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Goal

The goal of this work is to evaluate sweep
efficiency of various miscible flooding
processes in a laboratory model, develop
numerical tools to estimate sweep efficien-
cy at the field scale, and identify solvent
composition, mobility control method, and
well architecture that improve sweep effi-
ciency.
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Results

A high-pressure quarter five-spot cell has
been constructed in this work to conduct
multicontact miscible water-alternating-gas
(WAG) displacements at reservoir condi-
tions. Multicontact miscible solvents are
identified by conducting slimtube experi-
ments for a medium-viscosity oil (78 cp).
Coreflood experiments were conducted to
determine microscopic displacement effi-
ciency as a function of WAG ratio. Quarter
five-spot experiments are conducted to
infer sweep efficiency in a 3-D geometry at
the laboratory scale. WAG improves the
microscopic displacement efficiency com-
pared with a program of continuous gas
injection followed by waterflood in core-
floods. WAG improves the oil recovery and
thus sweep efficiency in the quarter five-
spot over the continuous gas injection fol-
lowed by waterflood. Gas breakthrough is
delayed by WAG injection. A decrease in
the slug size improves the sweep. Above
minimum miscibility pressure (MMP)—as
the reservoir pressure decreases—the gas-
flood followed by waterflood recovery
increases, possibly because of high oil vis-
cosity. An inverted nine-spot improves gas-
flood oil recovery slightly vs. a five-spot.
In WAG floods as the total solvent injected
drops, so does oil recovery, but not very
drastically. Use of a horizontal production
well lowers the sweep over a vertical pro-
duction well during both continuous gas
injection and WAG floods.

Benefits

The experimental data on sweep efficiency
help evaluate multicontact miscible flood-
ing processes at the laboratory scale.

Front view of the quarter 5-spot
high-pressure cell.

Reservoir simulators should be tuned to
such experiments before being used for
field-scale process optimization. The
methodology developed in this project
would help improve miscible oil recovery
projects.

Background

Miscible and near-miscible gas flooding
has proven to be one of the few cost-effec-
tive enhanced oil recovery techniques in the
past 20 years. The sweep efficiency of such
processes often is not high because of the
adverse viscosity ratio and density differ-
ence between the solvent gas and the oil, as
well as the reservoir heterogeneity. WAG
processes often are used to improve sweep
efficiency. Foams and direct thickeners
have been developed but not used routinely
in the field. The effect of new well architec-
tures on sweep efficiency is poorly under-
stood. As the scope of miscible flooding is
being expanded to medium-viscosity oils in
shallow sands in Alaska and shallower
reservoirs in the Lower 48, there are ques-
tions about sweep efficiency in near-misci-
ble regions. This project is aimed at evalu-
ating the sweep efficiency of various misci-
ble flood processes at the laboratory scale.

Summary

This project is aimed at evaluating the
sweep efficiency at the laboratory scale,
developing numerical tools to estimate
sweep efficiency at the field scale, and
identifying parameters to improve sweep
efficiency.

The major achievements of this project to
date are the:

* Construction of a high-pressure quarter
five-spot model.

» Evaluation of sweep efficiency for WAG
floods for one Alaskan oil and solvent.

e Streamline simulation of WAG floods
with three-hydrocarbon-phase behavior.

¢ Evaluation of the effect of horizontal
wells on sweep efficiency.

» Evaluation of the effect of slug size on
sweep efficiency.

¢ Evaluation of the effect of amount of sol-
vent on sweep efficiency.

» Evaluation of the effect of well pattern
on sweep efficiency.

* Inclusion of compressibility in composi-
tional streamline simulation.

e Inclusion of gravity in compositional
streamline simulation.

Current Status (February 2007)

The project is in its second year.
Researchers have completed four subtasks:
slimtube tests, high-pressure model con-
struction, corefloods, and one-dimensional
compositional modeling. Three-dimension-
al modeling of the sweep efficiency of
gas/WAG floods is in progress.
Applications of other oil/solvent systems,
foams, and field-scale modeling will be
conducted during 2007.

Funding

This project was selected in response to
DOE’s Oil Exploration and Production
solicitation DE-PS26-04NT15450,
February 2004.
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