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Presentation Outline

• Title is representative of the entire task, but 
we’re going to focus on a single subtask here.
– For detail in subtasks, please see Gannt charts or ask 

about it later (there is good stuff there!)

• Relative permeability measurements of scCO2 in  
depositional environments identified as primary 
targets for carbon storage
– Motivation
– Methodology
– Results to date



Motivation
• CO2 storage resource 

estimates for saline formations 
can be calculated with GCO2(Goodman et al 2016).

• The CO2 storage efficiency 
factor (Esaline) incorporates 
geologic and displacement 
terms to characterize the 
ability of CO2 to utilize the 
formation.

• The volumetric (EV) and 
microscopic (Ed) displacement 
terms are impacted by the 
relative permeability of the 
injection site. 
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Motivation – Depositional Environments

• Gorecki et al (2009) 
calculated P10/P90 
efficiency ranges for 
various depositional 
environments. 
– But limited information 

on the scCO2/brine kr
curves were available 
to perform this 
analysis.

• Experiments are being  
performed to expand 
this data set.
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IEA, 2009/13. Development of Storage Coefficients for 
CO2 Storage in Deep Saline Formations, IEA Green 
house Gas R&D Programme (IEA GHG) October.



Motivation – Depositional Environments

27 scCO2/brine kr
tests completed

– 10 with multiple 
flow rates
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Methodology

• Unsteady state scCO2 injections into brine 
saturated cores
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Recent CO2 flood in Navajo sandstone
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 Pp = 1400 psi (9.6 MPa)
 Pconf = 2000 psi (13.8 MPa)
 T = 140°F (60°C)
 0.2 < Q < 6 ml/min



Experimental Methodology
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Experimental Methodology
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Experimental Methodology
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Experimental Methodology
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Experimental Methodology
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Experimental Methodology
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Experimental Methodology
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Analysis Methodology
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• Data collection
– Baseline core properties (φ, k, pore volume)
– Baseline CO2 and brine saturated CT scans
– Dynamic measurements

• Differential pressure, injected CO2 volume, 
saturation (via CT scans) 

• Used methods set forth by Krevor et al 
(2012) for saturation and Toth et al (2002) 
for mobility functions & kr calculations



Analysis Methodology
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Analysis Methodology
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Analysis Methodology
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Technical Status
• 27 tests completed, 10 with multiple flow rates

– Detailed sample information collected and to be reported 
with saturation and relative permeability results. 

– All samples curated with International Geo Sample 
Number (ISGN) with the System for Earth Sample 
Registration (SESAR) – www.geosamples.org
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Technical Status
• Example results from Castlegate sandstone tests: deltaic to fluvial
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Technical Status
• Example results from Castlegate sandstone tests: deltaic to fluvial
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Technical Status
• Example results from Edwards Yellow tests: Carbonate
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Technical Status
• Example results from Edwards Yellow tests: Carbonate
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Wormhole Generation
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• Edwards Yellow 
(Carbonate)

• Q = 6, 4, 2, 1 ml/min

• Wormhole 
generation near to 
the inlet evolved 
over sequential CO2
injections.

Injection

Exit



Wormhole Generation
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Compare/Contrast Results across Cores

• Sandstones are relatively uniform in the 
relationship between kr and k

• Carbonates are dependent on the material 
sensitivity and initial permeability
– Dolostones tend to be less prone to secondary 

macro-porosity development and short-circuiting of 
fluid. They tend to behave more predictably like 
sandstone.

– Limestones (pure CaCO3) tend to wormhole 
significantly, which causes dynamic changes in the 
relationship between k and kr during the flow test
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Accomplishments to Date

– 27 experiments completed. 
• Most depositional environments run with multiple cores. 

– Only three depositional environments remain to be tested.
• Lacustrine, alluvial and turbidite.

– Draft manuscript on methodology almost complete.
• Introduction needs refining.

