wo 2015/023282 A1 ]I I0F A0 0000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é 0 0 DR 0 0 A 0

International Bureau ) L.
_").//)/ (10) International Publication Number

WO 2015/023282 Al

\

(43) International Publication Date
19 February 2015 (19.02.2015) WIPOIPCT

(51) International Patent Classification: (72) Inventors: HESS, Joe; 7245 Waldron Cove Ct., Wasilla,
E21B 43/12 (2006.01) F04D 13/08 (2006.01) Arkansas 99645 (US). HAY, Richard; 24915 Corbin Gate
E21B 43/16 (2006.01) Dr., Spring, Texas 77389 (US). MCGLOTHEN, Jody;

. . ) 3301 Sanger Creck Way, Waxahachie, Texas 75165 (US).

(21) International Application Number: PCT/USI013/055158 DONISON, Gary; 90 Ivy Crescent, Sherwood Park, Al-

berta TSA1W4 (CA).

(22) International Filing Date: (74) Agent: SCHROEDER, Peter; Booth Albanesi Schroeder

15 August 2013 (15.08.2013) LLC, 1601 Elm Strect, Suite 1950, Dallas, Texas 75201

(25) Filing Language: English (US).
(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
. kind of national protection available). AE, AG, AL, AM,
INC. [US/US], 10200 Bellaire BlVd., Houston, Texas BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
77072 (US). DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

[Continued on next page]

(54) Title: RETRIEVABLE FLECTRICAL SUBMERSIBLE PUMP
(57) Abstract: A retrievable Electrical Submersible Pump (ESP) and elec-

FIG.1 trical motor for driving the ESP are positioned in a tubing string in the well-
* M bore and, when desired, retrieved back to the surface. The ESP and motor are

ol S on an insertion string and can be lowered using wireline, coiled tubing, and
0 14 < \%\1 8 standard running and setting tools. The method eliminates the need to re-
™. " trieve the tubing string to repair, replace, or service the ESP and motor.
16 0 |l
24—
26—
0
0
2 Z)
 —
20
307 ] /
]
2=
Eal
34
[ 11
R
22
22— /
40
44

38



WO 2015/023282 A1 WK 00T VT 0RO AU

84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:
Designated States (unless otherwise indicated, for every

with international search report (Art. 21(3))



WO 2015/023282 PCT/US2013/055158

TITLE: RETRIEVABLE ELECTRICAL SUBMERSIBLE PUMP

CROSS-REFERENCE TO RELATED APPLICATIONS

None.
FIELD OF INVENTION
[0001] Generally, the disclosure relates to operations in a hydrocarbon well. More

particularly, the disclosure relates to methods and apparatus for retrieving and re-inserting an

electrical submersible pump (ESP) via a tubing string.

BACKGROUND OF INVENTION

[0002] Electrical submersible pumps are used in the oil and gas production industry to
pump production and other fluids upwards in the wellbore in deep water applications. Some
large ESPs are capable of pumping up to about 40,000 barrels per day depending on conditions
and pump specifications. For various reasons, it becomes necessary to retrieve an ESP from its
downhole location for repair, replacement, etc. Retrieving ESPs is relatively expensive as it
involves the services of a rig. Further, in some locations, such as Alaska, a typical work-over to
change out the ESP can cost as much as $1.5 million. Reduction of this expense, obviously, is

desirable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] For a more complete understanding of the features and advantages of the present
invention, reference is now made to the detailed description of the invention along with the
accompanying figures in which corresponding numerals in the different figures refer to
corresponding parts and in which:

[0004] FIG. 1 is a schematic view of an exemplary embodiment of a tubing string for
insertion of an ESP having a secondary winding according to an aspect of the invention;

[0005] FIG. 2 is a schematic view of a tubing string with landing collar and primary
winding according to an aspect of the invention;

[0006] FIG. 3 is a schematic view of a tubing string for tool insertion having a secondary

wet-connect according to an aspect of the invention; and
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[0007] FIG. 4 is a schematic view of a tubing string with landing collar and primary wet-
connect according to an aspect of the invention.

[0008] It should be understood by those skilled in the art that the use of directional terms
such as above, below, upper, lower, upward, downward and the like are used in relation to the
illustrative embodiments as they are depicted in the figures, the upward direction being toward
the top of the corresponding figure and the downward direction being toward the bottom of the
corresponding figure. Where this is not the case and a term is being used to indicate a required

orientation, the Specification will state or make such clear.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0009] While the making and using of various embodiments of the present invention are
discussed in detail below, a practitioner of the art will appreciate that the present invention
provides concepts which can be embodied in a variety of specific contexts. The specific
embodiments discussed are illustrative of specific ways to make and use the disclosed apparatus
and do not limit the scope of the appended claims.

[0010] The description may be discussed with reference to a horizontal wellbore.
However, the inventions disclosed herein can be used in horizontal, vertical, or deviated
wellbores. As used herein, the words “comprise,” “have,” “include,” and grammatical variations
have open, non-limiting meanings that do not exclude additional elements or steps. The terms
“uphole,” “downhole,” and the like, refer to movement towards or away from the wellhead, or in
a direction closer or farther from the wellhead, irrespective of whether used in reference to a
vertical, horizontal or deviated borehole. The terms “upstream” and “downstream” refer to the
relative position or direction in relation to fluid flow, again irrespective of the borehole
orientation. Those of skill in the art will recognize where the inventions disclosed herein can be
used in conjunction with jointed tubing string, coiled tubing, or wireline. The inventions herein
can also be used with on-shore rigs, off-shore rigs, subsea and deep-sea rigs, etc.

