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Preferably the different magnitudes of differential pressure

are created by fluid passageway Is having different cross-sectional areas.
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Abstract of the Disclosure

Liquid is accumulated above fluid displacement device which is moveable and
sealed within a production chamber defined by a production tubing, and upward
movement of the fluid displacement device Is initiated to pump liquid and gas from a
well, by different magnitudes of differential pressure created at the well bottom.

Preferably the different magnitudes of differential pressure are created by fluid

passageway is having different cross-sectional areas.
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' Method and Apparatus for Accumulating Liquid and Initiating Upward Movement
when Pumping a Well with a Sealed Fluid Displacement Device

Field of the Invention

This invention relates to pumping fluids from a hydrocarbons-producing well
formed in the earth. More particularly, the present invention relates to a new and
improved method and apparatus that accumulates liquid above a sealing fluid

displacement device and initiates upward movement of the fluid displacement device

from pressure differentials created in a well while pumping the well.

Background of the‘l'nventiorw

Hydrocarbons, principally oil and natural gas, are produced by drilling a well
or borehole from the earth surface to a subterranean formation or zone which
cantains the hydrocarbons, and then flowing the hydrocarbans up the We.ll to the
earth surface. Natura! formation pressure forces the hydrocarbons from the
surrounding hydracarbons-bearing zone into the well bore. Siﬁce water is usually
present in most subterranean formations, water is also typically pushed into the
well bore along with the hydrocarbons. |

In the early stages of a producing well, there may be sufficient riatural
formation pressure to foree the liquid and gas entirely to the earth’s surface
without assistance. In later stages of a well’s life, the diminished netural formation
pressure may be &ffective only to move liquid partially up the well bore. At that
point, it becomes necessary to install pumping squipment in the weall to lift the
liquid from the well. Removing the liquid from the well reduces a.counterbalancing
hydrostatic effect craated by the acoumulated column of liquid, thereby allowing
the natural formation prassure to continue o push additianal amounts of liqﬁid and
gas into the well. Even in wells with low natural formation pressure, oil may drain
inta the well. In these cases, it becomes necessary to pump the liquid from the
well in order to maintain proguotivity. |

There are a variety of different pumps avaitable for use In wells. Each
different typie of pump has its own relative advantages and disadvantages. In |
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general, however, common disadvantages of all the pumps include a susceptibility

to wear and failure as a result of frictional movement, particularly because small
particle’s of sand and other earth materials within the liquid create an abrasive

envirenment that causes the parts to wear and ultimately fail. Moreover, the

physical characteristics of the we-’l’-l itself may present certain irreg ularities which
must be accommodated by the pump. For example, the well bore may not be
vertical of straight, the pipes ar tubes within the well may be of different sizes at
different depth locations, and the pipes and tubes may have been deformed from
their original geometric shapes as a result of installation and use within the well. A
more specific discussion of the different aspects of various pumps illustrates some
of these issues.

One type of pump used in hydrocarbons-producing walls is a rad pump. A

rod pump uses a series of long connected metal rods that extend from & powered
pumping unit at the earth surface down to a piston located at the bottorm of a

“production tube within the well. The rod is driven in upward and downward strokes
te move the piston and force liquid up the production tuba. The moving parts of
the piston wear out, particularly under the influence of sand grain particles carried

by the liquids into the well. Rod pumps are usually effective only in relatively
shallow or moderate-depth wells which are vertical or are only slightly deviated or
curved. The moving rod may rub against the production tubing in deep,
significantly deviated or nen-vertical wells. The frictional weear on the parts
diminish their usable lifetime and may increase the pumping costs due to frequent
repairs.

Another type of pump uses a plunger located in a production tubing to lift
the liquid in the production tubing. Gas pressure Is introduced below the plunger
to cause it to move up the production tube and push liquid in front of it up the
preduction tube to the earth surface. Thereafter, the plunger faHs back through
the production tube to the well battom to repeat the process. While plunger lift
pumps: do not require long mechahical rods, they do require the extrg flow control
equipmerit necessary to control the movement of the plunger and regutate the gas
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and liquid delivered to the earth surface. The plunger must alse have an exterior
dimension which provides a clearance with the production tubing fo reduce friction
and to permit the plunger to move past slight non-cylindrical irregularities in the
production tubing without being trapped. This clearance dimension reduces the
sealing effect n'e.ce-séary to hold the liquid in front of the plunger as it moves up the
production tubing. The clearance dimension causes some of the liquid to fall past
the plunger back to the bottom of the well, and causes some of the .‘ga.s pressure
which forces the plunger upward to escape around the plunger. Diminished
pumping efficiency occurs as a result, Pl.u’n,gef Iift pumps also require the
production tubing to have a substantial uriiform sizé from the top to the bottom.

A gas pressure lift is another example of a well pump. In general, a gas
pressure lift injects pressurized gas into the bottom of the well to force the liquid up
a production tubing. The injected gas may froth the liquid by mixing the heavier
density liguid with the lighter density gas to reduce the overall density of the lifted

material thereby allowing it to be lifted more readily. Alternatively, “slugs” or

shortened celumn lengths of liquid separated by bubble-like spaces of pressurized
gas are created to reduce the density of the liquid, and the slugs are Jifted to the
earth surface. Although gas pressure lifts avoid the problems of friction and wesr
resulting from using movable mechanical components, gas pressure lifts frequently
require the use of many items of auxiliary equipment to control the application of
the pressures within the well and also require significant equipment to create the
large volurres of gas at the pressures raquired to lift the liquid.

At some point in the production lifetime of a wéll, the costs of operating and
maintaining the pump are counterbalanced by the diminished amount of
hydrocarbons produced by the continually-diminishing formation pressure. For
deeper wells, more cost is fequired to lift the liquid a greater distanee to the earth
surtace. For those wells which require frequent repair beeaus.é of fajled
mechariical parts, the point of uneconomic operation is resiched while producible
amounts of hydrocarbons may still remain in the well. For those degp and other
wells which require significant enei“gy expenditures to pump, the poiht.of
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uneconomic operation may occur earlier in the life of a well. In each case, the
hydrocarbons production from a well can be extended if the pump is capable of
operating by using less energy under circumstances of reduced requirements for

maintenanca and repair.

Summary of the Invention

The present invention makes use of a sealing fluid displacement device located
within a production tubing of a hydrocarbons-producing well to lift liquid up the
production tubing and out of the well. The fluid displacement device is moved up and
down the production tubing by gas at a pressure and volume supplied preferably by the
earth formation, thereby significantly reducing the energy costs for pumping the well as
a result of using natural energy sources either exclusively or significantly to pump the
well. The fluid displacement device establishes an essentially complete seal within the
production tubing to prevent the liquid above and the gas pressure below the fluid
displacement device from leaking past it and reducing the pumping efficiency. The seal
between the fluid displacement device and the production tubing requires that liquid be
transterred into the production chamber and accumulated above the fiuid displacement
device by pressure application before upward movement of the fluid displacement
device to lift the liquid from the well. In addition, it is necessary to initiate upward
movement of the fluid displacement device by pressure application without impacting
the ability to transfer the liquid above the fluid displacement device before initiating
upward movement.

In accordance with these and other significant improvements and advantages,
the invention relates to a method and apparatus for use with a fluid displacement

device which is moveable and sealed within a production chamber defined by a
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production tubing. The production tubing extends between a surface of the earth and a
bottom of a well in a subterranean zone which contains liquid and gas. Different
maghitudes of differential pressure are created at the well bottom and within the
production chamber to accumulate liquid above the fluid displacement device and to
initiate upward movement of the fluid displacement device within the production

chamber.

One principal apparatus aspect of the invention involves a structure is adapted to
be attached to the production tubing at the well bottom to continue the production
chamber sufficiently to the receive the fluid displacement device when moved to a
lowermost position within the production chamber. A first fluid passageway extends
from the exterior of the structure into the production chamber above the fluid
displacement device in the lowermost position. The first fluid passageway
communicates liquid and gas from the well bottom into the production chamber above
the fluid displacement device. The first fluid passageway presents a first predetermined
cross-sectional area for communicating the liquid and gas. A second fluid passageway
extends from the exterior of the structure to below the fiuid displacement device in the
lowermost position. The second fluid passageway communicates liquid and gas from
the well bottom to a location below the fluid displacement device. The second fluid
passageway presents a second predetermined cross-sectional area for communicating
the liquid and gas. The second predetermined cross-sectional size of the second fluid
passageway is greater than the first predetermined cross-sectional size of the first fluid
passageway. The substantially greater second predetermined cross-sectional size
enables a relatively greater pressure differential between the exterior of the structure
and within the production chamber to initiate upward movement of the fluid
displacement device compared to the pressure communicated through the first fluid
passageway to above the fluid displacement device. On the other hand, the
substantially lesser first predetermined cross-sectional size relative to the second
predetermined cross-sectional size enables a relatively lesser pressure differential
between the exterior of the structure and within the production chamber to transfer

liquid and gas into the production chamber above the fluid displacement device without
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creating sufficient force below the fluid displacement device to initiate upward
movement of the fluid displacement device from the lowermost position.

