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An electric submersible pump (ESP) assembly. The ESP
assembly comprises an electric motor; a seal section coupled
to the electric motor; a fluid intake coupled to an uphole end
of the seal section, wherein the fluid intake defines a
plurality of inlet ports; a gas separator comprising a plurality
of gas phase discharge ports, and at least one liquid phase
discharge port, wherein the gas separator is located uphole
of the fluid intake; a centrifugal pump comprising a fluid
inlet at a downhole end, wherein the at least one liquid phase
discharge port of the gas separator is fluidically coupled to
the fluid inlet of the centrifugal pump; and an inverted
shroud assembly, wherein a downhole end of the inverted
shroud assembly is coupled to an outside of the gas separator
downhole of the gas phase discharge ports of the gas
separator and uphole of the fluid intake.
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Runming an electric submersible pump (ESP} assembly nto the
wellbore, wherein the ESP assembly comprises an electric motor
having a first drive shaft, a seal section located uphole of the electric
motor having a second drive shaft coupled to the first drive shaft, a
fluid intake located uphole of the seal section, a gas separator located

607 uphole of the fluid intake and having a third drive shaft coupled to
__ the second drive shaft, having a plurality of gas phase discharge
. ports, and having at least one liquid phase discharge port, a

centrifugal pump located uphole of the gas separator and having a
fourth drive shatft coupled to the third drive shaft, having a fluid mlet
that 1s flurdically coupled to the at least one hquid phase discharge
port of the gas separator, and an inverted shroud attached to an
cutside of the gas separator downhole of the gas phase discharge
poris of the gas separator and uphole of the fluid intake.

]

— Providing electric power to the electrie motor
606 :
(\“%“« Receiving fluid by the flind intake from the wellbore.
608 !
L‘“‘“\ Flowing flurd from the flud intake wto the gas separator.
610 1
L\_ Separating a first portion of the fluid from a second portion

of the fluid by the gas separator.

612
- Exhausting the first portion of the fluid by the gas separator out the
plurality of gas phase discharge ports of the gas separator.
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614 I ) - 4 )
15* Flowing the second portion of the fluid by the gas separator via
- the at least one hiquid phase discharge port to the fluid inlet
of the centrifugal pump.
616

L\ Litting the second portion of the thuid by the centrifugal pump uphole
in a production tubing coupled to an outlet of the centrifugal pump.

618 ¥
. Filowing the first portion of the fluid uphole inside the
inverted shroud assembly.

_ Flowing the first portion of the fluid downhole 1n an annulus
] defined by an inside of the wellbore and an outside of the
inverted shroud assembly.
69 Bubbling gas out of the first portion of the fluid as 1t flows downhole

1 in the annulus defined by an inside of the wellbore and the outside of
———J  the inverted shroud assembly to produce a third portion of the fhad,
wherein the third portion of the fluid has a lower gas-to-liguid ratio than
the gas-to-liquid ratic of the first portion of the fluid.

624 ¥
(“““““ Recireulating the third portion of the fluid mio the tluid intake.
¥
End
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2700
/
/
Start ¥
702 q
¢
S Lowering an electric motor into the wellbore.
704 3
f
"~ Couplmg a seal section to an uphole end of the electric motor.
706
! 3
B Lowering the electric motor and the seal section into the wellbore.
708 3
{
S Coupling a fluid wtake to an uphole end of the seal section.
710 q
_ Coupling a gas separator to an uphole end of the fluid intake, wherein the

) gas separator comprises a plurality of gas phase discharge ports
located at an uphele end of the gas separator.

712 3
’\\%\ Lowering the electric motor, the seal section, the fluid ntake,
and the gas separator partially into the wellbore.
714 ;

Coupling a sealing ring to an outside of the gas separator downhole
of the gas phase discharge ports.

716 3
Coupling an uphole end of the gas separator to a downhole
end of a centrifugal pump.

|
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718 :

¢ . ~ .

N Coupling a downhole end of an inverted shroud

tubular to the sealing ring.
3

720 , o ) o

L Lowering the electric motor, the seal section, the tluid intake, the gas

B— separator, the sealing ring, the centrifugal pump, and the mverted
shroud tubular nto the welibore,

722 3

{ L R ( T

M Coupling a downhole end of a production tubing to

an uphole end of the centrifugal pump.

724 i

{ . p ~ . p . ~

- Coupling an uphole end of the inverted shroud tubular to the outside of
the centrifugal pump or to the outside of the production tubing.

76 ‘

; Lowering the electric motor, the seal section, the fluid intake, the gas

S separator, the sealing ring, the centrifugal pump, and the inverted

shroud tubular to a production zone within the wellbore.

h
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ELECTRIC SUBMERSIBLE PUMP (ESP)
SHROUD SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] None.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

[0003] Not applicable.

BACKGROUND

[0004] Electric submersible pumps (hereafter “ESP” or
“ESPs”) may be used to lift production fluid in a wellbore.
Specifically, ESPs may be used to pump the production fluid
to the surface in wells with low reservoir pressure. ESPs
may be of importance in wells having low bottomhole
pressure or for use with production fluids having a low
gas/oil ratio, a low bubble point pressure, a high water cut,
and/or a low API gravity. Moreover, ESPs may also be used
in any production operation to increase the flow rate of the
production fluid to a target flow rate.

[0005] Generally, an ESP comprises an electric motor, a
seal section, a pump intake, and one or more pumps (e.g., a
centrifugal pump). These components may all be connected
with a series of shafts. For example, the pump shaft may be
coupled to the motor shaft through the intake and seal shafts.
An electric power cable provides electric power to the
electric motor from the surface. The electric motor supplies
mechanical torque to the shafts, which provide mechanical
power to the pump. Fluids, for example reservoir fluids, may
enter the wellbore where they may flow past the outside of
the motor to the pump intake. These fluids may then be
produced by being pumped to the surface inside the pro-
duction tubing via the pump, which discharges the reservoir
fluids into the production tubing.

[0006] The reservoir fluids that enter the ESP may some-
times comprise a gas fraction. These gases may flow
upwards through the liquid portion of the reservoir fluid in
the pump. The gases may even separate from the other fluids
when the pump is in operation. If a large volume of gas
enters the ESP, or if a sufficient volume of gas accumulates
on the suction side of the ESP, the gas may interfere with
ESP operation and potentially prevent the intake of the
reservoir fluid. This phenomenon is sometimes referred to as
a “gas lock” because the ESP may not be able to operate
properly due to the accumulation of gas within the ESP.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a more complete understanding of the present
disclosure, reference is now made to the following brief
description, taken in connection with the accompanying
drawings and detailed description, wherein like reference
numerals represent like parts.

[0008] FIG. 1 is an illustration of an electric submersible
pump (ESP) assembly in a wellbore at a wellsite according
to an embodiment of the disclosure.
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[0009] FIG. 2 is an illustration of a portion of an ESP
assembly having an inverted shroud according to an embodi-
ment of the disclosure.

[0010] FIG. 3 is an illustration of a portion of an ESP
assembly having a first inverted shroud and a second
inverted shroud according to an embodiment of the disclo-
sure.

[0011] FIG. 4 is an illustration of a portion of an ESP
assembly having an inverted shroud according to another
embodiment of the disclosure.

[0012] FIG. 5 is an illustration of an outlet clamp for
coupling an inverted shroud to an outside of a pump of an
ESP assembly according to an embodiment of the disclo-
sure.

[0013] FIG. 6 is an illustration of an outlet clamp for
coupling an inverted shroud to an outside of a production
tubing above an ESP assembly according to an embodiment
of the disclosure.

[0014] FIG. 7A and FIG. 7B is a flow chart of a method
according to an embodiment of the disclosure.

[0015] FIG. 8A and FIG. 8B are a flow chart of another
method according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0016] It should be understood at the outset that although
illustrative implementations of one or more embodiments
are illustrated below, the disclosed systems and methods
may be implemented using any number of techniques,
whether currently known or not yet in existence. The dis-
closure should in no way be limited to the illustrative
implementations, drawings, and techniques illustrated
below, but may be modified within the scope of the
appended claims along with their full scope of equivalents.
[0017] As used herein, orientation terms “upstream,”
“downstream,” “up,” and “down” are defined relative to the
direction of flow of well fluid in the well casing. “Upstream”
is directed counter to the direction of flow of well fluid,
towards the source of well fluid (e.g., towards perforations
in well casing through which hydrocarbons flow out of a
subterranean formation and into the casing). “Downstream”
is directed in the direction of flow of well fluid, away from
the source of well fluid. “Down” is directed counter to the
direction of flow of well fluid, towards the source of well
fluid. “Up” is directed in the direction of flow of well fluid,
away from the source of well fluid.