[0011] Referring to FIG. 1, a general schematic of an oil or gas well is generally
designated 10. A derrick 12, rig, platform, hoist, hook and swivel, or other surface equipment
and machinery are generally indicated positioned over a wellbore 14. The type of uphole
equipment depends on the circumstances, as is apparent to those of skill in the art, including

whether it is an on-shore or off-shore well, the operations being performed (drilling, work-over,
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production, injection, etc.), the specifics of the well, such as depth, orientation (vertical,
deviated, horizontal), expected hydrocarbon and other fluid production, operating conditions
such as temperature, wellbore pressure, and formation pressure, etc. Further, various additional
devices can be deployed, such as blow-out preventers, Christmas tree, wellhead stacks, safety
valves and seals, isolation devices, etc. The wellbore 14 can have a casing 16, that is, be cased,
open-hole, or a combination of both. The wellbore extends through various earth strata, including
a hydrocarbon-bearing formation.

[0012] A coiled tubing 18 is used to run-in an insertion string 20 for performing
downhole operations, such as, in this case, placement or retrieval of a downhole ESP and
associated equipment. It is understood that these apparatus are exemplary and that the methods
and apparatus herein can be used with coiled tubing, slick-line, braided line, wire rope, wireline,
or jointed tubing string. The insertion string 20 is for insertion into a larger diameter tubing
string 22 already positioned downhole in the wellbore. The insertion and tubing strings will be
discussed in detail below.

[0013] The insertion string 20 is suspended from coiled tubing 18, preferably having a
hydraulic retrieving tool (HRT) 24, such as is commercially available from Sperry Drilling
Services, a division of Halliburton Energy Services, Inc., attached thereto. The HRT 24 is mated
to an orientation retrieval sub 26 at the upper end of the insertion string. Also seen in FIG. 1 on
the insertion string 20 are an annular isolation device 28, such as a packer, an emergency
disconnect assembly 30, a latching assembly 32 (e.g., collet assembly), an interior locking
assembly 33 (e.g., locking mandrel) exterior annular seals 34, and inner transformer windings 36.
Additional tools and elements can be included on the insertion string. The illustrated string is
merely an example and is not limiting.

[0014] Exemplary annular isolation devices include mechanically, hydraulically,
electromechanically, chemically, or temperature-activated packers, plugs, etc., as are known in
the art. The annular sealing devices can be used to isolate formation zones, or sections of
wellbore, for interval treatment, etc. The packers are disposed about the tubing string and
selected to seal the annulus between the tubing string and the wellbore wall, when the assembly
is disposed in the wellbore. Several compatible packer designs are commercially available. If the
conveyance used is coiled tubing, there are multiple methods for setting the packer. One method

is to inflate the packer using the pumps. Another method is to place weight-down on the packer
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using the coiled tubing, to cause the packer to set. The setting weight can be selected such that
the packer expands and sets at a selected place in the sequence of events during positioning of
the insertion string in the tubing string. Another method uses a combination of pumps and
weight-down to set or lock the packer in the expanded position. All of these options are
reversible, and the packer can be unlocked, or un-set, for later retrieval of the insertion string.
[0015] The insertion string is shown partially inserted into tubing string 22, which is, in
the embodiment shown, already positioned and anchored in the wellbore. The tubing string can
include outer transformer windings 38, landing collar 40, power cable 42, housing 44, and
additional tools and elements, such as are known in the art.

[0016] As used herein, tubing string, work string, insertion string, and the like are used
broadly, and are to be construed as inclusive of various types of string or strings for various
operations, such as work work-overs, servicing, production, injection, stimulation, etc. Presented
are two primary tubing string configurations for use in performing the retrieval or insertion of an
ESP and associated equipment. These embodiments are representative and not limiting. Those of
skill in the art will recognize alternative embodiments and variations which are applicable.
[0017] Application of the methods and apparatus disclosed herein is designed to greatly
reduce rig time and costs associated with the retrieval and/or insertion of an ESP and motor
through the use of a wireline unit, coiled tubing unit, or other units as mentioned elsewhere
herein.

[0018] FIGS. 2 and 3 present an exemplary embodiment of the disclosed apparatus seen
in a schematic view. The figures are discussed in conjunction. The configuration consists of an
inductive coupling, or transformer, to jump electromagnetic energy from the outer, or primary,
tubing side to the inner, or secondary, insertion string side. FIG. 2 is a schematic view of an
exemplary embodiment of an insertion string 100 for inserting an ESP assembly 119, including
an ESP 120, and electric motor assembly 123, into a tubing string 126 at a downhole location,
the insertion string having an inner or secondary transformer winding. FIG. 3 is a schematic view
of a tubing string 126 with landing collar sub 128 and outer or primary transformer windings 135
for use in conjunction with the insertion string 100 of FIG. 2.

[0019] FIG. 2 shows an exemplary insertion string 100. At its upper end, the string
includes a connector assembly 101 for connecting the insertion string to a conveyance device,

such as a wireline, slick-line, jointed tubing string, etc., typically via a setting or running tool.
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The connection can be made to additional downhole tools, such as standard MLT running tools
such as a hydraulic retrieval tool (HRT), or standard wireline or slick-line setting tools. In the
preferred embodiment, the connector sub is an orientation, retrieval sub 101 having an
orientation mechanism, such as the angled upper surface or mule shoe. The sub connects to the
conveyance mechanism by keyhole ports 102 which cooperate with radially extending dogs on
the connecting tool above.

[0020] An annular isolation device 103 is positioned on the exterior of the insertion
string assembly and, upon activation or setting, expands radially to seal and grip the tubing
string. The annular isolation device provides a pressure seal across the annulus defined between
the insertion string and the tubing string. Annular isolation devices include packers, inflatable
packers, swellable packers, etc., and can employ one or more sealing elements, typically but not
necessarily of elastomeric material, and gripping mechanisms such as radially expandable grips.
Such devices are known in the art.

