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ABSTRACT
The present invention relates to an apparatus and method for selectively lifting produced
fluid, including produced hydrocarbons and a portion of produced water, to a ground surface and
for multiplying a hydrostatic head of a column of the produced fluid into a magnified injection
pressure for injecting, without lifting to the ground surface, the remaining produced water,

subsurface, in a subterranean well.
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TRIPLE ACTION PUMPING SYSTEM WITH PLUNGER VALVES

Inventors: Lon A. Stuebinger
Howard L. McKinzie
Brock W. Watson

The present application is a continuation-in-part of application Serial No. 09/108,505,
filed July 1, 1998, which claims priority to provisional application 60/059,779, filed September

23, 1997, the entirety of each of which is herein incorporated by reference.

Background of the Invention

Field of the Invention
The present invention relates to an apparatus and method for improving the economics of
hydrocarbon production from a producing well. In particular, the present invention relates to an

apparatus and method for selectively lifting produced fluid, including produced hydrocarbons
and a portion of produced water, to the ground surface and for injecting the remaining produced

water, subsurface, in a subterranean well.

Related Art

Conventional hydrocarbon production wells have been constructed in subterranean strata
that yield both hydrocarbons, such as oil and gas, and an undesired amount of water. These wells
are usually lined with heavy steel pipe called “casing” which is cemented in place so that fluids
cannot escape or flow along the space between the casing and the well bore wall. In some wells,

large amounts of water are produced along with the hydrocarbons from the onset of production.

D91174Cl1 j ) 1 06950.0102.USQ2




10

15

20

CA 02294687 2000-01-11

Alternatively, in other wells, relatively large amounts of water can be produced later during the
life of the well.

The production of excess water to the ground surface results in associated costs In both
the energy to lift, or “produce,” as well as the subsequent handling of the excess produced water
after it has arrived at the surface. Moreover, the produced water must be disposed of after it has
been brought to the ground surface. Surface handling of excess water, in addition, creates risks
of environmental pollution from such incidents as broken lines. spulls, overflow of tanks, and
other occurrences. Accordingly, many oil production fields and wells often rapidly become
uneconomic to produce because of excessive water production.

Various apparatuses and methods have been proposed to overcome the problems
associated with excess water production and the aforementioned problems associated with lifting,
or producing, this water to the ground surface. Several approaches have been used to produce
excess water to the ground surface or to avoid producing the excess water to the ground surface
by shutting off the water at the entry into the wellbore. Among these means are: installing larger
pumps to pump the water to the ground surface; shutting off the water by injecting gels or resins
into the formation; and installing mechanical means in the well to interrupt the flow of water into
the wellbore. These approaches, however, have not recognized that effective removal of water
from oil or gas wells can be accomplished by transterring the aécumulated water subsurface to a
water-absorbing injection formation.

An evolving approach to the problem of excess water production is to take advantage of
the downhole gravity segregation of produced hydrocarbons and produced water in the wellbore.

The excess produced water is then conveyed into an injection formation of the subterranean strata
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while the oil, for example, and a portion of the produced water are produced, or “lifted,” to the
ground surface. Such an approach has generally been referred to as an “in-situ” injection
method. The conveyance downhole of produced water, without having lifted it to the ground
surface, can substantially reduce lease operation costs, thereby extending the economuic life of
entire fields.

Generally, in-situ methods have required the availability of a suitable injection formation,
either below or above the production zone, with sufficient permeability to permit injection of the
excess water into the injection formation. In addition, these methods have generally been used
where the injection pressure gradients of the candidate injection formations were either low or
moderate (i.e., less than 0.5 psi1 per foot of depth). Practical limitations of the existing equipment
and prohibitive costs associated with more expensive and complex pumping equipment have
usually restricted use of these in-situ methods where a higher injection pressure gradient field has
been encountered.

One example of a conventional production apparatus of the in-situ type is a Dual Action
Pumping System (“DAPS”) that produces o1l and a portion of the water from a casing/tubing
annulus on the upstroke of the pump, injects water on the downstroke, and uses the gravity
segregation of the oil and water within the annulus. Such an apparatus 1s shown 1n U.S. Patent
No. 5,497,832, also assigned to an assignee of the present appliéation, the entirety of which is
incorporated herein by reference. Tests of this technology in a number of different wells have
shown that gravity segregation of oil and water enable a dual-ported, dual-plunger rod pump to

selectively lift produced fluids, including produced hydrocarbons and a portion of produced
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water, while separating and injecting the remaining produced water into an injection zone within

the subterranean strata.

The DAPS apparatus, however, does not solve all of the problems associated with excess
water production. In order to overcome the often-encountered moderate to high injection
pressures of injection zones, the apparatus requires the use of one or more weighted sinker bars
placed above the pump to provide the extra force necessary to overcome the injection pressure
opposing the downward movement of the pump. This not only requires more expensive lifting
equipment above the pump, but also adds to the overall complexity and cost of the pumping
system.

In a further example of the conventional in-situ approach, a coupled rod pump is used for
separating and producing oil from water in a well, while simultaneously injecting the water into
the producing formation or into an injection formation below the producing formation. Such an
apparatus 1s shown in U.S. Patent No. 5,697,448. The apparatus employs three spaced packers
(upper, middle, and lower). An oil pump is located between the upper and middle packers, and a
water pump 1s located between the middle and lower packers. Produced oil and water are
accumulated between the upper and middle packers. The oil is delivered through an opening into
the o1l pump and fills a cylinder associated with the oil pump. Produced water is allowed to
drain through additional passages into the water pump cylinder Qhere 1t accumnulates for
Injection. Selective pumping of the oil on the upstroke of the pump and the water on the
downstroke of the pump is effected by a set of check valves associated with both the oil and
water pumps. This apparatus, however, does not provide for, nor is it suited for, injecting water

Into injection formations with excessive injection pressure gradients.
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In another example of an in-situ type apparatus, a formation injection tool, mounted to a
bottom-hole tubing pump, carries out underground separation and down-bore in-situ transport
and 1njection of the undesired fluids into an injection formation in the production well. Such an
apparatus 1s shown in U.S. Patent No. 5,425,416. In order to overcome the often-encountered
moderate to high injection pressures of injection zones, this apparatus requires the use of one or
more sinker bars placed above the pump to provide the extra force necessary to overcome the
Injection pressure opposing the downward movement of the pump. In instances where shallow
Injection zones are encountered, this apparatus requires that numerous sinker bars be used above
the pump. This not only requires more expensive lifting equipment above the pump, but also
adds to the overall complexity and cost of the pumping system.

