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ABSTRACT

There are extensive deposits of heavy oils in Saskatchewan and
Alberta which can only be recovered with low efficiency by con-
ventional methods. Thermal recovery processes using steam,
although effective, are uneconomic in many of the Lloydminster-
type reservoirs because the deposits are relatively thin and heat losses
to the overburden and underburden are excessive.

A new idea is to use a solvent, such as propane, in the vapour
Dphase which can form a vapour-filled chamber within the reser-
voir. Vapour dissolves in the oil around the chamber and the result-
ing solution drains, driven by gravity, to a horizontal production
well placed low in the formation. The solvent vapour, at or near
its dew point, is injected simultaneously with hot water from a
horizontal well located at the top of the reservoir. The temperature
and flow rate of the water are chosen so that the reservoir temper-
ature is raised to the range of only 40°C to 80°C. As the diluted
bitumen drains toward the production well, it interacts with hot
water and some propane re-distils upward to dilute further bitu-
men. There is, thus, a transport of heat from low down in the reser-
voir to the upper reaches by the evaporation of propane near the
bottom and its condensation (dissolution) at the top. This mechanism
causes the heat in the water to be distributed through the reservoir,
in particular, laterally away from the point of injection.

Results are presented that show the gas/oil and water/oil ratios
and the additional oil recovery from a vertical, two-dimensional
scaled reservoir model due to propane injection near the end of
a hot waterflood. The essential feature of the recovery mechanism
and the process conditions are discussed.

Introduction

There are extensive deposits of heavy oils in Saskatchewan and
Alberta which can only be recovered with a low recovery effici-
ency by conventional methods. Primary recovery in the best of these
heavy oil reservoirs can yield about 6% of the original-oil-in-place.
Waterflooding can improve the recovery but only to an extent of
1% to 2% because of the adverse mobility ratio.

The recovery concept, which is described here, is closely related
to the steam-assisted gravity drainage (SAGD) Process which has
been discussed in the literature(-3). In the SAGD process, a grow-
ing steam chamber forms as steam is injected into the reservoir and
steam flows continuously to the perimeter of the chamber where
it condenses and heats the surrounding oil. The heated oil drains,
driven by gravity, to a horizontal well located at the base of the
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reservoir. This process is effective and can be economic if the heat
(steam) requirements are not too high. The heat requirements can
become excessive, however, in thin reservoirs where the vertical heat
losses above and below the reservoir tend to be high and also in
low-permeability carbonates where the reservoir heat capacity per
unit volume of contained oil is high.

One potential means for overcoming the problem of heat loss
is to use solvents in place of heat to mobilize the oil. Rather than
lowering the viscosity of the oil by heating, dilution with a solvent
is used instead. In a recent paper®, it was shown that the recov-
ery mechanism using solvents is very similar to that found with
steam. Whereas with steam it is necessary for heat to diffuse into
the reservoir by thermal conduction, the process with solvents in-
volves molecular diffusion. The rates at which the processes occur
can be described by analogous equations*.
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In this equation dimensionally consistent units should be used, e.g.

o = thermal diffusivity, m2d—!

Ao = Prit ~ Psteam> kg M3

T = temperature, °C

M = bitumen viscosity at T, kg m—1d—!

T, = steam temperature, °C

Tmin = a temperature slightly above the reservoir temperature Ty

For the solvent process, N is defined as
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where

D, = intrinsic solvent diffusivity, m2d—!

Ap = Psoln — Psolvs kg m_3

Cs = solvent concentration, vol. fraction

M = solution viscosity, kg m—1d -1

Csyy = @ Very small solvent concentration

The rate at which the recovery process occurs with a liquid sol-

*The equations in this paper are dimensionally consistent. Thus, for
example, if equation (1) is to yield Q in m3 per m of horizontal well
per day, then k should be in m2, g in m/d? and H in m.

Paper reviewed and accepted for publication by the Editorial Board of The Journal of Canadian Petroleum Technology.