[0021] In a preferred embodiment, the insertion string is provided with one or more
emergency or alternate disconnect assemblies 105, which can be attached via adapter subs 104
and 106. Emergency or contingency disconnection assemblies are known in the art by persons of
skill in the art.

[0022] A latching assembly 107 is provided for selectively attaching the insertion string
to the tubing string. Latching assemblies are known in the art and include expandable collets,
spring-loaded locking or mating dogs, snap rings, split rings, cooperating profiles, etc., and also
include various anchoring mechanisms. In a preferred embodiment, the latching assembly is a
collet assembly. The collet assembly includes a radially adjusting collet 108. An internal, locking
mandrel 109 serves to selectively lock the set collet into place, anchored or attached to the tubing
string. Preferably the locking mandrel 109 has longitudinally extending splines 150 which
cooperate with splines defined on the interior of the collet housing 107. The splines cooperate to
prevent relative rotation of the housing and mandrel in response to torque placed on the
assembly, for example, by the operation of the motor 144.

[0023] Annular seals 111 and 117 are positioned or defined on the exterior of the
insertion assembly. The seals cooperate with the interior surface of the tubing string, profiles
defined thereon, or cooperating seals positioned therein. Alternately, the seals can be carried on

the interior of the tubing string. The seals operate to define a protective chamber 145, shown as
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extending longitudinally along bracket 145, for the windings, after they are positioned sealingly
in the tubing string. The protective chamber 145 is defined in the annulus between the insertion
and tubing strings and at each end by the seals 111 and 117. Consequently, the chamber runs
longitudinally across one or more interior transformer windings 133. The protective chamber is
preferably filled with a non-conductive and non-corrosive fluid to extend the longevity of the
windings. Further, although the outer transformer windings 135 are shown wrapped on the
exterior of the tubing string for ease of reference, it is preferable to have the outer windings
located inside the tubing string such that they are also surrounded by the non-conductive and
non-corrosive fluid. Typically, the windings are impregnated with a high-temperature, injectable
plastic, resin, or elastomer, such as Arion (trade name), epoxy, or highly saturated nitrile rubber,
or other such sealant, that acts as a primary barrier to the wellbore fluids.

[0024] In a preferred embodiment, the insertion string includes a fluid flush assembly
110 for flushing the cleansing or protective fluid, stored in a reservoir defined in the flush
assembly, across the transformer windings 133 and filling the protective chamber 145. Entry for
the fluid to the protective chamber is provided by a plurality of inlets 115. Outlets 113 are
provided for the flushed wellbore fluid, which flows via internal passageway to exhaust ports
114. The flush assembly is preferably operated by driving an annular piston 146 to force the
protective fluid 147 out of an annular reservoir 148 containing the fluid and into the protective
chamber 145 via appropriate fluid passageways extending from reservoir to chamber.

[0025] The piston can be driven using weight-down on the coiled tubing string to shear a
pin or other holding mechanism and move the piston. Alternately, the piston can be driven by
hydraulic, mechanical, or electro-mechanical devices, such as, for example, those used in setting
tools. The piston and other movable or settable devices described herein can also be powered by
a local electro-mechanical device. Additionally, the protective fluid reservoir can be pre-
pressurized to drain spontaneously into the protective chamber upon release of the pressure, such
as by activation of a frangible or dissolvable barrier, plug or disk. Various washing assemblies
are known in the art, to wash clean fluid, lubricating oil, dielectric fluid, etc., across a surface of
interest, such as an electrical or fiber optic connection, a debris screen, or to re-fill a chamber.
Persons of skill in the art will recognize various such assemblies which can be used. Methods
and apparatus for actuating downhole components, including rupture disks, low force pistons,

and the like, are disclosed in the following, each incorporated by reference for all purposes: U.S.
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Patent No. 8,235103, to Wright, issued August 7, 2012; U.S. Patent Application Publication No.
2011/0174504, to Wright, filed January 15, 2010; and U.S. Patent Application Publication No.
2011/0174484, to Wright, filed December 11, 2010; U.S. Patent Publication No. 2011/0265987,
to Wright, filed April 28, 2010; and U.S. Patent Application Serial No. PCT/US12/53448 filed
August 31, 2012, to Fripp, et al.

[0026] The power coupling 127 is made-up of inner coupling member 127a and outer
coupling member 127 b. In reference to the windings, transformer members, and power coupling
members, the terms interior and exterior refer to relative radial positions of the members. In the
embodiment shown, the inner transformer windings 133 are wrapped on the exterior of the
transformer housing 132 of the insertion string. The coupling member 127a is preferably defined
along a radially decreased OD portion of the insertion string.

[0027] In use, the outer windings 135 are aligned with the inner windings 133 when the
insertion string 101 is installed in the tubing string 126. This allows for coupling of
electromagnetic energy between the windings. In general, the ratio between the turns of the outer
and inner windings is 1:1. Other ratios can be used, for example, if it was desirable to adjust the
downhole voltage delivery to the motor. In such a case, it may be desirable to transmit downhole
with a higher voltage, and then step the voltage down with the transformer. This allows for a
smaller cable to be run from the surface and reduces resistive losses associated with transmission
over the interval, thus improving the efficiency of the power delivery system.

[0028] The transformer sub is connected, via electrical connector sub 118, to the ESP
assembly 119. The ESP assembly 119 includes an ESP 140 positioned in an ESP sub housing
141. ESPs are known in the art, as well as means for operatively attaching them to an electrical
motor, drive shaft, electrical cables, etc., and will not be discussed herein. Persons of skill in the
art are aware of the types of and specifications for ESPs.

[0029] Power in the inner windings 133 is directed along a cable to the ESP motor 144
located near the bottom of the insertion string. The motor is electrically powered and drives a
fluid ESP 140 that pumps surrounding fluid from the annulus exterior the pump housing, through
intake ports 121, and up an interior passageway 150 to the surface.