[0018] Gas entering a centrifugal pump of an electric
submersible pump (ESP) assembly can cause various diffi-
culties for a centrifugal pump. In an extreme case, the pump
may become gas locked and become unable to pump fluid.
In less extreme cases, the pump may experience harmful
operating conditions when transiently passing a slug of gas.
When in operation, the centrifugal pump rotates at a high
rate of speed (e.g., about 3600 RPM) and relies on the
continuous flow of reservoir liquid to both cool and lubricate
its bearing surfaces. When this continuous flow of reservoir
liquid is interrupted, even for a brief period of seconds, the
bearings of the centrifugal pump may heat up rapidly and
undergo significant wear, shortening the operational life of
the centrifugal pump, thereby increasing operating costs due
to more frequent change-out and/or repair of the centrifugal
pump. Down time involved in repairing or replacing the
centrifugal pump may also interrupt well production unde-
sirably. In some operating environments, for example in
some horizontal wellbores, gas slugs that persist for at least
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10 seconds are repeatedly experienced. Some gas slugs may
persist for as much as 30 seconds or more. The present
disclosure teaches a new ESP shroud system that mitigates
the effects of gas slugs.

[0019] A gas separator assembly may comprise an intake
that feeds reservoir fluid to a fluid mover (e.g., a paddle
wheel, a rotating auger, a vortex inducer) that imparts a
rotating motion to the reservoir fluid. The rotating reservoir
fluid flows from the fluid mover into a separation chamber.
The rotation of the reservoir fluid in the separation chamber
tends to separate gas phase fluid from liquid phase fluid. Due
to the rotation of the reservoir fluid, the relatively lower
density gas phase fluid tends to concentrate near a centerline
axis of the gas separator assembly (e.g., near a drive shaft of
the gas separator assembly), and the relatively higher den-
sity liquid phase fluid tends to concentrate near an inside
wall of a housing or separation chamber of the gas separator
assembly. The fluid near the centerline axis enters a gas
phase discharge of the gas separator assembly and exits the
gas separator assembly to an annulus formed between the
wellbore and the outside of the ESP assembly; the fluid near
the inside wall enters a liquid phase discharge of the gas
separator assembly and is directed downstream to another
stage of the gas separator assembly or to an inlet of the
centrifugal pump assembly. In this way the reservoir fluid
that is fed downstream to the inlet of the centrifugal pump
assembly may be said to be a liquid enriched reservoir fluid
or a liquid enriched fraction of the reservoir fluid. In
practice, fluid that is exhausted out the gas phase discharge
of the gas separator assembly has a tendency to, at least in
part, flow back to the fluid intake, potentially mixing gas
with liquid phase fluid at the fluid intake, increasing the
gas-to-liquid ratio of the fluid flowing into the fluid intake.
This may be referred to as recirculation, and when a high
gas-to-liquid ratio fluid is exhausted out of the gas phase
discharge of the gas separator, this recirculation can be a
technical problem.

[0020] As taught herein, an inverted shroud is disposed
around the upper part of the gas separator assembly and
extends over at least a portion of the centrifugal pump
assembly. A sealing ring at the downhole end of the inverted
shroud makes a seal between the inverted shroud and an
outside of the gas separator assembly downhole of the gas
phase discharge ports and uphole of a fluid intake located
near the downhole end of the gas separator assembly.
Reservoir fluid from a subterranean formation flows uphole
in the wellbore, to the ESP assembly, flows in the fluid
intake, and is handled by the gas separator assembly. The
liquid rich portion of the separated fluid is flowed uphole to
the centrifugal pump which lifts the liquid rich portion of the
separated fluid to the surface. The gas rich portion of the
separated fluid is flowed out the gas phase discharge ports of
the gas separator assembly and into the inverted shroud. The
gas rich portion of the separated fluid moves in the uphole
direction inside the inverted shroud, and exits the inverted
shroud at its uphole end. Some of the gas rich portion of the
separated fluid may have bubbled out as gas and rises uphole
in the wellbore as soon as it exits the uphole end of the
inverted shroud. Some of the gas rich portion flows down-
hole between the annulus formed between the wellbore and
the outside of the inverted shroud, continuing to bubble out
gas which reverses direction and percolates uphole. Some of
the gas rich portion of the fluid continues to flow back into
the fluid intake and is recirculated by the gas separator
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assembly. But notice that this gas rich portion which flows
from the uphole end of the inverted shroud back to the fluid
intake has become more liquid rich as gas bubbles off. Said
in another way, this fluid has changed from a higher gas-
to-liquid ratio fluid to a lower gas-to-liquid ratio fluid.
Additionally, the longer the path from the uphole end of the
inverted shroud to the fluid intake, the more opportunity for
gas to bubble out of the fluid and to achieve an increasingly
lower gas-to-liquid ratio. It is generally desirable for the gas
separator assembly and the centrifugal pump to receive fluid
having a lower gas-to-liquid ratio.

[0021] When reservoir fluid is primarily liquid phase fluid,
the gas separator assembly may exhaust primarily liquid
phase fluid out of the gas phase discharge of the gas
separator assembly. This primarily liquid phase fluid may fill
the inverted shroud, spill over the uphole edge of the
inverted shroud, flow downhole in the annulus between the
inside of the wellbore and the outside of the inverted shroud
and be drawn into the fluid intake along with reservoir fluid.
This column of primarily liquid phase fluid (e.g., the pri-
marily liquid phase fluid inside the inverted shroud and in
the annulus between the inside of the wellbore and the
outside of the inverted shroud) constitutes a reservoir that
can be beneficial during a transient gas slug when the
primarily liquid phase fluid that has accumulated may mix
with the gas phase fluid of the gas slug at the intake to reduce
the gas-to-liquid ratio of the fluid flowing into the fluid
intake (that is, reduce the gas-to-liquid ratio of fluid entering
the fluid intake relative to what it would be if only the gas
flowing uphole from the wellbore below the electric motor
were entering the fluid intake). It is noted that in this case too
(e.g., the state of primarily liquid phase fluid flowing uphole
past the electric motor, primarily liquid phase fluid filling the
inside of the inverted shroud, and primarily liquid phase
fluid filling the annulus between the inside of the wellbore
and the outside of the inverted shroud), the longer or more
extended the inverted shroud, the more the capacity of the
ESP assembly to sustain a lengthy gas slug while drawing
down the reservoir of primarily liquid phase fluid to mix
with the gas of the gas slug at the fluid intake.

[0022] Turning now to FIG. 1 a well site environment 100,
according to one or more aspects of the disclosure, is
described. The well site environment 100 comprises a well-
bore 102 that is at least partially cased with casing 104. As
depicted in FIG. 1, the wellbore 102 has a deviated or
horizontal portion 106, but the electric submersible pump
(ESP) assembly 132 described herein may be used in a
wellbore 102 that does not have a deviated or horizontal
portion 106. The well site environment 100 may be at an
on-shore location or at an off-shore location. The ESP
assembly 132 in an embodiment comprises a sensor package
120, an electric motor 122, a seal unit 124, a gas separator
assembly 126, and a centrifugal pump assembly 128. An
inverted shroud 129 partially encloses the gas separator
assembly 126 and the centrifugal pump assembly 128. The
centrifugal pump assembly may couple to a production
tubing 134 via a connector 130. In some context, the
connector 130 may be referred to as a pump discharge.

[0023] An electric cable 123 may attach to the electric
motor 122 and extend to the surface 158 to connect to an
electric power source (no shown). A fluid intake 135 having
a plurality of inlet ports 136 may be disposed uphole of the
seal section 124 and downstream of the gas separator
assembly 126. Fluid received through the inlet ports 136 of
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the fluid intake 135 may flow into a downhole end of the gas
separator assembly 126, for example into an inlet of the gas
separator assembly 126. The gas separator assembly 126
comprises gas phase discharge ports 138 (best seen in FIG.
2, FIG. 3, FIG. 4). The casing 104 and/or wellbore 102 may
have perforations 140 that allow reservoir fluid 142 to pass
from the subterranean formation through the perforations
140 and into the wellbore 102.

[0024] The reservoir fluid 142 may comprise hydrocar-
bons such as crude oil and/or natural gas. The reservoir fluid
142 may comprise hot water, for example when the wellbore
102 is a geothermal well. The reservoir fluid 142 may flow
uphole towards the ESP assembly 132 and into the inlet
ports 136. The reservoir fluid 142 may comprise a liquid
phase fluid. The reservoir fluid 142 may comprise a gas
phase fluid mixed with a liquid phase fluid. The reservoir
fluid 142 may comprise only a gas phase fluid (e.g., simply
gas). Over time, the gas-to-liquid ratio of the reservoir fluid
142 may change dramatically. For example, in the horizontal
portion 106 of the wellbore gas may build up in high points
in the roof of the wellbore 102 and after accumulating
sufficiently may “burp” out of these high points and flow
uphole to the ESP assembly 132 as what is commonly
referred to as a gas slug. Thus, immediately before a gas slug
arrives at the ESP assembly 132, the gas-to-liquid ratio of
the reservoir fluid 142 may be very low (e.g., the reservoir
fluid 142 at the ESP assembly 132 is mostly liquid phase
fluid); when the gas slug arrives at the ESP assembly 132,
the gas-to-liquid ratio is very high (e.g., the reservoir fluid
142 at the ESP assembly 132 is entirely or almost entirely
gas phase fluid); and after the gas slug has passed the ESP
assembly 132, the gas-to-liquid ratio may again be very low
(e.g., the reservoir fluid 142 at the ESP assembly 132 is
mostly liquid phase fluid).

