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Summary

Field production data obtained from over 300 wells completed in the Sparky Formation (Figure 1)
illustrates that surfactant application enhances normalized cumulative oil recovery after six
months. In parallel, cyclic solvent injection (CSIl) has been recognized as an environmentally-
friendly alternative to thermal methods for improving heavy oil recovery [1]. Accordingly, the
objective of this study is to incorporate a hydrophobic surfactant into a liquid solvent and evaluate
its performance in CSI, an approach that remains unexplored in the published literature. We
hypothesize that surfactant-aided CS| enhances heavy oil recovery by combining solvent-driven
mechanisms (e.g., viscosity reduction [2], solvent diffusion [3], and oil swelling [4]) and surfactant-
driven mechanisms (e.g., interfacial tension reduction [5], and emulsification [6]).
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Figure 1- Normalized cumulative oil production for 310 wells in the Sparky Formation obtained from the Benchmarking Analysis
module of the EnData platform [7]. We normalize cumulative oil production based on petrophysical properties and completion
design. The results demonstrate improved normalized oil productivity for the wells treated with surfactant.

We follow a systematic protocol using in-situ rock and fluid samples to restore reservoir
conditions. Furthermore, we use a state-of-the-art system to visualize and quantify oil recovery
during CSI using solvent with and without surfactant. The experimental results demonstrate that
adding 0.5 wt.% surfactant to pentane (i.e., solvent) increases heavy oil recovery from 32% to
45% primarily by enhancing the diffusivity and solubility of the solvent.

Theory / Method / Workflow

We use a custom-designed core flooding system to restore the Sparky plugs for the visualization
experiments through the following workflow:

1) We select a set of twin plugs with relatively similar petrophysical properties.
2) We put a dry core in the Hassler core holder and apply an overburden pressure of ~ 600
psi (representing reservoir pressure).
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3) We inject filtered brine to the plug at the rate of 1 ft/day and continue injection until it is
fully saturated with brine.

4) We inject heavy oil into the brine-saturated samples under constant-pressure mode and
continue injection for 2 PV after oil breakthrough.

5) We coat the lateral and the bottom surface of the plugs with epoxy to better represent a
reservoir undergoing a CSI process such that injection and production occurs from one
direction.

We use a visualization setup to conduct the CSI experiments designed for this study. We
continuously record pressure and snapshots from the interactions between solvent and oil-
saturated rock samples throughout the CSI experiments. We conduct CSI experiments on the
heavy-oil saturated samples partly coated with epoxy. Each CSI experiment (as illustrated in
Figure 2) includes injection (up to 600 psi, corresponding to reservoir pressure), soaking (until the
pressure profile stabilizes) and depletion stages. We conduct one CSI experiment on one plug
using solvent as the base case, while we use the other plug to test with solvent and surfactant. It
is expected that the difference in the oil recovery factors is related to the presence of surfactant.
Both experiments are conducted in a single cycle at the reservoir temperature (i.e., 21 °C).
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Figure 2- Schematic of the CSI experiments designed for this study. Each CSI experiment includes injection, soaking and depletion
stages. One heavy oil-saturated plug is used for CSl using solvent and another plug is used for CSI using solvent+surfactant.

Results, Observations, Conclusions

The results obtained from the CSI experiments indicate that solvent recovers 32% of the initial oil
in place, while adding 0.5 wt.% of surfactant increases oil recovery by an additional 13% (from
32% to 45%). Figure 3 indicates the snapshots from the core surface during the CSI experiment
using solvent, and solvent+surfactant, respectively. The snapshots are recorded at different
times, and are highlighted by letters from “a” to “e” for the plug tested using solvent, and “f’ to “j”
for the plug tested using solvent+surfactant. The snapshots are taken at 40 frames/second in

order to properly monitor the solvent-heavy oil interactions.
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Figure 3- Snapshots taken from the core surface during the CSI using solvent with and without surfactant. The snapshots are
recorded at different times and are highlighted from “a” to “e” for the solvent, and from “f” to “j” for the solvent+surfactant.
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The results indicate that a certain amount of discontinuous heavy oil in the form of small droplets
is produced due to the compression of the rock sample during injection (snapshots a and f in
Figure 3). By further injection of solvent into the visualization cell and compression of the oil-
saturated plug, more oil is extracted (snapshots b and g in Figure 3). Oil can approach first-contact
miscibility with hydrocarbon solvents at elevated pressures [8]. During the soaking stage, the cell
darkens due to continued extraction of oil components. Once the mechanical equilibrium is
established, the cell is dark such that the rock surface cannot be observed (snapshots e and j in
Figure 3). The pressure profile during the soaking stage using solvent stabilizes at 499 psi after
44 hours, while that using solvent+surfactant stabilizes at 468 psi after 69 hours. Therefore,
adding surfactant to solvent results in a lower equilibrium pressure and a longer time to reach
equilibrium (i.e., increased diffusion). The analysis of the effluents indicates that adding surfactant
to solvent increases heavy oil recovery by further extraction of the intermediate to heavy
components of the heavy oil. This finding explains why in solvent+surfactant systems, lower
equilibrium pressure and longer equilibrium time are observed. Additionally, the results indicate
that adding surfactant enhances solvent diffusivity and solubility, contributing to an additional 13%
oil recovery.

Novel/Additive Information

This study proposes a novel non-thermal process for improving heavy-oil recovery by integrating
surfactants with a liquid solvent. The results demonstrate that adding surfactant can enhance
solvent diffusivity and solubility, improving the extraction of intermediate-to-heavy oil fractions,
thereby enhancing heavy oil recovery. These findings show that surfactant addition can shift the
solvent-oil equilibrium behavior and increase recovery by improving extraction of intermediate-to-
heavy fractions in a single-cycle CSI test.
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