Other apparatus aspects of the invention may involve locating an iniet to the first
fluid passageway below an inlet to the second fluid passageway at the well bottom,
utilizing a bottom opening in the structure as the second fluid passageway, forming the
structure as an extension of the production tubing, maintaining the seal of the fluid
displacement device against the extension, locating an outlet of the first fluid
passageway above the fluid displacement device at a predetermined distance where
the initial upward movement of the fluid displacement device from the lowermost
position closes the first fluid passageway, and using a toroid shaped structure as the
fluid displacement device. The toroid shaped structure has an exterior elastomeric skin
defining a cavity within which a viscous material is confined.

One principal method aspect of the invention involves moving the fluid
displacement device to the lowermost position within the production chamber, creating
first and second pressure differentials between the exterior of the production tubing and
the production chamber with the second pressure differential being greater than the first
pressure differential, transferring liquid and gas through a first fluid passageway from
the well bottom into the production chamber above the fluid displacement device when
at the lowermost position by applying the first pressure differential, and initiating upward

movement of the fluid displacement device from the lowermost position by applying the
second pressure differential.

Other method aspects of the invention involve restricting the amount of pressure
applied through a first fluid passageway above the fluid displacement device during
application of the second pressure differential by using a cross-sectional size of the first
fluid passageway which is smaller than a larger cross-sectional size of a second fluid
passageway which extends below the fluid displacement device, increasing the amount
of pressure applied to the fluid displacement device through the second fluid
passageway during application of the second pressure differential by using a cross-
sectional size of the second fluid passageway which is greater than a cross-sectional

size of the first fluid passageway, restricting the amount of pressure applied through the
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second fluid passageway during application of the first pressure differential to be
iInsufficient to move the fluid displacement device upward from the lowermost position,
and restricting the amount of pressure applied through the first fluid passageway during
application of the second pressure differential to be insufficient to prevent upward
movement of the fluid displacement device from the lowermost position. Other aspects
of the method involve locating an inlet of the first fluid passageway at a position within
the well bottom no higher than and preferably lower than the inlet of the second fluid
passageway, maintaining the seal of the fluid displacement device against the
production tubing while the fluid displacement device is in the lowermost position,
closing the first fluid passageway by the initial upward movement of the fluid
displacement device from the lowermost position during application of the second
pressure differential, obtaining the pressure for the first and second pressure
differentials from gas supplied by the well at natural formation pressure, and
accumulating gas supplied from the well at the earth surface at a pressure established
by natural formation pressure to move the fluid displacement device downward within
the production chamber.

A more complete appreciation of the scope of the present invention and the
manhner in which it achieves the above-noted and other improvements can be obtained
by reference to the following detailed description of presently preferred embodiments
taken in connection with the accompanying drawings, which are briefly summarized

" below, and by reference to the appended claims.

- BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 Is a schematic longitudinal cross section view of a hydrocarbons-
producing well which uses a traction seal fluid displacement device according to
the present invention.
| Fig. 2 is a perspective view of thé- traction seal device used in the well
shown in F_ig. 1, with a pottion broken out t illustrate its internal structure and
configuration.

ba
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Fig. 3 is an enlarged transverse cross section view taken substantially in
the plane of line 3-3 In Fig. 1.

Figs. 4-7 are enlarged longitudinal cross section views of the traction seal
device shown in Fig. 2, located within a production tubing of the well shown in Fig.
1, showing a senes of four quarter-rotational intervals occurring during one
rotation of the traction seal device during upward movement within the production
tubing.

Fig. 8 Is an enlarged partial perspective view of a liquid siphon skirt located
at a lower end of a production tubing used in the well as shown in Fig. 1.

- Fig. 9 is a flowchart of functions performed and conditions occurring during
different phasés of a liquid lifting cycle performed in the well shown in Fig. 1.

Figs. 10-16 are simplified views similar to Fig. 1 illustrating of the various
phases of a liquid lifting cycle performed in the well shown in Fig. 1 and
corresponding- with the functions and conditions shown in the flowchart of Fig. 9.

Fig. 17 1s a partial view of a portion of the Fig. 1 illustrating an alternative

embodiment of the present invention using a compressor.
Detailed Description

An exemplary hydrocarbons-producing well 20 in which the present
invention is used the shown in Fig. 1. The well 20 is formed by a well bore 22
which has been drilled or otherwise formed downward to a sufficient depth to
penetrate into a subterranean hydrocarbons-bearing formation or zone 24 of the
earth 26. A conventional casing 28 lines the well 20, and a production tubing 30

extends within the casing 28. The casing 28 and the production tubing 30 extend
from a well head 32 al the earth surface 34 to near a bottom 36 of the well bore 22

located in the hydrocarbons-bearing zone 24.

An endless rolling traction seal fluid displacement device 40 is positioned
within the production tubing 30 and moves between the well bottom 36 and the
well head 32 as a result of gas pressure applied within the production tubing 30.
Formation pressure at the hydrocarbons-bearing zone 24 normally supplies the

gas pressure for moving the traction seal device 40 up and down the production
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tubing. Conventional chokes or flow control devices such as motor valves (V) 46,
48 and 50, and conventional check valves 52, 54 and 56, located at the well head
32 above the earth surface 34, selectively control the application and influence of

the gas pressure in a production chamber 38 of the praduction tubing 30 and in a

~ casing chamber 60 defined by an annulus between the casing 28 and the

production tubing 30.

The traction seal device 40 establishes a fluid tight seal across an interior
sidewall 62 of the production tubing 30. The traction seal device 40 also contacts
and rolls along the interior sidewall 62 with essentially no friction while maintaining
a traction relationship with the production tubing 30 due to the lack of relative
movement between the traction seal device 40 and the interior sidewall 62. Gas

pressure from the casing chamber 60, which normally originates from the

hydrocarbons-bearing zone 24, is applied below the traction seal device 40 to

cause the device 40 to move upward in the production tubing 30 from the well

- bottom 36, and while doing so, push or displace liquid accumulated above the

traction seal device 40 to the well head 32. Gas pressure is then applied in the

production chamber 58 of the production tubing 30 above the traction seal device

40 to push it back down the production tubing 30 to the well bottom 36, thereby
completing one liquid lift cycle and initiating the next subsequent liquid lift cycie.

The liquid lift cycles are repeated to pump liquid from the well. By lifting the

iiquid out of the well 20, the natural earth formation pressure is available to push

more hydrocarbons from the zone 24 into the well so that production of the
hydrocarbons can be maintained. To the extent that the liquid lifted from the weli
includes liquid hydrocarbons such as oil, the hydrocarbons are recovered on a
commercial basis. To the extent that the liquid lifted from the well includes water,
the water is separated and discarded. Any natural gas which accompanies the

liquid is also recovered on a commercial basis. The natural gas which is produced

from the casing chamber 60 as a result of removing the liquid is also recovered on
a commercial basis.
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Significant advantages and improvements arise from using the rolling
traction seal device 40 as part of a liquid lift or pumping apparatus. The traction
seal device 40 is preferably a jacketed or seif-contained plastic fluid plug, the
details of which are described in conjunction with Figs. 2-7.

As shown in Fig. 2, the traction seal device 40 is a flexible or plastic
structure formed by a flexible outer enclosure or exterior skin 64 which generally
assumes the shape of a toroid. The exterior skin 64 is a durable elastomeric
material. The exterior skin 64 may be formed from a piece of elastomeric tubing
which has had its opposite ends folded exteriorly over the central portion of the
tube and then sealed together, as can be understood from Fig. 2. The closed
configuration of the exterior skin 64 forms a closed and sealed interior cavity 66
which is filled with a fluid or viscous material 68, such as gel, liquid or slurry. The
viscous material 68 may be injected through the exterior skin 64 to fill the interior
cavity 66, or confined within the interior cavity 66 when the exterior skin 64 is
created in the shape of the toroid. The configuration of the traction seal device 40,
Its construction and basic characteristics, are conventional.

When the toroid shaped traction seal device 40 [s inserted into the
oroduction tubing 30, it is radially compressed against the sidewall 82, as shown in
Figs. 3-7. The flexible extenor skin 64 stretches and the viscous material 68
redistributes itself within the interior cavity 66 (Fig. 2) to elongate the traction seal
device 40 sufficiently to accommodate the degree of radial compression necessary
to fit within the production tubing 30 and to compress itself together at its center.
Because the exterior skin 64' IS stretched, the exterior skin creates sufficient
Internal compression against the viscous material 68 to maintain the traction seal
device In radial compression against the interior sidewall 62 of the production
tubing 30. The flexibility and radial compression cauées the traction seal device
40 to conform to the interior sidewall 62 of the production tubing 30.

As shown primarily in Figs. 4-7, an outside surface 70 of the exterior skin 64
contacts the interior sidewall 62 of the production tubing 30 and forms an exterior

seal between the traction seal device 40 and the sidewall 62 at the outside surface
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70. In addition, an inside surface 74 of the exterior skin 64 is squeezed into

contact with itself at opposing shaped oval portions 78 and 80 to form an interior

seal at the center location where the inside surface 74 contacts itself. Because of

the radially compressed contact of the outside surface 70 with the interior sidewall

62 of the production tubing 60, and the radially compressed contact of the inside
surface 74 with itself, a complete fluid-tight seal is created across the interior
sidewall 62 to seal the production chamber 58 at the location of the traction séal
device 40. .

