I*I Innovation, Sciences et Innovation, Science and CA 3132869 A1 2020/09/24
Développement économique Canada Economic Development Canada
en 3 132 869

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dép6t PCT/PCT Filing Date: 2020/03/17 (51) CLInt./Int.Cl. E278 43/12(2006.01),
(87) Date publication PCT/PCT Publication Date: 2020/09/24 £218 23/04(2006.01), £218 34/10(2006.01)
(85) Entrée phase nationale/National Entry: 2021/09/07 (71) Demandeur/Applicant:

BAKER HUGHES OILFIELD OPERATIONS LLC, US
(86) N° demande PCT/PCT Application No.: US 2020/023212
(72) Inventeurs/Inventors:

(87) N° publication PCT/PCT Publication No.: 2020/190975 TANNER, DAVID, US;
(30) Priorités/Priorities: 2019/03/18 (US62/820,018); MEYER, ARON, US;
2020/03/17 (US16/820,983) SEMPLE, RYAN, US

(74) Agent: CRAIG WILSON AND COMPANY

(54) Titre : EVENT A GAZ POUR UNE SECTION D'ETANCHEITE D'UN ENSEMBLE POMPE SUBMERSIBLE
ELECTRIQUE
(54) Title: GAS VENT FOR A SEAL SECTION OF AN ELECTRICAL SUBMERSIBLE PUMP ASSEMBLY

57

(57) Abrégé/Abstract:

A seal section (19) of a submersible well pump assembly (11) has an expandable and contractible bag (37) surrounded by a
pressure equalizing chamber (41). A motor lubricant communication path communicates motor lubricant (35) to the bag interior. A
well fluid port (53) admits well fluid into the pressure equalizing chamber. A gas vent passage (65) leads from the pressure
equalizing chamber to the exterior. At least one membrane (67) in the gas vent passage allows gas contained in the well fluid in the
pressure equalizing chamber to vent. The membrane blocks liquid from flowing through the gas vent passage into and out of the
pressure equalizing chamber.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 20207190975 A1 |0 0000 KO0 0O O 0

CA 03132869 2021-09-07

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/190975 Al

24 September 2020 (24.09.2020) WIPO I PCT

(51) International Patent Classification: (74) Agent: HUNZIKER, Robin ¢t al.; 300 NE 9th Street, Ok-
E21IB 43/12 (2006.01) E21B 23/04 (2006.01) lahoma City, Oklahoma 73104 (US).
E21B 34/10 (2006.01) (81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available). AE, AG, AL, AM,
PCT/US2020/023212 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
C 7 March 2020 (17.03.2020) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
o HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(25) Filing Language: English KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
L , MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(26) Publication Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(30) Priority Data: SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
62/820,018 18 March 2019 (18.03.2019) Us TT. TZ. UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
16/820,983 17 March 2020 (17.03.2020) us (84) Designated States (unless otherwise indicated, for every
(71) Applicant: BAKER HUGHES OILFIELD OPER- kind of regional protection available). ARIPO (BW, GH,
ATIONS LLC [US/US]; 17021 Aldine Westfield Road, GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
Houston, Texas 77073 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
i . TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inyentors: TANNER,pawd; Bz'lkerHughes Oilfield Oper- EE, ES, FI FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV.
ations LLC, 17021 Aldine Westficld Road, HOL'ISt'OH, Texas MC, MK, MT, NL. NO, PL, PT, RO, RS, SE, SI. SK, SM.
77073 (US). MEYER, Aron; Ba'ker Hughes Oilfield Oper- TR), OAPI (BF, BJ, CF, CG. CI, CM, GA. GN, GQ, GW,
ations LLC, 17021 Aldine Westficld Road, Hous'top, Texas KM, ML, MR, NE, SN, TD, TG).
77073 (US). SEMPLE, Ryan; Baker Hughes Oilfield Op-
erations LLC, 17021 Aldine Westfield Road, Houston, Published:

Texas 77073 (US).