Thus, there is a need in the art for an apparatus and method that substantially obviates one
or more of the limitations and disadvantages of conventional pumping systems. Particularly,
there 1s a need for a system for lifting produced oil and a portion of the produced water to the
ground surtace, while injecting the remainder of the produced water into an injection formation.
There 1s a particular need for such a system for injection zones having moderate to high injection

pressure gradients.

Summary of the Invention

The present invention solves the problems with, and overcomes the disadvantages of,
conventional pumping systems for lifting produced hydrocarbons and a portion of the produced
water to the ground surface following gravity segregation, and for injecting, without lifting to the

ground surface, the remaining produced water into a water Injection zone.
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The present invention relates to an apparatus for selectively lifting produced fluid,
including produced hydrocarbons and a portion of produced water to a ground surface and
injecting, without lifting to the ground surface, the remaining produced water, subsurface, ina
subterranean well. The invention includes a casing having two spaced 1ntervals. The casing
extends from the ground surface downwardly within the subterranean well such that a first of the
two spaced intervals communicates with the producing zone of a subterranean strata, and a
second of the two spaced intervals communicates with the injection zone of the subterranean
strata. A pump assembly, reciprocable through an upstroke and a downstroke, is disposed in the
casing. The pump assembly includes an upper plunger coupled to a middle plunger, which is,
likewise, coupled to a lower plunger. A first valve is preferably disposed on the upper plunger
and a second valve is preferably disposed on the middle plunger. The first valve and the second
valve are responsive to the upstroke and the dbwnstroke of the pump assembly.

The invention further includes a seal, or packer, that is disposed within the casing
between the first and second spaced intervals. The casing and the packer are configured to
permut the produced hydrocarbons and water from the producing zone to collect above the
packer. The produced hydrocarbons and the produced water segregate by gravity.

Additionally, an inlet is preferably disposed between the lower plunger and the packer.
The lower inlet is responsive to the upstroke of the pump assernbly to permut unidirectional flow
of the produced water segregated by gravity into the pump assembly below the lower plunger to
form a column of produced water.

The 1nvention further includes an outlet that is in fluid flow communication with the

lower inlet and the pump assembly. The outlet is responsive to the downstroke of the pump
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assembly to permit unidirectional flow of the column of produced water at the magnified
Injection pressure into the casing below the packer.

In another aspect, the present invention relates to an apparatus for selectively lifting
produced fluid, including produced hydrocarbons and a portion of produced water, to a ground
surface and multiplying a hydrostatic head of a column of the produced fluid into a magnified
injection pressure for injecting, without lifting to the ground surface, the remaining produced
water, subsurface, in a subterranean well.

The invention includes a casing having two spaced intervals and extending from the
ground surface downwardly within the subterranean well such that a ﬁrst of the two spaced
Intervals communicates with a producing zone and a second of the two spaced intervals
communicates with an injection zone. The invention also includes a pump assembly, disposed in

the casing, having an upper plunger, a middle plunger, and a lower plunger. The upper plunger is

The invention further includes a first valve disposed on the upper plunger and a second
valve disposed on the middle plunger. The first valve and the second valve are responsive to the
upstroke and the downstroke of the pump assembly.

The invention further includes a packer disposed within the casing between the first of the
two spaced 1intervals and the second of the two spaced intervals, wherein the casing and the
packer are configured to permit the produced fluid to collect above the packer whereby the

produced hydrocarbons and produced water segregate by gravity.
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The invention further includes a port disposed between the middle plunger and the lower
plunger and in fluid flow communication with the produced hydrocarbons and portion of
produced water segregated by gravity. Also included is an inlet disposed between the lower
plunger and the packer. The inlet is responsive to the upstroke of the pump assembly to permit
unidirectional flow of the produced water segregated by gravity into the pump assembly below
the lower plunger to form a column of produced water. An outlet is also included. The outlet is
preferably in fluid flow communication with the inlet and the pump assembly. The outlet is
responsive to the downstroke of the pump assembly to permit unidirectional flow of the column
of produced water at the magnified injection pressure into the casing below the packer.

Accordingly, the present invention selectively lifts produced fluid, including produced
hydrocarbons and a portion of produced water, to the ground surface. Simultaneously, the
present invention uses hydraulic principles to multiply a hydrostatic head of a column of the
produced fluid into a magnified injection pressure for injecting, without lifting to the ground

surface, the remaining produced water, subsurface, in a subterranean well

Features and Advantages

The invention provides a simple method and apparatus for hifting produced hydrocarbons
and a portion of the produced water to the ground surface whjle‘injecting, without lifting to the
ground surface, the majority of the produced water into an injection zone within the subterranean
strata. The invention uses simple, cost-effective hydraulic principles for multiplying a
hydrostatic head of a column of liquid in order to substantially increase the pressure applied to

the produced water which enables injection of the produced water into Injection zones with
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moderate to high injection pressure gradients (0.5 psi/ft to 1.5 psi/ft, or more). Moreover, unlike
conventional pumping systems, the present invention does not require the use of additional
components, like sinker bars, to develop sufficient injection pressures.

Further, when injection pressure gradients are high, the present invention will require less
energy and smaller system loads than previous conventional pumping systems. Likewise, the
present invention will allow production in waterfloods, such as in the Permian Basin, where
Injection pressure limitations previously have restricted application of downhole separation.
Moreover, the present invention will present opportunities for use in wells with relatively small
casing sizes. For example, the present invention may find suitable use in many Eastern Texas
wells where a 4-1/2” diameter casing size 1S common.

The present invention also has applications with respect to waterflooding deeper zones
with excess water produced from shallower zones. In typical waterflood applications, water and
oll or gas are produced by conventional methods to a battery where it is separated and
temporarily stored. Then the water is pumped through a facility into an injection well. The
injection wells are either strategically drilled new wells or existing wells that are converted to the
purpose. In particular situations, the desired placement of injection wells is not always possible
because of limiting economic factors, such as the location and number of idle wells, injection
facility size, reservoir size, pipeline location, etc. The present invention may allow small scale
floods or pattern reconfiguration, due to the dual utility of the single well bore, without the

attendant costs of surface facilities.
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Additional features and advantages of the invention will be set forth in the description
that follows, and in part will be apparent from the description, or may be learned in practice of

the invention.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve to
explain the features, advantages, and principles of the invention.

