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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] Embodimentsofthe presentinvention generally
relate to artificially lifting fluid from a wellbore. More par-
ticularly, embodiments of the present invention relate to
artificially lifting fluid from a wellbore using a jet pump lift
system.

Description of the Related Art

[0002] To obtain hydrocarbon fluids from an earth for-
mation, a wellbore is drilled into the earth to intersect an
area of interest within a formation. The wellbore may then
be "completed" by inserting casing within the wellbore
and setting the casing therein using cement. In the alter-
native, the wellbore may remain uncased (an "open hole
wellbore"), or may become only partially cased. Regard-
less of the form of the wellbore, production tubing is typ-
ically run into the wellbore primarily to convey production
fluid (e.g., hydrocarbon fluid, which may also include wa-
ter) from the area of interest within the wellbore to the
surface of the wellbore.

[0003] Often, pressure within the wellbore is insuffi-
cientto cause the production fluid to naturally rise through
the production tubing to the surface of the wellbore. Thus,
to carry the production fluid from the area of interest within
the wellbore to the surface of the wellbore, artificial lift
means is sometimes necessary.

[0004] Some artificially-lifted wells are equipped with
suckerrod lifting systems. Sucker rod lifting systems gen-
erally include a surface drive mechanism, a sucker rod
string, and a downhole positive displacement pump. Fluid
is brought to the surface of the wellbore by pumping ac-
tion of the downhole pump, as dictated by the drive mech-
anism attached to the rod string.

[0005] One type of sucker rod lifting system is a rotary
positive displacement pump, typically termed a progres-
sive cavity pump ("PCP"). The progressive cavity pump
lifts production fluid by a rotor disposed within a stator.
The rotor rotates relative to the stator by use of a sucker
rod string.

[0006] An additional type of sucker rod lifting system
is a rod lift system, with which fluid is brought to the sur-
face of the wellbore by reciprocating pumping action of
the drive mechanism attached to the rod string. Recip-
rocating pumping action moves a traveling valve on the
positive displacement pump, loading it on the downstroke
of the rod string and lifting fluid to the surface on the up-
stroke of the rod string.

[0007] Sucker rod lifting systems include several mov-
ing mechanical components. Specifically, the rod strings
of sucker rod lifting systems must be reciprocated or ro-
tated to operate the lifting systems. In some applications,
the moving parts are disadvantageous. When a subsur-
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face safety valve is employed within the wellbore, such
as within an offshore well, a sucker rod string cannot be
placed through the subsurface safety valve. Additionally,
moving parts are susceptible to failure or damage, po-
tentially causing the sucker rod lifting systems to become
inoperable.

[0008] An alternative lift system involves using a jet
pump. As shown in Figure 1, a production tubing 10 hav-
ing a jet pump 20 is installed in a casing 15. The jet pump
20 includes a nozzle section, a venturi section, and inlets
ports in fluid communication with the venturi section. A
ported sub 22 fluidly connects the bottom of the venturi
section with the annular area between the tubing 10 and
the casing 15. Production fluid flowing up the tubing 10
can flow into the venturi section via the inlet ports.
[0009] In operation, power fluid is directed down the
tubing 10 toward the nozzle section of the jet pump 20.
Power fluid exiting the nozzle section is directed through
the venturi section. As the power fluid passes from the
nozzle section to the venturi section, production fluid is
drawn into the venturi section via the inlet ports. The com-
bined power fluid and production fluid leave the venturi
section via the ported sub 22 and enter the annular area,
where the combined fluids flow upward to the surface.
[0010] In many of these operations, a safety valve is
attached to a landing nipple 23 disposed below the jet
pump 20. The safety valve serves as a safety barrier for
both the tubing 10 and the casing 15 by blocking com-
munication through the bore of the tubing 10. In some
instances, the jet pump is installed at depths of 8,000 ft.
(2438.4m) or more. Because the safety valve is below
the jet pump, the safety valve must be rated for use at
these depths. The safety valves required for these depths
are usually much more expensive than safety valves rat-
ed for use at shallower depths; in some instances, more
than double or triple the costs. The cost associated with
control lines for operating the safety valves also increase
with depth. WO 98/21447, US2010326661 and
US2005155767 describe well jet devices.