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

(54) Title: GAS VENT FOR A SEAL SECTION OF AN ELECTRICAL SUBMERSIBLE PUMP ASSEMBLY

(57) Abstract: A seal section (19) of a submersible well pump assembly (11) has an expandable and

contractible bag (37) surrounded by a pressure equalizing chamber (41). A motor lubricant communi-
cation path communicates motor lubricant (35) to the bag interior. A well fluid port (53) admits well
fluid into the pressure equalizing chamber. A gas vent passage (65) leads from the pressure equalizing
chamber to the exterior. At least one membrane (67) in the gas vent passage allows gas contained in
the well fluid in the pressure equalizing chamber to vent. The membrane blocks liquid from flowing
through the gas vent passage into and out of the pressure equalizing chamber.



CA 03132869 2021-09-07

WO 2020/190975 PCT/US2020/023212

Gas Vent for a Seal Section of an Electrical Submersible Pump Assembly

Field of Disclosure

[0001] The present disclosure relates to electrical submersible well pump assemblies, and
in particular to a seal section with a vent to expel gas that may otherwise accumulate in an

upper portion of an elastomeric bag chamber.

Background

[0002] Electrical submersible pumps (ESP) are commonly used in hydrocarbon
producing wells. An ESP includes a pump driven by an electrical motor filled with a
dielectric motor lubricant. A seal section connected between the motor and the pump has a
shaft seal to retard the entry of well fluid into contamination with the motor lubricant. The
seal section also typically has one or more pressure equalizers to reduce a pressure
differential between the motor lubricant and exterior well fluid. The pressure equalizer may
be an elastomeric bag or a metal bellows. If two pressure equalizers are employed, each may
be in a separate pressure equalizing chamber, one above the other. Motor lubricant in
communication with the motor lubricant in the motor fills each pressure equalizer. A well
fluid port admits well fluid to the pressure equalizing chambers on the exteriors of the
pressure equalizers, causing the motor lubricant pressure in the motor to substantially equal

the hydrostatic well fluid pressure.

[0003] During operation, the temperature of the motor will elevate, which causes the
motor lubricant to expand. If the pressure equalizers are full and cannot expand more, a
check valve will open to expel some of the motor lubricant into the pressure equalizing
chamber. When the ESP is shut down, the motor cools, reducing the volume of lubricant and
causing the pressure equalizers to contract, admitting more well fluid into the pressure

equalizing chambers.

[0004] The well fluid is often a mixture of oil, water and gas. In one design of a seal
section having two elastomeric bags, the well fluid port is located in the lower pressure
equalizing chamber. Gas in the well fluid could migrate to an upper portion of the upper
pressure equalizing chamber. The gas may accumulate around and above the upper bag,
possibly harming the bag and eventually permeating through the elastomeric material. The

entry of gas into the dielectric motor lubricant could cause problems with the motor. Also,
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the accumulation of gas around the elastomeric bag and sealing elastomers can reduce their

effective life by increasing the risk of rapid gas decompression events.

Summary

[0005] A submersible well pump assembly comprises an enclosure with an expandable
and contractible bag within the enclosure, defining a pressure equalizing chamber in the
enclosure surrounding an exterior of the bag. A motor lubricant communication path
communicates motor lubricant from a motor of the assembly to an interior of the bag. A well
fluid port admits well fluid on an exterior of the enclosure into the pressure equalizing
chamber. A gas vent passage leads from the pressure equalizing chamber to the exterior of
the enclosure. At least one membrane is in the gas vent passage. The membrane is
configured to allow gas contained in the well fluid in the pressure equalizing chamber to vent
and to block liquid from flowing through the gas vent passage into and out of the pressure

equalizing chamber.

[0006] The well fluid port may be located below the gas vent passage. The well fluid
port may also be located below the bag. The gas vent passage may have an inlet in the

pressure equalizing chamber above the well fluid port.

