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(57) A solvent assisted method to mobilize viscous
crude oil comprises the steps of:

- injecting steam and a solvent comprising methane into
a viscous crude oil containing formation; and

- producing a heated solvent and crude oil containing
fluid mixture from the formation.

The injection of a solvent comprising methane reduces
the viscosity of crude oil and counteracts an increase of
the viscosity of the crude oil resulting from flashing of
methane during the steam injection.

Solvent assisted method to mobilize viscous crude oil

Fig.1
Effect of saturation pressure on the

viscosity of CHy saturated
Peace River bitumen
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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to a solvent assisted
method to mobilize viscous crude oil in a viscous crude
oil containing formation.

[0002] Such a method is known from US patent
5,899,274.

[0003] This prior art reference describes that known
steam soak methods have the limitation that steam and
heat are lost to the formation. In steam soak methods
steam injection and heated crude oil production is cycli-
cally carried out via a single steam injection and produc-
tion well.
[0004] A steam soak method comprises the steps of:
a) injecting steam into the formation through a steam
injection and production well;

b) closing the well during a period sufficiently long
to allow the heat to soak and reduce the viscosity of
the crude oil in the formation surrounding the well;
c¢) producing heated crude oil via the steam injection
and production well; and

d) cyclically repeating the steps a) through c).

[0005] InUS patent 5,899,274 itis proposed to substi-
tute steam injection by injection of a partially miscible
solvent that will exist predominantly in a vapor phase in
the reservoir, without the need for heat input or pressure
adjustment. This prior art reference furthermore disclos-
es that the solvent may comprise a mixture of methane,
ethane and/or propane, which dissolves in oil and reduc-
es its viscosity.

[0006] Itis anobject of the presentinvention to provide
an improved method solvent assisted method to mobilize
viscous crude oil in a viscous crude oil containing forma-
tion.

SUMMARY OF THE INVENTION

[0007] In accordance with the invention there is pro-
vided a solvent assisted method to mobilize viscous
crude oil, the method comprising the steps of:

- injecting steam and a solvent comprising methane
into a viscous crude oil containing formation; and

- producing a heated solvent and crude oil containing
fluid mixture from the formation.

[0008] The method according to the invention is based
ontheinsightthataviscous crude oil generally comprises
at least a small fraction methane, which reduces the vis-
cosity of the viscous crude oil and that the injected steam
tends to mobilize the methane, thereby stripping the
crude oil and leaving an even more viscous methane
depleted crude oil in the formation. In the method accord-
ing to the invention a methane containing solvent is in-
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jected into the viscous crude oil to counteract the deple-
tion of methane and/or increase the methane content of
the crude oil such that the viscosity of the crude oil is
reduced in an optimum manner.

[0009] Preferably the solvent comprises at least 75%
methane (CH,) on a molar basis.

[0010] It is furthermore preferred that the steam stim-
ulation method is a cyclic steam stimulation method,
comprising the sequence of steps of:

a) injecting steam via a steam injection and produc-
tion well into the formation,

b) closing the well during a period of time; and

c¢) producing heated crude oil via the steam injection
and production well,

d) cyclically repeating the sequence steps a) through
c); and wherein the method further comprises the
step of

e) injecting during at least one sequence of steps a)
through c) the methane containing solvent into the
well prior to step b).

[0011] In such case the methane containing solvent
preferably is injected into the well before step a).
[0012] The viscous crude oil may comprise bitumen,
which has a lower viscosity if methane is dissolved in the
bitumen.

[0013] In such case the viscosity of bitumen in which
methane is dissolved may be less than 55 cp at 8.73 MPa
and the viscosity of methane-depleted bitumen may be
more than 65 cp at 3.55Mpa.

[0014] These and other features, embodiments and
advantages of the method according to the invention are
described in the accompanying claims, abstract and the
following detailed description with reference to the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig.1 shows a diagram, which illustrates the effect
of saturation pressure on the viscosity of CH4 satu-
rated bitumen from the bitumen containing Peace
River formation in Canada;

Fig.2 is a forecast based on computer simulations,
which shows the oil to steam ratio improvement of
the method according to the invention compared to
a traditional steam soak method without solvent in-
jection; and

Fig.3 is a forecast based on computer simulations,
which shows the steam injection and crude oil pro-
duction rates of a traditional steam soak without sol-
vent injection and a steam soak method with solvent
injection in accordance with the invention.
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DETAILED DESCRIPTION OF THE DEPICTED EM-
BODIMENT

[0016] The diagram shown in Fig.1 illustrates that the
viscosity of bitumen in the Peace River formation in Can-
ada can be reduced by adding methane. The higher the
saturation pressure the more methane will be dissolved
in the bitumen.

[0017] Laboratory experiments indicate that at 121 de-
grees Celsius the viscosity of bitumen from the Peace
River reservoir in Alberta, Canada, without a methane
fraction is 70 cp at 3.55 MPa and that the viscosity of
Peace River bitumen saturated with methane is 50 cp at
8.73 MPa.

[0018] Fig.2 is a forecast based on computer simula-
tions, in which the continuous line 2 depicts the oil to
steam ratio improvement of the method according to the
invention, wherein methane is injected prior to each
steam soaking step such that at least part of the bitumen
in the reservoir is saturated with methane, compared to
a traditional steam soak method without solventinjection,
wherein after a few steam soak cycles the bitumen in the
reservoir is substantially methane depleted, which is de-
picted by the broken line 3.

[0019] Fig.3 is a forecast based on computer simula-
tions, which shows the steam injection and crude oil pro-
duction rates of a traditional steam soak without solvent
injection and a steam soak method with solvent injection
in accordance with the invention. In Fig.3 the broken lines
4 and 5 depict the steam injection and crude oil produc-
tion rates of a traditional steam soak process, without
solvent injection and the continuous lines 6 and 7 depict
the steam injection and crude oil production rates of the
solvent assisted steam soak method according to the
invention.

Claims

1. Asolvent assisted method to mobilize viscous crude
oil, the method comprising the steps of:

- injecting steam and a solvent comprising meth-
aneinto aviscous crude oil containing formation;
and

- producing a heated solvent and crude oil con-
taining fluid mixture from the formation.

2. The method of claim 1, wherein the solvent compris-
es at least 75% methane on a molar basis.

3. The method of claim 2, wherein the solvent compris-
es at least 90% methane on a molar basis.

4. The method of claim 1,2 or 3, wherein the steam
stimulation method is a cyclic steam stimulation
method comprising the sequence of steps of:
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a) injecting steam via a steam injection and pro-
duction well into the formation,

b) closing the well during a period of time; and
c) producing heated crude oil via the steam in-
jection and production well,

d) cyclically repeating the sequence steps a)
through c¢) and wherein the method further com-
prises the step of

e) injecting during atleast one sequence of steps
a) through c) the methane containing solvent in-
to the well prior to step b).

The method of claim 4, wherein the methane con-
taining solvent is injected into the well before step a).

The method of any preceding claim, wherein the vis-
cous crude oil comprises bitumen, which has a lower
viscosity if methane is dissolved in the bitumen.

The method of claim 6, wherein the viscosity of bi-
tumen in which methane is dissolved is less than 55
cp at8.73 MPa and the viscosity of methane depleted
bitumen is more than 65 cp at 3.55Mpa.
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Fig.1

Effect of saturation pressure on the
viscosity of CHy saturated
Peace River bitumen
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