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(57) Abréegée/Abstract:

A method for hydrocarbon resource recovery in a subterranean formation (41) may include forming spaced apart injector/producer
well pairs In the subterranean formation, with each well pair including a laterally extending producer well (42a, 42b) and a laterally
extending Injector well (41a, 41b) spaced thereabove. The method may also include forming laterally extending infill wells (43) In
the subterranean formation, with each Infill well being located between respective adjacent injector/producer well pairs. The
method may also include recovering hydrocarbon resources from the producer wells based upon Steam Assisted Gravity Drainage
(SAGD) via the Injector/ producer well pairs, and recovering hydrocarbon resources from the infill wells based upon RF heating
regions of the subterranean formation surrounding the respective Infill wells.
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(57) Abstract: A method for hydrocarbon resource recovery in a subterranean formation (41) may include forming spaced apart in -
rmation, with each well pair including a laterally extending producer well (42a, 42b)
and a laterally extending mnjector well (41a, 41b) spaced thereabove. The method may also mmclude torming laterally extending mfill
wells (43) in the subterranean formation, with each mfill well being located between respective adjacent imjector/producer well pairs.
The method may also include recovering hydrocarbon resources from the producer wells based upon Steam Assisted Gravity Drain -
age (SAGD) via the mjector/ producer well pairs, and recovering hydrocarbon resources from the infill wells based upon RF heating
rmation surrounding the respective mfill wells.
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METHOD FOR HYDROCARBON RECOVERY USING SAGD AND INFILL
WELLS WITH RF HEATING

The present invention relates to the field of hydrocarbon resource
recovery, and, more particularly, to hydrocarbon resource recovery using RF heating.

Energy consumption worldwide 1s generally increasing, and
conventional hydrocarbon resources are being consumed. In an attempt to meet
demand, the exploitation of unconventional resources may be desired. For example,
highly viscous hydrocarbon resources, such as heavy oils, may be trapped 1n tar sands
where their viscous nature does not permit conventional o1l well production.
Estimates are that trillions of barrels of o1l reserves may be found 1n such tar sand
formations.

In some 1nstances these tar sand deposits are currently extracted via
open-pit mining. Another approach for in situ extraction for deeper deposits 1s known
as Steam-Assisted Gravity Drainage (SAGD). The heavy oil 1s immobile at reservoir
temperatures and therefore the oil 1s typically heated to reduce 1ts viscosity and
mobilize the oil flow. In SAGD, pairs of injector and producer wells are formed to be
laterally extending 1n the ground. Each pair of injector/producer wells includes a
lower producer well and an upper mjector well. The injector/producer wells are
typically located 1n the payzone of the subterrancan formation between an
underburden layer and an overburden layer.

The upper injector well 1s used to typically inject steam, and the lower
producer well collects the heated crude o1l or bitumen that flows out of the formation,
along with any water from the condensation of injected stecam. The injected steam
forms a stcam chamber that expands vertically and horizontally in the formation. The
heat from the steam reduces the viscosity of the heavy crude o1l or bitumen which
allows 1t to flow down 1nto the lower producer well where 1t 1s collected and
recovered. The steam and gases rise due to their lower density so that steam 1s not
produced at the lower producer well and steam trap control 1s used to the same affect.
Gases, such as methane, carbon dioxide, and hydrogen sulfide, for example, may tend

to rise 1n the steam chamber and fill the void space left by the o1l defining an
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insulating layer above the steam. Oil and water flow 18 by gravity driven drainage,
into the lower producer well.

Operating the 1njection and production wells at approximately
reservolr pressure may address the instability problems that adversely aftect high-
pressure steam processes. SAGD may produce a smooth, even production that can be
as high as 70% to 80% of the original oil 1n place (OOIP) 1n suitable reservoirs. The
SAGD process may be relatively sensitive to shale streaks and other vertical barriers
since, as the rock 1s heated, differential thermal expansion causes fractures in it,
allowing steam and fluids to flow through. SAGD may be twice as efficient as the
older cyclic steam stimulation (CSS) process.