– Draft database for EDX created and populated.
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Lessons Learned

– Core scale heterogeneity obviously an issue. 
– Low potential/uncertain reservoir systems 

difficult to determine kr
• Low permeability: not surprising

– Dynamic carbonate evolution is able to be 
captured with unsteady kr measurements

• Quantification of kr difficult (Vp is changing …) 
• We have been able to characterize this impact on 

kr, and observed interesting behavior with respect 
to k and dissolution behavior. Early results, but 
planning to submit manuscript late ‘18 or early 
’19.
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Synergy Opportunities

We are very happy to utilize the skills and resources at NETL RIC to 
further the mission(s) of FE across portfolios. The number of ongoing 
collaborative studies is numerous, and if you identify places where we 
can help with your studies, please let me know. 
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Project Summary

– Key Findings
• Dynamic carbonate evolution captured with unsteady kr measurements

– We have developed a methodology for correcting for these changes.  

• We have been able to do a depositional environment, to completion, at a 
rate of 1 per 1-2 weeks. 

– Next Steps
• Submission of methods manuscript.
• Completion of depositional environment experiments.
• Finalization of database and publication to EDX.
• Manuscript generation for dataset highlighting variation.
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Appendix
– These slides will not be discussed during the presentation, but 

are mandatory.
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Benefit to the Program 
• To improve assessments of CO2 storage for key reservoir classes, 

basic research of critical properties at in situ conditions and 
linked to potential reservoir classes needs to be conducted. Work 
will focus on measuring relative permeability, residual saturation, 
and wettability for high priority depositional environments 
targeted for CO2 storage and developing accessible tools for 
reservoir modelers to access this data and utilize to reduce 
uncertainty in their estimates.



32

Project Overview  
Goals and Objectives

• Determination of non-rock specific relative permeability curves 
to reservoir scale assessments of CO2 migration results in higher 
levels of uncertainty than could be attained with more targeted 
models. By developing a set of relative permeability curves, and 
understanding how they vary with different depositional 
environments, the benefit of this task will be reduced uncertainty 
in CO2 migration in real world reservoirs.
– Success is development and publication of an accessible database of 

experimentally determined relative permeability curves of scCO2/brine 
through various high priority depositional environments. 
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Project Overview  
Brief highlights of additional subtask 13.1.2

• Improved brine-CO2 understanding in reservoirs, from pores to flow properties. 

Measurement of 
scCO2/brine contact 
angles in pore space

Ca = 10-4

Simulated relative 
permeability in micro-CT 

derived geometries
CT

Model
Rock

Brine

CO2

Ca = 10-3
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Organization Chart

• NETL Researchers: Johnathan Moore, Sarah Brown, Laura 
Dalton, Karl Jarvis, Bryan Tennant, Scott Workman, Aaron 
Boylan, Magdalena Gill, Jeong Choi, Michael Sabbatino, Leebyn 
Chong, Eugene Myshakin, Angela Goodman, Sean Sanguinito, 
Deepak Tapriyal, Foad Haeri, Fan Shi, Christopher Matranga, 
Greggory Breault, Samantha Fuchs, Paige Mackey, Thomas 
Paronish, 

• ORISE Faculty: Cheng Chen (Virginia Tech), Goodarz Ahmadi 
(Clarkson University), Kevin Shanley (SUNY New Paltz), Brian 
Ellis (U of Michigan)
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Gantt Chart – Task Overview
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Gantt Chart – Subtask 1
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Gantt Chart – Subtask 2
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Gantt Chart – Subtask 3
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Gantt Chart – Subtask 4
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Gantt Chart – Subtask 5



Bibliography
– List peer reviewed publications generated from the project per 

the format of the examples below.
– Publications for subtask 13.1.1 (focus of this talk) are in the draft 

preparation stage. 
• Journal, one author:

– Gaus, I., 2010, Role and impact of CO2-rock interactions during CO2 storage in sedimentary 
rocks: International Journal of Greenhouse Gas Control, v. 4, p. 73-89, available at: 
XXXXXXX.com. 

• Journal, multiple authors:
– MacQuarrie, K., and Mayer, K.U., 2005, Reactive transport modeling in fractured rock: A state-

of-the-science review. Earth Science Reviews, v. 72, p. 189-227, available at: XXXXXXX.com.

• Publication:
– Bethke, C.M., 1996, Geochemical reaction modeling, concepts and applications: New York, 

Oxford University Press, 397 p.
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