[0030] An electrical port 118 connects the transformer assembly to an exterior power

cable 120, held in place, if necessary, by cable straps 124. The power cable enters the motor
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housing 143 of the motor assembly 123 via electrical connector port 125 and electrically powers
the electric motor 144.

[0031] The power cable 120, preferably, in this instance, a three-phase armored power
cable, is run to the electrical connector port 125. The power cable is strapped, as necessary, to
the insertion string using straps or steel bands 124 to hold the cable tightly to the insertion string.
The other end of the power cable is connected to the electrical connector sub 118, which also
preferably has an electrical connector for three-phase power. The cable runs interior to the
transformer housing 132 and connects to the appropriate inner transformer windings 133. As
with any three-phase power, the windings 133 can be wired in a delta or Y configuration. In this
instance, the delta configuration is preferred, so as to float the grounding so it is not necessary to
have an additional return ground-line. Other alternatives are available and are largely dependent
on the ESP motor wiring. The three inner or secondary transformer windings are spaced apart
enough that magnetic interference between the transformer solenoid-style windings are
negligible.

[0032] Electric motors for use in powering ESPs are well known in the art by persons of
skill therein. The ESP motor 144 is oil-filled and is preferably an induction style motor such as
the motors supplied by the Wood Group PLC. Power is fed to the motor via the motor electrical
connector port 125, in this case located on the outside of the housing.

[0033] The ESP motor assembly 123 it is connected to a rotary seal sub 122. The rotary
seal sub ensures wellbore fluids do not enter the motor cavity, which is generally filled with oil.
Such seal subs are known in the art and commercially available, such as from the Wood Group
PLC. The shaft from the ESP motor runs through the seal sub and attaches to the ESP 140. The
pump has fluid intake 121 above the seal sub 122. The tubular members in the insertion string
above the pump are preferably through-bore, with an outlet at the upper end from the orientation
retrieval sub 101.

[0034] The tubing string 126, seen in FIG. 3, is preferably previously positioned
downhole and anchored or attached in place. The string can include various additional tools
hanging below or extending above the illustrated portion of the string. Power lines 134 run from
each outer winding 135 to the long-haul power cable 129. This power cable continues up to the
surface, where it is ultimately connected to a power source that energizes the ESP motor 144.

The long-haul power cable 129 is strapped to the outside of the tubing string 126 using straps or



WO 2015/023282 PCT/US2013/055158

steel bands 124 at appropriate intervals, as necessary. The speed of the motor is generally
adjusted at the surface by varying frequency and voltage levels. The power is typically a three-
phase alternating current operating at 50 Hz or 60 Hz under normal load conditions.

[0035] The transformer windings 135 and 133 are shown wound in a solenoid-style
arrangement. While this is the preferred method of coupling power from the exterior winding to
the interior winding, other arrangements are possible which can effectively couple power across
the windings. For example, longitudinal ribs with windings around the ribs could be employed to
facilitate power transfer. While this style of winding can be done, it is not as easy to package in
an environment where radial distance is limited.

[0036] Generally, the configuration shown in FIGS. 2 and 3 enables electrical power
transference between a power cable 129 running along tubing string 126 from the surface and a
power line 120 running along the insertion string 101 by way of a power coupling 127a-b.
Electro-magnetic energy is transferred from the outer transformer windings 135 on the outer half
127b of the coupling to the inner transformer windings 133 on the inner half 127a of the power
coupling 127. Power is transferred in the form of an alternating electric current through the outer
windings which, in turn, excites current in the inner windings. The inner windings side 127a is
connected to the retrievable, insertion string.

[0037] The insertion string operates to insert, retrieve, and re-insert the ESP and ESP
motor as many times as necessary through the aid of standard MLT running tools, wireline
setting tools, or slick-line setting tools. Generally ESPs last about 5 years between servicing, and
in the event of sand ingression, servicing intervals can be reduced dramatically.

[0038] In use, the insertion string is placed in the tubing string utilizing, preferably,
coiled tubing and a coiled tubing rig with a Sperry hydraulic retrieving tool (HRT). The HRT is
connected to the coiled tubing, then engaged to the insertion string, preferably by mating
retractable dogs on the HRT with the keyhole ports 102 on the orientation retrieval sub 101. The
mule shoe at the upper end of the orientation retrieval sub allows the HRT to align with the
keyholes for engagement.

[0039] The insertion string is tripped into the wellbore. Eventually the locking collet 108
lands in the landing sub 128. The collet 108, upon alignment with a cooperating profile, radially
expands into engagement with the landing sub. The collet includes collet arms (or similar)

which, in a radially expanded position, bear the weight of the coiled tubing.
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[0040] The upper and lower seals 111 and 117 seal against the inner diameter surface of
the tubing string 126, thereby forming the annular protective chamber 145 which extends along
and encloses the inner windings 133. In a preferred embodiment, the outer windings 135 are
carried on the interior of the tubing string and are also enclosed in the protective chamber 145.
The protective chamber is isolated from wellbore fluids, however, the fluid in the chamber still
contains wellbore fluids and needs to be flushed out and filled with a protective fluid.

[0041] When the locking collet 108 expands, a locking mandrel 109, mounted for
longitudinal movement inside of the insertion string and connected to the upper end of the
insertion string, slides underneath the collet fingers in response to weight applied by the coiled
tubing, which increases to shear a shear pin holding the locking mandrel in place. The locking
mandrel travels underneath the collet fingers, essentially “locking” the collet in the radially
expanded and engaged position in the landing collar.