[0011] There is, therefore a need for an improved lift
system for producing hydrocarbon fluids. There is also
need for a lift system that allows a safety valve to be
installed above a jet pump.

SUMMARY OF THE INVENTION

[0012] Inone aspect, a jet pump lift system for use with
atubing disposedin acasingincludes ajet pump installed
in the tubing; a one way valve for communicating a power
fluid into the jet pump, the one way valve disposed in an
annular area formed between a housing of the jet pump
and the tubing; and a safety valve configured to block
fluid communication through the tubing and disposed
above the jet pump.

[0013] In another aspect, a method of producing hy-
drocarbon fluids includes installing a jet pump in a pro-
duction tubular, whereby an annular area is formed be-
tween the jet pump and the production tubular; position-
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ing the jet pump and the production tubular in a casing;
maintaining a safety valve located above the jet pump in
an open position; supplying a power fluid through a one
way valve and into annular area between a housing of
the jet pump and the production tubular; urging a produc-
tion fluid into the jet pump; and flowing the production
fluid and the power fluid past the safety valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] So that the manner in which the above recited
features of the present invention can be understood in
detail, amore particular description of the invention, brief-
ly summarized above, may be had by reference to em-
bodiments, some of which are illustrated in the appended
drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this in-
vention and are therefore not to be considered limiting
of its scope, for the invention may admit to other equally
effective embodiments.

Figure 1 shows a prior art artificial lift system using
a jet pump.

Figure 2 shows an exemplary artificial lift system us-
ing a jet pump and a one way valve.

Figure 2Ais an enlarged partial view of the lift system
of Figure 2.

Figure 3 illustrates an exemplary embodiment of a
one way valve.

DETAILED DESCRIPTION

[0015] Embodiments of the present disclosure relate
to an artificial lift system using a jet pump and a one-way
valve for fluid communication between the jet pump and
a power fluid source. According to the invention, the jet
pump driven system allows a safety valve to be installed
above the jet pump.

[0016] Figure 2 shows an exemplary artificial lift sys-
tem for producing a hydrocarbon fluid. Figure 2A is an
enlarged partial view of Figure 2. A jet pump 120 is in-
stalled in a production tubing 110 disposed in a casing
115. A packer 117 blocks the annular area between the
tubing 110 and the casing 115 below the jet pump 120.
[0017] The jet pump 120 includes a tubular housing
121 having an inlet located at a lower end and an outlet
located at an upper end. The outer surface of the two
ends of the tubular housing 121 sealingly engages the
inner surface of the bore of the tubing 110. In this respect,
production fluid flowing up the bore is directed into the
inlet of the housing 121. In one embodiment, the ends
may be sealed using one or more sealing members 111
such as o-rings and chevron seals.

[0018] Anannularchamber 118 is defined between the
two sealed ends and between the tubing 110 and the
housing 121 of the jet pump 120. A one way valve 160
is used to control fluid communication between the an-
nular chamber 118 and the annular area 113 between
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the tubing 110 and the casing 115. The one way valve
160 is configured to allow fluid in the annular area 113
to flow into the annular chamber 118. In this respect, the
one way valve 160 prevents pressure increases, such
as a blow-out condition, from being communicated into
the casing 115. An exemplary one way valve is a check
valve. Itis contemplated that a single or a plurality of one
way valves may be used to communication fluid into the
annular chamber 118. In one example, the one way valve
160 can be located at any location between the jet pump
and the power fluid source. In another example, the one
way valve 160 is located below the valve 180, as shown
in Figure 2. In yet another example, the one way valve
160 is located at a depth between 6,000 ft. (1828.8m)
and 30,000 ft. (9144m), such as between 8,000 ft.
(2438.4m) and 20,000 ft. (6096m). In a further example,
the one way valve is located at a depth between 6,000
ft. (1828.8m) and the depth of perforation.