Fig. 1 is a side-elevation sectional view of an embodiment of the present invention shown
towards the beginning of its upstroke;

Fig. 2 is a side-elevation sectional view of the embodiment of Fig. 1 shown towards the
middle of its upstroke;

Fig. 3 is a side-elevation sectional view of the embodiment of Fig. 1 shown towards the
end of its upstroke;

Fig. 4 is a side-elevation sectional view of the embodiment of Fig. 1 shown towards the
top of its downstroke;

Fig. 5 is a side-elevation sectional view of the embodiment of Fig. 1 shown towards the
middle of its downstroke;

Fig. 6 is a side-elevation sectional view of the embodiment of Fig. 1 shown towards the
bottom of its downstroke;

Fig. 7 is a side-elevation sectional view of a second embodiment of the present invention

shown towards the beginning of its upstroke;
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Fig. 8 is a side-elevation sectional view of the embodiment of Fig. 7 shown towards the
muddle of its upstroke;

Fig. 9 is a side-elevation sectional view of the embodiment of Fig. 7 shown towards the
end of its upstroke;

Fig. 10 is a side-elevation sectional view of the embodiment of Fig. 7 shown towards the
top of its downstroke;

Fig. 11 is a side-elevation sectional view of the embodiment of Fig. 7 shown towards the

middle of its downstroke: and

Fig. 12 is a side-elevation sectional view of the embodiment of Fig. 7 shown towards the

bottom of its downstroke.

Detailed Description of the Preferred Embodiments

Reference will now be made in detail to the present preferred embodiments of the
invention, examples of which are illustrated in the accompanying drawings. The exemplary
embodiment of this invention is shown in some detail, although it will be apparent to those
skilled in the relevant art that some features which are not relevant to the invention may not be
shown for the sake of clarity.

Referring first to Fig. 1, there 1s illustrated, in a side-elevation sectional view, an
exemplary embodiment of the present invention and is represented generally by reference
numeral 10. A casing 12 is shown extending from the ground surface 14 downwardly within a
subterranean well through a hydrocarbon and water producing zone 16 and then to a water

injection zone 18. It should be understood by one of ordinary skill in the art that injection zone
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18 may alternatively be referred to as a disposal zone. It is preferable to have a long distance or
an isolation zone 17 between the producing zone 16 and the injection zone 18.

As shown in Fig. 1, casing 12 has a producing interval, shown generally at 20, separated
from an injection interval, shown generally at 22. Producing interval 20 is located adjacent to
and in fluid flow communication with the producing zone 16. In a similar manner, injection
interval 22 1s located adjacent to and in fluid flow communication with the disposal, or injection
zone 18. The producing interval 20 may preferably be for example, but is not limited to, sets of
perforations 20a in the casing 12 as shown in Fig. 1. Likewise, the injection interval 22 may
preferably be, but is not limited to, sets of perforations 22a in the casing 12 as shown in Fig. 1.
As an alternative, injection interval 22 may be a slotted liner. As a further alternative, instead of
using injection interval 22, the excess water may be injected directly into an open hole (not
shown) within the subterranean strata. Preferably, however, the injection interval 22 will be sets
of perforations 22a. It should be readily apparent to one skilled in the art that casing 12 may be
provided with multiple producing intervals 20 and injection intervals 22 in communication with
the producing zone 16 and the injection zone 18, respectively. The injection zone 18 can be the
same formation as the producing zone 16 provided that the producing interval 20 and the
injection interval 22 are not communicating actively (i.e., fluid ﬂow 1s 1solated between
producing interval 20 and injection interval 22).

Casing 12 surrounds a tubing 24 which extends from the ground surface 14 downwardly
within the casing 12. A downhole pump assembly, shown generally as 28, 1s disposed in casing
12. In the embodiment shown 1n the Figures, pump assembly 28 is disposed within tubing 24.

However, it should be understood that the present invention is not limited to having the pump
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assembly 28 disposed within tubing 24. It should be apparent to one skilled in the art that pump
assembly 28 could consist of any combination of modified rod pumps (including, for example,
but not limited to, insert/tubing/insert, insert/insert/insert, and various API pump types) to
provide needed flexibility for varying conditions such as sand, gas, and corrosive conditions.
The pump assembly 28 preferably consists of an upper plunger 30, a middle plunger 31,
and a lower plunger 32. Upper plunger 30, lower plunger 32, and middle plunger 31 are shown
in Fig. 1 as substantially cylindrical in shape, however, it should also be apparent to one skilled
in the art that the plungers are not limited to a cylindrical shape. Upper plunger 30 preferably has
a larger effective surface area 30a as compared to the surface area 32a of lower plunger 32. A
valve 33 is disposed in the upper plunger 30. Valve 33 is responsive to the upstroke of the pump
assembly 28. Additionally, ports 36 are disposed within upper plunger 30. In the exemplary
embodiment shown in the Figures, four ports 36 are shown, however, it should be understood by
one skilled in the art, that additional ports, or fewer ports may be used. Valve 33 and ports 36

will be discussed in more detail below.

Middle plunger 31 preferably has a larger surface area 31a as compared to the surface
area 30a of upper plunger 30 or surface area 32a of lower plunger 32. Surface area 31a is
preferably larger than surface area 30a which is preferably larggr than surface area 32a. As noted
with respect to the shape of the plungers, the surface areas 30a, 31a, and 32a are not limited to a
specific shape, although they are preferably circular as shown in Fig. 1. Moreover, the present
Invention is not limited to having an arrangement wherein surface area 31a is larger than surface
area 30a which is larger than surface area 32a. For example, surface area 32a may be the same

as or larger than surface area 31a.
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As further shown in Fig. 1, surface area 30a is in contact with a column of produced fluid
52 above upper plunger 30 in tubing 24. Likewise, surface area 32a is in contact with a column
of produced water 54 below lower plunger 32 in tubing 24. The column of produced fluid 52 and
the column of produced water 54 will be discussed in more detail below.

The upper plunger 30 and the middle plunger 31 are coupled together by connecting rod
34. Likewise, the middle plunger 31 and the lower plunger 32 are coupled together by
connecting rod 35. Connecting rods 34 and 35 are preferably made from steel. Alternatively,
connecting rods 34 and 35 may be made of any known high compressive strength material.
Connecting rods 34 and 35 may be connected to upper plunger 30 and middle plunger 31, and
middle plunger 31 and lower plunger 32, respectively, by any known securing method, for
example, but not limited to, threaded connections or welding. The present invention is not
limited to the use of connecting rods for coupling upper plunger 30 and middle plunger 31 or
middle plunger 31 and lower plunger 32. Accordingly, other suitable mechanisms may be used
to couple upper plunger 30, middle plunger 31, and lower plunger 32. In effect, connecting rods
34 and 3$ serve to directly connect surface area 30a to surface area 32a so that the effective
pressure (hydraulic head) is transmitted directly. It should be understood by one of ordinary skill
in the art that although other forces are present, they have relatively minimal effect on pressure
transmuission.

