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The subject invention Is directed to a method for the surface recovery of hydrocarbons from a subterranean reservoir (16). The
reservolr can be a formation found In sandstone, carbonate, coal or other mineral deposit formations. The method includes drilling
a well bore having a first substantially vertical portion (12) and a first substantially horizontal portion (14), in which the first horizontal
portion intersects the subterranean reservoir. A plurality of lateral well bores (18) intersecting and extending from the first horizontal
portion of the well bore are drilled. Thereafter, a drainage well bore (20) Is drilled below and substantially parallel to the first
horizontal portion of the well bore, In which the drainage well bore Intersects the first horizontal portion. The drainage well bore Is
configured to allow for the drainage of fluids from the plurality of lateral well bores and the first horizontal portion of the well bore,
which allows for the recovery of hydrocarbons through the vertical portion of the well bore separate from the fluid.
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(57) Abstract: The subject invention is directed to a method for the surface recovery of hydrocarbons from a subterranean reservoir.
The reservoir can be a formation found in sandstone, carbonate, coal bed or other mineral deposit formations. The method includes

drilling a well bore having a first substantially vertical portion and a first s
portion intersects the subterranean reservoir. A plurality of lateral well

ubstantially horizontal portion, in which the first horizontal
bores intersecting and extending from the first horizontal

portion of the well bore are drilled. Thereafter, a drainage well bore is drilled below and substantially parallel to the first horizontal
portion of the well bore, in which the drainage well bore intersects the first horizontal portion. The drainage well bore is configured
to allow for the drainage of fluids from the plurality of lateral well bores and the first horizontal portion of the well bore, which
allows for the recovery of hydrocarbons through the vertical portion of the well bore separate from the fluids.
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METHOD FOR RECOVERY OF HYDROCARBONS
FROM LOW PRESSURE FORMATIONS

SPECIFICATION

Fiel ¢ Inventi

[0001] The invention generally relates to a method of producing hydrocarbons
and more particularly to a single well method for specifically directed penetrations of
hydrocarbon bearing formations and the removal of production-inhibiting liquids from the

hydrocarbon reservoir(s) in the formations.

Back nd of the ention

[0002] One of the most important and valuable resources removed from the
earth are fossil fuels: such as coal, o1l and gas. Since the early twentieth century, oil has
become so important to the world economy that its continued supply has taken on strategic
importance. To obtain fluid hydrocarbons such as o1l and gas from below the earth’s surface,
boreholes or well bores are drilled from one or more surface locations into hydrocarbon-
bearing subterranean geological strata or formations (also referred to in the industry as the

reservoirs). The hydrocarbons are then pumped from the subterranean formations, through

the well bores, to the surface.

[0003] A significant proportion of the current drilling activity in the United
States and other areas of the world, involves drilling highly deviated and/or substantially
horizontal well bores that extend laterally through a formation. Typically, in order to drill a
horizontal well bore into a desired formation, the well bore 1s drilled from a surface location
vertically into the earth for a certain depth. At a predetermined depth, the vertical well bore
is deviated into a desired direction so as to reach the desired horizontal path through the
formation, which is usually the target hydrocarbon bearing formation. The horizontal portion
of the well bore 1s then drilled a desired length into the hydrocarbon-bearing producing

formation.

[0004] Horizontally dnilled wells have many advantages in conventional
sandstone reservoirs because of the much-improved linear flow characteristics present in
horizontal wells as opposed to the radial flow characteristics inherent in vertical wells. In
many different kinds of formations horizontally drilled wells have also become quite popular

in attempts to produce commercially viable wells. Early work with horizontal drilling
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focused on formations with naturally occurring fractures such as the Austin Chalk or Bakken

Shale. More recently, horizontal drilling has been applied to many other formation types.

[0005] Additionally, as described 1n U. S. Patent Nos. 5,868,210 and 5,785,133,
it has become very common to drill multiple lateral (laterals) well bores off from a main
horizontal well bore. Those skilled in hydrocarbon recovery operations have long recognized
the benefits of drilling multiple laterals off a single horizontal borehole that extends up to the
surface as this drainage pattern allows for more efficient recovery of hydrocarbons from each
reservoir in a formation. The primary well bore and the multi-lateral well bores are generally
drilled along predetermined well bore paths that follow the various levels of producing

reservoirs in any one formation.

[0006] Conventional hydrocarbon production systems leave much to be desired
for a variety of reasons. One reason relates to the fact that in many gas producing formations,
the targeted hydrocarbon-producing reservoir is sensitive to the presence of naturally
occurring formation liquids, primarily oil and water. Methane producing subterranean
formations often contain significant quantities of water, which results in high hydrostatic
pressures. If the oil and water can be successfully removed from the producing reservoirs,
the volume of natural gas or methane that can be produced 1s significantly enhanced.
Typically, to provide a satisfactory methane recovery rate from a producing well bore, the
region of the formation surrounding the well bore must be dewatered or drained in order to
lower the hydrostatic pressure to a point where sufficient quantities of hydrocarbon gas and

liquids will enter the producing well bore.