[0042] The mandrel continues to travel longitudinally and engages an annular piston 146.
The piston is forced downward, thereby forcing protective fluid stored in an annular reservoir
below the piston, to travel through a series of passageways and one-way valves. The flushing
fluid enters the chamber 145 through the intake ports 115 which have one-way check valves 149
mounted in-line with them. The flushing fluid pushes the wellbore fluid in the chamber 145 out
the exit ports 113, which also have one-way check valves 149 and debris screens in-line with
them. Wellbore fluid is ejected out into the wellbore from the fluid exhaust ports 114. As a
general rule of thumb, a minimum of three and preferably ten times the chamber volume of
flushing fluid is flushed through the chamber to ensure proper flushing, although theoretically
only one volume worth of flushing fluid is required.

[0043] The upper part of the locking mandrel 109 inside the collet housing 107 has
splines 150 which cooperate with corresponding features on the inner diameter of the collet
housing 107. This prevents the lower assembly from rotating due to reactive torque put into the
insertion string by the ESP motor 144.

[0044] When the stroke of the mandrel 109 is complete, weight from the coiled tubing
piles-up on the through-bore packer 103 which is now in position to be set. The through-bore
packer has a two main purposes. First, it seals the wellbore from the tubing string inner diameter

above it. This allows fluid pumped by the ESP into the tubing string to remain in the tubing

10
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string and travel up the well. Second, the packer prevents the insertion string from rotating due to
reactive torque from the ESP motor.

[0045] The MLT is then detached from the insertion string and pulled to the surface.
[0046] For retrieval, a coiled tubing (or alternate) is run-in the wellbore and attaches to
the retrieval sub. Upward pull on the internal insertion string members basically reverses the
steps described in conjunction with running-in and setting the insertion string. In some
embodiments, an unlatching assembly can be operated by weight-down on the coiled tubing. The
packer is radially retracted and un-set. Retrievable packers are known in the art. The locking
mandrel is pulled from the collet assembly, allowing the collet arms to retract radially. The
insertion string is pulled out of hole. Note that the piston and flushing fluid assemblies may not
be affected by the removal method.

[0047] The ESP and ESP motor are pulled to the surface along with the insertion string.
The process can be repeated as desired, allowing the ESP and ESP motor to be replaced,
repaired, or otherwise treated, and then run-in and positioned in the tubing string. The method
does not require tripping out and in the tubing string, which remains in place during the method.
[0048] Various patents describe mechanisms for setting, unsetting and retrieving
downhole tools such as packers, including U.S. Patent Numbers 4,151,875 to Sullaway, 5,224,
540 and 5,271,468 to Streich, 5,727,632 to Richards, 7,080,693 to Walker, and 7,198,110 to
Kilgore, which are incorporated by reference for all purposes. Further disclosure can be found in
International Application PCT/2012/058242, filed October 1, 2012, to Halliburton Energy
Services, Inc., which is incorporated herein for all purposes. Latching mechanisms and methods
which can be applied to the disclosure herein are disclosed in U.S. Patent Nos. 5,579,829, issued
December 3, 1996, to Comeau, et. al., and 6,202,746, issued March 20, 2001, to Vandenberg, et.
al., which are incorporated herein by reference for all purposes. Disclosure regarding collet
assemblies can be found in U.S. Patent Application Publication No. US8485266 B2, filed
November 11, 2011, to Stautzenberg, which is incorporated herein for all purposes.

[0049] FIGS. 4 and 5 present an additional embodiment which utilizes an electrical wet-
connect rather than inductive coils to enable power transference to the insertion string and ESP
motor. FIGS. 4 and 5 present an exemplary embodiment of the disclosed apparatus seen in a
schematic view. The figures are discussed in conjunction. FIG. 4 is a schematic view of an

exemplary embodiment of an insertion string 100 for inserting an ESP assembly 119, including

11
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an ESP, electric motor assembly 123 and motor 144, and wet-connect 116, into a tubing string
126 at a downhole location, the tubing string having a cooperating wet-connect 130. FIG. 5 is a
schematic view of a tubing string 126, with landing collar sub 128, and cooperating wet-connect
130 for use in conjunction with the insertion string 101 of FIG. 4.

[0050] Many of the other string components are the same as or similar to those described
above in relation to FIGS. 2 and 3.

[0051] FIGS. 4 and 5 present an exemplary embodiment of the disclosed apparatus seen
in a schematic view. The figures are discussed in conjunction. The configuration consists of an
electrical wet-connect to transfer energy from the tubing string 126, to the insertion string 100.
FIG. 4 is a schematic view of an exemplary embodiment of an insertion string 100 for inserting
an ESP assembly 119, including an ESP 140, and electric motor assembly 123, into a tubing
string 126 at a downhole location. FIG. 5 is a schematic view of a tubing string 126 with landing
collar sub 128 for use in conjunction with the insertion string 100 of FIG. 4.

[0052] FIG. 4 shows an exemplary insertion string 100. At its upper end, the string
includes a connector assembly 101 for connecting the insertion string to a conveyance device,
such as a wireline, slick-line, jointed tubing string, etc., typically via a setting or running tool.
The connection can be made to additional downhole tools, such as standard MLT running tools
such as a hydraulic retrieval tool (HRT), or standard wireline or slick-line setting tools. In the
preferred embodiment, the connector sub is an orientation, retrieval sub 101 having an
orientation mechanism, such as the angled upper surface or mule shoe. The sub connects to the
conveyance mechanism by keyhole ports 102 which cooperate with radially extending dogs on
the connecting tool above.

[0053] An annular isolation device 103 is positioned on the exterior of the insertion
string assembly and, upon activation or setting, expands radially to seal and grip the tubing
string. The annular isolation device provides a pressure seal across the annulus defined between
the insertion string and the tubing string. Annular isolation devices include packers, inflatable
packers, swellable packers, etc., and can employ one or more sealing elements, typically but not
necessarily of elastomeric material, and gripping mechanisms such as radially expandable grips.
Such devices are known in the art.