[0025] Under normal operating conditions (e.g., reservoir
fluid 142 is flowing out of the perforations 140, the ESP
assembly 132 is energized by electric power, the electric
motor 122 is turning, and a gas slug is not present at the fluid
intake 135 of the ESP assembly 132), the reservoir fluid 142
enters the inlets 136 and the reservoir fluid 142 is separated
by the gas separator assembly 138 into a gas phase fluid (or
a mixed-phase fluid having a higher gas-to-liquid ratio than
the reservoir fluid 142 entering the inlet ports 136) and into
a liquid phase fluid (or a mixed-phase fluid having a lower
gas-to-liquid ratio than the reservoir fluid 142 entering the
inlet ports 136). The gas phase fluid is discharged via the gas
phase discharge ports 138 into the inverted shroud 129, and
the liquid phase fluid is flowed uphole to the centrifugal
pump assembly 128 as liquid phase fluid 154. Under normal
operating conditions, the gas phase fluid that is discharged
from the inverted shroud 129 into the annulus between the
casing 104 and the outside of the ESP assembly 132 may
comprise both gas phase fluid 150 that rises uphole in the
wellbore 102 and liquid phase fluid 152 that falls downhole
in the wellbore 102. The centrifugal pump assembly 128
flows the liquid phase fluid 154 (e.g., a portion of the
reservoir fluid 142) up the production tubing 134 to a
wellhead 156 at the surface 158.

[0026] An orientation of the wellbore 102 and the ESP
assembly 132 is illustrated in FIG. 1 by an x-axis 160, a
y-axis 162, and a z-axis 164. In an embodiment, the cen-
trifugal pump assembly 128 comprises one or more cen-
trifugal pump stages, where each stage comprises an impel-
ler that is mechanically coupled to a drive shaft within the
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centrifugal pump assembly 128 and a corresponding diffuser
that is stationary and retained by a housing of the centrifugal
pump assembly 128. In an embodiment, the impellers may
comprise a keyway that mates with a corresponding keyway
on the drive shaft of the centrifugal pump assembly 128 and
a key may be installed into the two keyways, wherein the
impeller may be mechanically coupled to the drive shaft of
the centrifugal pump assembly.

[0027] Turning now to FIG. 2, further details of the ESP
assembly 132 are described. In an embodiment, the inverted
shroud 129 is coupled to an outside of the gas separator
assembly 126 by a sealing ring 133. In an embodiment, the
sealing ring 133 couples to the outside of the gas separator
126 downhole of the gas phase discharge ports 138 of the
gas separator assembly 126 and uphole of the fluid intake
135. In an embodiment, an uphole end of the sealing ring
133 has female threads that mate with male threads of a
tubular portion of the inverted shroud 129. In an embodi-
ment, the uphole end of the sealing ring 133 is welded and/or
bolted to the downhole end of the tubular portion of the
inverted shroud 129. In an embodiment, the sealing ring 133
is all metal. In an embodiment, a portion of the sealing ring
133 comprises an elastomer 141, for example an O-ring or
a gasket fitted in a circumferential groove in the sealing ring
133 or in a circumferential groove on the outside of the gas
separator 126, that provides a fluid seal with the outside of
the gas separator assembly 126. It will be appreciated that
there need not be a perfect fluid seal between the sealing ring
133 and the outside of the gas separator assembly 126 to
achieve the benefits of the inverted shroud 129 described
herein. If 90% of the fluid exhausted out the gas phase
discharger ports 138 flowed up the inside of the inverted
shroud 129 and 10% of the exhausted fluid seeped downhole
through the junction between the sealing ring 133 and the
outside of the gas separator assembly 126, the benefits
attributed herein to the inverted shroud 129 would still be
significant.

[0028] In an embodiment, the tubular portion of the
inverted shroud 129 extends uphole over a portion of an
outside of the centrifugal pump assembly 128. In an embodi-
ment the tubular portion of the inverted shroud 129 extends
uphole over the outside of the centrifugal pump assembly
128 and over a lower portion of the production tubing 134.
The tubular portion of the inverted shroud 129 may com-
prise a single continuous tubular. In an embodiment, the
tubular portion of the inverted shroud 129 may comprise a
plurality of continuous tubulars that are connected to each
other to form a string of tubulars.

[0029] During operation of the ESP assembly 132 in the
wellbore 102 during production, fluid 157 is exhausted out
the gas phase discharge ports 138 of the gas separator
assembly 126, the fluid 157 fills and flows uphole in the
annulus formed between an inside of the inverted shroud
129 and the outside of the centrifugal pump 128. As it
reaches the top of the inverted shroud 129, the fluid 157 may
spill out over a lip 166 at the uphole end of the inverted
shroud 129. Alternatively, in an embodiment, the uphole end
of the inverted shroud 129 is secured to the outside of the
centrifugal pump 128 or to an outside of the production
tubing 134 by an outlet clamp, for example as illustrated in
and described with reference to FIG. 5 and FIG. 5 herein-
after. As the fluid 157 reaches the top of the inverted shroud
129, it may exit via outlet ports defined in the sides of the
outlet clamp.
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[0030] As seen in FIG. 2, fluid 157 flows uphole in the
interior of the inverted shroud 129. A first portion 152 of the
fluid 157 exiting the inverted shroud 129 flows downhole to
reenter the inlet ports 136 of the fluid intake 135 and a
second portion 150 of the fluid 157 exiting the inverted
shroud 129 flows uphole in the annulus between the inside
of the wellbore 102 and the outside of the centrifugal pump
128 and/or the outside of the production tubing 134. The
second portion 152 may be free gas or bubbles of gas. In an
embodiment, the first portion 152 of the fluid 157 exiting the
inverted shroud 129 may have a gas-to-liquid ratio that is
lower than the gas-to-liquid ratio of the fluid 157 that is
exhausted out the gas phase discharge ports 138. As the
second portion 152 of the fluid 157 flows downhole towards
the inlet ports 136 more gas may bubble free from the
second portion 152 of the fluid 157 and the gas-to-liquid
ratio of the second portion 152 may be lower as it enters the
inlet ports 136 than when it spilled over the lip 166 at the
uphole end of the inverted shroud 129 or exited an outlet of
an outlet clamp at the uphole end of the inverted shroud 129.

[0031] It is noted that the longer the distance between the
gas phase discharge ports 138 to the inlet ports 136, the more
gas that may bubble free from the fluid 157 and from the
second portion 152 of the fluid 157. This distance is the sum
of (A) the distance uphole from the gas phase discharge
ports 138 to the lip 166 of the inverted shroud 129 (or the
outlet ports of the outlet clamp, described with reference to
FIG. 5 and FIG. 6 below) and (B) the distance downhole
from the lip 166 of the inverted shroud 129 to the inlet ports
136. By increasing the length of the inverted shroud 129, the
distance between the gas phase discharge ports 138 to the
inlet ports 136 is increased, potentially promoting more gas
to bubble free from the fluid 157 and of the second portion
152 of the fluid 157 discharged from the gas phase discharge
ports 138.

