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Fig. 3: Geology of each layer of the formation  

Fig. 2: Frio brine pilot project [5]

GCS Model
At the Frio brine pilot project (Fig. 2), 
a research project conducted at the 
South Liberty oil field operated by 
Texas American Resources in 
Dayton, Texas, USA, 1,600 metric 
tons of CO2  were injected over a 
period of 10 days into a steeply 
dipping brine-saturated sand layer at 
a depth of 1,500 m.  At this depth, 
free-phase CO2  is supercritical [1].  
Our model is a generic model 
representing the depositional 
environment of the Frio Formation.

GCS Introduction
There is a growing concern about the environmental impacts of large CO2

emissions.  Geological Carbon Sequestration (GCS) can store a large 
amount of carbon for more than a century while renewable sources are 
being developed.  GCS involves compressing CO2  and injecting it deep 
underground for permanent storage.  One critical question to address in 
this sequestration process is the location of the CO2  plumes shortly after 
injection as well as in the distant future.  Our research is to use a new, 
efficient global optimization algorithm, Stochastic RBF, to estimate 
parameters of a process-based CO2  simulation model (TOUGH2) and to 
use the simulator with the estimated parameters to estimate the plume 
locations.  Our initial research indicates this is effective. In future research 
we will further advance the optimization algorithm and expand the analysis 
to include economic and environmental issues under uncertainty.

GCS Input parameters
The permeability measures the easiness with which a fluid flows through a 
media.  Each rock (one color per rock) has a different permeability, hence 
we have 12 permeabilities to estimate (p is a 12 by 1 vector)
.

GCS Objective function
The objective function measures how well the model output matches the 
observed data.  By taking the sum of squared errors (SSE), we need to 
minimize the following objective function,
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where tobs are the sampling times,  Xobs are the two sampling locations,  Pobs  
is observed pressure at location x at time t with the true parameter vector p0 
and  Psim is the simulated pressure under the input parameter vector p.

Fig. 4: gas saturation at t=7.5 yrs, layer 7 Fig . 5: gas saturation at t=7.5 yrs,x=3600m (vertical slice)

GCS Results
After only 100 evaluations of the objective function, the optimization algorithm found a solution.  Once the 
best set of input parameters is found, we can use it to run the simulation model forward in time and predict 
where the CO2 is going to be and what the plume is going to look like.

As Fig. 4 and 5 show, the CO2 plume is correctly predicted and the fit gives an R2 of .87 when compared to 
the true solution .
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EGS Results
The simulations of different numbered fracture reservoirs demonstrate that conductive
dominated EGS reservoirs are capable of recovering a substantial amount of the original 
thermal energy.  As a result of the thermal recovery, sustainable operation of EGS is 
possible. Heat from the far field in the x and z direction help bring energy back to the 
depleted zones in the reservoir.  More fractures leads to slower drawdown because the 
mass loading per fracture is reduced. With more fractures, more energy is "farmed" from the 
reservoir at a given period of time.

EGS Model
For the numerical simulations, TOUGH2 code was used. The reservoir was modeled to have an 
initial temperature of 200C. The fractures were 500m long and were spaced 50, 100, 200m 
(representing 9, 5, and 3 fractures, respectively) and located in 400m wide space. The simulation 
space was 2000m wide by 1600m and represents the infinite far field of an actual reservoir. Due 
to symmetry, only half of the area was modeled. The mass flow rate into the reservoir was set at 
a constant value of 75 kg/s and the reservoir was extracted for 20 years followed by 40 years of 
recovery and an additional 20 years of extraction.

Fig. 6: 5 fracture geothermal reservoir after 20 yrs of extraction

Fig. 7: outlet temperature for 1, 3, 5, 9 during 10, 20, 10 yrs. extraction, recovery extraction periods 
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Overview: Sustainable Energy Recovery from the Earth
The mission of Cornell's NSF IGERT Earth-Energy program is to train a new 
generation of multidisciplinary researchers who will be able to work across 
engineering and geosciences fields to investigate the new technology needed 
for sustainable energy recovery from the earth.  These technology needs 
include using the Earth's subsurface to mitigate the energy waste products 
and exploiting a range of subsurface energy sources.  Two of our ongoing 
projects, carbon sequestration risk analysis and sustainable usage of 
geothermal energy, are examples of these new technology needs.  They are 
both presented in this poster. Fig. 1: Types of earth energy challeges

EGS Introduction
Geothermal energy is the thermal energy that is stored within the Earth’s crust.  One method to 
extract this stored energy is by pumping water into and out of a fracture network.  Frequently, 
one must enhance and engineer geothermal resources by creating fractures in the rock.  The 
renewability and sustainability of these Enhanced Geothermal Systems (EGS) are often 
questioned.   After prolonged use, an EGS will experience thermal breakthrough caused by the 
cooling of the rock mass.  A sustainable operational use of EGS is to let the depleted reservoir 
naturally recover by halting the use of the reservoir and meanwhile, “farm” energy out of another 
nearby reservoir.  Analytical and numerical models have been developed by the Cornell group 
that elucidate the recovery process and have shown that the conductive dominated EGS 
recovery in time scales is comparable to extraction times.  They can be used to develop 
strategic operational methods to ensure sustainable use of EGS.
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