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ABSTRACT

In many light or moderately viscous oil reservoirs in Alberta and Saskatchewan, a high
water saturation zone of varying thickness and extent ("bottom-water zone™) occurs in
communication with the oil zone above. As a result, the primary production period is
short, and water coning occurs very early in the life of the reservoir. Later, during the
secondary recovery stage, such a zone can have an adverse effect on the waterflood

efficiency. This research addresses the problem of waterflooding such reservoirs.

The research was directed towards reducing water mobility in the bottom-water zone for
more efficient oil displacement. Polymer in various concentrations was used as a
blocking agent in the bottom-water zone and as a mobility control agent in the oil zone.
Different strategies were investigated to reduce the water mobility in the bottom-water
zone and improve the vertical sweep efficiency. The variables examined were: relative
water-oil layer thickness, oil viscosity, polymer concentration, permeability contrast,
injection rate and injection point, as well as the effect of vertical and horizontal injection

and production wells.

An analytical model predicting fluid flow in a reservoir under bottom-water conditions
considering the effects of viscous crossflow was developed. The model accounts only for
crossflow due to potential gradients formed by the displacing and displaced fluids having
unequal mobilities. All other forces responsible for initiating vertical and horizontal flow
are considered negligible. The primary simplifying assumption requires the transfer of
fluids between the oil zone and the bottom-water zone to be instantaneous; this
assumption is usually referred to as vertical equilibrium. The model is restricted to two
phases only and to any arbitrary initial and injection conditions. The model accounts for

crossflow and predicts oil recovery, and the total volume of fluid injected.

A muitiphase, three-dimensional, numerical model was developed to simulate

water/polymer flooding experimental data. The model employs the implicit-pressure



explicit-saturation (IMPES) formulation for solving the system of finite-difference
equations. Polymer characteristics such as rheology, adsorption, inaccessible pore

volume and permeability reduction are included in the model.

The results showed that oil recovery can be increased by minimizing crossflow between
layers by blocking the bottom-water zone completely. It was also found that for an
unfavourable mobility ratio, as the injection rate increases the ultimate oil recovery

increases.

The injection of a Polymer solution had a favourable impact on the waterflood
performance. Moreover, the worse the conventional waterflood performance was, the
more effective the polymer was as a mobility and blocking control agent. The use of
horizontal wells showed slightly better oil recovery over vertical wells in a conventional
waterflood of reservoirs under bottom-water conditions. In addition, some certain well
combinations (horizontal production and vertical injection) gave better oil recovery due

to the increase in the swept area.
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Abbreviations
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Chapter 1
INTRODUCTION

Many reservoirs in Alberta and Saskatchewan contain some type of high water saturation
zone (bottom-water) underlying the oil zone. Waterflooding under such conditions is
typically ineffective because of channeling of water through the bottom-water zone.
However, in some cases, waterflooding such reservoirs may still be feasible and
economically viable. While there is no doubt that some of the injected water bypasses the
oil zone through the bottom-water zone, most of the injected water may still displace the
oil, depending on the reservoir conditions. Therefore, a mechanistic understanding of oil
displacement by waterflooding in the presence of a bottom-water zone is the basis for
predicting recovery performance, and there is a need for developing a mathematical
model to describe water channeling under bottom-water conditions. Given the reservoir
description, the mathematical model should be able to estimate oil recovery as well as the

amount of water channeling into the bottom-water zone.

A few techniques have been proposed to improve waterflood performance in layered
reservoirs and reservoirs under bottom-water cc aditions. Most of these are based upon
the use of chemicals to block the bottom-water zone near the injection well. However,
only a few of the previous bottom-water studies accounted for crossflow when planning a
chemical flood. Thus, a systematic way of utilizing a chemical, in particular polymers, as
blocking and mobility control agents under bottom-water conditions and accounting for

crossflow is required for efficient displacement of oil.



Chapter 2

LITERATURE REVIEW

2.1 Linear Flow in Discrete Layers with No Crossflow

A number of papers have appeared in which the reservoir is assumed to consist of discrete
layers like a layer-cake. Each layer is uniform within itself and differs from the others
only in its basic physical constants, viz., thickness, porosity and absolute permeability.
The layers are non-communicating and no crossflow can occur. The performance within
each layer is treated by linear flow theory, and the performance of the tota