[0007] This liquid removal 1s achieved by reducing a producing well bore's
hydrostatic pressure in order to establish a differential pressure between the formation’s
pressure and the pressure of the well bore. Once a differential pressure 1s established, fluid
will flow from the formation into the producing well bore. The fluid in the well bore 1s then
pumped to the surface by mechanical pumps. As the fluid in the formation 1s removed and
the pressure in the formation 1s thus reduced, the methane recovery rate will increase. The
removal of methane and other fluids from a recovery well that 1s controlled by the lowering
of the pressure within the formation 1s generally referred to as a "primary pressure depletion

methane recovery" system. Most horizontal drilling methods utilize this system of recovery.
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[0008] However, pressure depletion methane recovery systems present other
problems. Because of the manner in which most of the current horizontal well bore
configurations are drilled, mechanical pumps are typically located in the vertical or near-
vertical portion of the well bore at a substantial vertical distance above the horizontal portion

of the well bore. This leads to inefficiencies in pumping the liquids from the depths of the

well bore.

[0009] The method of the subject invention eliminates and/or reduces the
disadvantages and problems associated with previous systems and methods. In particular, the
present invention allows for a single well bore to effectively access entrained hydrocarbons
and to separate down-hole non-productive fluids (water and liquid hydrocarbons) from the
vaporous natural gas. This allows for a reduction in surface separation facilities. The
inventive method lowers the cost of hydrocarbon production, allows for more efficient
production and causes fewer disturbances to surrounding natural habitat. The use of a single
well bore for the separate removal of both water and hydrocarbons allows for fewer wells to
be drilled in any one formation, which minimizes the impact to the surface above the
formation. The inventive method can be used for any normal or low-pressure formation
including degasifying subsurface coal seams prior to mine excavation, which provides for
safer coal mining conditions. It also allows for the extension of the producing life of

conventional low-pressure hydrocarbon bearing formations beyond their current economic

limat.

mma nvention

[0010] The subject invention 1s directed to a method for the surface recovery of
hydrocarbons from a subterranean reservoir. The reservoir can be a formation found n
sandstone, carbonate, coal bed or other mineral deposit formations. The method includes
drilling a well bore having a first substantially vertical portion and a first substantially
horizontal portion, in which the first horizontal portion intersects the subterranean reservorr.
A plurality of lateral well bores intersecting and extending from the first horizontal portion of
the well bore are drilled. Thereafter, a drainage well bore is drilled below and substantially
parallel to the first horizontal portion of the well bore, in which the drainage well bore
intersects the first horizontal portion. The drainage well bore 1s configured to allow for the

drainage of fluids from the plurality of lateral well bores and the first horizontal portion of the
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well bore, which allows for the recovery of hydrocarbons through the vertical portion of the

well bore separate from the fluids.

[0011] In one embodiment on the invention, the drainage well bore extends
from a section of the first substantially vertical portion of the well bore at a position below
the first horizontal portion of the well bore. The drainage well bore slopes downward 1n a
first direction and then inclines upward in a second direction to intersect the first horizontal
portion of the well bore. The drainage well bore is configured to allow for the drainage of
fluids from the plurality of lateral well bores into the first horizontal portion of the well bore,

into the drainage well bore and into the section of the vertical portion of the well bore.

[0012] In a second embodiment of the invention, the drainage well bore extends
from the first horizontal portion of the well bore, at a position above a first of the plurality of
lateral well bores. The drainage well bore slopes downward 1n a first direction and then
extends outward in a second direction substantially parallel to the first horizontal portion of
the well bore. The drainage well bore 1s configured to allow for the drainage of fluids from

the plurality of lateral well bores into the first horizontal portion ot the well bore, and into the

drainage well bore.

[0013] In a further embodiment, a section of the vertical portion of the well
bore extends a predetermined distance below the first horizontal portion of the well bore, the
vertical section having a first and second side, the drainage well bore extending in a loop that
originates from the first side of the vertical section, the loop thereafter intersecting the
vertical section and exiting on the second side of the vertical section, the loop sloping in a
first downward direction below the position of the first horizontal portion of the well bore
and then inclining upward in a second direction to intersect the first horizontal portion of the
well bore, the drainage well bore being configured to allow for the drainage of fluids from the
plurality of lateral well bores into the first horizontal portion of the well bore, into the

drainage well bore and into the vertical section of the well bore, the lower portion of which 1s

the last dnlled.