[0007] The pressure equalizing chamber is filled with motor lubricant prior to installing

the submersible pump in a well.

[0008] More particularly, the enclosure comprises a housing, a head secured to an upper
end of the housing, and a base secured to a lower end of the housing. In the embodiment
shown, the gas vent passage extends through the head. The well fluid port extends through
the base.

[0009] In the examples shown, a membrane holding member within the housing us
secured to the head. The membrane holding member has a membrane inlet port that
comprises a lower part of the gas vent passage. The membrane is located within the
membrane inlet port. In the embodiment shown, the membrane holding member has a

threaded neck that secures to threads in the gas vent passage.

[0010] In one embodiment, the gas vent passage comprises an outlet portion extending to

the exterior of the enclosure and a plurality of inlet portions joining the outlet portion and
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extending to the pressure equalizing chamber. One of the membranes is in each of the inlet

portions.

[0011] In one embodiment, the outlet portion of the gas vent passage extends laterally,
and each inlet portion extends axially, relative to a longitudinal axis of the seal section. The
outlet portion has an outer end at an exterior of the head and a blind inner end. Each of the

inlet portions extends from the interior side of the head to the outlet portion.

Brief Description of the Drawings

[0012] Fig. 11s a side view of an electrical submersible pump (ESP) having a seal section

1n accordance with this disclosure.

[0013] Fig. 2 is a schematic axial sectional view of the seal section of Fig. 1, shown after

being filled with motor lubricant and prior to running into the well.

[0014] Fig. 3 is a sectional view of a manifold containing membranes for venting gas
from the well fluid within the upper pressure equalizing chamber, the manifold being shown

removed from the seal section.

[0015] Fig. 4 is a schematic sectional view of the seal section as shown in Fig. 2, but
after well fluid has filled the pressure equalizing chambers of the seal section and the bags are

contracted because the motor is not operating.

[0016] Fig. 5 is a sectional view of an upper portion of a second embodiment of the seal

section of Fig. 1.

[0017] Fig. 6 is a sectional view of the seal section of Fig. 5 taken along the line 6 — 6 of
Fig. 5.

[0018] While the disclosure will be described in connection with the preferred
embodiments, it will be understood that it is not intended to limit the disclosure to that
embodiment. On the contrary, it is intended to cover all alternatives, modifications, and

equivalents, as may be included within the scope of the claims.
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Detailed Description

[0019] The method and system of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown.
The method and system of the present disclosure may be in many different forms and should
not be construed as limited to the illustrated embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey its scope to those skilled in the art. Like numbers refer to like elements
throughout. In an embodiment, usage of the term “about™ includes +/- 5% of the cited
magnitude. In an embodiment, usage of the term “substantially” includes +/- 5% of the cited

magnitude.

[0020] It is to be further understood that the scope of the present disclosure is not limited
to the exact details of construction, operation, exact materials, or embodiments shown and
described, as modifications and equivalents will be apparent to one skilled in the art. In the
drawings and specification, there have been disclosed illustrative embodiments and, although
specific terms are employed, they are used in a generic and descriptive sense only and not for

the purpose of limitation.

[0021] Fig. 1 illustrates an electrical submersible well pump (ESP) 11 of a type
commonly used to lift hydrocarbon production fluids from wells. ESP 11 has a pump 13 with
intake ports 15 for drawing in well fluid. Pump 13 could be made up of several similar
pumps secured together in tandem by threaded fasteners or bolts, with intake ports 15 being
in the lowermost pump. Intake ports 15 could also be in a separate module connected to
pump 13. Further, if a rotary gas separator is employed below pump 13, intake ports 15
would be in the gas separator. Pump 13 may be of various types, such as a centrifugal pump,

a progressing cavity pump or a reciprocating pump.

