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(57) Abrege/Abstract:

A method for lifting fluids within a subterranean well includes lowering an elongated plunger to a lower region of a bore of the
subterranean well. The plunger includes a motor assembly operably connected to a propeller. A seal can be created between the
plunger and an inner surface of the bore of the subterranean well. A thruster, such as motor assembly connected, to a propeller,
generates thrust to lift the plunger to a plunger retainer located proximate to a wellhead of the subterranean well.
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cludes lowering an elongated plunger to a lower region of a bore of the sub -
terranean well. The plunger includes a motor assembly operably connected to
a propeller. A seal can be created between the plunger and an mner surface
of the bore of the subterranecan well. A thruster, such as motor assembly con-
nected, to a propeller, generates thrust to lift the plunger to a plunger retainer
located proximate to a wellhead of the subterranean well.
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PDOWNROGLE FLUID TRANSPORT PLUNGER WITH THRUSNTER

1. ficld of the Envention

{6001} The general ficld of the mvention 1s artificial 1ift, 10 particular, plunger Uft systems to

=f.

move liquids upward in a subterranean well.

2. Jesceription of the Related Art

16002] Subterrancan wells typically produce both Hguids and gasses. Gas wells will
therefore produce hiquids, such as fresh water, salt water, or condensate, with the gas flow, A
problem arises when hiquids accumulate i the well bore of a gas well. The liquids in the
wellbore will hold back and cventually stop the flow of gas to the wellbore and thercfore stop
production of gas to the surface. This 18 known as liguid loading. Liquid loading in the

wellbore 1s often a serious problem especially 1o mature gas wells.

[0003] Chemical soaping, velocity string, and plunger lift are some of the technigues
currentiy used to overcome fiquid loading. Soap sticks can be dropped into the well, They
produce tfoamung and thus reduce the tluid column hydrostatic pressure to keep the well
producing. This 18 known as chemical soaping. As the well rate declines, slim tubing, such
as a 2 1/87 tubing can be used to replace the regular tubing so that gas velocity can be
creased to effectively carry ligquids out of the well. This is alse known as velocity siring.

However when the reservorr pressure declines further, chemical soaping and velocity string

may no longer work. Plunger lifting has proven to be a cost effective wayv to improve such

wells” productivity,

(6604} Plunger lift 15 currently used as a4 method of removing hiquids from the wellbore using
the formation gas as the energy source. Therefore a substantial amount of formation gas

pressure 18 required to create enough force to push the plunger from the bottom of the well to
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the surface. The required pressure s often achieved by shutting in the well, sometimes for
signitficant periods of time, while the gas accurnulates 1 the anmuals. This resulis 1o loss of
production. In addition, the procedure may need to be performed multiple fimes a day, which
means that the well would have to be 1s shut on and off multiple times in a 24 hour period,

turther reducing the hours in a day i which the well can be producing.

B80S I production packers are used to prevent hydrocarbous i the tubing casmg annulus,
for example as a safety measure, the gas would not be able o accumulate m the annmulus
above the packers., Because of the relatively limited space available m the annulus near the
bottom of the bore hole, the volume of accumulated gas may not be sufficient to achieve the
needed pressure.  In addition, for mature wells with declimng production rales, the drop
pressure of the well fluids will reach a point where 1t's not possible to build up pressure o
perform conventional plunger litting, Therefore even if wells are shut in, there are also

situations where current plunger it technology will not work.
SUMMARY OF THE INVENTION

{3086] Applicants have recognized that while plunger it 1s a relatively low capiial and low
maintenance cost artificial lift method, there 18 a need to find a method of lifting hiquids from
a wellbore that can take place without shutting m the well for prolonged penods of ime. It
would also be desirable to find 4 method of lifting hiquids m wells where pressure buildup,

alone, 1s msutiicicnt o push the plunger and hquids o the surface.