The complete seal across the interior sidewall 62 is maintained as the
traction seal device 40 moves along the production tubing 30. The viscous
material 68 within interior cavity 66 (Fig. 2) moves under the influence of gas ‘
pressure applied at one end of the traction seal device 40. The gas pressure
pushes on the flexible center of the traction seal device and causes it to roll along
the interior sidewall 62 of the production tubing 30 while the outside surface 70
maintains sealing and tractive contact with the interior sidewall 62 and while the

inside surface 74 maintains sealing contact with itself, théreby establishing and
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Upward rolling movement of the traction seal device 40 along the interior
sidewall 62 of the production tubing 30 is illustrated by the sequence progressing
through Figs. 4-7, in that order. The reference points S0 and 92 illustrate the
relative movement, since the shape or configuration of the traction seal device 40
remains essentially the same as it rolls. As the traction seal device 40 moves, the
outside surface 70 of the left and right exterior walls 82 and 88 rolls into stationary
tractive contact with the interior sidewall 62 of the production tubing 30, thereby
creating the exterior seal of the traction seal device 40 with the interior sidewall 62.
The exterior seal at the outside surface 70 is essentially frictionless because the
exterior walls 82 and 88 rall into tractive contact with the exteribr sidewall 62 and
remain stationary with respect to the exterior sidewall 62 during movement of the
traction seal device 40. Similarly, the inside surface 74 of the left and right interior
walls 84 and 86 rolls into stationary contact with itself and creates the intefior seal
of the tractiaon seal device. The interior viscous material 68 is in sufficient
compression to force the outside surface 70 into compressed tractive contact

against the sidewall 62 and to force the inside surface 74 into compressive contact
with itself.

As shown in Fig. 4, the left reference point 90 and the right reference point
92 are adjacent one another at the inside surface 74 of the left and right hand ovél
portions 78 and 80. As the traction seal device 40 moves up in the production
tubing 30 in the direction of arrow A, the left reference point 90 and the right
reference point 92 move counterclockwise and clockwise relative ta one another in
the direction of arrows B and C, respectively, until the reference points 90 and 92
reach top locations shown in Fig. 5. Further upward movement in the direction of
arrow A causes left reference point 90 and the right reference point 92 to move
counterclockwise and clockwise in the directions of arrows D and E, respecti\}ely,
until the reference points 90 and 92 are adjacent to the interior sidewall 62 of the
production tubing 30, as shown in Fig. 6. At this point, the reference points 90 and
92 are at the outside surface 70 of the traction sea! device 40. Further upward '

movement by the traction seal device 40 in the direction of arrow A causes the left

11
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reference point 90 and the right reference point 92 to move counterclockwise and
clackwise in the direction of arrows F and G, respectively, until the reference
points 90 and 92 reach bottom locations as shown in Fig. 7. Still further upward
movement of the traction seal device 40 causes the left reference point 90 and
right reference point 92 to move counterclockwise and clockwise in the direction of
arrows H and |, respectively, to arrive back at the positions shown in Fig. 4. At this
relative movement position, the reference points 80 and 92 have returned to the
inside surface 74, and the traction seal device 40 has rolled ohe complete rotation.
During this complete rotation, the outside surface 70 and the inside surface 74 of
the exterior skin 64 have maintained a complete seal across the inside sidewall 62

of the production tubing 30, and a seal has been established across the

~ production chamber 58 (Fig. 1) at the location of the traction seal device 40 as it

moves up the production tubing 30.

The same sequence shown in Figs. 4-7 exists during downward movement

of the traction seal device, except that the relative movement shown by the points

190 and 92 and the arrows A-l is reversed. Consequently, a complete seal is also

maintained across the production chamber in the same manner during downward
movement within the production tubing 30.

The materials and the characteristics of the traction seal device 40 are
selected to withstand influences to which it is subjected in the well 20. The
exterior skin 64 must be resistant to the chemical and other potentially degrading
erfects of the liquid and gas and other materials found in a typical hydrocarbons-

producing well. The exterior skin 64 must maintain its elasticity, flexibility and

phability, and must resist cracking from the rotational movement, under such

influences. The exterior skin 64 must have sufficient flexibility and pliability to
accommodate the continued expansion and contraction caused by the rolling

movement. The exterior skin 64 should also be durable and resistant to

- puncturing or cutting that might be caused by movement over sharp or

discontinuous surfaces within the production tubing, particularly at joints or

transitions in size of the production tubing. The viscous material 68 should retain

12
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an adequate level of viscosity to permit the rolling motion. The exterior skin 64
and the interior viscous material 68 should also have the capability to withstand
relatively high temperatures which exist at the well bottom 36. These

characteristics should be maintained over a relatively long usable lifetime.

The liguid which 1s lifted by using the traction seal device 40 enters the well
bottom 36 through casing perforations 94 formed in the casing 28, as shown in
Fig. 1. The well casing 28 is generally cylindrical and lines the well bore 22 from
the well bottom 36 to the well head 32. The casing 28 maintains the integrity of

the well bore 22 so that pieces of the surrounding earth 26 cannot fall into and
close off the well 24. The casing 28 also defines and maintains the integrity of the
casing chamber 60.

The casing perforations 94 are located at the hydrocarbons-bearing zone
24. Natural formation pressure pushes and migrates liquids 96 and gas 98 (Fig. 1) ‘
from the surrounding hydrocarbons-bearing zone 24 through the casing.
pertorations 94 and into the irterior of the casing 28 at the well bottom 38, The
casing perforations 94 are typically located slightly abave the well bottom 36, to
form a catch basin or “rat hole” where the liquid accumulates at the well bottom 36
iInside the casing 28. The liquid 86 has the capability of rising to a level above the
casing perforations 94 at which the natural formation pressure is counterbalanced
by the hydrostatic head pressure of accumulated liquid and gas above those

casing perforations. Natural gas 98 from the hydrocarbons-bearing zone 44

. bubbles through the accumulated liquid 96 until the hydrostatic head pressure

counterbalances the natural formation pressure. at which pbint the hydrostatic

head pressure chokes off the further migration of natural gas through the casing
perforations 94 and into the well.

The upper end of the casing 28 at the well head 32 is closed by a
conventional casing seal and tubing hanger 99, thereby closing or capping off the
upper end of the casing chamber 60. The casing seal and tublng hanger 99 also

connects to the upper end of the production tubing 30 and suspends the
production tubing within the casing chamber 60

13
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The liquid 96 which accumulates at the well bottom 36 enters the production
tubing 30 through tubing perforations 100 formed above the lower terminal end of

the production tubing 30. The liquid 96 flows through the perforations 100 from

the interior of a liquid siphon skirt 101 which surrounds the lower end of the
oroduction tubing 30. As is also shown in greater detail in Fig. 8, the liquid siphon
skirt 101 is essentially a concentric sleeve-like device with a hollow concentric
interior chamber 105. The perforations 100 communicate between the production
chamber 58 and the interior chamber 105. The interior chamber 105 is closed at a
top end 107 (Fig. 8) of the liquid siphon skirt 101 so that the only fluid
communication path at the upper end of the skirt 101 is through the perforations
100 between the production chamber 58 and the interior chamber 105.

The lower end of the interior chamber 105 is open, to permit the liquid 96 at
the well bottom 36 to enter the interior chamber 105 of the liquid siphon skirt 101.
The interior chamber 105 communicates between the open bottom end of the
liquid siphon skirt 101 and the perforations 100. Passageways 103 are formed
through the interior chamber 105 near the lower end of the liquid siphon skirt 101.

The passageways 103 are each defined by a conduit 109 (Fig. 8) which extends

‘through the interior chamber 105 between the outside of the skirt 101 and the

interior of the production tubing 30 at a position above a lower end 102 of the
production tubing 30. The conduits 109 which defines the passageways 103
separates those passageways 103 from the interior chamber 105, so the fluid flow
and pressure conditions within the interior chamber 105 are isolated from and
separate from the flow and pressure conditions within the passageways 103.

The interior chamber 105 communicates the liquid 96 from the well bottom
36 from the lower open end of the liquid siphon skirt 101 through the perforations

100 into the production chamber 58 of the production tubing 30, during each fluid
lift cycle. Similarly, fluid within the production chamber 58 which is forced out of
the lower end of the production tubing 30 flows through the perforations 100 and

the interior chamber 105 out of the lower open end of the liquid siphon skirt 101

Into the well bottom 36. Similarly, gas 98 and liquid 96 at the well bottom 36 flows
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through the passageways 103 between the exterior of the liquid siphon skirt 101
Into the interior of the production tubing 30 at a position adjacent to the open lower

end 102 of the production tubing 30. The cross-sectional size of the passageways

103 is considerably larger than the cross-sectional size of the perforations 100.

The larger cross-sectional size of the passageways 103 permits pressure from the

gas 98 to interact with the traction seal device 40 when it is located at the open

lower end 102 of the production tubing 30 and immediately initiate the upward

- movement of the traction seal device during each liquid lift cycle, as is described

below.

A bottom shoulder 104 of the production tubing 30 extends inward from the
Interior sidewall 62 at the lower end 102 of the production tubing 30. The bottom
shoulder 104 prevents the traction seal device 40 from moving out of the open
lower end 102 when the traction seal device 40 moves downward in the production
tubing to the lower end 102. The tubing perforations 100 are located above the
location where the traction seal device 40 rests against the bottom shoulder 104

An upper end of the production tubing 30 is closed in a conventional

manner illustrated by a closure plate 106. A top shoulder 108 is extends from the
inner sidewall 62 near the upper end of the production tubing 34. The top
shoulder 108 prevents the traction seal device 40 from moving upward above the

location of the top shoulder 108.