[0022] An electrical motor 17 is operatively mounted to and drives pump 13. Motor 17 is
normally a three-phase AC motor that contains a dielectric motor lubricant for lubricating the
bearings within. A seal section 19 connected to motor 17 seals around a drive shaft driven by
the motor and reduces a pressure differential between the lubricant in motor 17 and the
exterior well fluid. In this example, the pressure equalizing portion of seal section 19 locates
between motor 17 and pump intake ports 15. Alternately, the pressure equalizing portion of

seal section 19 could be located below motor 17, and other portions of seal section 19 could
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be above motor 17. The terms “upward,” “downward,” “above,” “below” and the like are

used only for convenience as ESP 11 may be operated in other orientations than vertical.

[0023] A string of production tubing 21 suspended within casing 23 supports ESP 11. In
this example, pump 13 discharges into production tubing 21. Alternately, coiled tubing could
support ESP 11, in which case pump 13 would discharge into the annulus around the coiled
tubing. Motor 17 in that case would be located above pump 13. The power cable for motor

17 would be within the coiled tubing instead of alongside production tubing 21.

[0024] Referring to Fig. 2, seal section 19 has an enclosure comprising a tubular housing
25, ahead or pump end 27, and a base or motor end 29, each secured by threads to housing
25. When connected into ESP 11 (Fig. 1), head 27 will be closer to pump 13 than it is to
motor 17 and may be directly connected to the end of pump 13 having intake ports 15.
Similarly, base 29 will be closer to motor 17 than it is to pump 13 and may be connected
directly to motor 17. Alternately, base 29 could be connected to another seal section in
tandem or to other pressure equalizing portions of seal section 19. In this example, housing
25 has an optional upper portion 25a and a separate lower portion 25b that are connected

together by a threaded guide or intermediate connector 31.

[0025] Motor 17 (Fig. 1) rotates a drive shaft 33 with splined ends that extends through
shaft passages 34 in head 27, intermediate connector 31 and base 29. Bearings (not shown)
in head 27, intermediate connector 31 and base 29 radially support shaft 33. The bearings

allow motor lubricant 35 from motor 17 to flow through shaft passages 34.

[0026] In this example, housing 25 has an upper bag 37 between head 27 and
intermediate connector 31. Upper bag 37 comprises a flexible elastomeric bag or container.
The lower end of upper bag 37 seals to intermediate connector 31, and the upper end of upper
bag 37 is in a sealing arrangement with head 27. A lower bag 39, which is also an
elastomeric bag, seals between intermediate connector 31 and base 29 in this example. The
space surrounding the exterior of upper bag 37 within housing upper portion 25a comprises
an upper pressure equalizing chamber 41. The space surrounding the exterior of lower bag
39 within housing lower portion 25b comprises a lower pressure equalizing chamber 43.

Lower pressure equalizing chamber 43 and lower bag 39 could be eliminated.

[0027] An upper guide tube 45 extends coaxially through upper bag 37 around shaft 33.

Upper guide tube 45 has a lower end sealed to shaft passage 34 in intermediate connector 31.
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Upper guide tube 45 has an upper end sealed to shaft passage 34 in head 27. The upper end
of upper bag 37 seals around upper guide tube 45 at a place below head 27. Upper guide tube
45 has a larger inner diameter than an outer diameter of shaft 33, creating a shaft annulus
between shaft 33 and upper guide tube 45. One or more upper guide tube ports 47 extend
through the side wall of upper guide tube 45 within the interior of upper bag 37. Upper guide
tube ports 47 are closer to the upper end of upper bag 37 than to the lower end of upper bag

37 in this example.

[0028] Similarly, a lower guide tube 49 extends coaxially through lower bag 39 around
shaft 33. Lower guide tube 49 has a lower end sealed to shaft passage 34 in base 29 and an
upper end sealed to shaft passage 34 in intermediate connector 31. The upper end of lower
bag 39 seals around lower guide tube 49 at a place below intermediate connector 31. Lower
guide tube 49 has a larger inner diameter than an outer diameter of shaft 33, creating a shaft
annulus between shaft 33 and lower guide tube 49. One or more lower guide tube ports 51
extend through the side wall of lower guide tube 49 within the interior of lower bag 39.
Lower guide tube ports 51 are closer to the upper end of lower bag 39 than to the lower end

of lower bag 39 in this example.