{38071 The present mvention discloses a new method and apparatus for plunger lift systems
to merease gas production as well as merease etficiency m removing hquid loadimg while
aliowmg the wells fo contmuously produce through the duration of the method., Thas
mvention will muumize or climinate the noed for shutting in the well for prolonged periods
of time to butld up the pressure necessary to it the plunger. This mvention will allow for as
many rips as needed tor the phunger to eificiently dehiquty gas wells or o remove sohd
buildup, such as scale and asphaltene, and swab other sohid accumulations within the
wellbore, Existing passive system methods strictly depend on building up pressure to hift the
plunger. Embodiments of this mvention insicad use a propulsion sysiem, such as a molor
driving a propelier, which adds encrgy to the well fluids and creates the addifional pressure
difterence required to Lift the plunger and fluids. This mvention can prolong the lite of the

well beyvond what 1s achievable with current plunger it systems.

6008] In cmbodiments of the present mvention, a method for bifting fhads within a

subterrancan well can imclude the steps of lowering an clongated plunger {o a fower region of
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a bore of the subterrancan well, the plunger having a motor assembly operably connected to a

e

propeller. A seal 15 created belween the plunger and an mner surface of the bore of the
subterrancan well, The propelier then can be rotated by activaling the motor assembly {o Lift
the plunger to a lubricaior assembly ocated above a wellhead of the subterrancan well, Fluid
trapped in the bore above the plunger can be lifted to a flowline above the wellhead. These
steps can ocour simultancously with the continued dehivery of production fluids to the

welthead

[3009] In some cmbodiments, the motor assembly can be operably connected (o a
rechargeable battery., The iubricator assembly can inciude a battery charging station for
recharging the rechargeable battery. Recharging the rechargeable battery can be performed
by a wet mate connection, an inductive coupling or an alternative wircless means, as will be

understood by those will skill i the art,

{810} In alternative embodiments, the plunger can mclude a data collection means for
coliecting data within the subterrancan well, Teomperature, pressure and hquid level data may
be coliected. The plunger can alternatively include a phunger controlier operably connected
to the motor, wherein the step of activating the motor assembly includes signaling the phunger
controlier to achivate the motor assembly.  The data collection means can measure the igud
ievel above the plunger and signal the plunger controller to activate the motor when the data

collection means measures a liquid level greater than a pre-set amount.

{3811 In alternative embodiments of the present mvention, an apparatus for lifting tluids
within a subterrancan well mcludes an elongated plunger with at least one cucumicrential
scalmg means operabic to create a seal between the clongated plunger and an mner surface of

a bore of the subterrancan well, The plunger can have a motor assembly and a propelier.

86121 In certain embodiments, the molor assembly can be operably connected to a
rechargeable battery operable to provide power to the motor. The apparatus can further
include a lubricator assembly, the lubrnicator assembly mcluding a baticry charging station for
recharging the rechargeable battery, In other ombodiments, the plunger can have g datfa
collection means, the data collection means operable to collect data selected from the group
consisting of fomperature, pressure and hiquid level, In still other embodiments, the plunger
can have a valve member, the valve member when m an open position bemg operable to
atiow tluid withim the bore of the subterrancan well to flow from a one end of the plunger to
an opposite end of the phinger. The plunger may have a plunger controller operable to

activaie the motor,
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[0012A] A further embodiment of the invention includes a method for lifting fluids
within a subterranean wellbore, the method comprising the steps of (1) positioning an
clongated self-propelled plunger in the wellbore, the plunger having a thruster and a power
supply, the power supply being operatively connected to the thruster, (2) causing the
plunger to descend to a lower region of the wellbore, (3) actuating the thruster, the thruster
accelerating a wellbore fluid in a downward direction to urge the plunger upward toward
the surface of the earth, (4) displacing wellbore fluid toward the surface of the earth as the
plunger moves upward in the wellbore, and (5) catching and supporting the plunger 1n a

plunger receiver.