The upper end of production chamber 58 is connected in fluid
communication with the check valves 52 and 54. The check valves 52 and 54 are
also connected in fluid communication with the control valve 46. The control valve
46 I1s connected in fluid communication with a conventional liquid-gas separator
110. The liquid 96 and gas 98 which are lifted by the traction seal devi'ce 40 are
conducted through the check valves 52 and 54 and through the control valve 46
into the liquid-gas separator 110. The liquid 96 enters the separator 110, where
valuable oil 96a rises above any water 96b, because the oil 96a has lesser density
than the water 96b. The valuable natural gas 98 is conducted out of the top of the

separator 110 through a conventional electronic gas meter (EGM) 111 to a sales
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conduit 112. The sales conduit 112 is connected to a pipeline or storage tank
(neither shown) to allow the valuable hydrocarbons to collect and periodically be
sold and delivered for commercial use. The electronic gas meter 111 supplies a -
signal 113 which represents the volumetric quantity of gas flowing from the
separator 110 into the sales conduit 112. Periodically whenever the accumulation
of the valuable oil 96a in the separator 110 requires it, the oil 96a is drawn out of
the separator 110 and is also delivered to the sales conduit 112 through another
volumetric quantity measuring device (not shown). The water 96b is drained from

the separator 110 whenever it accumulates to a level which might inhibit the
operation of the separator 110.

The upper end of the casing chamber 60 at the upper closed end of the
casing 28 is connected in fluid communication with the control valve 48 and with
the check valve 56. The valuable natural gas 98 produced from the casing

chamber 60 is conducted through the control valve 48 and into the separator 110,

from which the gas 98 flows through to the electronic gas meter 111 to the sales
conduit 112.

The check valve 56 connects a conventional accumulator 114 to the casing
chamber 60. The accumulator 114 is a vessel in which gas at the natural
formation pressure is accumulated from the casing chamber 60 during the liquid lift
cycle. The pressurized natural gas in the accumulator 114 is used to force the
traction seal device 40 down the production tubing 30 at the end of each liquid lift
cycle. To do so, gas flows from the accumulator 114 through a conventional

electronic gas meter 117 and into the production chamber 58. The el

ectronic gas.
meter 117 supplies a signal 113 which represents the volumetric quantity of gas

flowing from the accumulator 114 into the production chamber 58.

A controller 115 adjusts the open and closed states of the control valves 46
48 and 50 to control the flow through them. The controller 115 delivers control

signals 116, 118 and 120 to the control valves 46, 48 and 50, respectively, and the
control valves 46, 48 and 50 respond to the control signals 116, 118 and 120

respectively, to establish selectively adjustable open and closed states. Pressure
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transducers or Sensors (P) 122 and 124 are connected to the production chamber

98 and the casing chamber 60, respectively. The pressure sensors 122 and 124
supply pressure signais 126 and 128 which are related to the pressure within
production chamber 58 and the casing chamber 60 at the wellhead, respectively.
The pressure signals 126 and 128 are supplied to the controlier 115. The flow
signals 113 and 119 from the electronic gas meters 111 and 117, respectively, are
also supplied to the controller 115. The controller 115 includes conventional

microcontroller or microprocessor-based electronics which execute programs to

accomplish each liquid lift cycle in response to and based on the pressure signals
126 and 128 and the flow signals 111 and 117, among other things, as described
below.

Based on the programmed functionality of the controller 115 and the
pressure signals 126 and 128 and flow signals 111 and 117, the controller 115
supplies control signals 116, 118 and 120 to the control valves 46, 48 and 50,
respectively, to cause those valves, working in conjunction with the check valves
92, 54 and 56, to control the gas pressure and volumetric gas flow in the
production chamber 58 and in the casing chamber 60 in a manner which moves
the traction seal device 40 up and down the production tubing 30 to lift the liquid
from the well in liquid lift cycles. The sequence of events involved in
accomplishing a liquid lift cycle is shown in Fig. 9 by a flowchart 130, and by Figs.
10-16 which describe the condition of the various components in the well 20 during
the liquid lift cycle.

The liquid lift cycle commences as shown in Fig. 10 with the traction seal
device 40 seated on the bottom shoulder 104 of the production tubing 30. The
control valve 46 is operated to a slightly open position by the control signal 116
from the controlier 115. The pressure the production chamber 58 is less than the
pressure in the casing chamber 60, because of the slightly open state of the
control valve 46. Because of the lower pressure in hquid 96 flows from the open
bottom end of the liquid siphon skirt 101 through the interior chamber 105 and the

perforations 100 into the production tubing 30, where the liquid 96 accumulates
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above traction seal device 40. The relatively higher and lower pressures in the
casing and production chambers 60 and 58, respectively, push the liquid 96 into
the production chamber 58 in a column 132 to a height greater than the height of

the liquid 96 in the casing chamber 60.

The shghtly open condition of the control valve 46 allows gas 98 to flow

- from the production chamber 58 to the sales conduit 112 while maintaining the

pressure differential between the production chamber 58 and the casing chamber

60. The check valves 52 and 54 are open to allow the gas 98 to pass from the
production chamber 58 through the control valve 46, but to prevent liquid from the
separator 110 and the sales conduit 112 to move in the opposite direction into the
production tubing 30. The pressure in the casing chamber 60 and in the

accumulator 114 is equalized because the check valve 56 allows the pressure in

‘the accumulator 114 to reach the pressure in the casing chamber 60. The

beginning conditions of the liquid lift cycle shown in Fig. 10 are also illustrated at
134 in the flowchart 130 shown in Fig. 9.

The slightly open condition of the control valve 46 also allows the column
132 of liquid 96 to rise in the production tubing 30 to a desired maximum height.
At this desired height, the level of the liquid 96 in the casing chamber 60 adjacent
to the liquid siphon skirt 101 will be at a level below the passageways 103.
Therefore, gas in the casing chamber with 60 is readily communicated through the
passageways 103 to the area at the lower open end 102 of the production tubing

30 below the traction seal device 40.

The maximum height to which the liquid column 132 could rise above the
traction seal device 40 within the production chamber 58 is that height where its
hydrostatic head pressure countérbalances the natural formation pressure in the
casing chamber 60. However, it is desirable that the liquid column 132 notrise to
that maximum height in order for there to be available additional natural formation
pressure to lift the liquid column 132. The pressure ‘signal‘128 from the pressure

sensor 124 is recognized by the controller 115 as related to the height of the liquid
column 132, When the pressure in the casing chamber 60 builds to a
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predetermined level which is less than the maximum natural formation pressure
but which establishes a desired height of the liquid column 132 for lifting while
reducing the level of liquid 96 in the well bottom 36 below the level of the

bassageways 103, the next phase or stage of the liquid lift cycle shown in Fig. 11

commences.

In the phase or stage of the fluid lift cycle shown in Fig. 11 (and at 136 in
Fig. 9), the control valve 46 is opened fully to cause a sudden, much greater drop
dr differential in pressure in the production chamber 58 above the traction seal
device 40 compared to the pressure in the casing annulus 60 which is |
communicated through the passageways 103 below the traction seal device 40.
The sudden pressure decrease in the production chamber 58 is communicated
more substantially through the larger cross-sectionally sized passageways 103 to
the open bottom end 102 of the production tubing 30 than the pressure decrease
IS communicated through the smaller cross-sectionally sized perforations 100,
thereby forcing the traction seal device 40 upward in the production tubing 30 from
the bottom position against the shoulder 104 until the traction seal device covers
the perforations 100. This movement of the traction seal device 40 starts lifting the
liquid column 132 (Fig. 10) and gas 98 above the liquid calumn 132 in the

- production chamber 58. Once the traction seal device 40 is above the perforations

100, it continues moving upward by the pressure difference between the greater
pressure in the casing chamber 60, communicated through the passageways 103,
the open lower end 102 of the production tubing 30, the concentric chamber 105

and the perforations 100, compared to the lesser pressure from the liquid column

132 (Fig. 10) and any gas pressure in the production chamber 58 above the liquid
column 132. This lifting condition is illustrated at 136 in Fig. 9.

As the traction seal device 40 continues moving up the production tubing
30, as shown in Fig. 11 and at step 138 in FFig. 9, the gas at the natural formation
pressure in the casing chamber 60 continues to enter the lower open the end 102
of the production tubing 30 through the passageways 103 to press the traction
seal device 40 upward. The traction seal device 40 is rolled upward within the
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production chamber 58 by essentially frictionless rolling contact with the
production tubing 30, and the column of liquid (132, Fig. 10) above the traction
seal device 40 is lifted by this pressure differential between the greater natural
formation pressure below the tractior seal device 40 and the relatively lower
pressure from the liquid column (132, Fig. 10) and any gas in the production

chamber 58 above the traction seal device 40. Therefore, in order for the traction

seal device 40 to move up from the natural formation pressure, the liquid column

132 must not create such a high hydrostatic head pressure as to counterbalance

the natural formation pressure.