[0032] In an embodiment, the distance uphole from the
gas phase discharge ports 138 to the lip 166 of the inverted
shroud 129 (or to the outlet ports 172 of outlet clamp 170 of
FIG. 5 or to the outlet ports 177 of outlet clamp 176 of FIG.
6 discussed below) is between 2 feet and 200 feet, between
4 feet and 200 feet, between 6 feet and 200 feet, between 8
feet and 200 feet, between 10 feet and 200 feet, between 12
feet and 200 feet, between 14 feet and 200 feet, between 16
feet and 200 feet, between 18 feet and 200 feet, between 20
feet and 200 feet, between 25 feet and 200 feet, between 30
feet and 200 feet, between 35 feet and 200 feet, between 40
feet and 200 feet, between 45 feet and 200 feet, between 50
feet and 200 feet. In an embodiment, the distance uphole
from the gas phase discharge ports 138 to the lip 166 of the
inverted shroud 129 (or to the outlet ports 172 of outlet
clamp 170 of FIG. 5 or to the outlet ports 177 of outlet clamp
176 of FIG. 6 discussed below) is between 6 feet and 20 feet,
between 6 feet and 25 feet, between 6 feet and 30 feet,
between 6 feet and 40 feet, between 6 feet and 50 feet. In an
embodiment, the distance uphole from the gas phase dis-
charge ports 138 to the lip 166 of the inverted shroud 129 (or
to the outlet ports 172 of outlet clamp 170 of FIG. 5 or to the
outlet ports 177 of outlet clamp 176 of FIG. 6 discussed
below) is between 8 feet and 20 feet, between 8 feet and 25
feet, between 8 feet and 30 feet, between 8 feet and 40 feet,
between 68 feet and 50 feet. In an embodiment, the distance
uphole from the gas phase discharge ports 138 to the lip 166
of'the inverted shroud 129 (or to the outlet ports 172 of outlet
clamp 170 of FIG. 5 or to the outlet ports 177 of outlet clamp
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176 of FIG. 6 discussed below) is between 10 feet and 20
feet, between 10 feet and 25 feet, between 10 feet and 30
feet, between 10 feet and 40 feet, between 10 feet and 50
feet.

[0033] In some downhole operating circumstances, how-
ever, the fluid 157 flowing uphole in the inside of the
inverted shroud 129 is mostly liquid. In this case, the length
of the path the fluid 157 takes from the gas phase discharge
ports 138 up the interior of the inverted shroud 129, down
the outside of the inverted shroud 129 to the inlet ports 136
does not promote gas to bubble free from the fluid 157,
because there is very little gas entrained in the fluid 157 to
bubble free. Notwithstanding, the length of this path pro-
vides a benefit in this downhole operating circumstance also.
This primarily liquid phase fluid (e.g., fluid 157) in the
interior of the inverted shroud 129 and in the annulus
between the inside of the casing 104 and the outside of the
inverted shroud 129 provides a reservoir of fluid that can
mix with gas flowing in from the deviated portion 106 of the
wellbore 104, for example during a gas slug. This mixing of
this primarily liquid phase fluid with the gas can promote the
gas separator assembly 126 and the centrifugal pump 128
continuing to operate and to avoid gas lock and to avoid
overheating during an extended period of time while the
fluid reservoir is drawn down.

[0034] In an embodiment, the outside diameter of the
inverted shroud 129 is about the same as the outside diam-
eter of the seal section 124, and the electric cable 123
attaches to the outside of the inverted shroud 129 and the
outside of the seal section 124. The outside diameter of the
gas separator assembly 126 and the outside diameter of the
centrifugal pump 128 are less than an inside diameter of the
inverted shroud 129. In an embodiment, the seal section 124
is about 4 inches in outside diameter, and the inverted shroud
129 is about 4 inches in outside diameter. In an embodiment,
the gas separator assembly 126 is about 3% inches (3.38
inches) in outside diameter, and the centrifugal pump is
about 3%& inches (3.38 inches) in outside diameter. In an
embodiment, an outside diameter of the electric motor 122
is about 4%1¢ inches (4.562 inches). In another embodiment,
however, the outside diameters of the inverted shroud 129,
the seal section 124, the gas separator assembly 126, the
centrifugal pump 128, and the electric motor 122 may be
different.

[0035] Turning now to FIG. 3, another embodiment of the
ESP assembly 132 is described that is substantially similar
to the embodiment described with reference to FIG. 2 but
additionally incorporates a second inverted shroud 125 that
attaches at a downhole end below the fluid intake 135 and
extends uphole to just below the first inverted shroud 129. In
an embodiment, a second sealing ring 143 is coupled to the
downhole end of the second inverted shroud 125 and
attaches the second inverted shroud 125 to the outside of the
fluid intake 135 below the inlet ports 136. In an embodiment,
an elastomer 145 such as an O-ring or a gasket is located
between the sealing ring 143 and the outside of the fluid
intake 135. The fluid 142 rises in the wellbore 102 up the
outside of the second inverted shroud 125, spills over an
upper lip 167 of the second inverted shroud 125, and flows
downhole inside of the second inverted shroud 125—along
with the first portion 152 of fluid flowing downhole from the
inverted shroud 129—to the inlet ports 136. In an embodi-
ment, the uphole end of the second inverted shroud 125 is
attached to the outside of the gas separator assembly 128 by
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an inlet clamp similar to the outlet clamp described below
with reference to FIG. 5. In an embodiment, the outside
diameter is about the same as the outside diameter of the
inverted shroud 129.

[0036] Inan embodiment, the distance from the inlet ports
136 to the upper lip 167 of the second inverted shroud 125
(or to the inlet ports 137 of the second inverted shroud as
described with reference to FIG. 4 below) is from about 2
feet to 40 feet, from about 3 feet to 40 feet, from about 4 feet
to 40 feet, from about 5 feet to 40 feet, from about 6 feet to
40 feet, from about 7 feet to 40 feet, from about 8 feet to 40
feet, from about 9 feet to 40 feet, from about 10 feet to 40
feet, from about 12 feet to 40 feet, from about 15 feet to 40
feet, or from about 20 feet to 40 feet. In an embodiment, the
distance from the inlet ports 136 to the upper lip 167 of the
second inverted shroud 125 (or to the inlet ports 137 of the
second inverted shroud as described with reference to FIG.
4 below) is from about 2 feet to 10 feet, about 2 feet to 15
feet, about 2 feet to 20 feet, about 2 feet to 25 feet, about 2
feet to 30 feet, or about 2 feet to 35 feet. In an embodiment,
the distance from the inlet ports 136 to the upper lip 167 of
the second inverted shroud 125 (or to the inlet ports 137 of
the second inverted shroud as described with reference to
FIG. 4 below) is from about 4 feet to 10 feet, about 4 feet
to 15 feet, 4 feet to 20 feet, 4 feet to about 25 feet, 4 feet to
30 feet, or about 4 feet to 35 feet. In an embodiment, the
distance from the inlet ports 136 to the upper lip 167 of the
second inverted shroud 125 (or to the inlet ports 137 of the
second inverted shroud as described with reference to FIG.
4 below) is from about 6 feet to 10 feet, about 6 feet to 15
feet, about 6 feet to 20 feet, about 6 feet to 25 feet, about 6
feet to 30 feet, or about 6 feet to 35 feet. In an embodiment,
the distance from the inlet ports 136 to the upper lip 167 of
the second inverted shroud 125 (or to the inlet ports 137 of
the second inverted shroud as described with reference to
FIG. 4 below) is from about 8 feet to 15 feet, about 8 feet
to 20 feet, about 8 feet to 25 feet, about 8 feet to 30 feet, or
about 8 feet to 35 feet. In an embodiment, the distance from
the inlet ports 136 to the upper lip 167 of the second inverted
shroud 125 (or to the inlet ports 137 of the second inverted
shroud as described with reference to FIG. 4 below) is from
about 10 feet to 15, feet, about 10 feet to 20 feet, about 10
feet to 25 feet, about 10 feet to 30 feet, or about 10 feet to
35 feet. In an embodiment, the distance from the inlet ports
136 to the upper lip 167 of the second inverted shroud 125
(or to the inlet ports 137 of the second inverted shroud as
described with reference to FIG. 4 below) is from about 15
feet to 20 feet, about 15 feet to 25 feet, about 15 feet to 30
feet, or about 15 feet to 35 feet.

[0037] Turning now to FIG. 4, another embodiment of the
ESP assembly 132 is described. The embodiment of FIG. 4
shares many of the features of FIG. 3 with the significant
difference that there is a third inverted shroud 131 that
defines a first chamber 1354 downhole of the sealing ring
133 and the inverted shroud 129 defines a second chamber
1355 above the sealing ring 133. An uphole wall of the third
inverted shroud 131 defines a plurality of inlet ports 137
downhole of the sealing ring 133. The structure of the
inverted shroud 129 uphole of the sealing ring 133 is
substantially similar to the inverted shroud 129 described
above with reference to FIG. 2. The structure of the third
inverted shroud 131 downhole of the sealing ring 133
provides much the same benefits of the second inverted
shroud 125 described above with reference to FIG. 3. The
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upper end of the third inverted shroud 131 is attached to or
contiguous with or is threadingly coupled to the sealing ring
133. While the inverted shroud 129 and the third inverted
shroud 131 are illustrated in FIG. 4 as separate tubular
sections coupled to the sealing ring 133, in an embodiment,
the inverted shroud 129 and the third inverted shroud 131
may be the same tubular housing that encloses a sealing ring
in its interior, where this interior sealing ring is located
downhole of the gas phase discharge ports 138 of the gas
separator assembly 126.