CA 02873489 2014-11-12

WO 2013/184743 PCT/US2013/044213

13613} Embodiments of a method for hifting fluids within a subterrancan welibore can
imchude the steps of postioning an clongated scli-propelied plunger 1o the wellbore, the
plunger having a thruster and a power supply, the power supply being operatively connected
to the thruster; causing the plunger to descend to a lower region of the wellbore; actuating the
thruster, the thruster accelerating a wellbore fluid in a downward direction to urge the plunger
upward toward the surface of the carth; displacing wellbore fluid foward the surtace of the
carth as the plunger moves upward in the wellbore; and catching and supporting the plunger

in a plunger receiver.

6614} In cmbodiments, the plunger can descend untid it lands on a bumper. In embodiments,
the thruster can be actuated m response (o the plunger landing on the bumper. The power
upply can include a rechargeable battery and the plunger recerver further can melude a
battery charging station, the battery being recharged when the plunger s positioned in the
plunger receiver. In embodiments, the plunger can mclude a data collection means, and the
method can melude the step of collecting data withun the subferrancan well, In embodimenis,
the plunger can mnclude a data collection means operable to measure the liquid level above
the plunger, and the controller can actuaie the thruster when the data collection means
measures a Uguwd level greater than a pre-set amount,  In embodiments, the wellbore can
include a tubular member having an inner diameter surface, and the method can include the
step of creating a scal between the plunger and the inner diameter surface. The step of
creating a seal between the plunger and the yoner diameter surface can trap fluids mn the
wellbore above the plunger and the step of lifting the plunger o the plunger retainer mcludes
lifting the trapped thuds to a flowline above a wellhead connected to the wellbore. In
cmbodiments, the plunger can mclude a valve operable to selectively tiow fluid between a
lower and an upper end of the phinger, wherem the valve 1s open to permuat fluid flow while
the plunger descends and the valve 18 m g closed position to block thud flow while the

plunger ascends.

{38315] Embodiments of a self-propelied plunger for hifting fhids within a subterrancan well
cant mclude a plunger body having an upper end and a lower end; a power supply capable of
sforing energy, at least a portion of the power supply being positioned within the plunger
body; and a thruster, the thruster being operatively connected to the power supply and
operable to accelerate a fluid m the direction of the fower end o urge the plunger m the

direction of the upper end.
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10616 In embodiments, the plunger includes at least one circumicrential sealing means
operable to create a seal between the plunger body and an mner surface of a tubular member.
The thruster can mclude a motor assembly operably connected to a propelier and/or a fhuid jot

propulsion motor,

{38171 In embodiments, the power supply mcludes a rechargeabie battery. Embodiments can
mclude a  data collection means, the data collection means operable to collect data selected
from the group consisting of femperature, pressure, and hquid level. Embodiments of the
plunger can include a valve member, the valve moember operable to selectively flow thud

between the upper end and the lower end of the phunger body.

[0018] Embodiments of a system for conditiomng a wellbore can nchude a wellbore having
an axially extendimg tubular member positioned therem: a seif-propelied plunger operable o
be positioned within the tubular member, the plunger having a plunger body having an upper
end and a lower end, a power supply, at least a portion of the thruster being positioned within
the phimger body, and a thruster, the thruster bemg operatively connected to the power supply
and opcrable to accelerate a thud in the direction of the lower end; a plunger receiver
positioned at an upper end of the tubmg: and a bumper positioned within the tubing and
spaced axially apart, along the wellbore, trom the plunger retainer, the bumper being operable

to prevent the plunger from descending axaally past the bumper.

{3319 In embodiments, the power supply mciudes a rechargeable battery and the plunger
receiver iciudes a battery chargig station, the battery charging station recharging the

battery when the phimger 1s retained by the plunger retamer.
BRIEF DESCRIPTION OF THE DRAWINGS

[3820] So that the manner 1 which the above-recited features, aspects and advantages of the
imvention, as well as others that will become apparent, are attamed and can be understood n
detall, a more parficular description of the mvention brictly sumymnarized above may be had
by reference to the cmbodimentis thercot that are 1llustrated m the drawings that form a part of
this specification. It 1s {0 be noted, however, that the appended drawings ilustrate only
preferred embodiments of the mvention and are, therctore, not {0 be considered himiting of

the mvention's scope, for the mvention may admit to other equally effective embodimnents.