As the traction seal device 40 moves up the production tubing 30, the
natural gas 98 above the liquid column 132 is produced through the check valves
52 and 54 and through the open control valve 46. The natural gas 98 fiows into
thé separator 110 and from the separator into the sales conduit 112. The
volumetric flow rate of the gas produced is determined by the controller 115 based
on the signal 113. This volumetric flow rate is related to the speed that the tracfion
seal device 40 1s moving up the production tubing 30. To the extent that the
upward speed of the traction seal device is too great, the controller 115 modulates
or adjusts the open state of the control valve 46 by the signal 116 applied to the
valve 46. In this manner, premature wear or destruction of the traction seal device
40 from high speed operation is avoided.

As the traction seal device 40 nears the upper end of the production tubing
30, the liquid 96 in the column 132 is also delivered through the check valves 52
and 54 and the open control valve 46 and into the separator 110. Any valuable oil

d6a is separated from any water 96b in the separator 110. The valuable oil 963 is
periodically removed from the separator 110 and sold.

Once the traction seal device 40 has reached the top shoulder 108,
essentially all of the liquid 96 and gas 98 above the traction seal device 40 has
been transferred through the check valves 52 and 54 and the open control valve

46 into the separator 110. With the traction seal device located against the top

shoulder 108, a flow path exits from the production chamber 58 through the open
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valve 46 at a location below the traction seal device 40, to allow any gas within the
production chamber 58 behind the traction seal device to flow into the separator

110 and into sales conduit 112, as shown In Fig. 12 and at 138 in Fig. 9.

When the traction seal device 40 moves into contact with the top shoulder

108 at the wellhead 32, the location of the traction seal device 40 against the top

shoulder 108 is determined by a pressure signal 126 from the pressure sensor

122. The controller 115 responds to this pressure signal and closes the control

valve 46 and opens control valve 48, as shown in Fig. 13 and at 140 in Fig. 9.

Gas flows from the casing chamber 60 through the open control valve 48 into the

- separator 110 and from there into the sales conduit 112. Removing gas 98 from

the casing chamber 60 through the open control valve 48 at this phase or stage of
the liquid lift cycle recovers that natural gas 98 which has accumulated in the

casing chamber 60 while the traction seal device 40 moved up the production
tubing 30.

The reduced pressure in the casing chamber 60, created by removing the
gas through the open control valve 48, allows the formation pressure to push more
liquid 96 and gas 98 through the casing perforations 94 and into the casing
chamber 60 at the well bottom 38, as shown in Fig. 14. The control valve 48 stays
open to permit gas to continue to flow from the casing chamber 60 and into the
separator 110 and from there into the sales conduit 112, until the liquid 96 rises to
a level in the well bottom 36 where gas pressure in the casing chamber 60
diminishes to a predetermined value. The gas pressure in the casing chamber 60
diminishes as a result of the counterbalancing effect of the hydrostatic head of
liquid 96 at the well bottom 36. The pressure in the casing chamber 60 is reflected
by the pressure signal 128. The volumetric gas flow from the casing bhamber 60
s also diminished. The diminished volumetric gas flow from the casing chamber
60 through the open control valve 48 is reflected by the signal 113 from the
electronic gas meter 111. The controller 115 responds to the pressure signal 128

from the pressure sensor 124 and the signal 113 from the electronic gas meter

111, to make a determination at 142 (Fig. 9) when the gas pressure condition in
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the casing chamber 60 reaches a predetermined value where the volumetric
production from the casing chamber 60 has diminished. So long as the gas
pressure and the volumetric production from the casing chamber 60 remain
adequate, as reflected by a negative determination at 142 (Fig. 9), the controller
115 maintains the valve 48 in the open condition shown in Fig. 14 so that gas
production from the casing chamber 60 is continued.

Upon reaching the predetermined gas pressure and flow conditions
indicative of diminished gas production from the casing chamber 60. shown by a
positive determination at 142 (Fig. 9), a sufficient amount of liquid 96 has
accumulated in the well bottom 36, as shown in Fig. 14, to require its removal in
order to sustain production from the wéll. At this point, it is necessary to rémove .

the accumulated liquid at the well bottom 36.

In response to the diminishing pressure and volumetric flow in the casing
chamber 60, indicated by the signals 128 and 113, the controller 115 delivers a
control signal 120 to operate the control valve 50 to an open position, as shown in
Fig. 15 and at 144 in Fig. 8. Opening the control valve 50 allows the pressurized
gas stored in the accumulator 114 to flow into the production tubing 30 at a
location above the traction seal device 40. The gas pressure from the accumulator
114 forces the traction seal device 40 down the production tubing 30. The gas
pressure above the traction seal device 40 is greater than the gas pressure within
the production chamber 58 below the traction seal device 40, because the control
valve 48 remains open and because the time during which the control valve 48
was previously opened has been sufficient to substa'ntially reduce the pressure

within the casing chamber 60

The gas in the production chamber 58 below the downward moving traction

.seal device 40 forces downward the level of liquid 96 within the lower end 102 of

the production tubing 30 and within the interior chamber 105 of the liquid siphon

- skirt 101, until the gas within the production chamber 58 below the traction seal

device 40 starts bubbling out of the open lower end of the Interior chamber 105 of
the liquid siphon skirt 101. The gas bubbles through the liquid 96 and into the
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casing chamber 60. In this manner, the gas below the traction seal device 40

does not inhibit its downward movement, and the gas below the traction seal

device 40 is transferred into the casing chamber 60 as the traction seal device 40

moves down the production tubing 30. The downward moving traction seal device
5 40 also forces more gas from the casing chamber 60 through the open control

valve 48 into the sales conduit 112.

In order to prevent over-speeding and possible premature damage to or
destruction of the traction seal device 40 during its downward descent through the
production tubing 30, or in order to prevent underéspeeding and possible stalling

10 of the traction seal device 40 near the end of its downward movement near the
bottom of the production tubing 30, the volumetric flow through the valve 850 is
controlled. The volumetric flow through the valve 50 is controlled by modulating or
adjusting the open state of the valve 50 with the valve control signal 120 supplied
by the controller 115. The extent of adjustment of the open state of the valve 50 is

15 determined by the volumetric flow signal 119 from the electronic gas meter 117
and by the pressure signal 126 from the pressure sensor 122. Modulating or
adjusting the open state of the valve 50 with the control signal 120 is also useful in
controlling the delivery of gas from the accumulator 114 since it is a confined
pressure source whose pressure decays with increasing gas flow out of the

20  accumulator 114. -

The gas pressure from the accumulator 114 flowing through the open valve
50 continues to force the traction seal device 40 downward through the production
tubing 30 until the traction seal device 40 rests against the bottom shoulder 104,
as shown in Fig. 16. When the traction seal device 40 seats at the bottom

25  shoulder 104 of the production tubing 30, the gas pressure in the production
chamber 58 increases slightly, because the traction seal device 40 closes the
cpen bottom end 102 of the production tubing 30 and forces gas through the
tubing perforations 100. The tubing perforations 100 are smaller in size than the
passageways 103 and the open bottom end 102 of the production tubing 30,

30  thereby causing the gas pressure within the production chamber 58 above the
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traction seal device 40 to increase in pressure. This slight increase in pressure is
sensed by the pressure sensor 122 and the resulting pressure signal 126 is
applied to the controller 115. The volumetric flow through the open valve 50 also
diminishes, as sensed by the electronic gas meter 117, because the traction seal
device 40 seals the bottom open the end of the production tubing 30.

The controller 115 determines from the signals 126 and 118, at 146 (Fig. 9),
whether the sensed pressure and volumetric flow conditions indicate the arrival of
the traction seal device 40 at the end 102 of the production tubing 30. A negative
determination at 146 (Fig. 9) causes the controller 115 to continue to deliver gas
from the accumuilator 114, because the traétion seal device 40 has not yet reached
the bottom of the production tubing 30. However, upon an affirmative |
determination at 146 (Fig. 9), the controller 115 responds by delivering contro!
signals 118 and 120 to close the control valves 48 and 50 and to open slightly the
control valve 46, as shown in Fig. 16 '

The slightly open adjusted condition of the control valve 46 allows the liquid
96 to begin accumulating in the liquid column 132 within the production tubing 30
from the well bottom 36, as previously described and shown in Fig. 16 and at 148
in Fi'g. 9. The liquid 96 continues to accumulate in the well bottom 36, and the
natural gas 98 continues to accumulate in the casing chamber 60, as shown in Fig.
16 and at 150 in Fig. 8. The pressure of the gas in the casing chamber 60 is
evaluated at 152 (Fig. 9) by the controller 115 based on the pressure signal 126.
A negative determination at 152 (Fig. 9) continues until sufficient pressure is
reached to commence anather lift cycle, and that condition is represented by a
positive determination at 152 (Fig. 9). | Once the gas pressure has risen
sufficiently, as shown by a positive determination at 152, the prog_fam flow 130
reverts from 152 back to 134, as shown in Fig. 8. Another liquid lift cycle begins at
134 with the conditions previously described in conjunction with Fig. 10.

While the control valve 48 is closed, the casing chamber 80 is shut in,

which causes the gas pressure within the casing chamber 60 to build from natura

formation pressure. As the gas pressure in the casing chamber 60 increases, the
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check valve 56 opens to charge the accumulator 114 with gas pressure equal to
that in the casing chamber 60. The accumulator recharges with pressure as the
pressure builds within the shut-in casing chamber 60. In this manner, sufficient
gas pressure is accumutated within the accumulator 114 to drive the traction seal
device down the production tubing at the end of the next liquid lift cycle.