[0014] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention will

be described hereinafter which form the subject of the claims of the invention. It should be
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appreciated by those skilled 1n the art that the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out
the same purposes of the present invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the spirit and scope of the invention
as set forth in the appended claims. The novel features which are believed to be
characternistic of the invention, both as to its organization and method of operation, together
with further objects and advantages will be better understood from the following description
when considered in connection with the accompanying figures. It is to be expressly
understood, however, that each of the figures 1s provided for the purpose of illustration and

description only and is not intended as a definition of the limits of the present invention.

Brief Description of the Drawings

[0015] For a more complete understanding of the present invention, reference 1s

now made to the following descriptions taken i1n conjunction with the accompanying

drawing, in which:

[0016] FIG. 1 1s a schematic cross-sectional view showing a method of drilling

and completing an access well bore of the subject invention;

[0017] FIG. 2 1s a schematic cross-sectional view showing an alternate

embodiment of the method of drilling and completing an access well bore of the subject

invention;

[0018] FIG. 3 1s a schematic cross-sectional view showing an alternate

embodiment of the method of Fig. 2;

[0019] FIG. 4 1s a schematic top view showing the formation of multiple lateral

well bores extending from the horizontal portion of the access well bores of Figs. 1, 2 and 6;

[0020] FIG. 5 1s a schematic top view showing the formation of multiple lateral

well bores extending from the access well bores of Fig. 3;

[0021] FIG. 6 1s a schematic cross-sectional view showing another alternate
embodiment of the method of dnlling and completing an access well bore of the subject

invention; and
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[0022] FIG 7 1s a schematic top view showing the formation of multiple

drainage patterns in an alternate embodiment of the subject invention.

Detailed Description of the Invention

[0023] The present invention is directed to a method for surface hydrocarbon

recovery from a subterranean reservoir that can be used in the development of any
underground hydrocarbon-bearing formations including sandstone, carbonate, coal beds or
mineral deposits. The removal rate of natural gas from a subterranean hydrocarbon-bearing
formation can be controlled by the configuration and the manner of construction of a
borehole. For the purpose of illustration, and not by way of Iimitation, the method of the
present invention will be described in relation to recovery of hydrocarbons from low-pressure
deposits, including conventional hydrocarbon-bearing formations such as coal deposits and

sandstone and carbonate reservoirs.

[0024] The subject invention is directed to a substantially subterranean
hydrocarbon producing configuration that includes a single well bore 10 having a vertical
portion 12 drilled in a predominately-vertical direction to within a few hundred feet of a
producing reservoir(s) 16. A first main horizontal portion 14 of the well bore 10 extends
from the vertical portion 12 a significant length (often greater than 2,000 feet) into the
producing reservoir 16. The main hornizontal portion 14 of the well bore 1s drilled up-dip (an
incline toward the surface) and is provided with a plurality of secondary lateral well bores 18

positioned in the same horizontal plane as the horizontal portion 14.

[0025] An important element in hydrocarbon production 1s the minimization of
the volume and hydrostatic pressure of the liquids residing in any target formation. The
process of removing the liquids from under-pressurized formations 1s sometimes referred to
as “de-watering”. In the inventive method a second intersecting horizontal “dewatering” or
drainage well bore 20 is positioned a predetermined distance below and substantially parallel
to the main horizontal well bore 14 for the separation and removal of non-productive fluids
(water and liquid hydrocarbons) from the main horizontal portion 14 of the well bore 10. A
mechanical pump 22 1s positioned below or at the level of the drainage well bore 20 1n order

to pump the non-productive fluids out of the producing well bore 10.

[0026]  The inventive method provides a drilling configuration that enables

hydrocarbons to be produced from a formation at a lower bottom hole pressure than would be
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possible if the pump 22 were positioned near the junction of the vertical and horizontal
portions 12, 14 of the well bore 10. The inventive method also contemplates both multiple
laterals and main horizontal well bores producing into a single vertical well bore as this
configuration will maximize the efficiency of the producing well bore and surface equipment
associated with the vertical portion of the well. Examples of the various dnlling

configurations of the subject invention are shown in the Figs. 1-6.

[0027] When dnlling well bores for hydrocarbon production, operators
typically utilize a drill string that includes a drilling device and a number of measurement-
while-drilling ("MWD") devices as are known to those skilled in the art. The MWD devices
are tools and/or instruments that are placed down into the well bore 1n order to provide well
bore information at the surface. In typical drilling operations, a borehole 1s dnlled a
predetermined distance and a casing 24 1s installed in the borehole. Cement 26 surrounds the
casing 24 in order to keep it in place. These procedures are well known to those skilled in the
art of drilling. The drilling device, with the aid of drlling fluids, 1s used to disintegrate the
subsurface formations and the MWD devices are used to determine the properties of the
formations and the downhole dnlling conditions. Portions of the drilling device and
associated equipment are located at the surface of the well bore and is collectively called the
wellhead assembly 28. Control of the drilling process 1s also maintained through the use of
MWD devices that measure the returned fluids and the type, consistency and volume of
drilling cuttings. Through the collective use of the information provided by these MWD
devices and other measurement devices and instruments, the path of the honizontal portion of
the well bore 1s adjusted in order to maintain optimum location within the target reservoir(s).
Operators utilize the information received from the MWD devices to adjust the drlling

direction and other drilling parameters as 1s known to one skilled 1n the art.

