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Abstract

Global Sensitivity Analysis

Figure 5.

A global Latin Hypercube sensitivity analysis is carried out to identify| This study conducts a global sensitivity analysis simulating CO, Injection into marine — Simulated
gravitational trapping in marine sediments exhibiting heterogeneous| sediments?. Sediment heterogeneity and anisotropy were incorporated at the reservoir E liquid €O,
o saturation at

permeability and variable thicknesses. Based on geostatistical models scale, while solubility, heterogeneity, and gravitational trapping processes were 20 vears (a)

nopulated with sediment data from 4 sites in the U.S. Gulf of Mexico, the| Modeled. Given variable reservoir conditions (1.e., thickness, T, P) and uncertainty in | and 200 years
sensitivity analysis varies: sediment thickness, mean permeability and the fluid flow parameters, a statistical framework for identifying & ranking key : = = ) reservoir

porosity, permeability anisotropy, log permeability variance, log permeability

parameters that Influence CO, gravitational trapping was developed. Parameters 9 v Pt i () &em3) | horizontal  k
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varied include: sediment thickness, mean permeability and porosity, permeability == w03 || (), and CO,
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Integral scales, water depth, CO, iInjection rate, seafloor temperature, and . . . L ey 02845 f . -
y . P 2 [jeLt . D ' " anisotropy, log permeability variance, log permeability integral scales, water depth,| | ~ s laeg | 1quid density
geothermal gradient. Key parameters, their correlations, and their rankings In CO : s orwilE 0268 | (d) for base
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Injection rate, seafloor temperature, and geothermal gradient (Table 1).
Uncertainty in CO, storage and leakage was quantified.
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Influencing CO, sub-seafloor injectivity and leakage are identified. Results

Indicate that permeability heterogeneity and anisotropy, sea water depth, and - T
sediment thickness can significantly impact CO, flow and trapping in marine| Global Sensitivity Analysis: A computationally efficient technique based on multivariate adaptive regression e— k'

- 1F - - spline (MARS) with normalized indices was applied to investigating the sensitivities of an output variable (e.g., Igniticance Ran INQ
sediments. Strong permeablllty/por03|ty heterogenelty can  enhance CO, leakage) to variation of an input parameter4. MARS is based on computing the variance of conditional

gravitational trapping, which acts to deter CO, upward migration and leakage| |expectation (VCE) of an output variable (Y): ectionate |
through seafloor. When log permeability variance is high, gravitational Statieottampatat:
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Figure 6. Computed sensitivity index of the output variable
(percent CO, leakage from reservoir top) to each uncertain

factor
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storage than previously proposed, with a likely reduction In overall costs
assoclated with shallower emplacement targets.
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gravitational trapping in marine (oC/km) depth functions, the suite of VCE is then T CHN O 00 o2  oa ' g o8 10
sediments. Under suitable TP o . . evaluated to generate a prediction envelo
Table 1: Parameter distribution for MC simulations of J P P

s : of Y given the uncertain input parameters. -
conditions, COZ2 density can CO, storage in GOM sediments. ) PP Conclusions

- exceed pore water density, thus T T T Y T T T
BRAEL S eB fiduid Fontr A B i - . This study conducts an uncertainty analysis of CO, gravitational trapping in GOM sediments.
ping - €0z liguid density > brinedénsity  the injected CO, will move . . . . .

downward  until it becomes : : ) Uncertain reservoir input parameters are defined based on data from 4 GOM sites. Under conditions
- oravitationally stable Base Case Simulations (Homogeneous vs. Heterogeneous Reservoirs) representative of such reservoirs, gravitationally stable storage can be accomplished.
an | Two base cases were simulated using represen_tatlve parameters from GOM (reserv_0|r thlck_ness = * When reservoir is homogeneous (log,k variance = 0), an approximate water depth > 2.5km is
e 500 m, length = 5 km). For base case A, sediments are assumed homogeneous with a horizontal

Identified as a threshold for gravitational trapping to occur; when permeability (and porosity) are
heterogeneous (log,,k variance = 1.0), water depth > 2.0 km Is identified as a threshold; when log
permeability variance increases to 5.0, water depth > 1.2 km. This extends the previously identified
self-sealing condition requiring water depth be greater than 2.7 km.

permeability of 1D; for base case B, heterogeneous horizontal permeability distribution is generated
with SGS (mean k = 1D, log,k variance =1.0, horizontal log,,k integral scale =1.0 km). Porosity Iin
this model Is computed from the horizontal k (Figure 3). The remaining parameters of the two base
cases are identical. A uniform CO, Injection rate (0.3 kg/s) Is assigned at the bottom-center of the
model for 10 years. After injection ceases, CO, migration is modeled until 200 years. Results of the o
two base case simulations are shown in Figures 4 & 5. Gravitationally stable storage Is
accomplished in both cases, although B has a more complex plume geometry. The importance of the
parameters is then ranked using Monte Carlo simulations of CO, injection based on several sets of
geostatistical reservoir models populated with GOM reservoir parameters (Figures 6 & 7). o

Gravitational trapping: By injecting CO, Into sediments beneath the seafloor under suitable
temperature and pressure conditions, CO, density can exceed pore water density and will sink
until 1t 1s gravitationally neutral (Figure 1). The Gulf of Mexico (GOM) is identified as a
potential gravitational trapping site with subsurface data, existing pipeline network, and
boreholes. Using fluid flow and sediment data collected from 4 GOM sites (Alminos Canyon,
Bullwinkle, Ursa Basin, and Eugene Island; Figure 2), this study investigates conditions and key
parameters that contribute to gravitational trapping. At these sites, sediments of sufficient
thickness, porosity, and permeability exist (Figure 3), providing potential reservoirs for sub-
seafloor storage.

Under Increasing Injection rate, thicker sediment is required to help deter CO, upward migration
and leakage onto the seafloor. On the other hand, larger mean permeability and porosity can help
sequester more CO, safely in the sediments under gravitational trapping.

Safe storage could be accommodated in GOM sediments with a large thickness, high mean

Y New Orleans | permeability and porosity, and using a relatively low injection rate.
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