[0029] A well fluid port 53 at the bottom of lower equalizing chamber 43 allows fluid to
flow into and out lower pressure equalizing chamber 43. In this embodiment, well fluid port
53 extends through base 29. A communication passage 55 in intermediate connector 31
communicates fluid in lower pressure equalizing chamber 43 with upper pressure equalizing
chamber 41. Well fluid port 53 is below lower bag 39, and communication passage 55 is

below upper bag 37. Well fluid port 53 is continuously open to inward and outward flow.

[0030] Motor lubricant 35 in motor 17 (Fig. 1) is free to flow upward and downward
along a motor lubricant communication path into and out of the interiors of bags 37, 39. The
motor lubricant communication path passes through or around bearings in the portions of
shaft passage 34 within base 29, intermediate connector 31, and head 27. The
communication path includes the shaft annulus in guide tubes 45, 49 and guide tube ports 47,
51, which lead into the interiors of bag 37, 39. The communication path also allows motor
lubricant 37 to pass through or around the bearing (not shown) in head 27 up to a lower side

of a primary shaft seal (not shown).
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[0031] An upper check valve passage 57 within head 27 leads from shaft passage 34
laterally outward, then downward through a lower end of head 27 into upper pressure
equalizing chamber 41 exterior of upper bag 37. An upper check valve 59, which may be
conventional, is mounted in upper check valve passage 57 near its lower end. Upper check
valve 59 is schematically illustrated to comprise a ball urged upward against a seat by a
spring. The upper side of upper check valve 59 is exposed to motor lubricant 35 in upper
check valve passage 57 and the interior of upper bag 37. The lower side of check valve 59 is

exposed to fluid in upper pressure equalizing chamber 41.

[0032] Similarly, in this example, a lower check valve passage 61 within intermediate
connector 31 leads from shaft passage 34 laterally outward, then downward through a lower
end of intermediate connector 31 into lower pressure equalizing chamber 43 exterior of lower
bag 39. A lower check valve 63, which may be conventional, is mounted in lower check
valve passage 61 near its lower end. The upper side of lower check valve 63 is exposed to
motor lubricant 35 in lower check valve passage 61 and the interior of lower bag 39. The
lower side of lower check valve 63 is exposed to fluid in lower pressure equalizing chamber

43.

[0033] A gas vent passage 65 at the upper end of upper pressure equalizing chamber 41
exterior of upper bag 37 leads to the exterior of seal section 19. Gas vent passage 65 is
located above upper bag 37 and in head 27 in this example. Gas vent passage 65 contains a
membrane 67 that will vent gas in upper pressure equalizing chamber 41 to the exterior.
Membrane 67 is semi-permeable and has a pore size that will block egress of liquid in upper
pressure equalizing chamber 41 through gas vent passage 65 to the exterior. Also, the pore
size of membrane 67 will block ingress of well fluid on the exterior of head 27 through gas
vent passage 65 into upper pressure equalizing chamber 41. One side of membrane 67 is in
contact with fluid in gas vent passage 65 and the opposite side is in contact with fluid in
upper pressure equalizing chamber 41. Membrane 67 may have multiple layers and be
formed of a material such as polytetrafluoroethylene. Membranes suitable for membrane 67

are commercially available.

[0034] Membrane 67 may be installed in gas vent passage 65 a number of ways.
Referring to Fig. 3, in this embodiment, a manifold 69 has a threaded upper end 70 that
screws into mating threads in the lower portion of gas vent passage 65 (Fig. 2). Manifold 69

is located in upper pressure equalizing chamber 41 above upper bag 37. Manifold 69 has a
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manifold passage 71a extending through manifold upper end 70 that is considered herein to
be a lower extension of gas vent passage 65 (Fig. 2). Branch manifold passages 71b extend
laterally outward from a lower end of manifold passage 71a. Manifold passages 71a, 71b

may also be considered to be lower extensions of gas vent passage 65.