In the exemplary embodiment shown in Fig. 1, upper plunger 30, middle plunger 31, and
lower plunger 32 are depicted as tubing pumps and, accordingly, are shown sealingly disposed
directly within tubing 24. As further shown in Figure 1, tubing 24 may consist of three varying

sized sections, 15, 19, and 21, to accommodate each plunger.
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Alternatively, barrels (not shown) corresponding to each plunger may be disposed in
tubing 24. In such an alternate embodiment, upper plunger 30, middle plunger 31, and lower
plunger 32 are sealingly disposed in each respective barrel within tubing 24. As noted, this
provides flexibility in terms of pump sizing and injection pressure magnification options.
Preferably, however, upper plunger 30, middle plunger 31, and lower plunger 32 are sealingly
disposed within tubing 24. It is to be understood that very little, if any, fluid can pass between
the outer sealing edges of upper plunger 30, middle plunger 31, and lower plunger 32 and tubing
24. Any well-known sealing mechanisms may be employed to provide the seal between
plungers, 30, 31, and 32, and tubing 24 including, but not limited to o-rings or slip rings.

A sucker rod string 26 is also disposed within tubing 24. Rod string 26 extends to the
ground surface 14 where it is reciprocated through an upstroke and a downstroke by a pump
drive 27 located at the ground surface 14. Rod string 26 is coupled to upper plunger 30. As

discussed above with respect to connecting rod 34, rod string 26 may be coupled to upper

plunger 30 by any known securing method, for example, but not limited to, threaded connections

or welding. As rod string 26 is reciprocated through an upstroke and a downstroke by the pump
drive 27, upper plunger 30, middle plunger 31, and lower plunger 32, likewise reciprocate
through an upstroke and downstroke, preferably resulting in a uniform up and down motion
within the tubing 24.

A packer 40 is disposed within casing 12, preferably between producing interval 20 and
Injection interval 22. Casing 12 and packer 40 are configured to permit produced hydrocarbons
and produced water to collect above packer 40. By produced hydrocarbons, is meant crude oil,

gas, gas condensate, and various combinations thereof. Particularly, tubing 24, casing 12, and
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packer 40, together define a casing-tubing annulus 42 that extends upward to the ground surface
14. Hydrocarbons, such as oil or gas, and water flow or are “produced,” into casing 12 through
producing interval 20. The hydrocarbons and water segregate by gravity within casing-tubing
annulus 42 forming a hydrocarbon/water interface 44. Gravity segregation, as used herein, 1s
intended to describe the preservation of the 1solation between produced hydrocarbons and water,
as opposed to separation which indicates that a mixture is mechanically divided into separate
fluids. Thus, the produced hydrocarbons and water are allowed to collect in annulus 42 above
packer 40 and to segregate by gravity to form segregated produced water below
hydrocarbon/water interface 44 and hydrocarbons and a portion of produced water above
hydrocarbon/water interface 44. If during production, pump capacity exceeds water production
capacity of producing zone 16, then the operator may decrease the pump speed, change the
sheaves, put the pump on a timer, or add surface water into the casing-tubing annulus 42 in order
to maintain production.

An upper inlet 45 is preferably disposed on tubing 24 between the upper plunger 30 and
middle plunger 31. As shown in the exemplary embodiment in Fig. 1, upper inlet 45 may be a
ball valve. It should be understood by one of ordinary skill in the art that conventional o1l field
ball and seat valves are preferred but other suitable valves can be used. Likewise, it should be
understood by one of ordinary skill in the art that use of the term “ball valve” herein shall refer to
any suitable oil field ball and seat valves or other suitable valves. Upper inlet 43 1s responsive to
the downstroke of the pump assembly 28 to permit unidirectional flow of the produced o1l and a

portion of the produced water that has collected above the packer 40 in annulus 42 into the pump
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assembly 28 between the upper plunger 30 and the middle plunger 31. The operation of upper
inlet 45 will be described in more detail below.

A lower inlet 46 is preferably disposed at a lower end of tubing 24 between lower plunger
32 and packer 40. As shown in the exemplary embodiment in Fig. 1, lower inlet 46 may be a ball
valve which is assembled as an upper valve of a lower valve assembly, shown generally as 48,
having an upper and lower portion. It should be understood by one of ordinary skill in the art
that conventional oil field ball and seat valves are preferred but other suitable valves can be used.
Lower valve assembly 48 is shown as being preferably connected to the lower end of tubing 24
and to packer 40. It is to be understood, however, that lower valve assembly 48 may be disposed
anywhere below the pump assembly 28 provided that it is placed lower than the producing

interval 20 but above the packer 40. This placement could range from just a few feet to

thousands of feet deeper in the well than the pump assembly 28 itself. It may also be preferred to
dispose a check valve (not shown) at the lower end of tubing 24 below lower valve assembly 48
In order to prevent backflow of fluid from the high pressure Injection zone when pump assembly
28 and/or lower valve assembly 48 are removed for maintenance or other similar procedures.

In the embodiment shown in the Figures, an outlet 50 is disposed at a lower end of tubing
24 below lower inlet 46 and is in fluid flow communication with pump assembly 28 and with
lower inlet 46. As would be readily apparent to one of ordinary skill in the relevant art, lower
inlet 46 and outlet 50 can be configured in other arrangements and relative positions. It should
be understood that the present invention is not limited to the configuration of lower inlet 46 and
outlet 50 shown in the Figures. For example, lower inlet 46 gnd outlet 50 may be configured in a

side-by-side arrangement.

D91174C1 | - 17 06950.0102.US02




10

15

20

CA 02294687 2000-01-11

As shown 1n the exemplary embodiment, fluid flows between lower inlet 46 and outlet S0
In a serpentine path, however, other fluid flow paths may alternatively be used. Outlet 50 is
shown in the exemplary embodiment of Fig. 1 as a ball valve assembled as a lower valve of
lower valve assembly 48. It will be apparent to those skilled in the art that conventional oil field
ball and seat valves are preferred but other types of flow control devices could be used as upper
inlet 45, lower inlet 46 or outlet 50. Preferably, however, upper inlet 45, lower inlet 46 and
outlet 50 are ball valves and will be referred to below as upper inlet ball valve 45, lower inlet ball
valve 46, and outlet ball valve 50, respectively. Operation of upper inlet ball valve 45, lower
inlet ball valve 46, and outlet ball valve 50 will be shown in more detail below.