[0028] When hydrocarbon production is being carried out in formations that
have a relatively low hydrostatic pressure, conventional drilling systems typically produce a
hydrostatic pressure greater than the hydrostatic pressure of the target reservoir. This higher
pressure in the drilling system results 1n a loss of fluid and cuttings into the target reservorr.
The loss of fluids due to this “over-balanced” pressure condition are not only costly, but can
also cause the fluid and cuttings to plug the target reservoir, which results in a reduction or

even elimination of the formation’s ability to produce hydrocarbons.
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[0029] To minimize these pressure problems, compressed air is utilized in
several different ways to reduce the density of the returning fluids. In one method, which is
often referred to as “aeration,” the compressed air is injected into the drill string
simultaneously with the drilling fluids. In a second method, often referred to as “jetting,” the
compressed air is injected into a second small diameter (“parasite”) casing 30, installed
outside of and parallel to the main casing 24, and 1t enters the flow stream of the returning
drilling fluids near the base of the vertical portion 12 of the well bore 10. In the subject
invention, both methods reduce the hydrostatic pressure in the formation and aid in the
removal of cuttings and other debnis from the well bore. In certain hydrocarbon production
systems, -in addition to the injecting of compressed air and drilling fluids, it 1s also common to
inject chemicals known as “foamers” and “surfactants” which aid in the efficient mixing of
air and fluid. The addition of these chemicals results 1n an even more effective removal of

drilling contaminates. The method of the subject invention includes the standard drilling

operations discussed above.

[0030] In the method of the subject invention, a substantially vertical well bore
12 1s drilled to a point near the depth of the target hydrocarbon-bearing formation or reservoir
16. A casing 24, as is known to one skilled 1n the art, 1s installed 1n the upper portion 25 of
the well bore in to order to isolate this portion of the penetrated formation (Figs 1-3, 6).
Cement 26 surrounds the casing 24. For example, in a coal containing formation, the
installed casing 24 would end just above the coal reservoir. If the formation has a very low
reservoir pressure, a second small diameter (“parasite”) casing 30, preferably having an

outside diameter of about 1 inch can be installed outside of and parallel to the main casing 24

(Figs. 1-3, 06).

[0031] The vertical portion 12 of the well bore 10 1s then drilled to a deeper
depth and articulated through a radius section 13 to achieve a substantially horizontal portion
14 having a predominately-horizontal path in a direction that 1s upward (up-dip) to the
naturally occurring dip of the target reservoir 16. The horizontal portion 14 is drilled up-dip
in order to allow the fluid in the reservoir 16 to drain down the horizontal portion 14 of the
well bore 10 towards the vertical portion 12. The dnlling is accomplished using a bit, drill
string and downhole motor as 1s known to one skilled in the art. During the drilling process,

drilling fluids are used for cleaning the dnlled cuttings from the well bore. These fluids are
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predominately water-based and are pumped down the drill string through the bit, where they

collect the cuttings and then carry them up to the surface.

[0032] The drilling of the horizontal portion 14 of well bore 10 is continued to a
point near the end of the target reservoir(s) 16 or the designated drainage acreage, which can
often result in a length of 1,000 to 3,000 or more feet. Thereafter, a plurality of secondary
lateral well bores (laterals) 18 are drilled, extending out from the main horizontal portion 14
of the well bore 10 and in the same predominately horizontal plane as the horizontal portion
14. Likewise, the plurality of laterals 18 are drilled 1n a direction that 1s upward (up-dip) to
the naturally occurring dip of the target reservoir 16 in order to allow the fluid 1n the reservoir
16 to drain down the laterals 18 into the honizontal portion 14 of the well bore 10. Each of
the plurality of laterals 18 has a spacing and length adequate to deplete the formation.
Preferably, the laterals 18 are approximately equally spaced and extend in substantially
parallel alignment on opposite sides of the main horizontal portion 14 of the well bore 10.
This drainage pattern is well known to one skilled in the art as described 1n U.S. Patent No.
5,785,133 and fully incorporated herein by reference. The number of laterals 18 used and the
precise spacing of each of the secondary laterals 18 can be adjusted to fit the size and
geometry of the drainage reservoir 16 within the formation. Fig. 4 illustrates a typical
drainage pattern that can be achieved with the use of a plurality of laterals 18 extending out

from the main horizontal portion 14 of the well bore 10.