[0035] A membrane fixture or holder 73 (two shown) has a threaded neck 74 that screws
into threads in each of the branch passages 71b. One of the membranes 67 mounts within
each of the membrane holders 73. A cap 77 may secure to an outer end of membrane holder
73. Cap 77 has one or more apertures 79 to allow fluid in upper pressure equalizing chamber
41 to enter and contact membrane 67. A seal 75 seals the threaded neck 74 of each
membrane holder 73 to one of the manifold branch passages 71b. Membrane holder 73 has
an inlet 80 in threaded neck 74 that is in fluid communication with manifold passage 71a and
gas vent passage 65. Membrane 67 is mounted transversely across inlet 80. Each membrane

holder inlet 80 may be considered to be a lower part of gas vent passage 65.

[0036] Referring to Fig. 2, prior to installing ESP 11, motor 17 and seal section 19 will be
filled with motor lubricant 35. The filling procedure results in motor lubricant 35 being
initially within shaft passages 34 in base 29, intermediate connector 31 and in head 27. The
filling procedure also fills the shaft annulus, the interiors of upper and lower bags 37, 39, and

upper and lower pressure equalizing chambers 41, 43 exterior of upper and lower bags 37, 39.

[0037] As ESP 11 is lowered into casing 27, well fluid 81 in casing 23 (Fig. 1) will enter
well fluid port 53 into contact with motor lubricant 35 in lower pressure equalizing chamber
43. Well fluid 81 is often primarily water and does not mix easily with motor lubricant 35,
which is lighter in density. Consequently, well fluid 81 tends to remain in a lower portion of
lower pressure equalizing chamber 43. Motor lubricant 35 tends to remain in the upper
portion of lower pressure equalizing chamber 43 and in upper pressure equalizing chamber
41.

[0038] The hydrostatic pressure of well fluid 81 and motor lubricant 35 within lower
pressure equalizing chamber 43 exerts a contracting force on lower bag 39. Because of
communication passage 55, the hydrostatic pressure also exerts a contracting force on upper
bag 37. The contraction of upper and lower bags 37, 39 causes motor lubricant 35 within the
interiors of upper and lower bags 37, 39 to equalize and communicate that pressure to motor

lubricant in motor 17 (Fig. 1). Even though the pressures on the upper and lower sides of
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upper and lower check valves 59, 63 are substantially the same, check valve 59, 63 will

remain closed because of the bias force of their springs.

[0039] The pressure of well fluid on the exterior side of each membrane 67 should be
substantially the same as the pressure on the interior side. Well fluid 81 that entered lower
equalizing chamber 43 during installation may contain some gas that could migrate upward,
due to lower density, through the motor lubricant 35 in lower and upper pressure equalizing
chambers 43, 41 to the interior side of membrane 67. Membrane 67 is permeable to gas, thus
will allow that gas to vent out through gas vent passage 65. At the low or zero differential
pressures encountered by membrane 67 during operation of motor 17, membrane 67 is
impermeable to liquids. The liquid impermeability prevents motor lubricant 35 in upper
pressure equalizing chamber 41 from flowing out gas vent passage 65. The liquid
impermeability also prevents well fluid 81 on the exterior of seal section 19 from flowing

inward past membrane 67 into upper pressure equalizing chamber 41.