Although one of the substantial benefits of the present invention is that the
essentially complete seal created by the traction seal device permits natural gas at
natural formation pressure to be used as the energy source for lifting the liquid
from the well 20, thereby substantially diminishing the costs of pumping the liquid
to the surface, there may be some circumstances where the well 20 has '
Insufficient or nonexistent natura! formation pressure to move the traction seal

device 40 up and down the production tubing 30. In those circumstances. a

relatively small-capacity or iow-volume, low-pressure compressor 160 may be

used, as shown in Fig. 17, to either augment or replace natural formation pressure.
The compressor 160 is connected to create the necessary pressure differentials
between the production chamber 58 and the casing chamber 60 to cause '
movement of the traction seal device 40 in the liquid lift cycle previously described.
To the extent that the compressor 160 is used to augment the effects of natural
formation pressure, the points in the liquid lift cycle where the compressor 160
becomes effective for purposes of augmentation are determined by the controller
115 in response to the pressure and volumetric flow signals 126, 128, 113 and 119
(Fig. 1).

The compressor 1.60 is preferably connected to the production chamber 58
and the casing chamber 60 as shown in Fig. 17. The compressor includes a low-
pressure suction manifold 162 and a high-pressure discharge manifold 164.
Operating the compressor 160 creates low-pressure gas in the suction manifold
162 and high-pressure gas in the discharge manifold 164. Control valves 166 and
168 are connected between the suction manifold 162 and the production chamber

58 and the casing chamber 60 respectively. Control valves 170 and 172 are

connected between the discharge manifold 164 and the casing chamber 60 and
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the production chamber 58, respectively. Arranged in this manner, the controller
115 delivers control signals (not shown) to open and close the Valves 166, 168,
170 and 172 on a selective basis to apply the low-pressure gas from the suction
manifold 162 and the high-pressure gas from the discharge manifold 164 to either
of the chambers 58 or 60. For example, applying high-pressure gas to the casing
chamber 60 while the control valve 46 is open causes the traction seal device 40
to move up 'the production tubing 30 and transfer the column of liquid through the
open control valve 46 to the separator 110 and the sales conduit 112 (Fig. 1). As
another example, applying high-pressure gas to the production chamber 58 while
the control valve 48 is opeh. causes the traction seal device 40 to move down the
production tubing 30 (Fig. 1). ‘When used In this manner, it is desirable that the
compressor 160 pump natural gas and not atmospheric air, thereby permitting ohly
natural gas to exist within the well 20.

The present invention may also be used in wells in which three chambers
are establisned. The three chambers include the production chamber 58, the
casing chamber 60, and an intermediate chamber (not shown) which surrounds the
production tubing 30 but which is separate from the casing chamber 60, as may be
understood from Fig. 1. In general, creating the third chamber will require the
insertion of another tubing (not shown) between the production tubing 30 and the
casing 28 (Fig. 1). The intermediate chamber offers the opportunity of creating
differential pressure relationships on the traction seal device 40 and in the
production chamber 58, in isolatioh from the natural formation pressure existing
within the casing chamber 60. An example of a lifting apparatus in which three

chambers are employed to create different relative pressure relationships for

pumping a well is described in U.S. patent 5,911.278.

There are many advantages to the use of the traction seal device 40. The

resilient flexibility and compressibility of the traction seal device 40 establishes an

effective seal across the production tubing. This seal effectively confines the
column of liquid (132, Fig. 10) above the traction seal device as it travels up the

production tubing 30. As a consequence, very little of the liquid above the traction
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seal device is lost during the upward movement, in contrast to mechanical
plungers and other devices which have greater liquid loss due to the necessity for
mechanical clearances between the moving parts. Although the movement of the
traction seal device 40 up the production tubing 30 may be slower than the typical
vertical speed of a mechanical plunger, the liquid lift efficiency will typically be
more effective because less liquid will be lost during the upward movement.

The seal against the sidewall 62 of the production tubing 30 essentially
completely confines the gas pressure below the traction seal device 40, allowing
the gas pressure to create a better lifting effect, This is an advantage over
mechanical systems which permit some of the gas pressure to escape because of
the clearance required between moving parts. The ability to confine substantially
ail of the gas pressure beneath the traction seal device atlows lower gas pressure .
to lift the column of liquid and contributes significantly to permitting natural
formation pressure to serve as adequate energy for lifting the column of liquid. _
Consequently, the present invention will usually remain economically effective in
wells having diminished natural formation pressure when other types of
mechanical lifts or pumps are no longer able to operate or to operate
economically. Although the compressor 160 may be required in certain wells, the
amount of auxiliary equipment to operate the present invention is typically reduced
compared to the auxiliary equipment required for mechanical plunger lifts.

Since the traction seal device 40 makes rolling, substantially-frictionless
contact with the interior sidewall 62 of the production tubing 30, there is no

significant relative movement between these parts which would wear the interior

sidewall 62 of the production tubing 30. Other than elastomeric flexing, the

exterior skin 70 of the traction seal device 40 does not experience relative
movement or wear as a result of contact with the interior sidewall 62 of the
production tubing.

Thg resiliency of the traction seal device 40 allows it to conform to and pass
over and through irreguiar shapes, pits and corrosion in the production tubing.

Older jointed production tubing used in oil and gas wells is not always perfectly
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round In cross section, does not always have the same inside diameter, and often
has grooves worn in it by the action of rods, as well as a variety of other
irregularities. In the case of coiled tubing, bends or other slight irregularities are
created when the tubing is uncoiled and inserted into thé well. Because of the
deformable elastomeric characteristics of the traction seal device, it is able to
maintain the effective seal by matcnihg or conforming with the inside shape of the
production tubing when encountering such irregularities. Similarly, deposits of
paraffin or other natural materials within the production tubing, or even small pits
In the sidewall or transitions between sections of production tubing can be
accommodated, because the outside surface 70 (Figs. 3-7) bridges over and seals
those irregularities as the traction seal device moves along the production tubing
30. The traction seal device 40 is able to transition between different sections of
production tubing having slightly different inside diameter sizes with no loss of

sealing effectiveness. lts flexible resilient characteristics permit the traction seal

device to expand and contract in a radial direction in the production tubing and -still
maintain an effective seal.

Some types of the production tubing have an inside flashing or raised ridge
where sheet metal was rolled and welded together to form the tubing. The traction
seal device 40 is able to move over the flashing and still maintain an effective seal
for lifting the liquid from the well. The traction seal device 40 is also able to wOork
in significantly deviated and non-vertical wells where mechahical pumps, such as

rod pumps, would be unable to do 50 because of the extent of deviation or
curvature of the well.

In general, the limited friction and more effective sealing capability has the
capability for significant economy of operation, compared to conventional plunger

It pumps and other types of previous conventional fluid lift lemps. As a result,

- effective amounts of fluid can be lifted from the well for the same amount of energy

expended compared to other types of pumps, or alternatively, for the same

‘expenditure of energy, there is an ability to lift the same amount of liquid from a
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well of greater depth. These and many other advantages and improvements will

become more apparent upon gaining a full appreciation for the present invention.
Presently preferred embodiments of the‘present iInvention and many of its

improvements have been described with a degree of particularity. This description

is of preferred examples of the invention, and is not necessarily intended to limit

the scope of the invention. The scope of the invention is defined by the following
claims.
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CLAIMS

1. A skirt apparatus for use with a fluid displacement device which is
moveable and sealed within a production chamber definec’i‘by a production tubing
which extends between a surface of the earth and a bottom of a well in a
sUbterranean zone which contains liquid and gas, the skirt apparatus responding to
different magnitudes of differential pressure between the exterior of the skirt
apparatus at the well bottom and within the production chamber to accumulate liquid
above the fluid displacement device and to initiate upward movement of the fluid
displacement device within the production chamber, the skirt apparatus comprising:

a structure adapted to be attached to the production tubing at the well
bottom to continue the production chamber sufficiently to receive the fluid
displacement device when moved to a lowermost position withih the production
chamber; ‘

a first fluid passageway extending from the exterior of the structure into
the production chamber above the fluid displacement device when the fluid
displacement device is in the lowermost position to communicate liquid and gas from
the well bottom into the production chamber above the fluid displacement device, the
first fluid passageway presenting a first predetermined cross-sectional size for
communicating the liquid and gas; and ' '

a second fluid passageway extending from the exterior.of the structure
t(; below the fluid displacement device when the fluid displacement device is in the
IbWermost position to communicate liquid and gas from the well bottom to a location
below the fluid displacement device, the second fluid passageWay presentinvg a
second predetermined cross-sectional size for communicating the liquid and gas; and

wherein:
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the second predetermined cross-sectional size is greater than the first

predetermined cross-sectional size;

the greater second predetermined cross-sectional size relative to the

first predetermined cross-sectional size enabling a relatively greater pressure

differential between the exterior of the structure and within the production chamber to

initiate upward movement of the fluid displacement device from relatively greater

pressure communicated through the second fluid passageway to below the fluid

displacement device compared to the pressure communicated through the first fluid

passageway to above the fluid displacement device; and

the lesser first predetermined cross-sectional size relative to the second

predetermined cross-sectional size enabling a relatively lesser pressure differential

between the exterior of the structure and within the production chamber to transfer

liquid and gas into the production chamber above the fluid displacement device

without creating sufficient force below the fluid displacement device to initiate upward

movement of the fluid displacement device from the lowermost position.