[0019] Inoneembodiment,thejetpump 120is installed
in a tubing 110 having a side pocket mandrel 114, as
disclosed in U.S. Patent No. 7,228,909, in particular, Fig-
ures 1, 2A, 2B, 3, and 5, and the corresponding descrip-
tion.

[0020] Figure 3 illustrate an exemplary embodiment of
a one way valve 335 suitable for use with a side pocket
of the tubing. The one way valve 335 includes a tubular
body 305 having a generally longitudinal central bore 336
therethrough and having an upper end 301 and a lower
end 302. The lower end 302 includes an outlet port 313
for ejecting fluid from the bore 336, and the upper end
301 includes a connector for connecting the one way
valve to a latching mechanism for retrieval. The tubular
body 305 includes two inlet ports 331A, 331B fluidly con-
necting the central bore 336 to the outside of the one way
valve 335. Seal assemblies 328, 329 form a seal path
for the fluid to enter the inlet ports 331A, 331B. A first ball
and seat mechanism 340 is used to control fluid commu-
nication between the inlet ports 331A, 331B and the bore
336. When the fluid outside the one way valve 335 reach-
es a predetermined level, the ball will be urged away from
the seat, thereby allowing fluid, such as power fluid P, to
flow into the bore 336. A second ball and seat mechanism
350 is disposed in the body 305 between the first ball
and seat mechanism 340 and the outlet port 313. The
second ball and seat mechanism 350 allows fluid flow
from the inlet ports 331A, 331B to the outlet port 350, but
does not allow fluid flow in the opposite direction.
[0021] Referringbackto Figures 2and 2A, the jet pump
120 includes a nozzle section 122 spaced apart from a
venturi section 124. The spaced area 125 between the
nozzle section 122 and the venturi section 124 fluidly
communicates with the bore of housing 121. This ar-
rangement allows fluid flowing through the inlet of the
housing 121 to flow toward the venturi section 124. A
side port 126 formed in the tubular housing 121 provides
fluid communication between the annular chamber 118
and the interior of the nozzle section 122. The nozzle
section 122 includes a throat 128 having an inwardly ta-
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pered portion that increases the velocity of the power
fluid flowing out of the nozzle section 122. The venturi
section 124 is configured to receive power fluid from the
nozzle section 122 and the production fluid. The venturi
section 124 includes an outwardly tapered portion 129
thatincreases the pressure of the combined fluids flowing
out of the venturi section 124 while decreasing the ve-
locity of the combined fluids. Exemplary power fluids in-
clude water, oil, hydrocarbon, and combinations thereof.
[0022] A safety valve 180 is installed in the tubing 110
and above the jet pump 120. In one embodiment, the
safety valve 180 includes a flapper 181 movable between
an open position and a closed position. The flapper 181
is operated by a flow tube 182 controlled by a control
line. As shown, the flapper 181 is maintained in the open
position by the flow tube 182. To close the flapper 181,
pressure is supplied through the control line to move the
flow tube 182 upward, thereby freeing the flapper 181 to
pivot into the bore of the tubing 110 to block fluid com-
munication through the bore. To open the flapper 181,
pressure is supplied through the control line to move the
flow tube 182 downward, thereby pivoting the flapper 181
away from the bore to open fluid communication through
the bore.

[0023] In operation, production fluid 141 in the tubing
110 flows upward and enters the jet pump 120 via the
inlet of the tubular housing 121. Power fluid 142 is sup-
plied down the annular area 113 between the tubing 110
and the casing 115 toward the jet pump 120. The power
fluid 142 then passes through the one way valve 160 and
enters the annular chamber 118. The power fluid 142
flows through the side port 126 toward the throat 128 of
the nozzle section 122. As the power fluid 142 is forced
through the throat 128, the velocity of the power fluid 142
is increased. The power fluid 142 exiting the throat 128
passes through the spaced area 125 and enters the ven-
turi section 124. As the power fluid passes from the noz-
zle section 122 to the venturi section 124, production fluid
141 in the spaced area 125 is drawn into the venturi sec-
tion 124. The combined fluids 141, 142 then flow through
the outwardly tapered portion 129, where the velocity of
the combined fluids is decreased and the pressure is
increased. The combined fluids 141, 142 flows out of the
jet pump 120 and up the tubing 110. The flapper 181 is
retained in the open position to allow the combined fluids
141, 142 to flow to the surface.