[0038] Turning now to FIG. 5, an outlet clamp 170 is
described. In an embodiment the outlet clamp 170 is formed
of two sections that mate to clamp onto an outside of the
centrifugal pump 128 and clamp onto an outside of the
uphole end of the inverted shroud 129 (or the inverted
shroud 131). The outlet clamp 170 defines a plurality of
outlet ports 172 that allow fluid flowing uphole inside the
inverted shroud 129 (or flowing uphole inside the second
chamber 1354 of the inverted shroud 131 of FIG. 4) to exit.
The outlet clamp 170 defines bolt holes 174 in one half and
threaded holes aligned with the bolt holes 174 on the other
half to receive bolts (not shown) to secure the outlet clamp
170 to an uphole end of the shroud 129 (or the uphole end
of'the shroud 131) and to the outside of the centrifugal pump
128.

[0039] Turning now to FIG. 6, an outlet clamp 176 is
described. The outlet clamp 176 is substantially similar to
the outlet clamp 170 described above with reference to FIG.
5 with the difference that the outlet clamp 176 is configured
to secure the upper end of the inverted shroud 129 (or the
upper end of the inverted shroud 131) to an outside of the
production tubing 134. In some embodiments, it may be
desirable to extend the shroud 129 (or the upper chamber
1354 of the inverted shroud 131) uphole beyond the cen-
trifugal pump 128 and onto the production tubing 134,
whereby to both extend the return path of the first fluid 152
to promote more bubbling out of gas and to increase the
volume of the fluid reservoir both within the inverted shroud
129 (or within the second chamber 13554 of the inverted
shroud 131) and in the annulus formed between the outside
of the inverted shroud 129 and the inside of the wellbore
102. The outlet clamp 178 defines a plurality of outlet ports
177 and a plurality of bolt holes 178 that match up to
corresponding threaded holes in the other half of the outlet
clamp 176.

[0040] Turning now to FIG. 7, a method 600 is described.
In an embodiment, the method 600 is a method of lifting
fluid in a wellbore. The fluid that is lifted may be crude oil
and/or crude oil mixed with gas. The fluid that is lifted may
be hot water, for example when the wellbore is a geothermal
well. At block 602, the method 600 comprises running an
electric submersible pump (ESP) assembly into the well-
bore. The ESP assembly comprises an electric motor having
a first drive shaft, a seal section located uphole of the electric
motor having a second drive shaft coupled to the first drive
shaft, a fluid intake located uphole of the seal section, a gas
separator located uphole of the fluid intake and having a
third drive shaft coupled to the second drive shaft, having a
plurality of gas phase discharge ports, and having at least
one liquid phase discharge port, a centrifugal pump located
uphole of the gas separator and having a fourth drive shaft
coupled to the third drive shaft, having a fluid inlet that is
fluidically coupled to the at least one liquid phase discharge
port of the gas separator, and an inverted shroud attached to
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an outside of the gas separator downhole of the gas phase
discharge ports of the gas separator and uphole of the fluid
intake. In an embodiment, the ESP assembly of method 600
is the ESP assembly described above with reference to any
of FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, and/or FIG. 6. In
an embodiment, the outside diameter of the inverted shroud
is about the same as the outside diameter of the seal section.

[0041] At block 604, the method 600 comprises providing
electric power to the electric motor. At block 606, the
method 600 comprises receiving fluid by the fluid intake
from the wellbore. In an embodiment, the inverted shroud
comprises a sealing ring that couples the inverted shroud to
an outside of the gas separator downhole of the gas phase
discharge ports, wherein the inverted shroud extends down-
hole past the gas phase discharge ports of the gas separator
and couples to an outside of the fluid intake downhole of a
plurality of inlet ports defined by the fluid intake, wherein
the inverted shroud defines a first chamber downhole of the
sealing ring and defines a second chamber uphole of the
sealing ring. In an embodiment, receiving fluid by the fluid
intake comprises receiving fluid into the first chamber,
wherein recirculating the third portion of the fluid into the
fluid intake comprises receiving the third portion of the fluid
into the first chamber, and where flowing the first portion of
the fluid uphole inside the inverted shroud assembly com-
prises flowing the first portion of the fluid uphole inside the
second chamber. In an embodiment, the inverted shroud
assembly defines inlet ports downhole of the sealing ring
that receives the fluid and the third portion of the fluid into
the first chamber.

[0042] At block 608, the method 600 comprises flowing
fluid from the fluid intake into the gas separator. At block
610, the method 600 comprises separating a first portion of
the fluid from a second portion of the fluid by the gas
separator. At block 612, the method 600 comprises exhaust-
ing the first portion of the fluid by the gas separator out the
plurality of gas phase discharge ports of the gas separator.

[0043] At block 614, the method 600 comprises flowing
the second portion of the fluid by the gas separator via the
at least one liquid phase discharge port to the fluid inlet of
the centrifugal pump. At block 616, the method 600 com-
prises lifting the second portion of the fluid by the centrifu-
gal pump uphole in a production tubing coupled to an outlet
of the centrifugal pump.

[0044] At block 618, the method 600 comprises flowing
the first portion of the fluid uphole inside the inverted shroud
assembly. In an embodiment, the uphole end of the inverted
shroud assembly is coupled to an outside of the centrifugal
pump or an outside of the production tubing by an outlet
clamp, and flowing the first portion of the fluid uphole inside
the inverted shroud comprises flowing the first portion of the
fluid out of outlet ports defined by the outlet clamp.

[0045] At block 620, the method 600 comprises flowing
the first portion of the fluid downhole in an annulus defined
by an inside of the wellbore and an outside of the inverted
shroud assembly.

[0046] At block 622, the method 600 comprises bubbling
gas out of the first portion of the fluid as it flows downhole
in the annulus defined by an inside of the wellbore and the
outside of the inverted shroud assembly to produce a third
portion of the fluid, wherein the third portion of the fluid has
a lower gas-to-liquid ratio than the gas-to-liquid ratio of the
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first portion of the fluid. At block 624, the method 600
comprises recirculating the third portion of the fluid into the
fluid intake.

[0047] In an embodiment, the method 600 further com-
prises receiving a gas slug at the fluid intake; mixing the
third portion of the fluid with the gas slug at the fluid intake;
and flowing the mixture of the third portion of the fluid with
the gas slug to the gas separator.

[0048] Turning now to FIG. 8, a method 700 is described.
In an embodiment, the method 700 is a method of assem-
bling an electric submersible pump (ESP) assembly. At
block 702, the method 700 comprises lowering an electric
motor into the wellbore.

[0049] At block 704, the method 700 comprises coupling
a seal section to an uphole end of the electric motor. At block
706 the method 700 comprises lowering the electric motor
and the seal section into the wellbore. At block 708, the
method 700 comprises coupling a fluid intake to an uphole
end of the seal section. At block 710, the method 700
comprises coupling a gas separator to an uphole end of the
fluid intake, wherein the gas separator comprises a plurality
of gas phase discharge ports located at an uphole end of the
gas separator.

[0050] At block 712, the method 700 comprises lowering
the electric motor, the seal section, the fluid intake, and the
gas separator partially into the wellbore. At block 714, the
method 700 comprises coupling a sealing ring to an outside
of the gas separator downhole of the gas phase discharge
ports. At block 716, the method 700 comprises coupling an
uphole end of the gas separator to a downhole end of a
centrifugal pump.

[0051] At block 718, the method 700 comprises coupling
a downhole end of an inverted shroud tubular to the sealing
ring. At block 720, the method 700 comprises lowering the
electric motor, the seal section, the fluid intake, the gas
separator, the sealing ring, the centrifugal pump, and the
inverted shroud tubular into the wellbore.

[0052] At block 722, the method 700 comprises coupling
a downhole end of a production tubing to an uphole end of
the centrifugal pump. At block 724, the method 700 com-
prises coupling an uphole end of the inverted shroud tubular
to the outside of the centrifugal pump or to the outside of the
production tubing. At block 726, the method 700 comprises
lowering the electric motor, the seal section, the fluid intake,
the gas separator, the sealing ring, the centrifugal pump, and
the inverted shroud tubular to a production zone within the
wellbore. The production zone may be the point that the ESP
assembly 132 is placed in the wellbore 102 to receive fluid
142 and to produce fluid to the surface 158. As used with
reference to describing the processing of block 726, the
‘production zone’ need not be the location in the wellbore
102, for example the deviated portion 106 of the wellbore
102, where the perforations 140 allow fluid 142 to pass from
the subterranean formations into the deviated portion 106 of
the wellbore 102. Alternatively, the processing of block 726
may comprise lowering the electric motor, the seal section,
the fluid intake, the gas separator, the sealing ring, the
centrifugal pump, and the inverted shroud tubular to a
completion depth within the wellbore.