2.

A skirt apparatus as defined in claim 1, wherein:

the first and second fluid passageways each include an inlet through

which liquid and gas is communicated from the well bottom into the fluid

passageways; and

the inlet to the first fluid passageway is located at a position below the

inlet to the second fluid passageway at the well bottom.

3.

A skirt apparatus as defined in claim 1, wherein:
the structure includes a bottom opening; and

the second fluid passageway includes the bottom opening.
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4. A skirt apparatus for use with a fluid displacement device which is
moveable and sealed within a production chamber defined by a production tubing
which extends between a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, the skirt apparatus responding to
different magnitudes of differential pressure between the exterior of the skirt
apparatus at the well bottom and within the production chamber to accumulate liquid
above the fluid displacement device and to initiate upward movement of the fluid
displacement device within the production chamber, the skirt apparatus comprising:

a structure adapted to be attached to the production tubing at the well
bottom to continue the production chamber sufficiently to receive the fluid
displacement device when moved to a lowermost position within the production
chamber;

a first fluid passageway extending from the exterior of the structure into
the production chamber above the fluid displacement device when the fluid
displacement device is in the lowermost position to communicate liquid and gas from
the well bottom into the production chamber above the fluid displacement device, the
first fluid passageway presenting a first predetermined cross-sectional size for
communicating the liquid and gas; and

a second fluid passageway extending from the exterior of the structure
to below the fluid displacement device when the fluid displacement device is in the
lowermost position to communicate liquid and gas from the well bottom to a location
below the fluid displacement device, the second fluid passageway presenting a

second predetermined cross-sectional size for communicating the liquid and gas; and

wherein:
the second predetermined cross-sectional size is greater than the first

predetermined cross-sectional size;
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the greater second predetermined cross-sectional size relative to the
first predetermined cross-sectional size enabling a relatively greater pressure
differential between the exterior of the structure and within the production chamber to
initiate upward movement of the fluid displacement device from relatively greater
pressure communicated through the secona fluid passageway to below the fluid
dfsplacement device compared to the pressure communicated through the first fluid
passageway to above the fluid displacement device; and

the lesser first predetermined cross-sectional size relative to the second
predetermined cross-sectional size enabling a relatively lesser pressure differential
between the exterior of the structure and within the production chamber to transfer
liuid and gas into the production chamber above the fluid displacement device
without creating sufficient force below the fluid displacement device to initiate upward
movement of the fluid displacement device from the lowermost position, wherein:

the structure includes a bottom opening;

the second fluid passageway includes the bottom opening; and

the structure includes a shoulder surrounding the bottom opening upon
which the fluid displacement device rests when in the lowermost position.

d. A skirt apparatus as defined in claim 1, wherein:

the structure comprises an extension of the production tubing.

6. A skirt apparatus for use with a fluid displacement device which is
moveable and sealed within a production chamber defined by a production tubing

which extends between a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, the skirt apparatus responding to
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different magnitudes of differential pressure between the exterior of the skirt
apparatus at the well bottom and within the production chamber to accumulate liquid
above the fluid displacement device and to initiate upward movement of the fluid
displacement device within the production chamber, the skirt apparatus comprising:

a structure adapted to be attached to the production tubing at the well
bottom to continue the production chamber sufficiently to receive the fluid
displacement device when moved to a lowermost position within the production
chamber;

a first fluid passageway extending from the exterior of the structure into
the production chamber above the fluid displacement device when the fluid
displacement device is in the lowermost position to communicate liquid and gas from
the well bottom into the production chamber above the fluid displacement device, the
first fluld passageway presenting a first predetermined cross-sectional size for
communicating the liquid and gas; and

) a second fluid passageway extending from the exterior of the structure
to below the fluid displacement device when the fluid displacement device is in the
lowermost position to communicate liquid and gas from the well bottom to a location
below the fluid displacement device, the second fluid passageway presenting a

second predetermined cross-sectional size for communicating the liquid and gas; and
wherein:

the second predetermined cross-sectional size is greater than the first

predetermined cross-sectional size;

the greater second predetermined cross-sectional size relative to the

first predetermined cross-sectional size enabling a relatively greater pressure

differential between the exterior of the structure and within the production chamber to

initiate upward movement of the fluid displacement device from relatively greater
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pressure communicated through the second fluid passageway to below the fluid
displacement device Compared to the pressure communicated through the first fluid
passageway to above the fluid displacement device; and

the lesser first predetermined cross-sectional size relative to the second
predetermined cross-sectional size enabling a relatively lesser pressure differential
between the exterior of the structure and within the production chamber to transfer
liquid and gas into the production chamber above the fluid displacement device
without creating sufficient force below the fluid displacement device to initiate upward
movement of the fluid displacement device from the lowermost position, wherein:

the structure comprises an extension of the production tubing; and

the extension of the production tubing includes a bottom opening;

the second fluid passageway includes the bottom opening of the

extension;

the structure defines a hollow concentric chamber surrounding the
extension;

the hollow concentric chamber is closed at a top end;

the first fluid passageway comprises at least one perforation through
the extension into the hollow concentric chamber at a position below the closed top

end of the hollow concentric chamber and above the bottom opening of the
extension;

the cumulative cross-sectional size of gll perforations defines the first
cross-sectional size of the first fluid passageway; and

the cross-sectional size of the bottom opening of the extension
contributes to the cross-sectional size of the second fluid passageway.

8 /. A skirt apparatus as defined in claim 6, wherein:
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the hollow concentric chamber extends downward to the level of the

bottom opening.

8. A skirt apparatus as defined in claim 7, wherein:
the second fluid passageway further comprises transverse
passageways extending from the exterior of the structure through the hollow
concentric chamber and the extension of the production tubing, the transverse
passageways located above the bottom opening and below each perforation and
below the fluid displacement device when the fluid displacement device is in the

lowermost position; and
each transverse passageway is isolated from communication with the

hollow concentric chamber.

9. A skirt apparatus as defined in claim 5, wherein:

the fluid displacement device maintains the seal against the extension

-

when the fluid displacement device is at the lowermost position.

10. A skirt apparatus as defined in claim 1, wherein:
the first and second fluid passageways each include an inlet and an
outlet;

'—

the inlet to the first fluid passageway is located at a position below the

inlet to the second fluid passageway at the well bottom;

the outlet of the second fluid passageway is located below the fluid
displacement device; and .

the outlet of the first fluid passageway Is located above the fluid

displacement device at a predetermined distance where the initial upward movement
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of the fluid displacement device from the lowermost position closes the outlet to the

first fluid passageway.

11. A skirt apparatus in combination with a fluid displacement device which
is moveable and sealed within a production chamber defined by a production tubing
which extends between a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, the skirt apparatus responding to
different magnitudes of differential pressure between the exterior of the skirt
apparatus at the well bottom and within the production chamber to accumulate liquid
above the fluid displacement device and to initiate upward movement of the fluid
displacement device within the production chamber, the skirt apparatus comprising:

a structure adapted to be attached to the production tubing at the well
bottom to continue the production chamber sufficiently to receive the fluid

displacement device when moved to a lowermost position within the production

chamber:

a first fluid passageway extending from the exterior of the structure into
the production chamber above the fluid displacement device when the fluid

displacement device is in the lowermost position to communicate liquid and gas from
the well bottom into the production chamber above the fluid displacement device, the
first fluid passageway presenting a first predetermined cross-sectional size for

communicating the liquid and gas; and

a second fluid passageway extending from the exterior of the structure
to below the fluid displacement device when the fluid displacement device is in the
lowermost position to communicate liquid and gas from the well bottom to a location

below the fluid displacement device, the second fluid passageway presenting a

second predetermined cross-sectional size for communicating the liquid and gas; and
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wherein:

the second predetermined cross-sectional size is greater than the first
predetermined cross-sectional size;

the greater second predetermined cross-sectional size relative to the
first predetermined cross-sectional size enabling a relatively greater pressure
differential between the exterior of the structure and within the production chamber to
initiate upward movement of the fluid displacement device from relatively greater
pressure communicated through the second fluid passageway to below the fluid
displacement device compared to the pressure communicated through the first fluid
péssageway to above the fluid displacement device; and

the lesser first predetermined cross-sectional size relative to the second
predetermined cross-sectional size enabling a relatively lesser pressure differential
between the exterior of the structure and within the production chamber to transfer
liquid and gas into the production chamber above the fluid displacement device
without creating sufficient force below the fluid displacement device to initiate upward
movement of the fluid displacement device from the iowermost position; and wherein

the fluid displacement device comprises a toroid shaped structure
having an exterior elastomeric skin defining a cavity within which a viscous material is
confined, an outside surface of the toroid shaped structure is compressed against the
production tubing and the structure, an inside surface of the toroid shaped structure
is compressed against itself, and the toroid shaped structure moves within the
production chamber by rolling the outside surface in contact with the production
tubing and by rolling the inside surface in contact with itself, and the seal of the fluid
displacement device is maintained by contacting the outside surface of the toroid
shaped structure while the inside surface contacts itself.
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12. A skirt apparatus as defined in claim 1, wherein the well includes a
casing which extends from the earth surface to the well bottom, the production tubing
e;tends within the casing, a casing chamber is defined between the production
tubing and the casing, the structure is located within the casing at the well bottom,
and the pressure differentials to initiate upward movement of the fluid displacement
device and to transfer liquid and gas into the prod'uction chamber above the fluid
displacement device are established by relative pressures within the casing chamber

and the production chamber.