[0024] As discussed, embodiments of the jet pump lift
system advantageously allow the safety valve to be in-
stalled above the jet pump. Because the one way valve
prevents fluid communication from the tubing 110 into
annular area 113 with the casing 115, the safety valve
only needs to block fluid communication up the tubing
110. In one example, the safety valve is located at 3,000
ft. (914.4m) or above, such as between 200 ft. (60.96m)
and 2,500 ft. (762m), between 1,000 ft. (304.8m) and
2,000 ft. (609.6m), and 2,000 ft. (609.6m) or above. Safe-
ty valves rated for these depths cost substantially less
than safety valves rated for much lower depths, such as
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between 8,000 ft. (2438.4m) and 20,000 ft. (6096m).
[0025] Any directional terms used in the description
above are merely illustrative, for example, the terms "up-
ward", "downward", etc., and not limiting. It is understood
thatthe production tubing described above is usable with-
in any orientation of wellbore, including but not limited to
a vertical, horizontal, directionally-drilled, or lateral well-
bore.

[0026] While the foregoing is directed to embodiments
of the present invention, other and further embodiments
of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is deter-
mined by the claims that follow.

Claims

1. A jet pump lift system for use with a tubing (110)
disposed in a casing (115), comprising:

a jet pump (120) installed in the tubing;

a one way valve (160;335) for communicating a
power fluid (142) into the jet pump, the one way
valve disposed in an annular area (118) formed
between a housing (121) of the jet pump and
the tubing; and

a safety valve (180) configured to block fluid
communication through the tubing and disposed
above the jet pump.

2. The system of claim 1, wherein the one way valve
(160;335) comprises a check valve.

3. The system of claim 1 or 2, wherein the safety valve
(180) comprises a flapper valve.

4. The system of any preceding claim, wherein the one
way valve (160;335) allows fluid communication
from an annular area (113) between the tubing (110)
and the casing (115) to the jet pump (120).

5. The system of any preceding claim, wherein the one
way valve (160;335) is positioned below the safety
valve (180).

6. The system of any preceding claim, wherein the
safety valve (180) is positioned at a depth of 3,000
ft. (914.4m) or less.

7. The system of any preceding claim, wherein the one
way valve (160;335) is positioned at a depth of 6,000
ft. (1828.8m) or more.

8. The system of any preceding claim, further compris-
ing an annular packer (117) located below the one

way valve (160;335).

9. The system of any preceding claim, wherein the one
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way valve (335) is installed in a side pocket (114) of
the tubing (110).

A method of producing hydrocarbon fluids, compris-
ing;

installing a jet pump (120) in a production tubular
(110), whereby an annular area (118) is formed be-
tween a housing (121) of the jet pump and the pro-
duction tubular;

positioning the jet pump and the production tubular
in a casing;

maintaining a safety valve (180) located above the
jet pump in an open position;

supplying a power fluid (142) through a one way
valve (160;335) and into the annular area between
the jet pump and the production tubular;

urging a production fluid (14 1) into the jet pump; and
flowing the production fluid and the power fluid past
the safety valve.

The method of claim 10, wherein the production tu-
bular (110) is disposed in a casing (115), and the
power fluid (142) is supplied down an annular area
(113) between the production tubular and the casing.

The method of claim 11, wherein the one way valve
(160;335) controls power fluid flow into the produc-
tion tubular (110).

The method of any of claims 10 to 12, wherein the
power fluid (142) flows into the jet pump (120) via a
side port (126).

The method of any of claims 10 to 13, wherein the
safety valve (180) comprises a flapper valve.

The method of any of claims 10 to 14, wherein the
one way valve (160;335) comprises a check valve.

The method of any of claims 10 to 15, wherein the
safety valve (180) is located a depth of 3,000 ft.
(914.4m) or less.

Patentanspriiche

1.

