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Abstract

The anthropogenic origin of global climate change via increased CO, emissions into the atmosphere is the general consensus by the
scientific community and CO; sequestration (long-term storage within the subsurface) has been proposed as an option for mitigating
the effects of this greenhouse gas. Reliable and long-term CO, storage requires a porous, saline aquifer, such as the Navajo Sandstone
in central Utah, for viable CO, sequestration. Geometric patterns of aeolian bedforms and petrophysical data (hydraulic properties)
were mapped through the upper portion of the Navajo Sandstone in order to evaluate it for CO, sequestration. 3D reconstructions of
aeolian depositional facies and bedform geometries demonstrate a wide variety of dune types in the Navajo Sandstones.

By mapping the angle and direction of bounding surfaces and internal erosional surfaces within the cosets, several dune types were
recorded. Both simple large dunes and compound dunes, which preserve smaller superimposed dunes migrating along lee slopes of
larger dunes, were recognized and mapped. Bounding surfaces range from subhorizontal 1** order surfaces to steeply dipping
reactivation surfaces generated from shifting wind direction, superimposed dunes or migration of scour-pits located at the base of the
lee slope. Finer-grained wind ripple laminations line 1% and 2™ order bounding surfaces and are found up to 50 cm thick. Well-sorted,
medium-grained sandstones composed of grain flow sediments occupy the majority of the sediments between bounding surfaces.
Laboratory measurements suggest that porosity measurements can range up to 5 fold between wind ripple and grain flow facies.
Measurements collected in the field demonstrate that permeability ranges significantly as well. Variations in hydraulic properties
mimic shifts in facies along bounding surfaces. Bounding surface geometries range from subhorizontal to sinuous in 2D and 3D and
act as baffles within the Navajo Sandstone reservoir.
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Bedform reconstructions, geometries and hydraulic properties collected from the outcrop act as inputs for geostatistical and, in turn,
fluid flow models of CO, migration. Preliminary modeling of 2D CO, migration through sinuous cross-bedding bounding surfaces
suggests that these baftles influence the amount of CO, stored as well as its direction of migration and migration pathways. These
models enable predictions of potential CO, sequestration sites and potential areas with inefficient storage capacity.
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Photopans ofNavajo Sandstone
outcrop near Devil’s Canyon.

Lines represent measured section
locations. Lines with numbers
indicate permeability measurements
every 50 cm.

Each section is ~ 75 m long
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Abstract

The anthropogenic origin of global climate change via increased CO2 emissions into the atmosphere is the general con-
sensus by the scientific community and CO2 sequestration (long-term storage within the subsurface) has been proposed as
an option for mitigating the effects of this greenhouse gas. Reliable and long-term CO2 storage requires a porous, saline
aquifer, such as the Navajo Sandstone in central Utah, for viable CO2 sequestration. Geometric patterns of acolian bed-
forms and petrophysical data (hydraulic properties) were mapped through the upper portion of the Navajo Sandstone in
order to evaluate it for CO2 ion. 3D ions of acolian iti facies and bedform geometries dem-
onstrate a wide variety of dune types in the Navajo Sandstones. By mapping the angle and direction of bounding surfaces
and internal erosional surfaces within the cosets, several dune types were recorded. Both simple large dunes and compound
dunes, which preserve smaller superimposed dunes migrating along lee slopes of larger dunes, were recognized and
‘mapped. Bounding surfaces range from subhorizontal Ist order surfaces to steeply dipping reactivation surfaces generated
from shifting wind direction, superimposed dunes or migration of scour-pits located at the base of the lee slope. Finer-
grained wind ripple laminations line 1st and 2nd order bounding surfaces and arc found up to 50 em thick. Well-sorted.
medium-grained sandstones composed of grain flow sediments occupy the majority of the sediments between bounding
surfaces. Laboratory measurements suggest that porosity measurements can range up to 5 fold between wind ripple and
grain flow facics. Mcasurements collected in the ficld demonstrate that permeability ranges significantly as well. Variations
in hydraulic properties mimic shifis in facies along bounding surfaces. Bounding surface geometries range from subhori-
zontal to sinuous in 2D and 3D and act as baffles within the Navajo Sandstone reservoir. Bedform reconstructions, geom-
ctries and hydraulic properties collected from the outcrop act as inputs for geostatistical and, in turn, fluid flow models of
CO2 migration. Preliminary modeling of 2D CO2 migration through sinuous cross-bedding bounding surfaces suggests
that these baffles influence the amount of CO2 stored as well as its direction of migration and migration pathways. These
models enable predictions of potential CO2 sequestration sites and potential arcas with incfficient storage capacity.

Research Questions

1) Is the Navajo Sandstone ( a proxy for other acolian systems)
really homogeneous?

2) How do we characterize cross-bedding structures and bed-
forms?

3) Do the cross-bedding structures influence the prediction of
CO2 migration and storage?

4) If so, what is the best method (e.g. upscaling) to include their
effects efficiently in practice?
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Basin of field observations, bedform models were generated in MATLAB
{(Rubin and Carter, 2005). Key parameters were direction and orientation of
dipping foresets as well as size and shape (linear vs. sinuous) of dune.
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structures in the aeolian cross-bedded formation
significantly affect CO2 plume distribution.
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Conclusions
1) Is the Navajo Sandstone ( a proxy for other aeolian systems) really homogeneous?

e No! There are at least three distinct lithofacies that combine to form 6 different combinations. Wind ripple laminations are located along
cosets and reactivation surfaces, especially near the toeset of the cross-bed, are finer grained and have lower permeabilities. Grain flow de-
posits account for a majority of the sediment within an aeolian bedform and are quite homogeneous. Coarse-grained lags are associated
with both wind ripple laminations and grain flow deposits. While each facies deposited display different permeabilities, but the discrepancy

0 s is not as significant as predicted.
- N Type 2 Bedform 2) How do we characterize cross-bedding structures and bedforms?
" = o e . ; The main parameters that influence cross-bedding structure are the directions of migration of both large-scale dunes and smaller dunes
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/7 /; toesets, WRL3 = | Yes, according to the models, CO2 plume migration is not uniform and follows wind ripple laminations and reactivation surfaces updip.
— low K : 2000 The resulting plume moves laterally in accordance with the foresets and it migrates towards the surface.
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i Top of coset - 4) If so, what is the best method (e.g. upscaling) to include their effects efficiently in practice?
dx :0.25m nfoslly GF, el S es s R p— Future Work
dz :0.5m high K (1) Examine the dimensional effect on CO2 plume migration by comparing CO2 plume migration on 3D and 2D model domains.
Mean : 610.8 mD 2 e (2) Conduct sensitivity studies understating CO2 plume behavior will be performed varying the parameters of cross-bedded formations.
Min: 33.8 mD i 1000 (3) Evaluate upscaled permeability, relative permeability, and capillary pressure in cross-bedded formations.
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