13. A method of accumulating liquid above a fluid displacement device
which is moveable and sealed within a production chamber defined by a production
tubing which extends between a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, and of initiating upward movement
of the fluid displacement device within the production chamber from a lowermost
position at which liquid is accumulated above the fluid displacement device, the
method comprising:

moving the fluid displacement d,e'vice to the lowermost position within
the production chamber;

creating first and second pressure differentials between the exterior of
the production tubing and the production chamber at the well bottom from relative
fluid pressure between the exterior of the production tubing and the production
chamber, the second pressure differential being greater than the first pressure
differential;

transferring liquid and gas through a first fluid passageway which
communicates from the well bottom into the production chamber above the fluid

displacement device when the fluid displacement device is at the lowermost position
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by applying the first pressure differential;

initiating upward movement of the fluid displacement device in the
production chamber from the lowermost position by applying the second pressure
differential through a second fluid passageway which communicates from the well
bottom with the bottom of the fluid displacement device;

applying the first and second pressure differentials simultaneously
through both the first and second fluid passageways;

establishing the first pressure difterential applied through the second
fluid passageway to be insufficient to initiate upward movement of the fluid
displacement device from the lowermost position; and

restricting the amount of the second pressure differential applied
through the first fluid passageway to be insufficient to prevent initiation of upward
movement of the fluid displacement device from the lowermost position in response
to the second pressure differential applied through the second fluid passageway.

14. A method as defined in claim 13, further comprising:
restricting the amo(mt of the second pressure differential applied
through the first fluid passageway above the fluid displacement device by a cros;-
sectional size of the first fluid passageway which is smaller than a larger cross-

sectional size of the second fluid passageway.

15. A method as defined in claim 13, further comprising:
establishing an inlet for each of the first and second fluid passageways;
and
locating the inlet of the first fluid passageway at a position within the
well bottom no higher than the inlet of the second fluid passageway.
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16. A method as defined in claim 13, further comprising:
establishing an inlet for each of the first and second fluid passageways;
and
locating the inlet of the first tluid passageway at a lower position within

the well bottom than the inlet of the second fluid passageway.

17. A method as defined in claim 16, further comprising:
transferring liquid from the well bottom through the first fluid
passageway into the production chamber above the fluid displacement device until
the liquid within the well bottom is below the inlet to the second fluid passageway;
and thereafter

applying the second pressure differential.

18. A method as defined in claim 13, further comprising:
maintaining the seal of the fluid displacement device against the

production tubing while the fluid displacement device is in the lowermost position.

19. A method as defined in claim 13, turther comprising:
closing the first fluid passageway by the initial upward movement of the
fluid displacement device from the lowermost position during application of the

second pressure differential.

20. A method of accumulating liquid above a fluid displacement device
which is moveable and sealed within a production chamber defined by a production
tubing which extends between a surface of the earth and a bottom of a well in a

subterranean zone which contains liquid and gas, and of initiating upward movement
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of the fluid displacement device within the production chamber from a lowermost
position at which liquid is accumulated above the fluid displacement device, the
method comprising:

moving the fluid displacement device to the lowermost position within
the production chamber;

creating first and second pressure differentials between the exterior of
the production tubing and the production chamber, the second pressure differential
being greater than the first pressure differential;

transferring liquid and gas through a first fluid passageway from the well
bottom into the production chamber above the fluid displacement device when at the
lowermost position by applying the first pressure differential;

initiating upward movement of the fluid displacement device from the
lowermost position by applying the second pressure differential through a second
ﬂaid passageway which communicates with the bottom of the fluid displacement
device; and |

obtaining the pressure for the first and second pressure differentials

from gas supplied by the well at natural formation pressure.

21. A method as defined in claim 20, further comprising:
accumulating gas supplied from the well at the earth surface at a
pressure established by natural formation pressure; and
moving the fluid displacement device downward within the production
chamber by applying the accumulated gas to the production tubing above the fluid
displacement device at the pressure of the accumulated gas established by natural

formation pressure.
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22. A method of accumulating liquid above a fluid displacement device
which is moveable and sealed within a production chamber defined by a production
tubing which extends betweeh a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, and of initiating upward movement
of the fluid displacement device within the production chamber from a lowermost
position at which liquid is accumulated above the fluid displacement device, the
method comprising:

moving the fluid displacement device 1o the lowermost position within
the production chamber,

creating first and second pressure differentials between the exterior of
the production tubing and the production chamber, the second pressure differential
being greater than the first pressure differential;

} transferring liquid and gas through a first fluid passageway from the well
bottom into the production chamber above the fluid displacement device when at the
lowermost position by applying the first pressure differential;

initiating upward movement of the fluid displacement device from the
lowermost position by applying the second pressuré differential through a second
fluid passageway which communicates with the bottom of the fluid displacement
d;vice; and

maintaihing the sealed relationship of the fluid displacement device
within the production chamber during the initial upward movement by rolling the fiuid

displacement device upward within the production chamber.

23. A method as defined in claim 22, further comprising:
substantially eliminating relative movement between the fluid

displacement device and the production tubing during movement within the
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production chamber.

24. A method as defined in claim 22, further comprising:
compressing a portion of the fluid displacement device against the

production tubing during the initial upward movement.

25. A method of accumulating liquid above a fluid displacement device
which is moveable and sealed within a production chamber defined by a production
tubing which extends between a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, and of initiating upward movement
of the fluid displacement device within the production chamber from a lowermost
position at which liquid is accumulated above the fluid displacement device, the
method comprising:

moving the fluid displacement device to the lowermost position within
the production chamber;

creating first and second pressure differentials between the exterior of
the production tubing and the production chamber, the second pressure differential
being greater than the first pressure differential;

transferring liquid and gas through a first fluid passageway from the well
bottom into the production chamber above the fluid displacement device when at the
lowermost position by applying the first preésure differential;

initiating upward movement of the fluid displacement device from the
lowermost position by applying the second pressure differential through a second
fluid passageway which communicates with the bottom of the fluid displacement
device;

using as the fluid displacement device a toroid shaped structure having
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an exterior elastomeric skin defining a cavity within which a viscous material is

confined:

contacting an outside surface of the toroid shaped structure with an

Inner sidewall of the production chamber;

contacting an inside surface of the toroid shaped structure with itself:

rolling the toroid shaped structure within the production chamber with
the outside surface contacting the inner sidewall and the inside surface contacting
itself; and

maintaining the sealed rel.ationship of the fluid displacement device
within the production chamber by compressing the outside surface of the toroid
shaped structure against the inner sidewall and by compressing the inside surface of

the toroid shaped structure against itself while rolling the toroid shaped structure

within the production chamber.

26. A method of accumulating liquid above a fluid displacement device
which is moveable and sealed within a production chamber defined by a production
tubing which extends between a surface of the earth and a bottom of a well in a
subterranean zone which contains liquid and gas, and of initiating upward movement
of the fluid displacement device within the production chamber from a lowermost

position at which liquid Is accumulated above the fluid displacement device, the well

Including a casing which extends from the earth surface to the well bottom, the
production tubing extending within the casing, and a casing chamber is defined

between the production tubing and the casing, the method comprising:

moving the fluid displacement device to the lowermost position within

the production chamber;

creating first and second pressure differentials between the exterior of
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the production tubing and the production chamber, the second pressure differential

being greater than the first pressure differential;

transterring liquid and gas through a first fluid passageway from the well

bottom into the production chamber above the fluid displacement device when at the
lowermost position by applying the first pressure differential;
initiating upward movement of the fluid displacement device from the

lowermost position by applying the second pressure differential through a second

fluid passageway which communicates with the bottom of the fluid displacement

device;
communicating pressure between the production chamber and the
casing chamber at the well bottom;

creating the first and second pressure differentials between the

production and casing chambers; and

creating the first and second pressure differentials between the

production and casing chambers by natural formation pressure of gas supplied into
the casing chamber.

27. A method as defined in claim 26, further comprising:

accumulating gas supplied from the well at the earth surface ata
pressure established by natural formation pressure; and

moving the fluid displacement device downward within the production

chamber by applying the accumulated gas above the fluid displacement device at the
pressure of the accumulated gas established by natural formation pressure.

e

28. A method as defined in claim 13, further comprising:

obtaining the pressure for the first and second pressure differentials
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from gas supplied by the well at natural formation pressure.

29. A method as defined in claim 13, wherein the well includes a casing
V\;hiCh extends from the earth surface to the well bottom, the production tubing
extends within the casing, and a casing chamber is defined between the production
tubing and the casing, and the method further comprises:
communicating pressure between the production chamber and the
casing chamber at the well bottom; and
) creating the first and second pressure differentials between the

production and casing chambers.

30. A method as defined in claim 29, further comprising:
creating the first and second pressure differentials between the
production and casing chambers by natural formation pressure of gas supplied into

the casing chamber.

31. A method as defined in claim 30, further comprising:
accumulating gas supplied from the well at the earth surface at a
pressure established by natural formation pressure; and
moving the fluid displacement device downward within the production

chamber by applying the accumulated gas above the fluid displacement device at the
pressure of the accumulated gas established by natural formation pressure.
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