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A Three-Pronged Computational Approach for Evaluating Density Based Semi
Empirical Equations of Supercritical Extraction Process and Data
AL BERAEIBENEBNEREENF RS EAN 8L MWt ERE
By Srinidhi Srinidhi
Department of Chemical and Biological Engineering, School of Engineering and Applied
Sciences, The State University of New York at Buffalo, Buffalo, NY 14260.

Abstract

Software programs for parameter estimation, phase visualization and predictive
modeling of supercritical extraction process and data using algorithms is presented in
this work. A contextually appropriate, iterative, ordinary least squares estimation and
selection method is developed for estimating model coefficients of density based semi
empirical model equations associated with this process and data. Visualization of the
phase behaviors projected by the specific density based semiempirical model
equation(s) is also performed iteratively by plotting three-dimensional surfaces
involving the state variables and solute solubility mole fraction. Predictive modeling
of input empirical data has been implemented using three supervised machine
learning algorithms (Multilayer perceptron, K-nearest neighbors and support vector
machine). Hyperparameter optimization of the machine learning algorithms is
performed prior to prediction. Detailed analysis of the prediction is conducted by
using standard scoring metrics and descriptive charts. Theoretical inference and
discrepancies regarding the predicted window of maximum solubility, modeling
efficiency, vapor liquid equilibrium and phase behaviors projected by the model
equations have been elucidated from the program outputs. In summary, these
programs are first of its kind, accurate, reliable and simple computational tools for
evaluating / designing density based semiempirical equation(s) of supercritical

extraction process and associated data.

Keywords: Supercritical Extraction, Density Based Semiempirical Equations,

Computational Modeling Tools, Machine Learning

BRI © https://chemrxiv.org/engage/chemrxiv/article-
details/6634847321291e5d1d41b9al




Dynamic Reservoir Rock Typing for Supercritical CO2-Brine System in
Sandstone
W EPEBER SR CO ., -BKAMmNEBREREES AT
By M. N. A. Akbar; R. Myhr

Prores AS, Trondheim, Norway

=

Abstract

Dynamic reservoir rock typing is a critical yet infrequently explored aspect of

CO storage, essential for evaluating flow characterization in dynamic reservoir
modeling within aquifer reservoirs. This study introduces a new insight into the
establishment of dynamic reservoir rock types for the supercritical CO»-brine system,
leveraging relative permeability data and implementing it into 3D numerical reservoir
simulation.

Our research draws on 22 sandstone core plugs obtained from potential CO> storage
aquifers in Alberta, Canada, encompassing measurements of relative permeabilities
during primary drainage and secondary imbibition cycles. The rock typing
methodology employed incorporates pore geometry and pore structure (PGS), in
conjunction with the True Effective Mobility (TEM) function, to comprehensively
characterize multi-phase fluid flow properties in rocks. Subsequently, we visualize the
outcomes of the rock typing process through 1D and 3D model representations,
including the simulation of flow characteristics through compositional numerical
modeling for geological CO- storage.

As a result, four rock groups were established based on pore geometry and pore
structure relationships in the studied samples. The critical findings are that the
obtained results demonstrate clear groupings of similar TEM-function curves based
on relative permeabilities of both brine and CO., observed in both drainage and
imbibition experiments. Averaged relative permeability curves were derived from the
TEM-function and subsequently converted them into conventional relative
permeability values for each rock type. Notably, 3D numerical simulations of flow
dynamics unveiled unique and contrasting multi-phase fluid behavior within each
rock group, particularly evident in saturation profiles over time. Furthermore, we
evaluated the correlation between residual CO» trapping and irreducible water
saturation within the rock samples. Our findings suggest an inversely proportional
relationship, indicating that higher irreducible water saturation leads to lower residual

CO, trapping.



As a novelty, combining PGS rock typing and TEM-function analysis facilitated the
effective and efficient grouping of capillary pressure and relative permeability data,
ensuring high consistency and minimized overlap in each rock type. Moreover, this
approach offers an alternative solution for averaging relative permeability data within
each rock type that can greatly reduce the uncertainty of defining relative permeability

input and accelerate the process of dynamic reservoir modeling.
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Abstract

Leveraging methane (CH4) and CO» to displace oil from unconventional reservoirs
presents an opportunity to simultaneously reduce anthropogenic greenhouse gas
emissions and create economic value from extracted oil. To optimize gas entrapment
in such formations, it is crucial to uncover the fundamental mechanisms that govern
flow diversion accountable for the injected fluid migration and oil mobilization. In
this study, we focused on the flow diversion mechanisms established by CHs- and
scCO»-foam injections in oil-wet propped—fractured carbonates. The fluid most
susceptible to flow redirection was identified by quantifying the in situ fluid
saturation in the matrix upon the completion of foam injection at varying gas
fractional flows (fg = 0.4—0.8). We found that at high fg both CHs- and scCO;-foams
selectively diverted surfactant solution from the fracture to the matrix. During CHy-
foam injection, decreasing the injected gas fraction stimulated additional flow
diversion of the surfactant solution but failed to reroute the gas flow from the fracture
to the matrix. By contrast, scCO>-foam flooding was able to induce significant gas
invasion into the matrix at fg < 0.7 but with negligible penetration of the surfactant
solution. It was also identified that the pore space of the matrix previously occupied
by the oil provided potential storage for the scCO». The pore-scale fluid
configurations indicated that the mobilization of matrix oil at higher fg was primarily
driven by two-phase displacement mechanisms while at lower fg it became more

complex, combining the effects of two- and three-phase displacement processes.
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Abstract