[0033] The inventive method provides for the drilling of another short
horizontal well bore immediately below the radius of the main horizontal portion 14 of the
well bore 10 1n order to provide for the removal of the liquids from the main horizontal
portion 14 of the well bore 10 (Figs. 1-3). This short well bore is called a dewatering or
drainage well bore 20 and 1s positioned so as to be below and predominately parallel to the
main horizontal well bore 14. The drainage well bore 20 intersects the main horizontal well
bore 14 and preferably continues for a distance of several hundred feet, for example 150 to
500 hundred feet. The drainage well bore 20 allows for the accumulation of fluids that drain
into the main horizontal portion 14 of the well bore 10 from the plurality of secondary laterals
18. A pump 22 1s used to remove these fluids from the drainage well bore 20. The pump 22
preferably can be a sub-surface, electric, bottom-driven Progressing Cavity Pump.
Preferably, the pump 22 i1s inserted into or adjacent to the drainage well bore 20 and 1s

connected to a conduit (not shown), such as a tubular string or the like, that is installed in the
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well casing as is known to those skilled in the art. Once 1n place, the pump 22 gathers the
fluids that accumulate in the drainage well bore 20 and pumps them to the surface through the

tubular string.

[0034] In one embodiment of the subject invention, as shown in Fig. 1, the
vertical portion 12 of the well bore 10 extends a distance below the main horizontal portion
14 of the well bore 10, creating a vertical section 32. The drainage well bore 20a is drilled
from this vertical section 32, a predetermined distance below the main horizontal well bore
14. The drainage well bore 20 initially slopes down in a first direction and then inclines
upward in a second direction to intersect the main horizontal well bore 14, preferably at a
position 34 in front of the first of the plurality of laterals 18. The distance of both the down-
slope and the incline will depend upon the conditions of the formation. In this embodiment,
the pump 22, is preferably installed in a lower section 36 of the vertical section 32 that
extends a short distance below the drainage well bore 20a. The fluids drain from the plurality
of laterals 18 into the main horizontal portion 14 of the well bore 10, into the drainage well
bore 20a and then into the lower section 36 of the vertical portion 32, where they are

thereafter pumped to the surface through the tubular string (not shown).

[0035] In a second embodiment, as shown 1n Fig. 2, the drainage well bore 20b
is drilled directly from the main horizontal well bore 14, oniginating at a position 38 in front
of the first of the plurality of secondary laterals 18. In this embodiment, the drainage well
bore 20b initially slopes downward a short distance, usually no more than 100 feet, and then
runs predominately parallel to the main horizontal well bore 14 for a length of about several
hundred feet. The fluids flow into the drainage well bore 20b from the main horizontal
portion 14 of the well bore 10. A pump 22 is preferably positioned a short distance into the
drainage well bore 20b and pumps the accumulated fluids to the surface through the tubular

string (not shown).

[0036] In some formations where the target reservoirs 16 are in adjacent or
proximate parallel horizontal (“stacked”) layers, it may be desirable to have more than one
main horizontal well bore. In this situation, a second main horizontal well bore 14a can be
drilled off from the first main horizontal well bore 14 as shown 1n Fig. 3. The second main
horizontal well bore 14a intersects the first horizontal portion 14 at a position 40 in front of
its drainage well bore 20a. The second horizontal well bore 14a slopes downward 1n a first

direction intersecting a second target reservoir 16a and then extends outward in a second

10
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substantially horizontal direction into the second reservoir 16a. As in the prior embodiments,
the second main horizontal well bore 14a includes a plurality of secondary lateral well bores
(laterals) 18 extending out from the second main horizontal well bore 14a. Each of the
plurality of laterals 18 has a spacing and length adequate to drain the formation. In this
embodiment, the second drainage well bore 20c 1s drilled directly from the second main
horizontal well bore 14a, originating at a position 38a 1n front of the first of the plurality of
secondary laterals 18. The drainage well bore 20c 1nitially slopes downward a short distance,
usually no more than one hundred feet, and then runs parallel to the second main horizontal
well bore 14a for a length of about several hundred feet. The fluids flow into the drainage
well bore 20c¢ from both the first and second main honizontal well bores 14, 14a. A pump 22
is positioned a short distance into the drainage well bore 20c and pumps the accumulated
fluids to the surface through the tubular string (not shown). In this situation, only one pump
22, placed in the drainage well bore 20c is necessary. Fig. 5 1illustrates the drainage patterns
that can be achieved with the use of a plurality of laterals 18 extending out from each of the

first and second main horizontal well bores 14, 14a.