[0054] In a preferred embodiment, the insertion string is provided with one or more

emergency or alternate disconnect assemblies 105, which can be attached via adapter subs 104
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and 106. Emergency or contingency disconnection assemblies are known in the art by persons of
skill in the art.

[0055] A latching assembly 107 is provided for selectively attaching the insertion string
to the tubing string. Latching assemblies are known in the art and include expandable collets,
spring-loaded locking or mating dogs, snap rings, split rings, cooperating profiles, etc., and also
include various anchoring mechanisms. In a preferred embodiment, the latching assembly is a
collet assembly. The collet assembly includes a radially adjusting collet 108. An internal, locking
mandrel 109 serves to selectively lock the set collet into place, anchored or attached to the tubing
string. Preferably the locking mandrel 109 has longitudinally extending splines 150 which
cooperate with splines defined on the interior of the collet housing 107. The splines cooperate to
prevent relative rotation of the housing and mandrel in response to torque placed on the
assembly, for example, by the operation of the motor 144.

[0056] Annular seals 111 and 117 are positioned or defined on the exterior of the
insertion assembly. The seals cooperate with the interior surface of the tubing string, profiles
defined thereon, or cooperating seals positioned therein. Alternately, the seals can be carried on
the interior of the tubing string. The seals operate to define a protective chamber for the electrical
wet-connect port 116, after they are positioned sealingly in the tubing string. The protective
chamber is defined in the annulus between the insertion and tubing strings and at each end by the
seals 111 and 117. Consequently, the chamber extends longitudinally across one or more wet-
connect ports. The protective chamber is preferably filled with a non-conductive and non-
corrosive fluid to enhance connectivity.

[0057] In a preferred embodiment, the insertion string includes a fluid flush assembly
110 for flushing a cleansing or protective fluid, stored in a reservoir on the insertion string,
across the wet-connect 116 and filling the protective chamber. Entry for the fluid to the
protective chamber is provided by a plurality of inlets 115. Outlets 113 are provided for egress of
the flushed wellbore fluid, which flows via internal passageway to exhaust ports 114. The flush
assembly is preferably operated by driving an annular piston to force the protective fluid out of
an annular reservoir containing the fluid and into the protective chamber via appropriate fluid
passageways extending from reservoir to chamber.

[0058] Preferably, the piston is driven using weight-down on the coiled tubing to shear a

pin or other holding mechanism and move the piston. Various fluid flush assemblies and
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methods are known in the art, for washing, cleaning, or lubricating a surface of interest. Persons
of skill in the art will recognize various such assemblies which can be used.

[0059] The assembly includes at least one electrical wet-connector port 116 which
cooperates with a corresponding wet-connect port on the interior surface of the tubing string. The
art known to the practitioner provides numerous mechanisms and methods of providing reliable
wet-connector, whether electrical or fiber-optic.

[0060] The wet-connect 116 is connected, via internal wiring and electrical port 118, to
the ESP assembly 119. The ESP assembly 119 includes an ESP 140 positioned in an ESP
housing 141. ESPs are known in the art, as well as means for operatively attaching them to an
electrical motor, drive shaft, electrical cables, etc., and will not be discussed herein. Persons of
skill in the art are aware of the types of and specifications for ESPs.

[0061] Power from the wet-connect 116 is directed through port 118 and along cable 120
to the ESP motor 144 located near the bottom of the insertion string. The motor 144 is
electrically powered and drives an ESP 118 that pumps surrounding fluid from the annulus
exterior the pump housing 141, through intake ports 121, and up an interior passageway 150 to
the surface.

[0062] An electrical port 118 connects to an exterior power cable 120, held in place, if
necessary, by cable straps 124. The power cable enters the motor housing 143 of the motor
assembly 123 via electrical connector port 125 and electrically powers the electric ESP motor
144.

[0063] Electric motors for use in powering ESPs are well known in the art by persons of
skill therein. The ESP motor 144 is oil-filled and is preferably an induction style motor such as
the motors supplied by the Wood Group. Power is fed to the motor via the motor electrical
connector port 125, in this case located on the outside of the housing.

[0064] The ESP motor sub 123 it is connected to a rotary seal sub 122. The rotary seal
sub ensures wellbore fluids do not enter the motor cavity, which is generally filled with oil. Such
seal subs are known in the art and commercially available, such as from the Wood Group PLC.
The shaft from the ESP motor runs through the seal sub and attaches to the ESP 140. The pump
has fluid intakes 121 above the seal sub 122. The tubular members in the insertion string above
the pump are preferably through-bore, defining a passageway 150, with an outlet at the upper

end from the orientation retrieval sub 101.
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[0065] The tubing string 126, seen in FIG. 5, is positioned downhole and anchored in
place. The string can include various additional tools hanging below or extending above the
illustrated portion of the string. The long-haul power cable 127 runs to the surface, where it is
ultimately connected to a power source that energizes the ESP motor 144. The long-haul power
cable 127 is strapped to the outside of the tubing string 126 using straps or steel bands 124 at
appropriate intervals, as necessary. The speed of the motor is generally adjusted at the surface by
varying frequency and voltage levels. The power is typically a three-phase alternating current
operating at 50 Hz or 60 Hz under normal load conditions.

[0066] Generally, the configuration shown in FIGS. 4 and 5 enables electrical power
transference from a long-haul power cable running from the surface along tubing string 126 to a
power line 120 on the insertion string 100 by way of a wet-connect power coupling. The
insertion string operates to insert, retrieve, and re-insert the ESP and ESP motor as necessary
through the aid of standard running or setting tools. Generally ESPs last about 5 years between
servicing, and in the event of sand ingression, servicing intervals can be reduced dramatically.
[0067] In use, preferably, the insertion string is placed in the tubing string utilizing coiled
tubing and a coiled tubing rig with a Sperry hydraulic retrieving tool (HRT). The HRT is
connected to the coiled tubing and engaged to the insertion string by mating retractable dogs
with the keyhole ports 102. The mule shoe allows alignment of dogs and keyholes.

