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Benefit to the Program  
Program goals being addressed. 
Å Develop technologies that will support industriesô ability to predict CO2 storage 

capacity in geologic formations to within ±30 percent. 

Å Develop technologies to demonstrate that 99 percent of injected CO2 remains in 

the injection zones.  

Å Conduct field tests through 2030 to support the development of BPMs for site 

selection, characterization, site operations, and closure practices.   

Project benefits statement. 
ZERT II supports Storage Program goals by 1) developing 

computational tools for simulating CO2 injection, storage and 

trapping, 2) performing basic geoscience experiments to address 

relationships between properties such as wetting, relative 

permeability, saturation, and capillary pressure that will improve 

understanding of CO2 behavior in the reservoir and help with model 

parameterization 3) investigating analogs to understand risks to 

storage security 4) conducting field experiments to test near surface 

monitoring technologies and 5) developing novel bio-controlled 

leakage mitigation technology 
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Project Overview:   
Goals and Objectives 

Biofilms and Biomineralization 

Å Objective: Perform a comprehensive evaluation of techniques for current and novel CO2 

sequestration concepts associated with microbial biofilms. 

Natural Analogs of Escape Mechanisms 

Å Objective: Characterize the physical, mineralogical, and geochemical characteristics of a 

fracture system that may have been exposed to naturally occurring sub-surface CO2, for the 

purpose of determining the reservoir and trap conditions that contribute to long-term CO2 

sequestration versus those that contribute to CO2 leakage. 

Å Objective: Characterize the physical, mineralogical, and geochemical characteristics of 

outcrops of hydrothermal plume related rocks to determine their usefulness as natural 

analogs of breached and healed caprocks for carbon sequestration. 

Optical Detection for Carbon Sequestration Site Monitoring      

Å Objective: Demonstrate the feasibility of creating an in-line fiber optic sensor for CO2 that 

utilizes sections of photonic bandgap (PBG) fibers interspersed with sections of single mode 

optical fiber. 

Å Objective: Develop a custom-designed multispectral imager to detect CO2 -induced plant 

stress with lower cost to allow field deployment of multiple imagers for monitoring large, 

distributed carbon sequestration facilities. 

Validation of Near-surface CO2 Detection Techniques and Transport Models 

Å Objective:  Determine, via field experimentation, the efficacy and detection limits for existing 

and emerging near-surface CO2 detection technologies. 
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Project Overview:   
Goals and Objectives 

Task 2.0 ï Biofilms and Biomineralization 

Å Decision Point ï Results of pulsed flow experiments concerning ability to control deposition rate and spatial 

distribution of biofilm barriers. 

Å Success Criteria ï Ability to provide a spatial distribution over an area greater than one inch from in-flow 

side of porous media. 

Task 3.0 ï Natural Analogs of Escape Mechanisms 

Å Decision Point ï The geologic outcrop studies must produce enough data to make time investment of 

development of a three-dimensional static model. 

Å Success Criteria ï One hydrothermal plume of sufficient detail has already been identified, so success is 

highly probable.  The key issue here is determining which plume provides the most appropriate 

information.  We will discuss this with other geoscientists and modelers to make this determination. 

Task 4.0 ï Optical Detection for Carbon Sequestration Site Monitoring 

Å Decision Point ï Demonstration of the ability to re-launch light into subsequent fiber sections when an air 

gap is left between the sections. 

Å Success Criteria ï Ability to re-launch and propagate light on the subsequent fiber section.  If this is not 

possible, a different method of sampling the soil gas via fiber will likely be necessary. 

Å Decision Point ï Multispectral imager prototype field test results 

Å Success Criteria ï Spatial resolution and spectral performance will be tested and NDVI or other image 

processing will be compared to commercial instruments. 

Task 5.0 ï Validation of Near-surface CO2 Detection Techniques and Transport Models 

Å Decision Point ï Many personnel ï hours are spent by multiple institutions in the field experiment.  

Successful preparation / re-installation of field infrastructure must occur before conducting field experiment. 

Å Success Criteria ï Packer system must inflate and hold pressure, mass flow control system must be 

functioning. 



Technical Status 

ÅFocus the remaining slides, logically walking through the 

project. Focus on telling the story of your project and 

highlighting the key points as described in the 

Presentation Guidelines 

ÅWhen providing graphs or a table of results from testing 

or systems analyses, also indicate the baseline or 

targets that need to be met in order to achieve the 

project and program goals. 
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Presentation Outline 

ÅComputational tool development 

ÅLaboratory studies to understand 

subsurface CO2 behavior  

ÅAnalog studies to inform risk analysis 

ÅNear surface detection technologies / 

testing 

ÅMitigation method development 
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TOUGHREACT Version 2.0 



 
 

Development of numerical models for 
simulating coupled fluid-flow and stress effects 
 