Many countries in the world have large deposits of o1l sands, including
the United States, Russia, and various countries 1n the Middle East. Oi1l sands may
represent as much as two-thirds of the world's total petroleum resource, with at least
1.7 trillion barrels 1n the Canadian Athabasca O1l Sands, for example. At the present
time, only Canada has a large-scale commercial o1l sands industry, though a small
amount of o1l from o1l sands 1s also produced in Venezuela. Because of increasing oil
sands production, Canada has become the largest single supplier of o1l and products to
the United States. Oil sands now are the source of almost half of Canada's oil
production, although due to the 2008 economic downturn work on new projects has
been deferred, while Venezuelan production has been declining 1n recent years. Oil 1s
not yet produced from o1l sands on a significant level in other countries.

Unfortunately, long production times to extract o1l using SAGD may
lead to significant heat loss to the adjacent soil, excessive consumption of steam, and
a high cost for recovery. Significant water resources are also typically used to recover
o1l using SAGD which impacts the environment. Limited water resources may also
l[imit o1l recovery.

U.S. Published Patent Application No. 2010/0078163 to Banerjee et al.
discloses a hydrocarbon recovery process whereby three wells are provided: an
uppermost well used to inject water, a middle well used to introduce microwaves mto

the reservoir, and a lowermost well for production. A microwave generator generates
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microwaves which are directed into a zone above the middle well through a series of
waveguides. The frequency of the microwaves 1§ at a frequency substantially
cquivalent to the resonant frequency of the water so that the water 18 heated.

Along these lines, U.S. Published Application No. 2010/0294489 to
Dreher, Jr. et al. discloses using microwaves to provide heating. An activator 18
injected below the surface and 1s heated by the microwaves, and the activator then
heats the heavy oil 1n the production well. U.S. Published Application No.
2010/0294488 to Wheeler et al. discloses a similar approach.

U.S. Patent No. 5,046,559 to Glandt discloses a method for producing
oil from tar sands by electrically preheating paths of increased 1njectivity between an
injector well and a pair of producer wells arranged 1n a triangular pattern. The paths
of increased 1njectivity are then steam flooded to produce the hydrocarbon resources.

Unfortunately, SAGD may not efficiently permit recovery of the
hydrocarbon resources 1n a wedge region between adjacent pairs of injector/producer
wells as disclosed, for example, in U.S. Patent No. 7,556,099 to Arthur et al. While
the steam chambers of adjacent pairs of injector/producer wells will typically grow
into hydraulic communication with one another, there 1s still typically the lower area
between adjacent 1njector/producer well pairs (the wedge region) from which the
hydrocarbon resources are not recovered. The Arthur et al. patent discloses adding an
infill well 1in the wedge region between adjacent pairs of injector/producer wells. A
mobilizing fluid 1n the form of steam is 1njected into the infill well until fluid
communication 1s established between the adjacent steam chamber and the 1nfill well.
The 1nfill well 1s then produced by a gravity controlled recovery process.
Unfortunately, this approach requires additional energy and water input, and may
produce additional wastewater.

In view of the foregoing background it 1s therefore an object of the
present invention to provide a method for more efficiently recovering hydrocarbon
resources from a subterrancan formation and while potentially using less energy

and/or water resources and providing faster recovery of the hydrocarbons.
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These and other objects, features and advantages of the present
invention are provided by a method for hydrocarbon resource recovery in a
subterrancan formation comprising forming a plurality of spaced apart
injector/producer well pairs 1n the subterranean formation, with each injector/producer
well pair comprising a laterally extending producer well and a laterally extending
injector well spaced therecabove. The method also includes forming a plurality of
laterally extending infill wells in the subterrancan formation, with each mfill well
being located between respective adjacent injector/producer well pairs. Further, the
method includes recovering hydrocarbon resources from the producer wells based
upon Steam Assisted Gravity Drainage (SAGD) via the mjector/producer well pairs.
In addition, the method includes recovering hydrocarbon resources from the infill
wells based upon RF heating regions of the subterrancan formation surrounding the
respective infill wells. Accordingly, the hydrocarbon resources in the wedge region
between adjacent 1njector/producer well pairs can be recovered. In addition, less
overall energy may be used to heat the formation, and less water may be used 1n the
recovery process. Faster o1l recovery can also be achieved.