[0037] In a further embodiment of the subject invention, an extension of the
vertical portion 32 of the well bore 10 can function as a portion of a drainage well bore 20d.
As shown in Fig. 6, the horizontal portion 14 1s first extended from the vertical portion 12 of
the well bore 10. In this embodiment, the vertical section 32 has a first and second side 42,
44 respectively. The drainage well bore 20d extends from the first side 42 of the vertical
section 32 and forms a loop 46 that extends through the vertical section 32 and exits on the
second side 44 of the vertical section 32. The loop 46 slopes 1n a first downward direction
below the position of the main horizontal portion 14 of the well bore 10 and then inclines
upward in a second direction to the starting point 38 of the main horizontal portion 14 of the
well bore 10. The loop 46 is formed by using an approximately 30° turn per 100 ft. of well
bore. Once the main horizontal portion 14 of the well bore 10 and the plurality of laterals 18
are drilled, the vertical section 32 1s further extended a distance of approximately one
hundred feet below the main horizontal portion 14 of the well bore 10 to create a lower
vertical section 32a. The main horizontal well bore 14, as described above, 1s provided with
a plurality of secondary lateral well bores 18 positioned in the same horizontal plane (Fig. 4).
In this embodiment, a pump 22 can be installed in the lower end 36a of the vertical section
32a of the well bore 10 that extends a distance below the main horizontal well bore 14. The

fluids will drain from the main horizontal well bore 14, through the looped drainage well bore
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20d and into the lower end 36a of the vertical section 32a. The tluids are then pumped to the

surface through the tubular string (not shown).

[0038] The subject invention also contemplates the drilling of multiple drainage
patterns in the same horizontal plane but in a different quadrant of the formation as illustrated
in Fig. 7. In this embodiment for example, a second horzontal portion 14c can articulate
from the main horizontal portion 14, preferably at point 38 as shown in Fig. 2, through an 80
to 100° radius 13c to the left of the main horizontal portion 14 into a substantially horizontal
position. The second horizontal portion 14c would also include a plurality of lateral well
bores 18 as described in the other embodiments. Likewise, a third horizontal portion 14d can
articulate from the main horizontal portion 14, preferably at the same point 38, through an 80
to 100° radius 13d to the right of the main horizontal portion 14 into a substantially horizontal
position. The third horizontal portion 14d would also include a plurality of lateral well bores
18 as described in the other embodiments. Thus, the second and third horizontal portions 14c¢
and 14d could be at approximately a 180° degree angle in relation to each other. If for
example, the embodiment of Fig. 2 was used, the drainage well bore 20b could be utilized for
the second and third horizontal portions 14c and 14d or separate drainage well bores could be

drilled for each of the second and third horizontal portions 14c and 144d.

[0039] In all of the above described embodiments, the gas in the target
reservoir(s) is liberated by the removal of the fluid through the drainage well bores and the
produced gas flows into the vertical portion of the well bore, through the casing and up to the

surface where it is transported from the producing well.

[0040] As described above, the present invention provides an access well bore
formed substantially in a non-producing formation which accesses one or more hydrocarbon-
bearing formations or reservoirs via multiple lateral well bore patterns formed substantially 1n
the producing formation. The access well bore includes a drainage well bore for the efficient
removal of non-producing fluids from the formation. This process eliminates and/or reduces
the disadvantages and problems associated with previous systems and methods. In particular,
the present invention allows for a single well bore to effectively access entrained
hydrocarbons, separate down-hole non-productive fluids (water and liquid hydrocarbons)
from the vaporous natural gas, reducing the need for surface separation equipment. This
process allows for less surface separation facilities to be installed. This not only lowers the

cost, makes the operation more efficient, but also causes fewer disturbances to surrounding
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natural habitat. The use of a single well bore also allows for fewer wells to be drilled, which
also minimizes the impact to the surface. This method may be used for any normal or low-
pressure reservoir including degasifying subsurface coal seams prior to mine excavation,
which increases the safety of miners. It also allows for the producing life of conventional
low-pressure hydrocarbon bearing reservoirs to be extended beyond their current economic
limit. Previously abandoned projects will be able to be rejuvenated, which will allow lost

hydrocarbon reserves to be recovered.

[0041] Although the present invention and its advantages have been described
in detail, it should be understood that various changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the invention as defined by the
appended claims. Moreover, the scope of the present application 1s not intended to be limited
to the particular embodiments of the process, machine, manufacture, composition of matter,
means, methods and steps described in the specification. As one of ordinary skill in the art
will readily appreciate from the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or later to
be developed that perform substantially the same function or achieve substantially the same
result as the corresponding embodiments described herein may be utilized according to the
present invention. Accordingly, the appended claims are intended to include within their
scope such processes, machines, manufacture, compositions of matter, means, methods, or

steps.
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CLAIMS

What 1s claimed 1is:

1. A method for the recovery of hydrocarbons from a subterranean reservoir

comprising:

drilling a well bore having a first substantially vertical portion and a first

substantially horizontal portion, the first horizontal portion intersecting the

subterranean reservoir;

drilling a plurality of lateral well bores intersecting and extending from the

first horizontal portion of the well bore;

drilling a drainage well bore below and substantially parallel to the first

horizontal portion of the well bore, the drainage well bore intersecting at least the first

horizontal portion;

wherein the drainage well bore 1s configured to allow for the drainage of fluids
from the plurality of lateral well bores and the first horizontal portion of the well bore,
allowing for the recovery of hydrocarbons through the vertical portion of the well

bore separate from the fluids.