[0068] The insertion string is tripped into the wellbore. Eventually the locking collet 108
lands in the landing sub 128 radially expands into engagement with the landing sub. The collet
arms (or similar), radially expanded, now bear the weight of the coiled tubing.

[0069] The upper and lower seals 111 and 117 seal against the tubing string, forming the
annular protective chamber which extends across wet-connect part 116. The cooperating wet-
connect of the tubing string is also in the sealed chamber. The protective chamber is isolated
from wellbore fluids, however, the fluid in the chamber still contains wellbore fluids and needs
to be flushed out and filled with a protective fluid.

[0070] When the locking collet 108 expands, a locking mandrel 109 moves beneath the
collet fingers. Weight-down applied by the coiled tubing increases to shear a shear pin holding
the locking mandrel in place. The locking mandrel travels beneath the collet fingers, essentially

“locking” the collet in the radially expanded and engaged position.
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[0071] The mandrel in a preferred embodiment engages an annular piston, as explained
with reference to FIGS. 2 and 3. The flushing fluid enters the chamber through the intake ports
115. The fluid pushes wellbore fluid out the exit ports 113. Wellbore fluid is ejected out into the
wellbore from the fluid exhaust ports 114. Check valves 149 and debris screens can be employed
as well.

[0072] The upper part of the locking mandrel 109 inside the collet housing 107 has
splines 150 which cooperate with corresponding features on the inner diameter of the collet
housing 107. This prevents the lower assembly from rotating due to reactive torque placed on the
insertion string by the ESP motor 144.

[0073] When the stroke of the mandrel 109 is complete, weight down from the coiled
tubing sets the through-bore packer 103. The through-bore packer seals the wellbore from the
tubing string inner diameter above it, allowing fluid pumped by the ESP to remain in the tubing
string and travel up the well. The packer also prevents the insertion string from rotating due to
reactive torque from the ESP motor.

[0074] Further disclosure relating to retrievable downhole ESPs can be found in the
following, which are incorporated herein by reference for all purposes: U.S. Pat. Nos. 5,746,582,
to Patterson, issued May 5, 1998; and 5,954,483, to Tetzlaff, issued September 21, 1999.

[0075] The embodiments disclosed above are exemplary and persons of skill in the art
will recognize variations, modifications, and additions which can be made without departing
from the spirit of the disclosure. The apparatus described are for use in a method of servicing a
wellbore extending through a subterranean wellbore. It is anticipated that the tubing string is
previously positioned in the wellbore and that the insertion string is to be inserted into and
attached to the tubing string. The insertion string is disconnected from the coiled tubing,
wireline, etc., leaving an operable and powered ESP motor and ESP at the downhole location.
The ESP and ESP motor are retrievable without having to also retrieve any of the tubing string.
The tubing string can have many configurations and tools positioned above and/or below the
landing sub (or other point of attachment for the insertion string), such as production tubing,
screens, safety valves, production valves, in-flow control devices, etc.

[0076] Exemplary methods of use are discussed below and herein. The methods can have
any number of steps, in various orders, with some listed steps skipped, repeated, or performed in

different order, and additional steps can be added. The claims define the invention and the
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methods disclosed are not limiting. Neither the claims nor the disclosure limit the order of steps
unless otherwise indicated (such as be “and then” or other verbiage requiring a specific order),
nor do steps listed sequentially (or modified by terms such as “and then”) necessarily need to be
performed without intervening steps.

[0077] A method is presented for insertion of a retrievable ESP and electrical motor for
driving the ESP, into a subterrancan wellbore extending through a formation, the method
comprising the steps of: a) running into the wellbore on a conveyance, to a downhole location, an
insertion string having: an ESP, an electric motor for driving the ESP, and an electrical connector
for receiving electrical power to operate the electric motor; and then b) attaching the insertion
string to a tubing string positioned at the downhole location, the tubing string having a power
cable for providing electrical power from the surface, the power cable having an electrical
connector corresponding to the electrical connector of the insertion string for delivering electrical
power to operate the electric motor; and then c¢) powering the electrical motor for driving the
ESP utilizing the power cable and electrical connectors. Step a) can further comprise attaching
the insertion string to, and lowering the insertion string on the conveyance, and wherein the
conveyance is a wireline, slick-line, or coiled tubing. The step b) can further comprise
connecting the electrical connector of the insertion string and the electrical connector of the
tubing string to one another. The electrical connectors can be electrical wet-connect connectors
or inductive windings. Where inductive windings are employed, the inductive windings can be
mounted on the interior and/or exterior of the insertion string and/or tubing string, and the
windings can take various arrangements. Step b) can further comprise sealing the electrical
connectors in a fluid chamber defined between the insertion string and tubing string, and can
further include creating at least one annular seal in an annulus between the tubing and insertion
strings. Where a fluid chamber is created, the method can also include steps of substantially
filling the fluid chamber with a non-corrosive, non-conducting fluid and/or substantially flushing
wellbore fluid out of the fluid chamber. Step b) can further comprise attaching the insertion
string to a landing sub on the tubing string; and can further comprise latching a latching device to
a cooperating profile defined on the tubing string. The latching mechanism can be or include a
collet assembly, a collet, a radially expandable collet, a radially collapsible collet, etc. The
method can include radially expanding a collet, landing the collet on a landing sub or other