In particular, recovering hydrocarbon resources from the producer
wells based upon SAGD typically creates a respective steam chamber associated with
cach imjector/producer well pair. Accordingly, recovering hydrocarbon resources
from the infill wells based upon RF heating may comprise creating hydraulic
communication between each pair of adjacent steam chambers and an associated infill
well therebetween. Moreover, recovering hydrocarbon resources from the infill wells
based upon RF heating may further comprise using SAGD to provide pressure support
in the regions of the subterrancan formation surrounding the infill wells.

The RF heating may be delivered from the infill wells themselves.
More particularly, the method may include positioning at least one respective RF
antenna within cach of the infill wells, and wherein the RF heating comprises
supplying RF energy to the RF antennas.

In a typical arrangement, each infill well may be positioned midway

between respective adjacent injector/producer well pairs. In addition, each infill well
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may be positioned below a level of respective adjacent injector wells and closer to a
level of adjacent producer wells.

The method may further comprise using a steamflood drive after using
SAGD to recover further hydrocarbon resources. The subterrancan formation may
comprise an o1l sand formation, for example.

FIG. 1 1s a flowchart for the method 1n accordance with the invention.

FIG. 2 1s a schematic cross-section of a portion of a hydrocarbon
bearing subterrancan formation 1n accordance with the present invention.

FIG. 3 15 a schematic cross-section similar to FIG. 2 and shown at a
later time during the hydrocarbon recovery process.

FIGS. 4A and 4B are schematic diagrams 1llustrating simulations of
the expanding steam chambers at different times using the method 1n accordance with
the invention.

FIGS. 4C and 4D are schematic diagrams 1llustrating simulations of
the expanding steam chambers at different times using only conventional SAGD as 1in
the prior art.

FIG. 5 1s a graph of cumulative o1l recovery versus time for various
simulated embodiments of the method 1n accordance with the present invention and
compared against a simulation using only conventional SAGD as 1n the prior art.

FIG. 6 1s a graph of energy usage versus cumulative o1l recovered for a
stmulated embodiment of the method 1n accordance with the invention.

FIG. 7 1s a graph of energy usage versus cumulative o1l recovered for a
simulated embodiment of using only conventional SAGD as 1n the prior art.

FIG. 8 1s a graph of water-to-oil ratio versus cumulative oil recovered
for a stmulated embodiment of the method 1n accordance with the invention.

FIG. 9 1s a graph of water-to-o1l ratio versus cumulative o1l recovered
for a stmulated embodiment of using only conventional SAGD as 1n the prior art.

FIG. 10 1s a table of comparative results of simulations of an
embodiment of the method of the present invention and using only conventional

SAGD as 1n the prior art.
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The present invention will now be described more fully heremafter
with reference to the accompanying drawings in which preferred embodiments of the
invention are shown. This mvention may, however, be embodied in many different
forms and should not be construed as limited to the 1llustrated embodiments set forth
herein. Rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those
skilled 1n the art. Like numbers refer to like elements throughout.

Referring now 1nitially to the flowchart 20 of FIG. 1, and the schematic
cross-sectional views of the subterranean formation 40 as shown 1in FIGS. 2-3, method
embodiments of the invention are now described. From the start (Block 22) the
method 18 for hydrocarbon resource recovery 1n a subterrancan formation 40 and
comprises, at Block 24, forming a plurality of spaced apart injector/producer well
pairs 41a, 42a, 41b, 42b 1n the subterrancan formation. As shown 1n the illustrated
embodiment, the subterrancan formation 40 includes a payzone 45 between an
underburden layer 46 and an overburden layer 47, as will be appreciated by those
skilled 1n the art. The subterrancan formation 40 may comprise an oil sand formation,
for example. A typical payzone 45 may be 15 to 30 meters 1n thickness, for example.
The overall field may occupy a region of one by twenty kilometers, for example,
although other sizes are also possible.

The first injector/producer well pair comprises a laterally extending
producer well 42a and a laterally extending 1njector well 41a spaced thercabove. A
typical vertical spacing may be about 5 meters, for example. Similarly, the second
injector/producer well pair comprises a laterally extending producer well 42b and a
laterally extending injector well 41b spaced thereabove. Of course, in a typical
subterrancan formation there may be hundreds of pairs of injector and producer wells
spaced throughout the payzone 45.