Referring now to Figs. 1, 2, and 3 simultaneously, the upstroke, or lifting cycle, of the
exemplary embodiment is shown. At the beginning of the upstroke of pump assembly 28, outlet
ball valve 50 closes because the pressure being exerted by the disposal or injection zone 18
below packer 40 in casing 12 is greater than the total pressure within tubing 24 below lower
plunger 32. This in effect seals off the injection/disposal zone below packer 40.

During the upstroke, lower inlet ball valve 46 opens to permit the segregated produced
water to preferably enter below pump assembly 28 within tubing 24. The segregated produced
water accumulates below lower plunger 32 within tubing 24 forming a column of produced water
54. At the same time, upper inlet ball valve 45 closes and middle plunger 31 displaces produced
fluid (i.e., produced hydrocarbons and a portion of the produced water) between the upper
plunger 30 and middle plunger 31 opening valve 33 in upper plunger 30. The produced fluid
flows through ports 36 in upper plunger 30 and open valve 33 forming a column of produced

fluid S2 above upper plunger 30. As the upstroke of pump assembly 28 continues, a portion of
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the column of produced fluid 52 is lifted to the ground surface 14 and collected in a well-known
manner. Additonally, a portion of the produced fluid accumulated in annulus 42 enters an open
port 56 disposed in tubing 24 between middle plunger 31 and lower plunger 32. This action
continues, as shown in Figs. 2 and 3, as rod string 26 lifts the pump assembly 28 within tubing
24

Referring now to Figs. 4, 5, and 6 simultaneously, the downstroke, or injection cycle, of
the exemplary embodiment is shown. At the top of the downstroke (Fi1g. 4), lower inlet ball
valve 46 closes and outlet ball valve 50 opens due to the high pressure generated by bottom
plunger 32 aéting on the column of produced water 54. At the same time, valve 33 in upper
plunger 30 closes.

During the downstroke, the hydrostatic head of the column of produced fluid 52 above
uppér plunger 30 acts across its surface area 30a and this pressure is converted into a downward
force in a well known manner (i.e. pounds/square inch * square inches = pounds). This
downward force is added to the force imparted by rod string 26 and is transferred through
connecting rod 34 and middle plunger 31, to connecting rod 35. The force is then transferred
through connecting rod 35 to bottom plunger 32. The force is converted back to a higher
pressure, or magnified injection pressure, when the smaller surface area 32a of the bottom
plunger 32 acts on the column of produced water 54 below. As mentioned above, outlet ball
valve 50 is open during the downstroke thereby permitting the column of produced water 54 to
exit at the magnified injection pressure via outlet ball valve 50 into casing 12 below packer 40

and thereafter into the injection zone 18.

D91174C1 ) - 19 06950.0102.US02




10

15

CA 02294687 2000-01-11

Also during the downstroke, produced fluid accumulated in the annulus 42 (i.e., produced
hydrocarbons and a portion of the produced water) enter the tubing 24 through the upper inlet
ball valve 45 between the upper plunger 30 and the middle plunger 31. This produced fluid
provides the hydrostatic head which is multiplied by the pump arrangement for magnifying the
injection pressure and the produced fluid is lifted to the ground surface 14 as described above.
Also during the downstroke, a portion of the produced fluid that entered open port 56 between
middle plunger 31 and lower plunger 32 during the upstroke is expelled through open port 56 on
the downstroke. This minimizes the counter-productive pressure effects of the larger middle
plunger 31 by allowing fluid trapped between middle plunger 31 and lower plunger 32 to be
expelled on the downstroke, or injection cycle. This action continues, as shown in Figs. 5 and 6,
until the bottom of the downstroke is reached.

Referning now to Fig. 7, there is illustrated, in a side-elevation sectional view, a second
embodiment of the present invention and is represented generally by reference numeral 10. Like
reference numerals will be used where appropriate to describe similar elements to those of the
embodiment shown in Figs. 1-6. Likewise, in as much as similar elements have been described
above, for the sake of brevity, such descriptions are herein incorporated by reference.

As shown 1n Fig. 7, pump assembly 28 preferably consists of an upper plunger 30, a
middle plunger 31, and a lower plunger 32. Upper plunger 30, iower plunger 32, and middle
plunger 31 are shown in Fig. 7 as substantially cylindrical in shape, however, it should also be
apparent to one skilled in the art that the plungers are not limited to a cylindrical shape. Upper
plunger 30 preferably has a larger surface area 30a as compared to the surface area 32a of lower

plunger 32. Depending upon the desired injection pressure, or the volume of fluid to be
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produced to the ground surface, upper plunger 30 may also have a smaller surface area 30a as
compared to the surface area 32a of lower plunger 32, or alternatively, the surface areas may be
the same. In addition, a first valve 33 is preferably disposed on upper plunger 30. First valve 33
Is responsive to the upstroke and downstroke of pump assembly 28. Additionally, ports 36 are
disposed within upper plunger 30. In the exemplary embodiment shown in the Figures, four
ports 36 are shown, however, it should be understood by one skilled in the art, that additional
ports, or fewer ports may be used. First valve 33 and ports 36 will be discussed in more detail
below.

Middle plunger 31 preferably has a larger surface area 31a as compared to the surface
area 30a of upper plunger 30 or surface area 32a of lower plunger 32. Surface area 31a is
preferably larger than surface area 30a which is preferably larger than surface area 32a.
Depending upon the desired injection pressure, or the volume of fluid to be produced to the
ground surface, middle plunger 31 may also have a smaller surface area 31a as compared to the
surface area 32a of lower plunger 32 or the surface area 30a of upper plunger 30, or alternatively,
the surface areas may be the same. A second valve 39 is preferably disposed on middle plunger
31. Second valve 39 is responsive to the upstroke and the downstroke of pump assembly 28.
Additionally, ports 37 are disposed within middle plunger 31. In the exemplary embodiment
shown in the Figures, four ports 37 are shown, however, it should be understood by one skilled in
the art, that additional ports, or fewer ports may be used. Second valve 39 and ports 37 will be
discussed in more detail below.

As noted with respect to the shape of the plungers, the surface areas 30a, 31a, and 32a are

not limited to a specific shape, although they are preferably circular as shown in Fig. 7. As
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further shown in Fig. 7, surface area 30a is in contact with a column of produced fluid 52 above
upper plunger 30 in tubing 24. Likewise, surface area 32a is in contact with a column of
produced water 54 below lower plunger 32 in tubing 24. The column of produced fluid 52 and
the column of produced water 54 will be discussed in more detail below.