[0040] When ESP 11 begins to operate, motor 17 will get hotter, which causes motor
lubricant 35 and upper and lower bags 37, 39 to expand in volume. Some motor lubricant 35
within pressure equalizing chambers 41, 43 may be expelled through well fluid port 53 in
response to the expansion of bags 37, 39. When upper and lower bags 37, 39 are fully
expanded, the pressure of motor lubricant 35 in bags 37, 39 will rise above the hydrostatic
pressure of well fluid 81 in pressure equalizing chambers 41, 43. When the differential
pressures on check valves 59, 63 reach a selected level, check valves 59, 63 will open,
allowing motor lubricant 35 in check valve passages 57, 61 to flow downward into pressure
equalizing chambers 41, 43. The differential that causes check valves 59, 63 to open may be
small, only a few pounds per square inch. Also, during operation, gas from well fluid 81
migrating to the upper end of upper pressure equalizing chamber 41 will be vented through

membrane 67 out gas vent passage 65.

[0041] When ESP 11 is shut down, motor 17 cools and motor lubricant 35 contracts.
Bags 37, 39 contract in volume, as indicated in Fig. 4, causing the entry of an amount of well
fluid 81 into lower pressure equalizing chamber 43 through well fluid port 53. The pressure
differential on check valves 59, 63 drops to levels below the set amounts, causing check
valves 59, 63 to close. Bags 37, 39 expand when motor 17 is re-started and operated long
enough to heat motor lubricant 35, again expelling some of the motor lubricant 35 from lower

pressure equalizing chamber 43 out well fluid port 53. Each shut down and re-start thus may
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result in some of the motor lubricant 35 in pressure equalizing chambers 41, 43 flowing out
through well fluid port 53. The repeated contraction and expansion of bags 37, 39 over time
can replace part of the motor lubricant 35 in equalizing chambers 41, 43 with well fluid 81

containing gas, as indicated in Fig. 4.

[0042] The venting of gas by membranes 67 through gas vent passage 65 prevents gas
contained within well fluid 81 in pressure equalizing chambers 41, 43 from forming a gas cap
in the upper portion of upper equalizing chamber 41. The avoidance of a gas cap retards gas
from permeating into and through the elastomeric material of bags 37, 39. Also, avoiding a

gas cap reduces rapid gas decompression, which may be harmful to bags 37, 39.

[0043] Referring to the alternate embodiment of Fig. 5, seal section 83 has a head 85
secured to a housing 87, defining an upper portion of an enclosure. The lower portions of seal
section 83 may be the same as in Fig. 2. An adapter 89 secures to head 85 for connecting seal
section 83 to another module of ESP 11 (Fig. 1). Head 85 has a bore 91 through which a
drive shaft 93 extends along longitudinal axis 94. A mechanical face seal 95 around shaft 93
seals the upper end of bore 91. Bearings 97 support shaft 93 within bore 91. A bag retainer
99 connects an upper end of upper bag 37 (Fig. 2) to head 85. Motor lubricant 35 (Fig. 2) in

the interior of upper bag 37 will be in fluid communication with bore 91.

[0044] A gas vent passage 101 extends through head 85 from the interior of housing 87 to
the exterior of seal section 83. Referring also to Fig. 6, gas vent passage 101 has an outlet
portion 103 that extends laterally to the exterior of head 85. Outlet portion 103 may be on a
radial line of longitudinal axis 94 and has a closed or blind inner end 104 that is radially
outward from bore 91. In this example, gas vent passage 101 has several inlet portions 105
that join outlet portion 103 and extend downward to interior side 107 of head 85. Three are
shown, but the number could differ. Each inlet portion 105 may be parallel to axis 94,
equally spaced apart, and identical to each other. The middle inlet portion 105 appears
smaller in diameter in Fig. 6 than the inward and outward inlet portions 105 only because of
the section plane of the drawing. The middle outlet portion 105 actually has the same

diameter as the inward and outlet portions.

[0045] The upper end of each inlet passage 105 intersects outlet portion 103. In this

example, axis 108 of the inward and outward inlet portions 105 intersect axis 106 of outlet

10
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portion. Axis 108 of the middle inlet portion 105 is illustrated in Fig. 5 as being slightly
offset from the axis 106 of outlet portion 103, but it could alternately intersect axis 106.