At Block 26, a plurality of laterally extending infill wells 43 are
formed 1n the payzone 45 of the subterrancan formation 40, with cach infill well being
located between respective adjacent injector/producer well pairs 1n the so-called

wedge region 44. A typical lateral spacing 1s 50 meters from the infill well 43 to each
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adjacent injector producer well pair. In other embodiments, more than one infill well
43 may be provided between respective adjacent injector/producer well pairs as will
be appreciated by those skilled in the art.

Further the method includes recovering hydrocarbon resources from
the producer wells 42a, 42b based upon Steam Assisted Gravity Drainage (SAGD)
via the mjector/producer well pairs (Block 28). In addition, the method includes at
Block 30 recovering hydrocarbon resources from the infill wells 43 based upon RF
heating regions of the payzone 45 of the subterrancan formation 40 surrounding the
respective infill wells before stopping at Block 32. Thus, the hydrocarbon resources
in the wedge region 44 between adjacent injector/producer well pairs 42a, 41a, 42b,
41b can be recovered. Although Blocks 28 and 30 are illustrated as separate steps for
clarity of explanation in the flowchart 20 they are typically performed at a same time
as will be appreciated by those skilled in the art. And, as will be described 1n greater
detail below, less overall energy may be used to heat the formation 40, and less water
may be used 1n the recovery process.

In particular, recovering hydrocarbon resources from the producer
wells 42a, 42b based upon SAGD 1llustratively creates a respective growing steam
chamber S3a, 53b associated with each mjector/producer well pair 41a, 42a, 41b, 42b
as seen perhaps best in FIG. 3. In some embodiments, the two stecam chambers S3a,
53b may cventually join together 1n an upper middle region above the wedge
region 44.

As will be appreciated by those skilled 1n the art, the RF energy
radiated from the antenna 51 into the surrounding portions of the infill well 43 heats
these portions and advantageously creates hydraulic communication between the pair
of adjacent stecam chambers 53a, 53b and the infill well 43 therebetween. In slightly
different terms, recovering hydrocarbon resources from the infill well 43 based upon
RF heating may further comprise using SAGD to provide pressure support 1n the
region of the subterrancan formation surrounding the infill well. For purposes of
illustration, arrows 54a, S4b indicate a direction of the gravity drive oil path in each

respective steam chamber 53a, 53b; and arrows 55a, 55b indicate the steamflood
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drive o1l path toward the infill well 43 as will be appreciated by those skilled 1n the
art.

In the 1llustrated embodiment, the RF heating 1s delivered from the
antenna S1 within the infill well 43. This 1s a particularly advantageous arrangement,
since only the infill well 43 need be drilled which can serve to facilitate the antenna
positioning and which can also be used as a producer for the wedge region 44 via a
coaxial arrangement. In other embodiments, 1t may be desirable to position one or
more RF antennas differently in the subterrancan formation 40 so long as heat can be
ctfectively provided to at least the regions surrounding the infill well 43 so that o1l
can be recovered from the wedge region 44. Accordingly, the method may include
positioning at least one respective RF antenna 51 within each infill well 1n the
payzone 45 of the subterrancan formation 40, and supplying RF energy from the RF
source 50 to the RF antenna S1. Those of skill in the art will appreciate the
construction and operation of the antenna 51 and RF source 50 without requiring
further discussion herein.

The RF heating mobilizes the o1l between adjacent steam chambers
53a, 53b and the infill well 43; establishes hydraulic communication between the
chambers and the 1nfill well; allows o1l to drain to the infill well via gravity drainage
with pressure support from the steam chambers; and later in the well’s life,
stcamflood can provide additional drive to recover unproduced by gravity drainage.
The steamflood drive 1s a displacement drive, not a gravity drive, therefore, the
recovery rates are less affected by the thickness of the payzone 45.

In a typical arrangement as shown 1n FIGS. 2 and 3, cach infill well 43
may be positioned midway between respective adjacent injector/producer well pairs

41a, 42a, 41b, 42b. Each infill well 43 may also be positioned below a level of

respective adjacent injector wells 41a, 41b and closer to a level of adjacent producer
wells 42a, 42b.

