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We derived key reactive-
transport parameters for
carbonate rocks over a
wide range of
heterogeneity and initial
permeability




Validation Study — Big Sky Demonstration,
DuperOW Form ation (Lee Spangler and Stacey Fairweather)
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Duperow Dolostone
(1231 m)

= Build the geologic
model from
Imaging data

= Calibrate the initial
model permeability
against the
experiment.

= Run simulations
spanning model
parameters (n, k)

= Compare
simulated and
measured results
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We have validated the carbonate model showing
good agreement for permeability and pore space
at the experimental scale
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BRUTE FORCE - CALCULATION

Model is calibrated

I against experiment

I e 250 million grid blocks
; e 4096 cores

I 1,000 times increase

I In rock volume

o 20 times increase in

I reaction time
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Core-scale




Dissolution causes a 30% increase in porosity
and a 10,000% increase in permeability after
1000-hours of injection
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grid size - 60 mm

grid size - 30 mm



Uncertainty quantification analysis confirms
higher “n” as grid size increases

Uncertainty quantification analysis

» 1000 realizations

e Latin hypercube

e porosity- permeability power n =1 - 20
e calcite log(k) = -7.0- -4.0

e dolomite log(k) = -8.0 - -6.0

best-matching parameters

-
power n 13.2 181 185 195

Calcite -5.9 -4.1 -4.9 -4.4
log(k)
Dolomite -6.6 -6.1 -6.4 -6.1
log(k)
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= Calibrated permeability for carbonates using for
downhole NMR measurements

= Derived key reactive-transport parameters and
ranges for carbonate rocks over a wide range of
heterogeneity and initial permeability

= Validated the model using core from an
Independent CO2 storage formation

= Used numerical methods to scale laboratory
parameters to meter scale
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« Carbonate formations are important reservoirs for long-
term storage

« Reaction will change the pore space, altering
permeability and storage space for CO,

« Parameters that tie changes in void space to permeability
depend on the grid size used in the reactive transport
model
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= This research project quantified relationships
between fluid flow, heterogeneity, and reaction
rates specific to carbon storage in carbonate
reservoirs by integrating characterization, solution
chemistry, and simulation data.
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Benefit to the Program

= This research project quantifies relationships
between fluid flow, heterogeneity, and reaction
rates specific to carbon storage in carbonate
reservoirs by integrating characterization,
solution chemistry, and simulation data.

= This project meets the Carbon Storage Program
goals to develop technologies that will support
iIndustries’ ability to predict CO, storage capacity
In geologic formations to within £30 percent.
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= The goal of this project is to calibrate key parameters In
reactive transport models that will be used to predict final
storage of CO, in carbonate EOR fields.

= This project will advance science-based forecasting for the
transition of CO, — EOR operations to storage sites.

= Success Is tied to the ability to scale reactive-flow and
transport parameters over a range of carbonate rock types
and permeability.

Lawrence Livermore National Laboratory

t



« Smith, M., Hao, Y., Carroll, S (2017) Development and calibration of a reactive transport model for
porosity and permeability changes in carbonate reservoirs, International Journal Greenhouse Gas
Control

« Smith, M., Sholokhova, Y., Hao Y., and Carroll, S., 2013, Evaporite caprock integrity: An
experimental study of reactive mineralogy and pore — scale heterogeneity during brine — CO,
exposure. Environmental Science and Technology, http://dx.doi.org/es3012723.

« Carroll, S. Hao, Y., Smith, M., Sholokhova, Y. (2013), Development of scaling parameters to
describe CO,-carbonate-rock interactions for the Marly Dolostone and Vuggy Limestone, | J
Greenhouse Gas Control,

« Hao, Y., Smith, M., Sholokhova, Y., and Carroll, S. (2013) CO,-induced dissolution of low
permeability carbonates. Part 1. Numerical modeling of experiments, Advances in Water
Resources

« Smith, M. Sholokhova, Y., Hao, Y., and Catrroll, S. (2013) CO,-induced dissolution of low
permeability carbonates. Part 2. Characterization and experiments, Advances in Water Resources

2
Lawrence Livermore National Laboratory @


http://dx.doi.org/10.1016/j.ijggc.2016.12.004
http://dx.doi.org/10.1016/j.ijggc.2012.12.026
http://dx.doi.org/10.1016/j.advwatres.2013.09.009
http://dx.doi.org/10.1016/j.advwatres.2013.09.008

	CO2 Storage in Carbonate Reservoirs: Validation of the permeability model from microns to meters
	Slide Number 2
	Slide Number 3
	Validation Study – Big Sky Demonstration, Duperow Formation (Lee Spangler and Stacey Fairweather)
	Approach
	Forecasts match change in void space
	Forecasts match pressure decline and permeability increase
	Forecasts match solution chemistry
	We have validated the carbonate model showing good agreement for permeability and pore space at the experimental scale
	�Model validation at the meter scale
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Accomplishments to date
	Lessons Learned
	Slide Number 18
	Appendix
	Synergy Opportunities
	Project Summary
	Benefit to the Program
	Project Overview�Goals and Objectives
	Bibliography