profile, and/or locking the collet in an expanded state. The step b) can further comprise locking
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the insertion string to the tubing string. The locking can be accomplished by sliding a locking
mandrel into a radially expanded collet. Further, the method can include setting an annular
isolation device (such as a packer), positioned on the insertion string uphole of the ESP and
electrical motor, to sealingly and grippingly engage the tubing string. The step b) can further
comprise axially locking longitudinally movable members of the insertion string, such as with
aligned splines on longitudinally movable (with respect to one another) members, such as the
insertion string housing and an insertion string mandrel. One or both of the steps of filling and
flushing the chamber can be done by moving a slidable piston, and forcing non-corrosive, non-
conducting fluid out of a fluid reservoir and into the fluid chamber. The method can include the
step of mating or connecting the electrical connectors of the insertion and tubing strings. The
conveyance (wireline, coiled tubing, etc.) is disconnected from the insertion string once it is
properly positioned and secured in place. The ESP motor is powered by electricity from the
surface and passing down the long-haul power cable on the tubing string, through the mated
electrical connectors (wet-connects or inductive coils), along cables or wiring on the insertion
string and to the electric ESP motor. The motor drives the ESP. The ESP pumps wellbore fluid
uphole to the surface. The insertion string, especially including the ESP and electrical motor are
retrieved from the downhole location using a conveyance (wireline, etc.) when desired. The
conveyance is lowered to the insertion string and attached thereto. In no particular order, the
insertion string is disconnected or detached from the tubing string, the annular isolation device is
un-set, the electrical connectors are disconnected, and the insertion string is pulled out of hole.

[0078] In the preferred and exemplary methods presented hereinabove, various method
steps are disclosed, where the steps listed are not exclusive, can sometimes be skipped, or
performed simultaneously, sequentially, or in varying or alternate orders with other steps (i.e.,
steps XYZ can be performed as XZY, YXZ, YZX, ZXY, etc.) (unless otherwise indicated), and
wherein the order and performance of the steps is disclosed additionally by the claims appended
hereto, which are incorporated by reference in their entirety into this specification for all
purposes (including support of the claims) and/or which form a part of this specification, the
method steps presented in the following text. Exemplary methods of use of the invention are
described, with the understanding that the invention is determined and limited only by the
claims. Those of skill in the art will recognize additional steps, different order of steps, and that

not all steps need be performed to practice the inventive methods described.
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[0079] While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embodiments as well as other embodiments of
the invention, will be apparent to person skilled in the art upon reference to the description. It is,

therefore, intended that the appended claims encompass any such modifications or embodiments.
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It is claimed:

1. A method for insertion of a retrievable Electric Submersible Pump (ESP) and
electrical motor for driving the ESP, in a subterranean wellbore extending through a formation,
the method comprising:

a) running into the wellbore on a conveyance, to a downhole location, an
insertion string having: an ESP, an electric motor for driving the ESP, and an electrical connector
for receiving electrical power to operate the electric motor; and then

b) attaching the insertion string to a tubing string positioned at the downhole
location, the tubing string having a power cable for providing electrical power from the surface,
the power cable having an electrical connector corresponding to the electrical connector of the
insertion string for delivering electrical power to operate the electric motor; and then

) powering the electrical motor for driving the ESP utilizing the power cable

and electrical connectors.
2. The method of claim 1, wherein step a) further comprises: attaching the insertion string
to, and lowering the insertion string on the conveyance, and wherein the conveyance is a

wireline, slick-line, or coiled tubing.

3. The method of claim 1, wherein step b) further comprises: connecting the electrical

connector of the insertion string and the electrical connector of the tubing string.

4, The method of claim 1, wherein the electrical connectors are electrical wet-connect

connectors or inductive windings.

5. The method of claim 4, wherein step b) further comprises: sealing the electrical

connectors in a fluid chamber defined between the insertion string and tubing string.

6. The method of claim 5, wherein the step of sealing further comprises creating at

least one annular seal in an annulus between the tubing and insertion strings.
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7. The method of claim 5, wherein step b) further comprises the step of: substantially

filling the fluid chamber with a non-corrosive, non-conducting fluid.

8. The method of claim 7, wherein the step b) further comprises: substantially flushing
wellbore fluid out of the fluid chamber.

9. The method of claim 1, wherein step b) further comprises attaching the insertion

string to a landing sub on the tubing string.

10. The method of claim 9, wherein step b) further comprises latching a latching device

to a cooperating profile defined on the tubing string.

11. The method of claim 9, wherein step b) further comprises radially expanding a
collet and landing the collet on the landing sub.

12. The method of claim 1, wherein step b) further comprises locking the insertion
string to the tubing string.
13. The method of claim 12, wherein step b) further comprises sliding a locking

mandrel into the radially expanded collet.
14. The method of claim 1, wherein step b) further comprises setting an annular
isolation device, positioned on the insertion string uphole of the ESP and electrical motor, to

sealingly and grippingly engage the tubing string.

15. The method of claim 1, wherein step b) further comprises axially locking

longitudinally movable members of the insertion string.

16. The method of claim 15, wherein the step of axially locking includes aligning

cooperating splines of the longitudinally movable members.
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17. The method of claim 8, wherein the steps of filling and flushing further comprise
the step of: moving a slidable piston, forcing the non-corrosive, non-conducting fluid out of a

fluid reservoir and into the fluid chamber.

18. The method of claim 1, wherein step b) further comprises mating the electrical
connectors.
19. The method of claim 1, further comprising a step of: disconnecting the conveyance

from the insertion string and pulling the conveyance from the wellbore.

20. The method of claim 1, further comprising a step d) of driving the ESP with the

electrical motor.

21. The method of claim 20, further comprising a step €) of pumping formation fluid to
the surface using the ESP.

22. The method of claim 1, further comprising a step f) of retrieving the insertion string

to the surface for repair or replacement of at least one of the ESP or electrical motor.
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