As will be appreciated by those skilled 1n the art, in some instances the
RF heating may be started prior to the injection of steam into the mjector wells 41a,

41b, while 1n other embodiments the RF heating may be performed simultancously
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with or after the mjection of steam 1nto the injector wells 41a, 41b. In addition, once
hydraulic communication 1s established 1t may be desirable to turn off the RF heating
to thereby save energy.

The injection of steam through a single well may sometimes be
difficult due to low fluid injectivity of a cold formation and the desire to maintain a
sufficiently low pressure so as to avoid fracturing the adjacent formation structure.
Accordingly, steam 1s typically injected cyclically into a traditional steam well. The
significant advantage of using RF heating 1n the wedge region 44, in particular, 1s that
the RF energy input does not need cycling since the RF energy 1s basically absorbed
as heat by the water or moisture 1n the surrounding arcas. The RF heating effectively
and efficiently establishes hydraulic communication with the infill well 43 by heating
the o1l to a sufficient temperature. This hydraulic communication permits pressure
support from the stecam chambers 53a, 53b to encourage the flow of o1l from the
payzone 45 into the infill well 43. Heating of the wedge region 44 using other
techniques such as with gas or water 1njection may not be effective because of the
relatively low mjectivity as will be appreciated by those skilled in the art.

With the additional of heat from the input of RF energy, the energy
input requirement for the steam for SAGD may also be reduced. Accordingly, the
combination of SAGD and RF heating provides efficient use of electrical and other
energy mputs.

In some embodiments, the infill wells 43 can be added after SAGD has
been performed on the payzone 45; however, in such embodiments the ground may
already be heated which may make well boring more difficult. Accordingly, 1t 1s
typically more beneficial to form the infill wells 43 at the same time the other wells
41a, 41b, 42a, 42b arc being formed 1n the payzone 45 of the subterrancan formation
40. The production of hydrocarbon resources also from the wedge regions 44
provides more efficient use of the available land area available. In some
embodiments, an RF susceptor 1n addition to water, could be added to the payzone 45

to convert the RF energy 1nto heat as will be appreciated by those skilled 1n the art.
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The typical timescale of recovery using SAGD alone 1s typically
largely determined by the reservoir conditions and the payzone 45 thickness, with
thicker being better. There have been few ways to accelerate recovery using SAGD.
There may be a high heat loss to the overburden layer 47 due to the relatively long
production cycle. There may also be startup 1ssues and water usage raises potential
environmental and cost concerns.

In contrast to SAGD alone, the combination of SAGD and RF heating
in the regions surrounding the infill wells 43 significantly reduces the time 1t takes to
recover the o1l by as much as two times. Energy and water usage are both reduced.
And the approach 1s applicable to both thick and thin payzones 45.

Referring now to FIGS. 4A-4D, a comparison of the described
embodiments versus traditional SAGD alone 1s now explained. More particularly,
FIG. 4A shows a simulation of the stecam chamber progress after three months using
the combined SAGD and RF infill heating of the present invention, and FIG. 4B
shows the simulation after three years. In contrast, FIG. 4C shows a simulation of
stcam chamber progress based upon conventional SAGD alone, and FIG. 4D
continues that simulation at three years. It can be readily seen that the steam chamber
has progressed significantly further in accordance with the invention at the six month
date.

The advantage in cumulative oil recovery 1s now explained with
reference to the plots 1n FIG. 5. The horizontal plot 60 1s at a 70% of the original o1l-
in-place (OOIP) for a simulation of a five meter length axial segment of a well. Full
scale well results can be extrapolated by using a ratio of the well length to the five
meter length simulation. For the five meter length simulation domain, there was a
1200 m” OOIP. Plot 66 represents simulated recovery of oil using only SAGD. The
other plots are for SAGD plus RF heating (at 200 Khz) for nine months 61, twelve
months 62, fifteen months 63, twelve months 64, and twenty-one months 65. Again it
can be seen that the recovery 18 accelerated compared to conventional SAGD alone,

and the RF heating permits trading of RF energy costs versus recovery time.