Strahlpumpenhubsystem zur Verwendung mit einer
Rohrleitung (110), welche in einem Mantel (115) an-
geordnet ist, umfassend:

eine Strahlpumpe (120), welche in der Rohrlei-
tung installiert ist;

ein Einwegventil (160; 335) zum Kommunizie-
ren eines Antriebsfluids (142) in die Strahlpum-
pe, wobei das Einwegventil in einem Ringbe-
reich (118) angeordnetist, welches zwischen ei-
nem Gehause (121) der Strahlpumpe und der
Rohrleitung gebildet ist; und
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10.

ein Sicherheitsventil (180), welches konfiguriert
ist, um die Fluidkommunikation durch die Rohr-
leitung zu blockieren und welches oberhalb der
Strahlpumpe angeordnet ist.

System nach Anspruch 1, wobei das Einwegventil
(160; 335) ein Riickschlagventil umfasst.

System nach Anspruch 1 oder 2, wobei das Sicher-
heitsventil (180) ein Klappenventil umfasst.

System nach einem der vorhergehenden Anspri-
che, wobeidas Einwegventil (160; 335) die fluidische
Kommunikation von einem Ringbereich (113) zwi-
schen der Rohrleitung (110) und dem Mantel (115)
zu der Strahlpumpe (120) ermdglicht.

System nach einem der vorhergehenden Anspri-
che, wobei das Einwegventil (160; 335) unterhalb
des Sicherheitsventils (180) angeordnet ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Sicherheitsventil (180) in einer Tiefe
von 3.000 Fuf3 (914,4 m) oder weniger angeordnet
ist.

System nach einem der vorhergehenden Anspri-
che, wobeidas Einwegventil (160; 335) in einer Tiefe
von 6.000 FuR (1828,8 m) oder mehr angeordnet ist.

System nach einem der vorhergehenden Anspri-
che, ferner umfassend einen ringférmigen Packer
(117), welcher unterhalb des Einwegventils (160;
335) angeordnet ist.

System nach einem der vorhergehenden Anspri-
che, wobei das Einwegventil (335) in einer Seiten-
tasche (114) der Rohrleitung (110) installiert ist.

Verfahren zum Erzeugen von Kohlenwasserstoffflu-
iden, umfassend:

Installieren einer Strahlpumpe (120) in einem
Produktionsrohr (110), wodurch ein Ringbe-
reich (118) zwischen dem Gehause (121) der
Strahlpumpe und dem Produktionsrohr gebildet
wird;

Positionieren der Strahlpumpe und des Produk-
tionsrohrs in einem Mantel;

Halten eines Sicherheitsventils (180), welches
oberhalb der Strahlpumpe angeordnet ist, in ei-
ner offenen Stellung;

Zufuhren eines Antriebsfluids (142) durch ein
Einwegventil (160; 335) und in den Ringbereich
zwischen der Strahlpumpe und dem Produkti-
onsrohr;

Driicken eines Produktionsfluids (141) in die
Strahlpumpe; und
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Vorbeiflihren des Stroms des Produktionsfluids
und des Antriebsfluids an dem Sicherheitsventil.

Verfahren nach Anspruch 10, wobei das Produkti-
onsrohr (110) in einem Mantel (115) angeordnet ist,
und das Antriebsfluid (142) abwérts durch einen
Ringbereich (113) zwischen dem Produktionsrohr
und dem Mantel zugefiihrt wird.

Verfahren nach Anspruch 11, wobei das Einwegven-
til (160; 335) den Strom des Antriebsfluids in das
Produktionsrohr (110) steuert.

Verfahren nach Anspruch 10 bis 12, wobei das An-
triebsfluid (142) in die Strahlpumpe (120) Uber eine
Seitendffnung (126) stromt.

Verfahren nach einem der Anspriiche 10 bis 13, wo-
bei das Sicherheitsventil (180) ein Klappventil um-
fasst.

Verfahren nach einem der Anspriiche 10 bis 14, wo-
beidas Einwegventil (160; 335) ein Riickschlagventil
umfasst.