[0053] In an embodiment, the method 700 further com-
prises lowering the electric motor, the seal section, the fluid
intake, the gas separator, the sealing ring, the centrifugal
pump, and the inverted shroud tubular to a production zone
within the wellbore. In an embodiment, the method 700
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further comprises coupling an uphole end of the inverted
shroud tubular with an outlet clamp to an outside of the
centrifugal pump. In an embodiment, the method 700 further
comprises coupling an uphole end of the inverted shroud
tubular with an outlet clamp to an outside of the production
tubing. In an embodiment, the method 700 further comprises
assembling the inverted shroud tubular by coupling a plu-
rality of tubular sections end-to-end with each other. In an
embodiment, the method 700 further comprises coupling a
downhole end of a second inverted shroud to the fluid intake
below the inlet ports, wherein the uphole end of the second
inverted shroud is coupled to the outside of the gas separator
downhole of the sealing ring, for example after performing
block 708 of the method 700 and before performing block
712 of the method 700.

Additional Disclosure

[0054] The following are non-limiting, specific embodi-
ments in accordance with the present disclosure.

[0055] A first embodiment, which is an electric submers-
ible pump (ESP) assembly comprising an electric motor
having a first drive shaft; a seal section having a second
drive shaft, wherein the seal section is located uphole of the
electric motor and a downhole end of the second drive shaft
is coupled to an uphole end of the first drive shaft; a fluid
intake located uphole of the seal section, wherein the fluid
intake defines a plurality of inlet ports; a gas separator
comprising a third drive shaft, a plurality of gas phase
discharge ports, and at least one liquid phase discharge port,
wherein the gas separator is located uphole of the fluid
intake and a downhole end of the third drive shaft is coupled
to an uphole end of the second drive shaft; a centrifugal
pump comprising a fourth drive shaft, a fluid inlet at a
downhole end of the centrifugal pump, and a plurality of
pump stages, wherein the centrifugal pump is located uphole
of the gas separator, the at least one liquid phase discharge
port of the gas separator is fluidically coupled to the fluid
inlet of the centrifugal pump, and a downhole end of the
fourth drive shaft is coupled to an uphole end of the third
drive shaft; and an inverted shroud assembly, wherein a
downhole end of the inverted shroud assembly is coupled to
an outside of the gas separator downhole of the gas phase
discharge ports of the gas separator and uphole of the fluid
intake.

[0056] A second embodiment, which is the ESP assembly
of the first embodiment, wherein an uphole end of the
inverted shroud assembly is coupled to an outside of the
centrifugal pump or to an outside of a production tubing,
wherein the centrifugal pump comprises a fluid outlet at an
uphole end of the centrifugal pump and wherein the pro-
duction tubing is coupled at a downhole end to the fluid
outlet of the centrifugal pump.

[0057] A third embodiment, which is the ESP assembly of
second embodiment, wherein the inverted shroud assembly
is coupled to the outside of the centrifugal pump or to the
outside of the production tubing by an outlet clamp.
[0058] A fourth embodiment, which is the ESP assembly
of the second embodiment, wherein the inverted shroud
assembly is coupled to the outside of the centrifugal pump.
[0059] A fifth embodiment, which is the ESP assembly of
the second embodiment, wherein the inverted shroud assem-
bly is coupled to the outside of the production tubing.
[0060] A sixth embodiment, which is the ESP assembly of
any of the first through the fifth embodiment, further com-
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prising a second inverted shroud assembly, wherein a down-
hole end of the second inverted shroud assembly is coupled
to the fluid intake downhole of the inlet ports of the fluid
intake and an uphole end of the second inverted shroud
assembly is coupled to the outside of the gas separator
downhole of the inverted shroud assembly.

[0061] A seventh embodiment, which is the ESP assembly
of any of the first through the sixth embodiment, wherein the
inverted shroud is coupled to the outside of the gas separator
downhole of the gas phase discharge ports by a sealing ring.
[0062] An eighth embodiment, which is the ESP assembly
of the seventh embodiment, wherein the sealing ring com-
prises an elastomer.

[0063] A ninth embodiment, which is the ESP assembly of
any of the first through the eighth embodiment, wherein an
outside diameter of the inverted shroud assembly is about
the same as an outside diameter of the seal section.

[0064] A tenth embodiment, which is the ESP assembly of
any of the first through the eighth embodiment, wherein an
outside diameter of the seal section is about 4 inches, an
outside diameter of the gas separator is about 3.38 inches, an
outside diameter of the gas separator assembly is about 3.38
inches, an outside diameter of the centrifugal pump is about
3.38 inches, and an outside diameter of the inverted shroud
is about 4 inches in diameter.

[0065] An eleventh embodiment, which is the ESP assem-
bly of the tenth embodiment, wherein an outside diameter of
the electric motor is about 4.562 inches.

[0066] A twelfth embodiment, which is the ESP assembly
of any of the first through the eleventh embodiment, further
comprising an electric cable that is coupled to an outside of
the inverted shroud and connects at a downhole end of the
electric cable to the electric motor.

[0067] A thirteenth embodiment, which is the ESP assem-
bly of any of the second through the twelfth embodiment,
wherein the inverted shroud assembly is coupled to the
outside of the centrifugal pump or to the outside of the
production tubing by an outlet clamp, wherein the outlet
clamp comprises two mating sections that are secured to
each other and to the centrifugal pump or to the production
tubing by threading bolts through bolt holes in a first one of
the mating sections to mate with female threads in the
second one of the mating sections and wherein the outlet
clamp defines outlet ports.

[0068] A fourteenth embodiment, which is an electric
submersible pump (ESP) assembly, comprising an electric
motor having a first drive shaft; a seal section having a
second drive shaft, wherein the seal section is located uphole
of'the electric motor and a downhole end of the second drive
shaft is coupled to an uphole end of the first drive shaft; a
fluid intake located uphole of the seal section, wherein the
fluid intake defines a plurality of inlet ports; a gas separator
comprising a third drive shaft, a plurality of gas phase
discharge ports, and at least one liquid phase discharge port,
wherein the gas separator is located uphole of the fluid
intake and a downhole end of the third drive shaft is coupled
to an uphole end of the second drive shaft; a centrifugal
pump comprising a fourth drive shaft, a fluid inlet at a
downhole end of the centrifugal pump, and a plurality of
pump stages, wherein the centrifugal pump is located uphole
of the gas separator, the at least one liquid phase discharge
port of the gas separator is fluidically coupled to the fluid
inlet of the centrifugal pump, and a downhole end of the
fourth drive shaft is coupled to an uphole end of the third
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drive shaft; and an inverted shroud assembly, wherein a
downhole end of the inverted shroud assembly is coupled to
an outside of the fluid intake below the inlet ports defined by
the fluid intake, wherein an uphole end of the inverted
shroud assembly is coupled to an outside of the centrifugal
pump assembly or to an outside of a production tubing that
is coupled at a downhole end to an uphole end of the
centrifugal pump assembly, and wherein a central portion of
the inverted shroud assembly is coupled to an outside of the
gas separator assembly by a sealing ring that is located
downhole of the gas phase discharge ports and upstream of
the fluid intake.

[0069] A fifteenth embodiment, which is a method of
lifting fluid in a wellbore, comprising running an electric
submersible pump (ESP) assembly into the wellbore,
wherein the ESP assembly comprises an electric motor
having a first drive shaft, a seal section located uphole of the
electric motor having a second drive shaft coupled to the first
drive shaft, a fluid intake located uphole of the seal section,
a gas separator located uphole of the fluid intake and having
a third drive shaft coupled to the second drive shaft, having
a plurality of gas phase discharge ports, and having at least
one liquid phase discharge port, a centrifugal pump located
uphole of the gas separator and having a fourth drive shaft
coupled to the third drive shaft, having a fluid inlet that is
fluidically coupled to the at least one liquid phase discharge
port of the gas separator, and an inverted shroud coupled to
an outside of the gas separator downhole of the gas phase
discharge ports of the gas separator and uphole of the fluid
intake; providing electric power to the electric motor;
receiving fluid by the fluid intake from the wellbore; flowing
fluid from the fluid intake into the gas separator; separating
a first portion of the fluid from a second portion of the fluid
by the gas separator; exhausting the first portion of the fluid
by the gas separator out the plurality of gas phase discharge
ports of the gas separator; flowing the second portion of the
fluid by the gas separator via the at least one liquid phase
discharge port to the fluid inlet of the centrifugal pump;
lifting the second portion of the fluid by the centrifugal
pump uphole in a production tubing coupled to an outlet of
the centrifugal pump; flowing the first portion of the fluid
uphole inside the inverted shroud assembly; flowing the first
portion of the fluid downhole in an annulus defined by an
inside of the wellbore and an outside of the inverted shroud
assembly; bubbling gas out of the first portion of the fluid as
it flows downhole in the annulus defined by an inside of the
wellbore and the outside of the inverted shroud assembly to
produce a third portion of the fluid, wherein the third portion
of the fluid has a lower gas-to-liquid ratio than the gas-to-
liquid ratio of the first portion of the fluid; and recirculating
the third portion of the fluid into the fluid intake.