_10-
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Referring now additionally to the comparative graphs of FIGS. 6 and
7, further advantages of the invention are now described. FIG. 6 shows a plot of RF
energy mput per barrel of recovered o1l 71, along with the steam energy mnput 72 and
the total energy mput 73, with the 70% OOIP value indicated by the vertical line 74,
and these are also for the five meter length axial segment simulation. FIG. 7 shows a
corresponding plot of the total energy mput 75 for a convention SAGD process alone,
and vertical line 76 1s the 70% OOIP value. From these comparisons, 1t can be seen
that the SAGD plus RF 1nfill heating uses 1.35 GJ/bbl at a 70% recovery for the five
meter length axial segment simulation, while conventional SAGD along uses 1.94
(GJ/bbl; and the RF infill has a relatively low electricity energy requirement of 0.11
GJ/bbl.

With reference to the plots in FIGS. 8 and 9, comparative water usage
for the five meter length axial segment stmulation for the present invention 18 now
described. The water-to-oil ratio for the invention is given by plot 81 and the steam-
to-o1l ratio 1s given by plot 82, while the 70% OOIP value 1s given by plot 83 of FIG.
8. In contrast, the water-to-oil ratio for the use of conventional SAGD only 1s given
by plot 85 and the steam-to-o1l ratio 1s given by plot 84, while the 70% OOIP value 1s
given by plot 86 of FIG. 9. The water—to-oil-ratio for the method including SAGD
plus the RF heating as 1n the invention 1s 2.9 at 70% OOIP, and the corresponding
value 18 4.5 for SAGD alone.

In summary, for the simulations described herein for a fifteen meter
payzone thickness in a subterrancan formation, for a normalized recovery time of one
for a conventional SAGD process, the corresponding recovery time for the SAGD and
RF heating of the invention reduces the normalized time down to 0.54. Along these
lines for a water-to-oi1l ratio of 4.5 for a conventional SAGD process, the
corresponding ratio for the SAGD and RF heating of the invention 1s reduced down to
2.9. Continuing the comparisons of interest, for an energy mput of 1.94 GJ/bbl for a
conventional SAGD process, the corresponding energy input for the SAGD and RF
heating of the invention 1s reduced down to 1.36. And lastly, the RF energy used by
the invention 1s only 0.11 GJ/bbl. These values are shown 1n the table of FIG. 10.
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CLAIMS

1. A method for hydrocarbon resource recovery in a subterrancan
formation comprising:

forming a plurality of spaced apart injector/producer well pairs 1n the
subterrancan formation, each injector/producer well pair comprising a laterally
extending producer well and a laterally extending 1njector well spaced thereabove;

forming a plurality of laterally extending infill wells 1n the
subterranean formation, each infill well being located between respective adjacent
injector/producer well pairs; and

recovering hydrocarbon resources from the producer wells based upon
Steam Assisted Gravity Drainage (SAGD) via the injector/producer well pairs; and

recovering hydrocarbon resources from the infill wells based upon RF

heating regions of the subterrancan formation surrounding the respective infill wells.

2. The method according to Claim 1 wherein recovering
hydrocarbon resources from the producer wells based upon SAGD creates a
respective steam chamber associated with each mjector/producer well pair; and
wherein recovering hydrocarbon resources from the infill wells based upon RF
heating comprises creating hydraulic communication between each pair of adjacent

steam chambers and an associated infill well therebetween.

3. The method according to Claim 1 wherein recovering
hydrocarbon resources from the infill wells based upon RF heating further comprises
using SAGD to provide pressure support in the regions of the subterrancan formation

surrounding the infill wells.

4. The method according to Claim 1 wherein the RF heating is

delivered from the infill wells.

_12-
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5. The method according to Claim 1 further comprising
positioning at Ieast one respective RF antenna within each of the infill wells; and

wherein RF heating comprises supplying RF energy to the RF antennas.

0. The method according to Claim 1 wherein each infill well 1s

positioned midway between respective adjacent ijector/producer well pairs.

7. The method according to Claim 1 wherein each infill well 1s

positioned below a level of respective adjacent injector wells.

8. The method according to Claim 1 further comprising using

stcamflood drive after using SAGD to recover further hydrocarbon resources.

9. The method according to Claim 1 wherein the subterrancan

formation comprises an o1l sand formation.

_13-
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