[3821] FIG. 1 1s a partial sechional view of the apparatus according to an embodiment of the

present mvention.
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108221 FIG. 2 15 a perspective view ot the plunger of the apparatus of FIG 1 according {0 an

crnbodiment of the present invention,

163023] FIG. 3 15 a sechional view of the plunger of the apparatus of FIG 1 according to an

embodiment of the present mvention.

{3024] FIG. 4 15 a sectional view of a plunger having a thuid jet thruster according to an

cmbodiment of the present mvention.

DETAILED DESCRIPTION OF THBE EXEMPLARY EMBOBIMENTS

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

(3825] The present mvention will now be described more fully hereimatier with referonce (o
the accompanying drawings, which tllustrate various embodiments of the mvention, This
mvention, however, may be embodied in many different forms and should not be construed
a5 himited to the illusirated embodiments set forth herein: rather, these embodiments are
provided so that this disclosure will be thorough and coraplete, and will fully convey the
scope of the mvention to those skilled m the art.  Like numbers refer to like cloments

throughout.

[{3026] As seenn Fig. 1, according to an embodiment of the present imvention, subterrancan
well 10 can mmclude production fubing 12 located concentrically within well casing 14, Each
of tubing 12 and well casing 14 are considered tubular members, Production packers 16 are
sealingly engaged between well casing 14 and production tubmg 12 to prevent fluids, such as
hydrocarbons, from enfering annulus 18 located between an mner surface of well casing 14
and an outer surface of production tubmmg., Casing valve 20 locaiecd m proximity io the
wellhead 22 provides a means of access between annulus 18 and the exterior of the well 10.
In alternative embodiments, there may be no produchion packers between the well casmng 14
and production tubmg 12 and well thuds could flow within annulus 18, In other alternafive
cmbodinents, production tubing may not be used and production fhuids may mstead travel

through well casing 14, In such embodiments, production packers 16 would not be used.

[6827] Tubing stop 24 15 supported m lower region 26 of production tubing 12, Fluds may
cnter production tubing 12 through a standing valve or check valve m tubmg stop 24.
Alternatively, fluids can enter production tubing 12 by way of opemings 27 through
production tubmg 12 which are located above tubing stop 24 and below production packers
16. A bumper can be located 1 tubmg 12 and can be used to slow or stop the descent of an
object through tubing 12, The bumper can include, for example, tubing stop 24 and a lower

bumper spring 28 located above tubing stop 24, Tubing stop 24 and lower bumper spring 2¥
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may be a single component or two separate components.  In alternative embodiments, a

seating nipple with a bumper means can be used as a bumper.

{3028] Above wellhead 22, master valve 30, when inan open position, allows thads from the
well 1o pass upwards through production tubing 12 to reach production flowline 32, which is
part of lubricator 34. When in the open position, masier valve 34 also allows {ools, wireline,
and other components {0 pass from lubricator 34 (o tubing 12, When closed, master valve 3

prevents Hlow mnto and out of production tubmg {2,

{3629} Lubricator 34 1s 1 fhnd communicaion with an upper end of production tubing 12,
A person of ordinary skill will understand that a lubricator 18 an upper valve on a Christmas
tree that provides access {0 the wellbore, Lubricator 34 also mncludes a plunger receiver 36,
and a lubricator control unit 38, As will be described m more detail, receiver 36 18 a retame

that can caich and refain a plunger as the plunger moves up mio lubricator 34, In
embodiments, receiver 36 can selectively release the plunger. Conirol unit 38 may confrol a
flowline valve 40 in production flowline 32, Lubricator 34 may also mclude an upper