Verfahren nach einem der Anspriiche 10 bis 15, wo-
bei das Sicherheitsventil (180) in einer Tiefe von
3.000 FuB (914,4 m) oder weniger angeordnet ist.

Revendications

1.

Systeme de levage par pompe a jet pour utilisation
avec un tubage (110) disposé dans un cuvelage
(115), comprenant :

une pompe a jet (120) installée dans le tubage,
une soupape unidirectionnelle (160, 335) pour
communiquer un fluide d’entrainement (142)
dans la pompe a jet, la soupape unidirectionnel-
le étant disposée dans une zone annulaire (118)
formée entre un logement (121) de la pompe a
jet et le tubage, et

une soupape de slreté (180) configurée pour
bloquer la communication de fluide a travers le
tubage et disposée au-dessus de lapompe ajet.

Systeme selon larevendication 1, dans lequella sou-
pape unidirectionnelle (160, 335) comprend un cla-
pet anti-retour.

Systeme selon la revendication 1 ou 2, dans lequel
la soupape de sireté (180) comprend une soupape
a clapet.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel la soupape unidirection-
nelle (160, 335) permet une communication fluidique
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10.

1.

12.

depuis une zone annulaire (113) entre le tubage
(110) et le cuvelage (115) jusqu’a la pompe a jet
(120).

Systeme selon 'une quelconque des revendications
précédentes, dans lequel la soupape unidirection-
nelle (160, 335) est positionnée en dessous de la
soupape de slreté (180).

Systeme selon 'une quelconque des revendications
précédentes, dans lequel la soupape de slreté (180)
est positionnée a une profondeur de 3.000 pieds
(914,4 m) ou moins.

Systeme selon 'une quelconque des revendications
précédentes, dans lequel la soupape unidirection-
nelle (160, 335) est positionnée a une profondeur de
6.000 pieds (1828,8 m) ou plus.

Systeme selon 'une quelconque des revendications
précédentes, comprenant en outre une garniture
d’étanchéité annulaire (117) située en dessous de
la soupape unidirectionnelle (160, 335).

Systeme selon 'une quelconque des revendications
précédentes, dans lequel la soupape unidirection-
nelle (335) est installée dans une poche latérale
(114) du tubage (110).

Procédé de production de fluides hydrocarbonés,
comprenant les étapes consistant a :

installer une pompe a jet (120) dans un tube de
production (110), au moyen de quoi une zone
annulaire (118) est formée entre un corps (121)
de la pompe a jet et le tube de production,
positionner la pompe a jet et le tube de produc-
tion dans un cuvelage,

maintenir une soupape de sireté (180) située
au-dessus de la pompe a jet dans une position
ouverte,

alimenter un fluide d’entrainement (142) a tra-
vers une soupape unidirectionnelle (160, 335)
etjusque dans la zone annulaire entre la pompe
a jet et le tube de production, pousser un fluide
de production (141) dans la pompe a jet, et
écouler le fluide de production et le fluide d’en-
trailnement au-dela de la soupape de sireté.

Procédé selon la revendication 10, dans lequel le
tube de production (110) est disposé dans un cuve-
lage (115), et le fluide d’entrainement (142) est ali-
menté vers le bas dans une zone annulaire (113)
entre le tube de production et le cuvelage.

Procédé selon la revendication 11, dans lequel la
soupape unidirectionnelle (160, 335) régule I'écou-
lement de fluide d’entrainement jusque dans le tube
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de production (110).

Procédé selon I'une quelconque des revendications
10 a 12, dans lequel le fluide d’entrainement (142)
s’écoule jusque dans la pompe a jet (120) via un
orifice latéral (126).

Procédé selon I'une quelconque des revendications
102413, dans lequel la soupape de sireté (180) com-
prend une soupape a clapet.

Procédé selon I'une quelconque des revendications
10 a 14, dans lequel la soupape unidirectionnelle
(160, 335) comprend un clapet anti-retour.

Procédé selon I'une quelconque des revendications
10 a 15, dans lequel la soupape de sireté (180) est
positionnée a une profondeur de 3.000 pieds (914,4
m) ou moins.
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