[0070] A sixteenth embodiment, which is a method of
lifting fluid in a wellbore, comprising running an electric
submersible pump (ESP) assembly according to any of the
first through the fourteenth embodiment into the wellbore;
providing electric power to the electric motor; receiving
fluid by the fluid intake from the wellbore; flowing fluid
from the fluid intake into the gas separator; separating a first
portion of the fluid from a second portion of the fluid by the
gas separator; exhausting the first portion of the fluid by the
gas separator out the plurality of gas phase discharge ports
of the gas separator; flowing the second portion of the fluid
by the gas separator via the at least one liquid phase
discharge port to the fluid inlet of the centrifugal pump;
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lifting the second portion of the fluid by the centrifugal
pump uphole in a production tubing coupled to an outlet of
the centrifugal pump; flowing the first portion of the fluid
uphole inside the inverted shroud assembly; flowing the first
portion of the fluid downhole in an annulus defined by an
inside of the wellbore and an outside of the inverted shroud
assembly; bubbling gas out of the first portion of the fluid as
it flows downhole in the annulus defined by an inside of the
wellbore and the outside of the inverted shroud assembly to
produce a third portion of the fluid, wherein the third portion
of the fluid has a lower gas-to-liquid ratio than the gas-to-
liquid ratio of the first portion of the fluid; and recirculating
the third portion of the fluid into the fluid intake.

[0071] A seventeenth embodiment, which is the method of
the fifteenth or sixteenth embodiment, further comprising
receiving a gas slug at the fluid intake; mixing the third
portion of the fluid with the gas slug at the fluid intake; and
flowing the mixture of the third portion of the fluid with the
gas slug to the gas separator.

[0072] An eighteenth embodiment, which is the method of
any of the fifteenth through the seventeenth embodiment,
wherein the inverted shroud comprises a sealing ring that
couples the inverted shroud to an outside of the gas separator
downhole of the gas phase discharge ports, wherein the
inverted shroud extends downhole past the gas phase dis-
charge ports of the gas separator and couples to an outside
of the fluid intake downhole of a plurality of inlet ports
defined by the fluid intake, wherein the inverted shroud
defines a first chamber downhole of the sealing ring and
defines a second chamber uphole of the sealing ring.
[0073] A nineteenth embodiment, which is the method of
the eighteenth embodiment, wherein receiving fluid by the
fluid intake comprises receiving fluid into the first chamber,
wherein recirculating the third portion of the fluid into the
fluid intake comprises receiving the third portion of the fluid
into the first chamber, and where flowing the first portion of
the fluid uphole inside the inverted shroud assembly com-
prises flowing the first portion of the fluid uphole inside the
second chamber.

[0074] A twentieth embodiment, which is the method of
the nineteenth embodiment, wherein the inverted shroud
assembly defines inlet ports downhole of the sealing ring
that receives the fluid and the third portion of the fluid into
the first chamber.

[0075] A twenty-first embodiment, which is the method of
any of the fifteenth through the twentieth embodiment,
wherein the uphole end of the inverted shroud assembly is
coupled to an outside of the centrifugal pump or an outside
of the production tubing by an outlet clamp, and wherein
flowing the first portion of the fluid uphole inside the
inverted shroud comprises flowing the first portion of the
fluid out of outlet ports defined by the outlet clamp.
[0076] A twenty-second embodiment, which is the method
of any of the fifteenth through the twenty-first embodiment,
wherein the outside diameter of the inverted shroud is about
the same as the outside diameter of the seal section.
[0077] A twenty-third embodiment, which is a method of
assembling an electric submersible pump (ESP) assembly,
comprising lowering an electric motor into the wellbore;
coupling a seal section to an uphole end of the electric
motor; lowering the electric motor and the seal section into
the wellbore; coupling a fluid intake to an uphole end of the
seal section, wherein the fluid intake defines a plurality of
inlet ports; coupling a gas separator to an uphole end of the
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fluid intake, wherein the gas separator comprises a plurality
of gas phase discharge ports located at an uphole end of the
gas separator; lowering the electric motor, the seal section,
the fluid intake, and the gas separator partially into the
wellbore; coupling a sealing ring to an outside of the gas
separator downhole of the gas phase discharge ports; cou-
pling an uphole end of the gas separator to a downhole end
of a centrifugal pump; coupling a downhole end of an
inverted shroud tubular to the sealing ring; lowering the
electric motor, the seal section, the fluid intake, the gas
separator, the sealing ring, the centrifugal pump, and the
inverted shroud tubular into the wellbore; coupling a down-
hole end of a production tubing to an uphole end of the
centrifugal pump; and coupling an uphole end of the
inverted shroud tubular to the outside of the centrifugal
pump or to the outside of the production tubing.

[0078] A twenty-fourth embodiment, which is the method
of the twenty-third embodiment, further comprising lower-
ing the electric motor, the seal section, the fluid intake, the
gas separator, the sealing ring, the centrifugal pump, and the
inverted shroud tubular to a completion depth within the
wellbore.

[0079] A twenty-fifth embodiment, which is the method of
the twenty-third or the twenty-fourth embodiment, further
comprising coupling a downhole end of a second inverted
shroud to the fluid intake downhole of the inlet ports,
wherein the uphole end of the second inverted shroud is
coupled to the outside of the gas separator downhole of the
sealing ring.

[0080] A twenty-sixth embodiment, which is the method
of any of the twenty-third through the twenty-fifth embodi-
ment, further comprising coupling an uphole end of the
inverted shroud tubular with an outlet clamp to an outside of
the centrifugal pump.

[0081] A twenty-seventh embodiment, which is the
method of any of the twenty-third through the twenty-fifth
embodiment, further comprising coupling an uphole end of
the inverted shroud tubular with an outlet clamp to an
outside of the production tubing.

[0082] A twenty-eighth embodiment, which is the method
of any of the twenty-third through the twenty-seventh
embodiment, further comprising assembling the inverted
shroud tubular by coupling a plurality of tubular sections
end-to-end with each other.

[0083] A twenty-ninth embodiment, which is the method
of any of the twenty-first through the twenty-eighth embodi-
ment, further comprising coupling a second inverted shroud
tubular at a downhole end to an outside of the fluid intake
downhole of the inlet ports defined by the fluid intake and
coupling the second inverted shroud tubular at an uphole end
to an outside of the gas separator downhole of the gas phase
discharge ports.

[0084] A method of assembling an electric submersible
pump (ESP) assembly, comprising lowering an electric
motor into the wellbore; coupling a seal section to an uphole
end of the electric motor; lowering the electric motor and the
seal section into the wellbore; coupling a fluid intake to an
uphole end of the seal section, wherein the fluid intake
defines a plurality of inlet ports; coupling a downhole end of
a first section of an inverted shroud tubular to an outside of
the fluid intake downhole of the inlet ports defined by the
fluid intake; coupling a gas separator to an uphole end of the
fluid intake, wherein the gas separator comprises a plurality
of gas phase discharge ports located at an uphole end of the
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gas separator; lowering the electric motor, the seal section,
the fluid intake, the first section of the inverted shroud
tubular, and the gas separator partially into the wellbore;
coupling an uphole end of the first section of the inverted
shroud tubular to a sealing ring; coupling the sealing ring to
an outside of the gas separator downhole of the gas phase
discharge ports; coupling an uphole end of the gas separator
to a downhole end of a centrifugal pump; coupling a
downhole end of a second section of the inverted shroud
tubular to the sealing ring; lowering the electric motor, the
seal section, the fluid intake, the first section of the inverted
shroud tubular, the gas separator, the sealing ring, the
centrifugal pump, and the second section of the inverted
shroud tubular into the wellbore; coupling a downhole end
of a production tubing to an uphole end of the centrifugal
pump; and coupling an uphole end of the second section of
the inverted shroud tubular to the outside of the centrifugal
pump or to the outside of the production tubing.

[0085] While several embodiments have been provided in
the present disclosure, it should be understood that the
disclosed systems and methods may be embodied in many
other specific forms without departing from the spirit or
scope of the present disclosure. The present examples are to
be considered as illustrative and not restrictive, and the
intention is not to be limited to the details given herein. For
example, the various elements or components may be com-
bined or integrated in another system or certain features may
be omitted or not implemented. As the fluid 142 reverses
direction and travels downwards inside the second inverted
shroud 125, gas entrained in the fluid 142 may bubble free
and exit out the top of the second inverted shroud, thereby
enriching the liquid content of the fluid entering the inlet
ports 136 (e.g., lowering a gas-to-liquid ratio of the fluid
entering the inlet ports 136).