bumper spring 42,

{3838] Looking now at Fig 1-3, a seif-propelied plunger 44 mceludes an elongated cylindrical
plunger body 46, At a bottom end of the phinger body 46 18 a botiom contact portion 48,
Bottom portion 48 may be a cvlindrical member with a reduced diameter, as shown m Fig 2,
or may be any other suifable configuration to mate with lower bumper spring 28, Secaling
means 5O are supported by phunger body 46, Sealing means 50 are circumierential and can
have an outer diameter that is substantially simular (o the mner diameter surface 31 of tubing
12, Sealing means 50 are operable (o scahingly engage an mner diameter surface of a tubular
member, such as fubing 12 or casing 14, Secalmg means 50 may mciude multiple scaling
rings. In alternative embodiments, sealing means 30 may be pads or other sealing
components known i the art. At a top end of plunger body 46 13 a top contact portion S2.
Contact portion 52 may mclude a disk shaped component with a semicircular protrusion 33,

or may be of any alternative contiguration suitable for mating with upper bumper spring 42,

{3831} Plunger 44 also includes a thruster for thrusting, or propeliing, phunger 44 through a
fluid medum, In embodiments, the thruster can include a propelier 54 operably connected to
a motor assembly 36, Other types of thruster can be used to propel plunger 44 through a
tubular member. Plunger 44 can have a power supply 38 for providing power to the thruster.
In ermnbodiments, power supply 58 can include a battery. The motor assembly 356 may be

operably connected to power supply 58, Power supply 38 may be rechargeable. The thruste
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can propel plunger 44 through the welibore without requiring a tether, such as a cabile,
conmnected to the plunger 44 and leadimg to, for example, the surface of the carth. Indeed, no
cable, or tether, 1s regquired fo, for example, pull plunger 44 through the wellbore or to
provide power o plunger 44 so there i1s an absence of a tether connected to plunger 44,
Plunger 44, thus, 1s considered to be untethered. The power supply and thruster arce both a
part of plunger 44, so plunger 44 can propel itsell through a thud mednmn and, thus, plunger

44 15 seif-propelied.

{38321 In the embodiment of Figures 2 and 3, plunger 44 also meludes one or more sensor
units 6. One or more of the sensor uniis 60 may be connected to or be a component of a
plunger controller 61 which 18 operable to activate the thruster, such as motor assembly 56,
sensor unit 60 can defect various parameters mcluding, for example, whether plunger 44 18
landed on the bumper. Various sensor units 60 can also detect wellbore parameters
mcluding, for example, teraperature, pressure, and the level of haquid within the wellbore.
Sensor unit 60 or condroller 61 can also mclude a data collection means to collect data such as
temperature, pressure, and higuid level, The collected data can be used to deternune when (o
actuate the thruster and, in emboediments, can be stored or transmitted to the surface for use n

subscguent wellbore analysis and monttormg,

13033] In embodiments, plunger 44 can sclectively communicate fluid from an arca at ong
end of plunger 44, such as below plunger 44, {0 an area at the other end of plunger 44, such
as an area above plunger 44, In embodiments, plunger 44 can mclude a lower aperture 62
and an upper aperture 64, A thod passage 63 can commucate Hud between lower aperture
02 and upper aperture 64, A valve 65 can selectively pass tluid through fhuid passage 63, In
cmbodiments, valve 65 1s located proximate to lower aperture 62, but valve 65 can be located

anywhere between lower aperture 62 and upper aperture 64,

(38341 Plunger 44 can mclude a valve means. In the embodiment of Fig 2, the valve means
includes lower aperture 62 and an upper aperture 64, When valve 65 1s open, lower aporture
62 15 1 fhind communication with upper aperture 64. When open, valve 65 will aliow fluids
to tlow mio and through lower aperture 62 and continue out of upper aperture 64, When
closed, valve 65 prevenis thuids from passing between lower aperture 62 and upper aperture
04, Valve means can include other techniques to selectively communicate fluid from the arca
in the vicmity of one end of plunger 44 to the area i the vicinity of the other end of phunger
44, or from the arca below plunger 44 o the arca above plunger 44, For example, m

cmbodiments, all or a portion of sealing means can retract or otherwise create a gap betwee
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phunger body 46 and the mner diameter surface of the tubular member 1 which it is located,
thus permitting fluid to flow {rom an arca below phunger 44 to an area above plunger 44,
Other embodiments for allowing fluids to flow from the bottom end of plunger 44 to the top

end of plunger 44 will be known to those of ordinary skall i the art.