The upper plunger 30 and the middle plunger 31 are coupled together by connecting rod
34. Likewise, the middle plunger 31 and the lower plunger 32 are coupled together by
connecting rod 35. Connecting rods 34 and 33 are preferably made from steel. Alternatively,
connecting rods 34 and 35 may be made of any known high compressive strength material.
Connecting rods 34 and 35 may be connected to upper plunger 30 and middle plunger 31, and
middle plunger 31 and lower plunger 32, respectively, by any known securing method, for
example, but not limited to, threaded connections or welding. The present invention is not
limited to the use of connecting rods for coupling upper plunger 30 and middle plunger 31 or
middle plunger 31 and lower plunger 32. Accordingly, other suitable mechanisms may be used
to couple upper plunger 30, middle plunger 31, and lower plunger 32. In effect, connecting rods
34 and 35 serve to directly connect surface area 30a to surface area 32a so that the effective
pressure (hydraulic head) is transmitted directly. It should be understood by one of ordinary skill
in the art that although other forces are present, they have relatiyely minimal effect on pressure
transmission.

An inlet 46 is preferably disposed at a lower end of tubing 24 between lower plunger 32
and packer 40. As shown in the exemplary embodiment in Fig. 7, inlet 46 may be a ball valve
which i1s assembled as an upper valve of a lower valve assembly, shown generally as 48, having

an upper and lower portion. Lower valve assembly 48 is shown as being preferably connected to
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the lower end of tubing 24 and to packer 40. It is to be understood, however, that lower valve
assembly 48 may be disposed anywhere below the pump assembly 28 provided that it is placed
lower than the producing interval 20 but above the packer 40. This placement could range from
just a few feet to thousands of feet deeper in the well than the pump assembly 28 itself. It may
also be preferred to dispose a check valve (not shown) at the lower end of tubing 24 below lower
valve assembly 48 in order to prevent backflow of fluid from the high pressure injection zone
when pump assembly 28 and/or lower valve assembly 48 are removed for maintenance or other
similar procedures.

In the embodiment shown in the Figures, an outlet 50 is disposed at a lower end of tubing
24 below inlet 46 and is in fluid flow communication with pump assembly 28 and with inlet 46.

As would be readily apparent to one of ordinary skill in the relevant art, inlet 46 and outlet 50 can
be configured in other arrangements and relative positions. It should be understood that the
present invention is not limited to the configuration of inlet 46 and outlet 50 shown in the
Figures. For example, inlet 46 and outlet 50 may be configured in a side-by-side arrangement.
As shown in the exemplary embodiment, fluid flows between inlet 46 and outlet 50 in a
serpentine path, however, other fluid flow paths may alternatively be used. Outlet 50 is shown in
the exemplary embodiment of Fig. 7 as a ball valve assembled as a lower valve of lower valve
assembly 48. It will be apparent to those skilled in the art that conventional oil field ball and seat
valves are preferred but other types of flow control devices could be used as inlet 46, outlet 50, or
any of the valves mentioned herein. Preferably, however, inlet 46 and outlet 50 are ball valves

and will be referred to below as inlet ball valve 46 and outlet ball valve 50, respectively.

Operation of inlet ball valve 46 and outlet ball valve 50 will be described in more detail below.
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An open port 56 is preferably disposed in tubing 24 between middle plunger 31 and lower
plunger 32. Open port 56 allows produced fluid accumulated in the annulus 42 (i.e., produced
hydrocarbons and a portion of the produced water) to enter the tubing 24 between middle plunger
31 and lower. plunger 32. Operation of open port 56 will be described in more detail below.

Referring now to Figs. 7, 8, and 9 simultaneously, the upstroke, or lifting cycle, of the
second exemplary embodiment is shown. At the beginning of the upstroke of pump assembly 28,
outlet ball valve 50 closes because the pressure being exerted by the disposal or injection zone 18
below packer 40 in casing 12 is greater than the total pressure within tubing 24 below lower
plunger 32. This in effect seals off the injection/disposal zone below packer 40.

During the upstroke, inlet ball valve 46 opens to permit the segregated produced water to
enter pump assembly 28 within tubing 24. The segregated produced water accumulates below
lower plunger 32 within tubing 24 forming a column of produced water 54. At the same time,
second valve 39 disposed on middle plunger 31 closes and middle plunger 31 displaces produced
fluid (i.e., produced hydrocarbons and a portion of the produced water) between the upper
plunger 30 and middle plunger 31 opening first valve 33 in upper plunger 30. The produced
fluid flows through ports 36 in upper plunger 30 and open first valve 33 forming a column of
produced fluid 52 above upper plunger 30. As the upstroke of pump assembly 28 continues, a
portion of the column of produced fluid 52 is lifted to the ground surface 14 and collected in a
well-known manner. Additionally, a portion of the produced fluid accumulated in annulus 42
enters open port 56 between middle plunger 31 and lower plunger 32. This action continues, as
shown in Figs. 8 and 9, as rod string 26 lifts the pump assembly 28 within tubing 24. It should

be apparent to one of ordinary skill in the art that a proportion of fluid may be expelled through
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open port 56 during the upstroke depending upon the pressure differential between the pump

chamber and annulus 42.

Referring now to Figs. 10, 11, and 12 simultaneously, the downstroke, or Injection cycle,
of the second exemplary embodiment is shown. At the top of the downstroke (F1g. 10), inlet ball
valve 46 closes and outlet ball valve 50 opens due to the high pressure generated by bottom
plunger 32 acting on the column of produced water 54. At the same time, first valve 33 in upper
plunger 30 closes and second valve 39 in middle plunger 31 opens.

During the downstroke, the hydrostatic head of the column of produced fluid 52 above
upper plunger 30 acts across its surface area 30a and this pressure is converted into a downward
force in a well known manner (i.e. pounds/square inch * square inches = pounds). This
downward force is added to the force imparted by rod'string 26 and is transferred through
connecting rod 34 and middle plunger 31, to connecting rod 35. The force is then transferred
through connecting rod 35 to bottom plunger 32. The force is converted back to a higher
pressure, or magnified injection pressure, when the smaller surface area 32a of the bottom
plunger 32 acts on the column of produced water 54 below. As mentioned above, outlet ball
valve 30 1s open during the downstroke thereby permitting the column of produced water 54 to
exit at the magnified injection pressure via outlet ball valve 50 Into casing 12 below packer 40
and thereafter into the injection zone 18.