[0086] Also, techniques, systems, subsystems, and meth-
ods described and illustrated in the various embodiments as
discrete or separate may be combined or integrated with
other systems, modules, techniques, or methods without
departing from the scope of the present disclosure. Other
items shown or discussed as directly coupled or communi-
cating with each other may be indirectly coupled or com-
municating through some interface, device, or intermediate
component, whether electrically, mechanically, or other-
wise. Other examples of changes, substitutions, and altera-
tions are ascertainable by one skilled in the art and could be
made without departing from the spirit and scope disclosed
herein.

What is claimed is:

1. An electric submersible pump (ESP) assembly, com-

prising:

an electric motor having a first drive shaf;

a seal section having a second drive shaft, wherein the
seal section is located uphole of the electric motor and
a downhole end of the second drive shaft is coupled to
an uphole end of the first drive shaft;

a fluid intake located uphole of the seal section, wherein
the fluid intake defines a plurality of inlet ports;

a gas separator comprising a third drive shaft, a plurality
of gas phase discharge ports, and at least one liquid
phase discharge port, wherein the gas separator is
located uphole of the fluid intake and a downhole end
of the third drive shaft is coupled to an uphole end of
the second drive shaft;
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a centrifugal pump comprising a fourth drive shaft, a fluid
inlet at a downhole end of the centrifugal pump, and a
plurality of pump stages, wherein the centrifugal pump
is located uphole of the gas separator, the at least one
liquid phase discharge port of the gas separator is
fluidically coupled to the fluid inlet of the centrifugal
pump, and a downhole end of the fourth drive shaft is
coupled to an uphole end of the third drive shaft; and

an inverted shroud assembly, wherein a downhole end of
the inverted shroud assembly is coupled to an outside
of the gas separator downhole of the gas phase dis-
charge ports of the gas separator and uphole of the fluid
intake.

2. The ESP assembly of claim 1, wherein an uphole end
of the inverted shroud assembly is coupled to an outside of
the centrifugal pump or to an outside of a production tubing,
wherein the centrifugal pump comprises a fluid outlet at an
uphole end of the centrifugal pump and wherein the pro-
duction tubing is coupled at a downhole end to the fluid
outlet of the centrifugal pump.

3. The ESP assembly of claim 2, wherein the inverted
shroud assembly is coupled to the outside of the centrifugal
pump or to the outside of the production tubing by an outlet
clamp.

4. The ESP assembly of claim 1, further comprising a
second inverted shroud assembly, wherein a downhole end
of the second inverted shroud assembly is coupled to the
fluid intake downhole of the inlet ports of the fluid intake
and an uphole end of the second inverted shroud assembly
is coupled to the outside of the gas separator downhole of the
inverted shroud assembly.

5. The ESP assembly of claim 1, wherein the inverted
shroud is coupled to the outside of the gas separator down-
hole of the gas phase discharge ports by a sealing ring.

6. The ESP assembly of claim 5, wherein the sealing ring
comprises an elastomer.

7. The ESP assembly of claim 1, wherein an outside
diameter of the inverted shroud assembly is about the same
as an outside diameter of the seal section.

8. A method of lifting fluid in a wellbore, comprising:

running an electric submersible pump (ESP) assembly
into the wellbore, wherein the ESP assembly comprises
an electric motor having a first drive shaft,

a seal section located uphole of the electric motor
having a second drive shaft coupled to the first drive
shaft,

a fluid intake located uphole of the seal section,

a gas separator located uphole of the fluid intake and
having a third drive shaft coupled to the second drive
shaft, having a plurality of gas phase discharge ports,
and having at least one liquid phase discharge port,

a centrifugal pump located uphole of the gas separator
and having a fourth drive shaft coupled to the third
drive shaft, having a fluid inlet that is fluidically
coupled to the at least one liquid phase discharge port
of the gas separator, and

an inverted shroud coupled to an outside of the gas
separator downhole of the gas phase discharge ports
of the gas separator and uphole of the fluid intake;

providing electric power to the electric motor;

receiving fluid by the fluid intake from the wellbore;

flowing fluid from the fluid intake into the gas separator;

separating a first portion of the fluid from a second portion
of the fluid by the gas separator;
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exhausting the first portion of the fluid by the gas sepa-
rator out the plurality of gas phase discharge ports of
the gas separator;

flowing the second portion of the fluid by the gas sepa-

rator via the at least one liquid phase discharge port to
the fluid inlet of the centrifugal pump;

lifting the second portion of the fluid by the centrifugal

pump uphole in a production tubing coupled to an
outlet of the centrifugal pump;

flowing the first portion of the fluid uphole inside the

inverted shroud assembly;

flowing the first portion of the fluid downhole in an

annulus defined by an inside of the wellbore and an
outside of the inverted shroud assembly;

bubbling gas out of the first portion of the fluid as it flows

downhole in the annulus defined by an inside of the
wellbore and the outside of the inverted shroud assem-
bly to produce a third portion of the fluid, wherein the
third portion of the fluid has a lower gas-to-liquid ratio
than the gas-to-liquid ratio of the first portion of the
fluid; and

recirculating the third portion of the fluid into the fluid

intake.

9. The method of claim 8, further comprising:

receiving a gas slug at the fluid intake;

mixing the third portion of the fluid with the gas slug at

the fluid intake; and

flowing the mixture of the third portion of the fluid with

the gas slug to the gas separator.

10. The method of claim 8, wherein the inverted shroud
comprises a sealing ring that couples the inverted shroud to
an outside of the gas separator downhole of the gas phase
discharge ports, wherein the inverted shroud extends down-
hole past the gas phase discharge ports of the gas separator
and couples to an outside of the fluid intake downhole of a
plurality of inlet ports defined by the fluid intake, wherein
the inverted shroud defines a first chamber downhole of the
sealing ring and defines a second chamber uphole of the
sealing ring.

11. The method of claim 10, wherein receiving fluid by
the fluid intake comprises receiving fluid into the first
chamber, wherein recirculating the third portion of the fluid
into the fluid intake comprises receiving the third portion of
the fluid into the first chamber, and where flowing the first
portion of the fluid uphole inside the inverted shroud assem-
bly comprises flowing the first portion of the fluid uphole
inside the second chamber.

12. The method of claim 11, wherein the inverted shroud
assembly defines inlet ports downhole of the sealing ring
that receives the fluid and the third portion of the fluid into
the first chamber.

13. The method of claim 8, wherein the uphole end of the
inverted shroud assembly is coupled to an outside of the
centrifugal pump or an outside of the production tubing by
an outlet clamp, and wherein flowing the first portion of the
fluid uphole inside the inverted shroud comprises flowing
the first portion of the fluid out of outlet ports defined by the
outlet clamp.

14. The method of claim 8, wherein the outside diameter
of the inverted shroud is about the same as the outside
diameter of the seal section.

15. A method of assembling an electric submersible pump
(ESP) assembly, comprising:
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lowering an electric motor into the wellbore;

coupling a seal section to an uphole end of the electric
motor;

lowering the electric motor and the seal section into the
wellbore;

coupling a fluid intake to an uphole end of the seal section,
wherein the fluid intake defines a plurality of inlet
ports;

coupling a gas separator to an uphole end of the fluid
intake, wherein the gas separator comprises a plurality
of gas phase discharge ports located at an uphole end of
the gas separator;

lowering the electric motor, the seal section, the fluid
intake, and the gas separator partially into the wellbore;

coupling a sealing ring to an outside of the gas separator
downhole of the gas phase discharge ports;

coupling an uphole end of the gas separator to a downhole
end of a centrifugal pump;

coupling a downhole end of an inverted shroud tubular to
the sealing ring;

lowering the electric motor, the seal section, the fluid
intake, the gas separator, the sealing ring, the centrifu-
gal pump, and the inverted shroud tubular into the
wellbore;
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coupling a downhole end of a production tubing to an

uphole end of the centrifugal pump; and

coupling an uphole end of the inverted shroud tubular to

the outside of the centrifugal pump or to the outside of
the production tubing.

16. The method of claim 15, further comprising lowering
the electric motor, the seal section, the fluid intake, the gas
separator, the sealing ring, the centrifugal pump, and the
inverted shroud tubular to a completion depth within the
wellbore.

17. The method of claim 15, further comprising coupling
a downhole end of a second inverted shroud to the fluid
intake downhole of the inlet ports, wherein the uphole end
of'the second inverted shroud is coupled to the outside of the
gas separator downhole of the sealing ring.

18. The method of claim 15, further comprising coupling
an uphole end of the inverted shroud tubular h an outlet
clamp to an outside of the centrifugal pump.

19. The method of claim 15, further comprising coupling
an uphole end of the inverted shroud tubular with an outlet
clamp to an outside of the production tubing.

20. The method of claim 15, further comprising assem-
bling the inverted shroud tubular by coupling a plurality of
tubular sections end-to-end with each other.
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