{3835] Retferring now to Figure 4, an embodiment of a plunger 70 18 shown. Plunger 70
mcludes a plunger body 72, which can be a cyhndrical body or can be other shapes. Plunger
body 72 has an upper end 74 and a fower end 76, For purposes of this application, upper and
lower is for descriptive purposes only and refers to an orientation of plunger 70 in a vertical
well, with the understanding that plunger 70 can be in other orientations and can be used

deviated wells.

13036] Scals 78 protrude outward from plunger body 72. Seals 78 can be circumicrential
seals and can sealingly engage the mner diameter of a tubular member, such as the mner
diameter of casing or tubmg. In embodiments, seals 78 can have a fixed position so that seals
78 cengage a fubular member having a particular mner diameter.  In embodiments, seals 78
can be retractable (o sclectively sealingly engage a tubular member or to scalingly engage
tubular members of various mner diameters. In an extended position, seals 78 engage the

tubular member and 10 a retracied position, scals 78 do not engage the tubular member,

160371 Plunger 70 can mcelude a thruster 0. Thruster 80 can accelerate a fluid m the
dircction of the lower end o urge the plunger n the direction of the upper end. Thruster 80
can be a fluid jet propuision thruster as shown 1n Figure 4. In such embodiments, plunger 44
can include, for example, a pump-ict, a hydro-jei, or a waler jet. A tlud jet propulsion
thruster can mnclude a motor 82 and an micrnal propelier 84, One of skill m the art will
appreciate that thruster 80 can mclude other types of thud jef propulsion thrusters or can
mclude an external propeller as shown in Figure 3. One or more thid milets 86 admit fhad
inte an imtake of thruster 80, Thruster 80 accelerates the fluid and discharges the fhad
through outlet 88, The fluid 1s discharged with sutficient force to generate thrust, the thrust
bemng great enough to propel plunger 78 upward, m the direction of the upper end 74, Inlets
86 can mclude a valve, such as a valve door 90 that covers mlet 86, {0 selectively allow fluid
to pass through miet 86, Fluid from the vicmity of upper end 74, external to plunger 70, can
be accelerated by thrusier 80 and discharged in the vicinity of lower end 76, external o
phunger 70. In embodiments having a scal 7§, mlet 86 can be located above seal 78 and
outlet 88 can be located below seal 78, In embodiments having an micrnal thruster 20, as

shown m Figure 4, fiuid from lower end 76 can enter through cutlet 88, pass upward through
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thruster 80 (when thruster 80 1s not accelerating fhud), and exit through miect 86, This reverse
flow can allow plunger 70 to descend through a thid filled tubular mmember. When thruster
R 1s activated and accelerates fluid, fhuid passes in the opposite direction — from mict 86
through thruster 80 and out through outlet 88, A valve, such as valve doors 94, can be closed

to prevent tluid from passing through plunger 70 when thruster 80 1s not aclivated.

[{3038] Power supply 92 can provide power o thruster 83, All or al least a portion of power
supply 92 can be located withun plunger body 72, Power supply 92 can mnclude a power
storage device such as, for example, a battery, to store cleciric power and provide electricity
to thruster 83, Controller 94 can causc power supply 92 to provide power {o thruster 80, In
crbodiments, power supply 92 can mclhude a rechargeable batiery, The rechargeable battery
can be recharged by a charger posittoned in the wellbore, For example, plunger receiver 36

(Figure 1}, which can be part of a lubricator assembly, can include the charger.