Also dunng the downstroke, a portion of the produced fluid that entered open port 56
between middle plunger 31 and lower plunger 32 during the upstroke flows through ports 37 in
muddle plunger 31 and open second valve 39. The produced fluid accumulates above middle

plunger 31. The produced fluid is then lifted during the upstroke to the ground surface 14 as
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described above. Also during the downstroke, a portion of the produced fluid that entered open
port 56 between middle plunger 31 and lower plunger 32 during the upstroke may be expelled
through open port 56. This action continues, as shown in Figs. 11 and 12, until the bottom of the
downstroke is reached. It should be understood by one of ordinary skill in the art that a
proportion of fluid may enter open port 56 during the upstroke depending upon the pressure
differential between the pump chamber and annulus 42.

To more clearly describe the injection pressure magnification process, the following
example is given. It is to be understood that the prophetic calculations shown below are
simplified to describe the primary factors (e.g., fluid level in casing-tubing annulus 42) involved
in calculating the magnified injection pressure. As would be apparent to one of ordinary skill in
the art, other secondary factors, such as buoyancy, casing pressure, and the dynamic effects of the
connecting rod(s) may affect the magnified injection pressure. Likewise, imperfect valves, seals,
etc. may affect the overall pressure magnification. During the upstroke of pump assembly 28, the
produced fluid between middle plunger 31 and lower plunger 32, which enters through open port
56, provides a slight, net upwards pressure effect due to the pressure in the casing-tubing annulus
42. This example should not represent any limitation on the present invention. Corresponding
reference numerals will be used where appropriate.

Consider an oil-producing well located in a particular field wherein the producing zone
16 1s located approximately 2,000 feet from the surface. Assuming the hydrostatic pressure
gradient of the column of produced fluid (i.e., hydrocarbons and a portion of the produced water)
above the upper plunger 30 is approximately 0.4 psi/foot, the resultant pressure exerted by the

column of produced fluid 52 at the upper plunger 30 is 800 psi (2,000 feet * 0.4 psi/foot = 800
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psi). Assume upper plunger 30 has an effective diameter of 1.50 inches, middle plunger 31 has
an effective diameter of 2.00 inches, and lower plunger 32 has an effective diameter of 1.25

inches. The corresponding effective surface area 30a of the upper plunger 30 is therefore 1.77
_in_2 (1t * (1.50 in/2)* = 1.77 inz). Similarly, the corresponding effective surface area 32a of the
lower plunger 32 is 1.23 in® (1t * (1.25in/2)* = 1.23 in®). As described above, during the
downstroke of the pump assembly 28, the hydrostatic head (800 psi) acts across surface area 30a
of upper plunger 30 and is converted into a Force (Force = Head * Surface Area 30a = 800 psi *
1.77 in*: Force = 1,416 pounds). This Force is then transferred through connecting rods 34 and
35 to lower plunger 32 where it is converted back into a magnified injection pressure when the
smaller surface area 32a of bottom plunger 32 acts on the column of produced water 54 below

bottom plunger 32 (Magnified Injection Pressure = Force / Surface Area 32a = 1,416 pounds /

1.23 in*: Magnified Injection Pressure = 1,151 ps1). Thus, the hydrostatic head of 800 psi has
been converted to a magnified injection pressure of 1,151 psi, a differential of 351 psi.

Although the larger middle plunger 31 may affect the pressure of the injection cycle, as
described above, the ratio of the surface areas of upper plunger 30 to the lower plunger 32 has the
most significant effect on the magnified injection pressure. The ratio of the surface areas of
middle plunger 31 to the upper plunger 30 does, however, significantly affects the volume of
produced fluid lifted to the ground surface 14. Indeed, as the ratio of the surface areas of middle
plunger 31 to upper plunger 30 increases, the volume of produced fluid lifted to the ground
surface 14 increases accordingly. Therefore, it should be understood by the person of ordinary
skill in the relevant art, that a tradeoff exists between the volumetric efficiency of produced

fluids to the ground surface 14 and the magnified injection pressure. Such a tradeoff is based
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upon selection of the particular sized combinations of the upper, middle, and lower plungers, 30,
31, and 32, respectively. It should be understood by one of ordinary skill in the art that while
there is a tradeoff of efficiency, the present invention, nevertheless. may have a higher overall
efficiency as compared to conventional pumping systems because it works during both the

>  upstroke and the downstroke whereas conventional systems typically work only during the
upstroke.

As noted, if it is desired to alter the injection pressure or the volume of produced fluids to
the ground surface, different sized plungers or connecting rods may be used. In addition,
although not required, any number of conventional sinker bars may be used to alter the design

10 pressure magnification. In some hydrocarbon fields where a conventional pump cannot provide
sufficiently high injection pressures, the present invention, as evidenced by the example above,
can provide such injection pressures in the range of one to two thousand, or more. pounds per
square inch increases over the initial pressure exerted by the column of produced fluid 52. This
is especially useful in those fields where the injection or disposal zones exhibit moderate to high

15  hydrostatic pressure gradients which are in excess of 0.5 psVft of depth. Indeed, the present
Invention’s benefits increase as injection pressure approaches fracture gradient (0.7 to 1.5 psi/ft
or more). Alternatively, the present invention may be used in fields where the Injection pressure
gradient of the injection zone is less than 0.5 psi/ft with the eXpéctation that injection pressure
will increase as the well scales up, builds up pore pressure, etc. This is not unlikely in low

20  permeability injection zones for which this device is advantageously suited.

As described above, and as shown in the above example, the present invention provides a

simple system for providing sufficiently high injection pressures while simultaneously lifting
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produced hydrocarbons and only a portion of the produced water to the ground surface. It should
be apparent that the present invention may be used to increase efficiency and production, to
lower production, injection, and equipment costs, and to extend the overall commercial life of
hydrocarbon producing fields that are currently uneconomic for production, either because of

unsuitable water injection zones subsurface or due to practical limitations of existing equipment.