ÅGeomechanical impacts of large-scale injection  during CO2 storage 
operations is one of the critical issues in ensuring safe operations and 
long-term reliability of geologic CO2 sequestration sites 
Å7Å ÈÁÖÅ ÄÅÖÅÌÏÐÅÄ ÃÁÐÁÂÉÌÉÔÉÅÓ ÉÎ ,!.,ȭÓ &%(- ÒÅÓÅÒÖÏÉÒ ÓÉÍÕÌÁÔÏÒ 

to model complex, coupled non-isothermal, multi -phase flow and 
geomechanical processes: 
ÅNon-linear elasticity: elastic moduli as functions of temperature, 

pressure, and stress 
ÅStress-dependant permeability models : Non-linear, orders-of-

magnitude permeability changes, explicitly or Implicitly coupled . 
ÅWellbore cement failure: interface evolution due to 

geomechanical effects 
ÅPlastic deformation 



Examples demonstrating new, complex fluid-flow and stress 

modeling capabilities in FEHM 

 Simulation of change in 
the permeability in a fault 
due to injection in a 
nearby wellbore 

Simulation of change in 
permeability in an inclined fault 
due to injection 

Injection 
Point 

Permeability as a function 
of  change in normal stress 

ÅNon-orthogonal grid 
ÅThermal effects 
ÅMohr-Coulomb failure 
ÅPermeability as a 
function of shear stress 



Comparison of silica/calcite wettability in 

the brine-scCO2 and brine-N2 systems 
(Tim Kneafsey, Dmitriy Silin) 

Objective  

Å Visualize/analyze wettability 
differences between coarse silica 
and fine calcite sand in scCO2-
brine system 

Approach 

Å Flow N2 (for comparison) and 
scCO2 through fine, brine-
saturated sands 

Å Flow brine through sample after 
N2, then scCO2 until breakthrough 
(residual saturation) 

Å Monitor with X-ray computed 
tomography (CT) 

Å Image sand samples with microCT 

Å Apply Maximal Inscribed Spheres 
(MIS) model to compute 
characteristic curves 

Å Compare to experimental results 

SiO2 SiO2 CaCO3 



Experimental and Modeling Results 

Å Both N2 and CO2 flowed across 

sample top due to gravity 

Å Both N2 and CO2 flowed through a 

larger region of silica than calcite 

Å Neither N2 or CO2 penetrated deeply 

into calcite indicating strongly brine-

wetting conditions 

CT images of scCO2 saturation in slices through 

composite domain (silica-calcite-silica)  

(calcite section is outlined by white line) 

 

  

 

MicroCT imaged 

sand and 

calculated pore 

occupancy by 

MIS 

Computed scCO2 saturation using 

MIS computations for 0 and 20 

degree contact angles 

Å Computations based on the MIS 

technique including contact angle 

indicate that both silica and calcite 

are brine-wetting, but calcite is 

strongly brine-wetting under the 

experiment conditions.   



Capillary Pressure -Saturation Relations  

(Jiamin Wan and Tetsu Tokunaga)  

Á Saturation-capillary pressure, S(Pc), relations 

are needed to determine equilibrium of CO2-

brine, relative permeability relations, flow, and 

residual trapping of CO2. 

Á  Measurements are being done on well-

characterized, uniform sands in order to 

quantitatively compare results with predictions 

based on capillary scaling models. 

Á  Our experimental system is capable of  

measuring S(Pc) relations on unconsolidated 

(sands) and consolidated (cores). 

Á  Experiments have been conducted on air-

water systems at atmospheric pressure and 

20ęC, and on scCO2-water(brine) systems at 

high pressure (8.5 to 12 MPa) and 45ęC. 



Example Results and Implications  

Á S(Pc) relations for systems involving 

scCO2 exhibit drainage at lower Pc, 

qualitatively consistent with expectations 

from low interfacial tensions of scCO2-

water. 

Á Capillary scaling provides only 

approximate predictive capability in 

scCO2-brine systems. 

Á Alterations mineral surface wettability in 

scCO2/brine/mineral systems* are 

important in altering S(Pc) behavior, and  

may contribute to more complex, larger-

scale behavior of scCO2 in geologic C 

sequestration. 

* Jung and Wan, 2012, Energy & Fuels (in press). 



Characterization of trace-metal release 
due to CO2 leakage in shallow aquifer 

ÅSamples of rocks from Chimayo were 
characterized and exposed to CO2 in laboratory 
experiments 
ÅAs, Pb and U were often found attached to Fe 

associated with clay 
ÅExperiments show that Arsenic is quickly 

released as CO2 is introduced to the system but 
slowly  returns to background concentrations  
ÅType II scavenging as defined by Smyth et 

al. (2006) could be an explanation  ÅA geochemical model 
with sorption to iron-
hydroxides on the clay 
was developed 
ÅCalcite buffering and As 

sorption identified as 
processes controlling pH 
and As concentrations 

Elemental distribution using XRF 

Laboratory experiments Geochemical modeling 



 
 

Comparison of 
simulated (open 
symbols) and measured 
(red symbols)  total 
carbon and chloride 

Prediction of dynamic evolution of geochemical 
impacts of CO2 leakage  
 

ÅA field-scale multi-phase, reactive transport 
model was developed and calibrated using 
data from the Chimayó natural analog site 

ÅThe model was used to constrain reactive-
transport model parameters and to infer 
leakage rate along a fault 

ÅCalibrated model was used to simulate 
CO2/brine leakage scenario and to predict 
long-term geochemical interactions 

ÅResults show very slow 
recovery after cessation 
of CO2 leak 

ÅCo-transport of saline 
water with CO2 is more 
detrimental to shallow 
groundwater quality 
than in-situ metal 
mobilization 

Predicted evolution of Uranium and pH post-CO2 
leakage 