{3839 Plunger 70 can include various sensors to detect wellbore conditions and mnformation
about plunger 70. Bottom sensor 96 can detect when plunger 70 is landed on a surface such
as, for exampie, a bumper posifioned within wellbore tubing. In embodiments, when bottom
sensor 96 detects that plunger 70 has landed, botton sensor 96 can send a signal to controller
94 mdicating that plunger 70 has landed. Controller 94 can cause power supply 92 {0 provide
power o thruster 80 womediately upon recerving such a landed signal or when specific
conditions arc met. For example, condrolier 94 can cause power supply 92 {0 provide power a

predetermimed amount of time atter plunger 70 has fanded.

[3040] Other sensors 98 can be used to detect wellbore conditions.  Sensors 98 can mnclude
one or move of various types of sensors such as, for example, pressure, temperature, pH, fluid
prosence, fluid type, and higuid level Sensors 98 can also mclude posifion sensors for
determuning the location or depth of plunger 70, In embodiments, sensors 98 can provide
data signals to controller 94 so that controller 94 can deternune the hquid level or depth of
tlurd 1in the wellbore as phmger 70 descends through the wellbore.  In embodiments,
controller 94 can determine the pressure in the wellbore and, using that pressure data,
ostirnate the biguid level tor a given depth. Controller 94 can use the measured and calculated
wellbore parameters to determune when to actuate thruster 80, For example, when the hquid
ievel reaches a preselecied level, controllier 94 can cause power supply 92 to provide power {0

thruster 80.

(6841} In operation, plunger 44 18 lowered mto production tubing 12, This may take place

while the well 10 comntinues to produce hvdrocarbons and both the master valve 30 and
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flowline valve 40 are 1 an open position. Plunger 44 descends to the botiom of tubing 12
where i lands on a bumper. In embodiments, the bumper can mchide lower bumper spring
28, In embodiments, gravity alone causes plunger 44 to deoscend through tubmg 12, In order
to tfaciutate the flow of fluid past the plunger 44 as the plunger 44 moves down through
tubing 12, valve 65 1s in the open position. The bumper, mcluding, for example, bumper
spring 28, cushions the sropact of plunger 44, During s downward descent, sensor umit 60
may coliect data, such as femperature, pressure and hiquid levels, with its data collection

FYICANs,

[6842] Sealing means 50 are sealingly engaged with the inner diameter surface of tubing 12
After the plunger 44 reaches the lower bumper spring 28, valve 65 may immediately close to
prevent additional fhids from moving past the plunger 44 and up through tubimng 12, The
motor assembly 56 may then be activated. Motor assembly 56 drives propelier 54, causing
propelier 34 to rotate and generale suthicient thrust, which together with any residual pressure
i the well, wall lift the plunger and the thuids frapped above the plunger 44, By adding
energy to the plunger system with the propelier 54, wells with hugh back-pressure due to long

distance tlowhnes can be produced when conventional phunger hift can no longer work,

13043 Alternatively, valve 65 may remain open atier the plunger 44 reaches the lower
bumper spring 28, Fhads within the well can then continue to enter the lower region 26 of
the production tubing 12, pass by plunger 44 and continue up production tubing 12. Sensor
unit 60 may collect liquid level data and when a pre-set liguud level is reached, valve 65
would then close (o provent further thuids from travelling past plunger 44, The plunger
confrolicr 61 of sensor unit 60 may signal valve 65 {o close or otherwise cause valve 65 10
ctose. Controller 61 will then activate the motor assembly, causing propeller 54 to rotate and

generate sutficient thrust to hit the plunger and the thads trapped above the phimger 44,

13044 As the phunger 44 mises up the production tubing 12, 1t pushes all of the fiuids
production tubing 12 above plunger 44 up through tubmg 12 and oul through production
tHlowline 32. As the plunger 44 rises up the production tubing 12, it may also remove solid
buldup, such as scale, asphalicne, and swab other sohid accumulations within the mner
surface of tubing 12. When the plunger reaches lubricator 34, it contacts upper bumper
spring 42, Upper bumper spring 42 cushions the impact of phimger 44,

180845] Plunger recetver 36 will engage and support plunger 44 1 the lubricator 34, Phmger
receiver 36 may either be designed to automatically release plunger 44 when certamnm criferia

arc met, such as a given fime mterval has passed or a wellbore pressure setting 15 met.
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Alternatively, control unit 38 may be programmed to cause plunger recerver 36 to release

plunger 44.