Conclusion

While various embodiments of the present invention have been described above, it should
be understood that they have been presented by way of example only, and not limitation. Thus,
the breadth and scope of the present invention should not be limited by any of the above-

described exemplary embodiments, but should be defined only in accordance with the following

claims and their equivalents.
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We claim:

l. An apparatus for selectively lifting produced fluid, including produced
hydrocarbons and a portion of produced water, to a ground surface and injecting, without lifting
to the ground surface, the remaining produced water, subsurface. in a subterranean well
comprising:

a casing having two spaced intervals and extending from the ground surface downwardly
within the subterranean well such that a first of said two spaced intervals communicates with a
producing zone and a second of said two spaced intervals communicates with an 1njection zone;:

a pump assembly, disposed in said casing, having an upper plunger, a middle plunger, and
a lower plunger, said upper plunger coupled to said middle plunger and said middle plunger
coupled to said lower plunger, said pump assembly reciprocable thréugh an upstroke and a
downstroke;

a first valve disposed on said upper plunger and a second valve disposed on said middle
plunger, said first valve and said second valve responsive to the upstroke and the downstroke of

said pump assembly; _

produced water segregate by gravity;
an inlet disposed between said lower plunger and said packer, said inlet responsive to said

upstroke of said pump assembly to permit unidirectional flow of the produced water segregated
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by gravity into said pump assembly below said lower plunger to form a column of produced

water:; and

an outlet in fluid flow communication with said inlet and said pump assembly, said outlet

- responsive to said downstroke of said pump assembly to permit unidirectional flow of said

5  column of produced water into said casing below said packer.

2. An apparatus according to claim 1, wherein said upper plunger has a surface area
larger than a surface area of said lower plunger, thereby allowing said column of produced water

to be injected into said casing at a magnified injection pressure.

10

3. An apparatus according to claim 1, further comprising:

a port disposed between said middle plunger and said lower plunger and in fluid flow
communication with the produced hydrocarbons and portion of produced water segregated by
gravity.

15
4 An apparatus according to claim 1, further comprising:

a pump drive located at the ground surface and coupled to said upper plunger to

reciprocate said pump assembly through the upstroke and the downstroke.

20 5. An apparatus according to claim 1, further comprising:

a tubing extending from the ground surface downwardly within said casing.
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6. An apparatus according to claim 5, wherein said pump assembly is disposed

within said tubing.

7. An apparatus according to claim 6, wherein a portion of the produced fluid is

disposed in said tubing above said upper plunger.

8. An apparatus according to claim 6, wherein said upper plunger, said middle

plunger, and said lower plunger are sealingly disposed in said tubing.

9. An apparatus according to claim 1, further comprising:

a lower valve assembly having an upper and a lower portion, wherein said inlet is

disposed in said upper portion and said outlet is disposed in said lower portion.

10.  An apparatus according to claim 9, wherein said inlet and said outlet are ball

valves.

1. An apparatus according to claim 1, further comprising:

a first connecting rod, said upper plunger being coupled to said middle plunger by said

first connecting rod; and

a second connecting rod, said middle plunger being coupled to said lower plunger by said

second connecting rod.
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12. An apparatus according to claim 1, wherein said middle plunger has a surface area

larger than a surface area of said upper plunger and larger than a surface area of said lower

plunger.

13. An apparatus for selectively lifting produced fluid, including produced
hydrocarbons and a portion of produced water, to a ground surface and multiplying a hydrostatic
head of a column of the produced fluid into a magnified injection pressure for injecting, without
Lifting to the ground surface, the remaining produced water, subsurface, in a subterranean well
comprising:

a casing having two spaced intervals and extending from the ground surface downwardly
within the subterranean well such that a first of said two spaced intervals communicates with a
producing zone and a second of said two spaced intervals communicates with an Injection zone;

a pump assembly, disposed in said casing, having an upper plunger, a middle plunger, and
a lower plunger, said upper plunger coupled to said middle plunger and said middle plunger
coupled to said lower plunger, said upper plunger having a surface area larger than a surface area
of said lower plunger, and said pump assembly reciprocable through an upstroke and a

downstroke;

a first valve disposed on said upper plunger and a second valve disposed on said middle
plunger, said first valve and said second valve responsive to the upstroke and the downstroke of
said pump assembly;

a packer disposed within said casing between said first of said two spaced intervals and

said second of said two spaced intervals, wherein said casing and said packer are configured to
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permuit the produced fluid to collect above said packer whereby the produced hydrocarbons and
produced water segregate by gravity;

a port disposed between said middle plunger and said lower plunger and in fluid flow
communication with the produced hydrocarbons and portion of produced water segregated by
gravity;

an 1nlet disposed between said lower plunger and said packer, said inlet responsive to said
upstroke of said pump assembly to permit unidirectional flow of the produced water segregated
by gravity into said pump assembly below said lower plunger to form a column of produced

water; and

an outlet in fluid flow communication with said inlet and said pump assembly, said outlet
responsive to said downstroke of said pump assembly to permit unidirectional flow of said

column of produced water at the magnified injection pressure into said casing below said packer.

14.  An apparatus according to claim 13, further comprising:
a lower valve assembly having an upper and a lower portion, wherein said inlet is

disposed in said upper portion and said outlet is disposed in said lower portion.

15.  An apparatus according to claim 14, wherein said lower inlet and said outlet are

ball valves.

16.  An apparatus according to claim 13, further comprising:
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a first connecting rod, said upper plunger being coupled to said middle plunger by said
first connecting rod; and
a second connecting rod, said muddle plunger being coupled to said lower plunger by said

second connecting rod.

17. An apparatus according to claim 13, wherein said middle plunger has a surface
area larger than said surface area of said upper plunger and larger than said surface area of said

lower plunger.

Smart & Biggar
Ottawa, Canada
Patent Agents

D91174C1 ] - 35 06950.0102.US02







__-r

-’f‘-

r‘.l__

/// s

FIG.2 ~

22




02294687 2000-01-11

CA

N
N\
N
N\ :
llllllllll TN R vA
BN
U ! T

n__-, < N
N

o T N\
N

T

‘\\H\




E%dv

“ ;

28

e e e e e e e e L L Y T A it N A A,




(I )
T
|
|
|

A N N N N

Ty R VN A
e D ] |
~— N\ P




,W// 18

S\

SN/
3\
o ¥\

A

N\

V

NITE

A 6 T
jC _
<4 Pr R

)

FIG. 6

A

e e e e v e

N

22

G







9

I\ | =3
{

| - _“m
UL N . T N N o N N W
I

FIG. 8

............

7

22




CA 02294687 2000-01-11

)
%
l
I
|
i
,1

e

u
l
I
|
l
’
I
l
!
2

i
L

I

@

il

N ¥
VNIY A




02294687 2000-01-11

CA

Y o
/" \,

/1 ,/e =

3 1\
4P
1
IR
i % - I W— Y e
ﬂ_....__- - 1ra

N

N =

28




“2Wil
s e

e
o)

] E
|

\’—= r«\\\.\
8,75 i

*  FIG.11 *




W/// 18

FIG. 12

3 I
3 \ J
__. ——————— et DV | T AR
IRy
/

O
m5
o

3
L
L

N

22

G




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings

