions that contain fresher and cooler water.  We have carried out dynamic 

simulations using TOUGH2/EOS7 of upward displacement of warm, salty water into 

cooler, fresher aquifers in a highly idealized two-dimensional model consisting of a 

vertical conduit (representing a well or permeable fault) connecting a deep and a shal-

low reservoir.  Our simulations show that for some cases where overpressure drives 

hot brine up the conduit and into the shallower reservoir, the hot brine initially ponds at 

the bottom of the shallow reservoir.  As it cools, the brine becomes sufficiently dense 

that it flows back down into the deeper reservoir from where it came.  The brine then 

heats again and moves back up the conduit to repeat the cycle.  Such oscillatory solu-

tions are favored in high-permeability systems with low salinity and high overpressure, 

while static steady-state solutions tend to arise in low-permeability systems with high 

salinity, and low overpressure.  Parameter studies delineate steady-state (static) and 

oscillatory solutions and reveal the character and period of oscillatory solutions.
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Introduction
The current concept for large-scale Geological Carbon Sequestration (GCS) is the direct injection of super-
critical CO2 into deep geological formations which typically contain brine. Upward displacement of such brine 
from deep reservoirs driven by pressure increases resulting from CO2 injection may occur. Potential conduits 
for this upward �ow could be (1) open wells, (2) poorly cemented annulus, (3) permeable faults or fracture 
zones, etc. Brine up �ow into groundwater resources is critically important for envirmonmental risk assess-
ment of GCS. Some results are possible when brine is forced up a conduit:
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Numerical experiment

-Model upward brine �oe due to pres-
sure rise in 2D system using 
TOUGH2/EOS7.

-Shale permeability is zero

-Conduit width is 5 m

-Initial conditions are linear T and salin-
ity, and hydrostatic P

-All permutations of the following pa-
rameter values were investigated:
�6P  =       0.3,            1,           2    bar
�lmax= 1050, 1100, 1150   kg m -3

�g��������=   10-11 ,  10-12 ,   10-13     m2
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Results (low salinity case)

�lbrine = 1050 kg m-3

�6P = 2 bars
�g = 10-12  m2
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Results (medium salinity case)

�lbrine = 1100 kg m-3

�6P = 2 bars
�g = 10-12  m2
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Results (shale removed)
When the shale is removed, warm and salty �uid is allowed to cool in the 
upper reservoir, and an oscillatory solution is then possible.

Hypothetical system to show oscillatory behavior

�lbrine = 1050 kg m-3

�6P = 2 bars
�g = 10-12  m2
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Results (high salinity case)

�lbrine = 1150 kg m-3

�6P = 2 bars
�g = 10-12  m2
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Summary of results

= static steady state

= oscillatory

�6P  =       0.3,            1,           2    bar
�lmax= 1050, 1100, 1150   kg m -3

�g��������=   10-11 ,  10-12 ,   10-13     m2

1) Dense brine moves up and keeps �owing;
2) Dens brine moves up and stops at a new hydro-
static equilibrium;
3) Dense brine moves up and then �ows back down as 
it cools
The system we model is generic and models upward 
�ow through a 5m-wide conduit with the same perme-
ability as the reservoir rocks. As such, the model is 
not site-speci�c nor is it representative of any actual 
GCS site. Instead the purpose of the modeling pre-
sented here is to demonstrate concepts of the ensta-
blishment of a new hydrostatic equilibrium upon reser-
voir pressurization, and oscillatory dynamic solutions 
to the brine up �ow system.

Conclusion
- Pressure rise drives water up conduits

- Pressure rise does not necessarily result in continuous �ow

- Rather, DP leads to new hydrostatic equilibrium if �uids are initially 
density strati�ed

-If warm and salty �uid is allowed to cool in the upper reservoir, it be-
comes denser than it was originally and �ows back down the conduit 
where it warms up again in the lower reservoir only to repeat the process

-Normal geothermal gradient tends to prevent the cooling needed for 
oscillatory solutions