Fluids under extreme confinement show characteristics significantly different from
those of their bulk counterpart. This work focuses on water confined within the
complex cavities of highly hydrophobic metal-organic frameworks (MOFs) at high
pressures. A combination of high-pressure intrusion—extrusion experiments with
molecular dynamic simulations and synchrotron data reveals that supercritical
transition for MOF-confined water takes place at a much lower temperature than in
bulk water, ~250 K below the reference values. This large shifting of the critical
temperature (Tc) is attributed to the very large density of confined water vapor in the
peculiar geometry and chemistry of the cavities of Cu2tebpz (tebpz = 3,3",5,5'-
tetraethyl-4,4'-bipyrazolate) hydrophobic MOF. This is the first time the shift of Tc is
investigated for water confined within highly hydrophobic nanoporous materials,
which explains why such a large reduction of the critical temperature was never

reported before, neither experimentally nor computationally.
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Abstract

Supercritical carbon dioxide (scCO2) plays an essential role in various technological
procedures, making the solubility of drugs in scCO2 a crucial aspect of the drug
formulation process. This study focuses on utilizing theoretical approaches to predict
the solubility of drug-like compounds in scCO2 in order to select the optimum
parameters for subsequent experimental procedures. Several machine learning models
were developed and compared with a previously established theoretical approach
based on classical density functional theory (cDFT). The CatBoost model, utilizing
alvaDesc descriptors, demonstrated reasonably accurate predictions for the solubility
of 187 drugs (AARD = 1.8%). Meanwhile, the CatBoost model, incorporating CDK
descriptors and melting points of drugs as input parameters, exhibited satisfactory
accuracy (AARD = 14.3%) in extrapolating predictions for new compounds.
Comparing the results between the machine learning approach and the cDFT-based
one revealed, on average, a higher accuracy and faster prediction speed for the former.
However, cDFT demonstrated a more physical behavior of solubility isotherms
compared with the machine learning models. This was particularly evident when the
ML models struggled to accurately extrapolate solubility values beyond the
experimental range of parameters in the supercritical state. Model CatBoost/CDK is

freely accessible at http://chem-predictor.isc-ras.ru/individual/scco/.
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Abstract

The development of unconventional liquid-rich reservoirs, supercritical carbon
dioxide (scCO») considers a promising fluid to further improve oil recovery of shale
oil reservoirs in and after hydraulic fracturing. However, the scCO; has some
disadvantages to limit its application in hydraulic fracturing, such as ultra-low
viscosity, asphaltene deposition and high miscible pressure. Diluted microemulsion
(DME) shows great potential as the additive of fracturing fluid to improve the well
productivity through strengthening the spontaneous imbibition during the shut-in
period after hydraulic fracturing. Therefore, it is essential to further understand the
synergic effects between scCO> and DME at the pore scale. In this study, three
soaking sequences are designed and compared, which include only scCO» soaking,
water-scCO2-DME soaking sequence, and DME-scCO»-DME soaking sequence using
shale cores from the Lucaogou Formation. Low-field nuclear-magnetic-resonance
(NMR) technique are utilized to quantify the oil distribution among different pores in
each soaking stage. Furthermore, component change of the produced oil is
characterized by the gas chromatography (GC). Notably, 7'-7> spectra are introduced
to verify the results of 73 spectra and GC. Results show that DME can replace the oil
from small pores into large pores and thus improve the extraction effects of scCO..
The solid-liquid and oil-water/scCO> interactions determine the adhesion work of
heavy components. DME can enhance the heavy component (Ci7+) mobilization
through interfacial tension (IFT) reduction and wettability alteration. Combing
scCO; and DME can effectively improve the mobilization of both light and heavy

components of crude oil, and thus achieve a better ultimate oil recovery rate.
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Abstract

Supercritical CO; flooding is an efficient method of enhanced oil recovery in which
CO:2 injection can selectively extract light components and cause the deposition of
residue heavy components in reservoir pores. Residues can change the wettability of
the rock surface to ultimately reduce crude oil production. In this study, supercritical
CO2 extraction experiments were conducted under identical operation conditions
using various minerals, including quartz, montmorillonite, Illite, dolomite, albite,
calcite, and chlorite. The crude oil, extracts, and residues were comprehensively
characterized using high-temperature gas chromatography and high-resolution mass
spectrometry. The results indicate that the extraction effect is influenced by the
specific surface areas and adsorption strengths of various minerals. The larger the
specific surface area, the more readily the heteroatoms in the resins can be adsorbed
onto the rock surface. Quartz exhibits weak adsorption strength toward heteroatoms,
whereas minerals with high specific surface areas demonstrate significantly higher
adsorption strengths compared to those with lower specific surface areas. The
wettability changes of various mineral surfaces were also assessed through contact
angle measurements. Upon exposure to crude oil, a rock surface undergoes a
transition from being water-wet to becoming oil-wet. Subsequently, it reverts back to
being more water-wet due to supercritical CO extraction which further proves the
feasibility of alleviating channeling by injecting water. Furthermore, the alteration in
wettability caused by the change in the carbon number of different heteroatoms under
supercritical COz extraction is also investigated. This study provides a basis for the
mechanism study of COz>—crude oil-rock interaction and a comprehensive
understanding of the wettability alteration of different reservoirs in carbon dioxide

flooding.
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