2. The method of claim 1, wherein the subterranean reservoir 1s 1n a formation
selected from a group consisting of sandstone, carbonate, coal bed and mineral

deposit formations.

3. The method of claim 1, wherein a mechanical pump 1s positioned below or at
a level of a portion of the drainage well bore for pumping the fluids from the drainage

well bore to the surface.

4. The method of claim 3, wherein the pump is connected to a conduit for

transporting the fluids from the drainage well bore to the surface.

3. The method of claim 1, further including installing a main casing in an upper

portion of the first substantially vertical portion of the well bore.
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6. The method of claim 5, further including injecting compressed air into a

separate small diameter casing positioned outside of and parallel to the main casing,

the compressed air entering a flow stream of returning drilling fluids.

7. The method of claim 1, wherein the first substantially horizontal portion is

drilled a length of about 1000 to 3000 feet into the subterranean reservoir.

8. The method of claim 1, wherein the first substantially horizontal portion of the
well bore is drilled in a direction that 1s up-dip to a naturally occurring dip of the

subterranean reservoir.

9. The method of claim 8, wherein the plurality of lateral well bores are drilled in

a direction that is up-dip to a naturally occurring dip of the subterranean reservoir.

10. The method of claim 1, wherein the plurality of lateral well bores intersect and
extend from the first horizontal portion of the well bore 1n a same predominately

horizontal plane as the first horizontal portion.

11. The method of claim 10, wherein each of the plurality of lateral well bores has

a spacing and length configured to deplete hydrocarbons from the reservoir.

12. The method of claim 11, wherein each of the plurality of lateral well bores are
approximately equally spaced and extend in substantially parallel alignment on

opposite sides of first horizontal portion of the well bore.

13. The method of claim 1, wherein the drainage well bore has a distance of about
150 to 500 hundred feet.
14. The method of claim 1, wherein the drainage well bore extends from a section

of the first substantially vertical portion of the well bore at a position below the first
horizontal portion of the well bore, the drainage well bore sloping downward 1n a first
direction and then inclining upward in a second direction to intersect the first
horizontal portion of the well bore, the drainage well bore being configured to allow
for the drainage of fluids from the plurality of lateral well bores into the first
horizontal portion of the well bore, into the drainage well bore and into the section of

the vertical portion of the well bore.
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The method of claim 14, further including placing a pump in the section of the
vertical portion of the well bore that extends a distance below the drainage well bore

for pumping fluids from the drainage well bore to the surface.

The method if claim 1, wherein the drainage well bore extends from the first
horizontal portion of the well bore, at a position in front of a first of the plurality of
lateral well bores, the drainage well bore sloping downward in a first direction and
then extending outward in a second direction substantially parallel to the first
horizontal portion of the well bore, the drainage well bore being configured to allow
for the drainage of fluids from the plurality of lateral well bores into the first

horizontal portion of the well bore, and into the drainage well bore.

The method of claim 16, further including placing a pump 1n a section of the

drainage well bore for pumping fluids from the drainage well bore to the surface.

The method of claim 1, further including:

drilling a second horizontal well bore below the first horizontal portion of the
well bore, the second horizontal well bore intersecting the first horizontal portion at a
position in front of the drainage well bore, the second horizontal well bore sloping
downward in a first direction intersecting a second subterranean reservoir and then
extending outward in a second substantially honizontal direction into the second

subterranean reservoir

drilling a plurality of lateral well bores intersection and extending from the

second horizontal well bore;

drilling a drainage well bore below and substantially parallel to the second
horizontal well bore, the drainage well bore intersecting the second horizontal well

bore;

wherein the drainage well bore 1s configured to allow for the drainage of fluids

from the plurality of lateral well bores and the first and second horizontal well bores.

The method of claim 18, wherein the second horizontal well bore 1s drilled in

a direction that is up-dip to a naturally occurring dip of the subterranean reservoir.
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20. The method of claim 19, wherein the plurality of lateral well bores are drilled

in a direction that is up-dip to a naturally occurring dip of the subterranean reservoir.

21. The method of claim 18, wherein the drainage well bore extends from the
second horizontal well bore, at a position 1n front of a first of the plurality of lateral
well bores, the drainage well bore sloping downward in a first direction and then
extending outward in a second direction substantially parallel to the second
horizontal well bore, the drainage well bore being configured to allow for the drainage
of fluids from the plurality of lateral well bores into the second horizontal well bore,

and into the drainage well bore.