[6046] A battery charging station 66 of lubricator 34 may be uscd to recharge the power
upply 38 while the plunger 44 is supported by plunger receiver 36 mn the lubricator 34.
Rechargimg can be done by a wet male connection, an mductive coupling, or by other
wireless means. In alternative embodiments, power supply 58 may not be rechargeable and
an opcrator may replace power supply 58 when needed. A cable 68 can provide a means of
communication between control unit 38 and plunger 44, Cable 68 can for cxample, provide
the power needed to recharge the battery 58 and can transmit data collected by sensor unit 62.

In alternative embodiments sensor unit 62 can transmut the collected data by wireless means.

166471 When the plunger 44 15 supported in the lubricator, valve 65 can be opened to allow
tlutds to flow past phunger 44. When the well 10 is to be deliquified again, the process is
repeated by causing phunger receiver 36 to release phunger 44, allowing piunger 44 10 agam
fall o the bottom of the production tubing 12, This dehquifying process can be ropeated as

often and as many times as needed or desired.

|6048] The present imvention described herein, thercfore, 1s well adapted to carry out the
aspects and atlain the ends and advantages mentioned, as well as others inherent therem,
While a presently preferred embodiment of the mvention has been given for purposes of
disclosure, numcrous changes oxist in the details of procedures for accomplishing the desired

oest themselves to those skilled

-

results. These and other stimilar modifications will readily sug
m the art, and are intended to be encompassed within the spirit of the present mvention

disclosed herein and the scope of the appended claims.
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What 1s claimed 1s:

1. A method for lifting fluids within a subterranean wellbore, the method comprising the

steps of:

(a) positioning an elongated self-propelled plunger in the wellbore, the plunger having a

thruster and a power supply, the power supply being operatively connected to the thruster;
(b) causing the plunger to descend to a lower region of the wellbore;

(¢) actuating the thruster, the thruster accelerating a wellbore fluid in a downward

direction to urge the plunger upward toward the surface of the earth;

(d) displacing wellbore fluid toward the surface of the earth as the plunger moves upward

in the wellbore; and

(e) catching and supporting the plunger in a plunger receiver.

2. The method according to claim 1, wherein step (b) further comprises the step ot landing

the plunger on a bumper.

3. The method as defined in claim 2, wherein the thruster is actuated in response to the

plunger landing on the bumper.

4. The method as defined in claim 1, wherein the power supply comprises a rechargeable
battery and the plunger receiver further comprises a battery charging station, and wherein step

(e) includes the step of recharging the rechargeable battery with the battery charging station.

5. The method as defined in claim 1, the plunger further including a data collection means,

and the method further comprising the step of collecting data within the subterranean well.
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0. The method as defined in claim 1, the plunger further including a data collection means
operable to measure the liquid level above the plunger, wherein the step (¢) includes actuating

the thruster when the data collection means measures a liquid level greater than a pre-set amount.

7. The method as defined in claim 1, wherein the wellbore comprises a tubular member
having an inner diameter surface, and further comprising the step of creating a seal between the

plunger and the inner diameter surface.

8. The method as defined 1n claim 7, wherein the step of creating a seal between the plunger
and the inner diameter surface traps fluids in the wellbore above the plunger and the step of
lifting the plunger to the plunger retainer includes lifting the trapped fluids to a flowline above a

wellhead connected to the wellbore.

9. The method as defined in claim 1, wherein steps (b)-(e) are each performed

simultaneously with the continued delivery of production fluids from the wellbore.

10.  The method as defined in claim 1, wherein the plunger comprises a valve operable to

selectively flow fluid between a lower and an upper end of the plunger, wherein the valve is open

to permit fluid flow in step (b) and the valve is in a closed position to block fluid flow during

step (¢).
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