22. The method of claim 21, further including placing a pump in a section of the

drainage well bore for pumping fluids from the drainage well bore to the surface.

23. The method of claim 1, wherein a section of the vertical portion of the well
bore extends a predetermined distance below the first hornizontal portion of the well
bore, the vertical section having a first and second side, the drainage well bore
extending in a loop that originates from the first side of the vertical section, the loop
thereafter intersecting the vertical section and exiting on the second side of the
vertical section, the loop sloping in a first downward direction below the position of
the first horizontal portion of the well bore and then inclining upward 1n a second
direction to intersect the first horizontal portion of the well bore, the drainage well
bore being configured to allow for the drainage of fluids from the plurality of lateral
well bores into the first horizontal portion of the well bore, into the drainage well bore

and into the vertical section of the well bore.

24, The method of claim 23, further including placing a pump in the vertical
section of the well bore that extends a distance below the drainage well bore for

pumping fluids from the drainage well bore to the surface.

25. The method if claim 1, further including producing hydrocarbons from the

subterranean reservoir separate from the fluids in the reservorr.

26. The method of claim 1, further including the drilling of multiple horizontal

well bores off of the first horizontal portion of the well bore, the multiple horizontal
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27.

28.

29.

30.

well bores being positioned in the same horizontal plane as the first horizontal portion

of the well bore.

The method of claim 26, wherein each of the multiple horizontal well bores
includes a plurality of lateral well bores intersecting and extending from each of the

multiple horizontal well bore

The method of claim 26, wherein one of the multiple horizontal well bores
articulates from the first horizontal portion through an 80 to 100° radius to the left of

the first horizontal portion into a substantially horizontal position.

The method of claim 26, wherein one of the multiple horizontal well bores
articulates from the first horizontal portion through an 80 to 100° radius to the right of

the first horizontal portion into a substantially horizontal position.

A method for the recovery of hydrocarbons from a subterranean reservoir

comprising:

drilling a well bore having a first substantially vertical portion and a first

substantially horizontal portion, the first horizontal portion intersecting the

subterranean reservoir;

dnilling a plurality of lateral well bores intersecting and extending from the

first horizontal portion of the well bore;

drilling a drainage well bore below and substantially parallel to the first
horizontal portion of the well bore, the drainage well bore intersecting the first
horizontal portion, the drainage well bore extending from a section of the first
substantially vertical portion of the well bore at a position below the first horizontal
portion of the well bore, the drainage well bore sloping downward in a first direction
and then inclining upward in a second direction to intersect the first horizontal portion

of the well bore;

wherein the drainage well bore 1s configured to allow for the drainage of fluids
from the plurality of lateral well bores and the first horizontal portion of the well bore,
allowing for the recovery of hydrocarbons through the vertical portion of the well

bore separate from the fluids.
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31. A method for the recovery of hydrocarbons from a subterranean reservoir
comprising:

drilling a well bore having a first substantially vertical portion and a first
substantially horizontal portion, the first horizontal portion intersecting the

subterranean reservoir;

drilling a plurality of lateral well bores intersecting and extending from the

first horizontal portion of the well bore;

drilling a drainage well bore below and substantially parallel to the first
horizontal portion of the well bore, the drainage well bore intersecting the first
horizontal portion, the drainage well bore extending from the first horizontal portion
of the well bore, at a position in front of a first of the plurality of lateral well bores,
the drainage well bore sloping downward in a first direction and then extending

outward in a second direction substantially parallel to the first horizontal portion of

the well bore;

wherein the drainage well bore 1s configured to allow for the drainage of fluids
from the plurality of lateral well bores and the first horizontal portion of the well bore,
allowing for the recovery of hydrocarbons through the vertical portion of the well

bore separate from the fluids.

32. A method for the recovery of hydrocarbons from a subterranean reservoir

comprising:

drilling a well bore having a first substantially vertical portion and a first
substantially horizontal portion, the first horizontal portion intersecting the

subterranean reservoir;

dnilling a plurality of lateral well bores intersecting and extending from the

first horizontal portion of the well bore;

drilling the vertical portion of the well bore to extend a predetermined distance
below the first horizontal portion of the well bore, the vertical section having a first

and second side;
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drilling a drainage well bore below and substantially parallel to the first
horizontal portion of the well bore, the dramnage well bore extending in a loop that
originates from the first side of the vertical section, the loop thereafter intersecting the
vertical section and exiting on the second side of the vertical section, the loop sloping
in a first downward direction below the position of the first horizontal portion of the
well bore and then inclining upward mn a second direction to intersect the first

horizontal portion of the well bore;

wherein the drainage well bore 1s configured to allow for the drainage of fluids
from the plurality of lateral well bores and the first horizontal portion of the well bore,

allowing for the recovery of hydrocarbons through the vertical portion of the well

bore separate from the fluids.
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