[0046] A filter screen 111 may be mounted near the outer end of outlet portion 103 to
filter well fluid debris from entering gas vent passage 101. A membrane holder 113, which
that may be identical to membrane holder 73 (Fig. 3), has a threaded neck 74 that secures to
the lower threaded end of one of the outlet portions 105. Each membrane holder 113
contains a single membrane 67 (Fig. 3) as in the first embodiment. The membranes 67 in Fig.
6 will be in parallel with each other so that if one because restricted due to debris, gas could

continue to flow out through the other two.

[0047] The present disclosure described herein, therefore, is well adapted to carry out the
objects and attain the ends and advantages mentioned, as well as others inherent therein.
While only two embodiments of the disclosure have been given for purposes of disclosure,
numerous changes exist in the details of procedures for accomplishing the desired results.
These and other similar modifications will readily suggest themselves to those skilled in the

art, and are intended to be encompassed within the scope of the appended claims.

11
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Claims

1. A submersible well pump assembly (11), comprising:

an enclosure (25);

an expandable and contractible bag (37) within the enclosure, defining a pressure
equalizing chamber (41) in the enclosure surrounding an exterior of the bag;

a motor lubricant communication path (45, 47) for communicating motor lubricant
(35) from a motor (17) of the assembly to an interior of the bag;

a well fluid port (53) for admitting well fluid on an exterior of the enclosure into the
pressure equalizing chamber; characterized by

a gas vent passage (65) leading from the pressure equalizing chamber to the exterior
of the enclosure; and

at least one membrane (67) in the gas vent passage, the membrane being configured to
allow gas contained in the well fluid in the pressure equalizing chamber to vent and to block
liquid from flowing through the gas vent passage into and out of the pressure equalizing

chamber.

2. The assembly according to claim 1, wherein:

the well fluid port is located below the gas vent passage.

3. The assembly according to claim 1, wherein:
the well fluid port is located below the bag; and
the gas vent passage has an inlet in the pressure equalizing chamber above the well

fluid port.

4, The assembly according to claim 1, wherein:
the pressure equalizing chamber is filled with motor lubricant prior to installing the

submersible pump in a well.

5. The assembly according to claim 1, wherein:

the enclosure comprises a housing (25), a head (27) secured to an upper end of the
housing, and a base (29) secured to a lower end of the housing;

the gas vent passage extends through the head; and

the well fluid port extends through the base.
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6. The assembly according to claim 1, wherein:

the enclosure comprises a housing, a head secured to an upper end of the housing, and
a base secured to the a lower end of the housing;

the gas vent passage extends through the head; and the assembly further comprises:

a membrane holding member (73) within the housing, the membrane holding member
being secured to the head and having a membrane inlet port (80) in fluid communication with
the gas vent passage; and wherein

the membrane (67) is located within the membrane inlet port.

7. The assembly according to claim 6, wherein the membrane holding member (73) has

a threaded neck (74) that secures to threads in the gas vent passage (71a).

8. The assembly according to claim 1, wherein:

the gas vent passage (101) comprises an outlet portion (103) extending to the exterior
of the enclosure and a plurality of inlet portions (105) joining the outlet portion and extending
to the pressure equalizing chamber; and

the at least one membrane comprises a plurality of the membranes, each in one of the

inlet portions.

9. The assembly according to claim 1, wherein:

the enclosure comprises a housing (87) having a longitudinal axis (94), a head (85)
secured to an upper end of the housing, and a base (29) secured to a lower end of the housing,
the head having an interior side (107) facing the base;

the gas vent passage comprises a laterally extending outlet portion and a plurality of
axially extending inlet portions, relative to the longitudinal axis, the outlet portion having an
outer end at an exterior of the head and a blind inner end (104), each of the inlet portions
extending from the interior side of the head to the outlet portion;

the at least one membrane comprises a plurality of the membranes; and the assembly
further comprises:

a plurality of membrane holders (113), each containing one of the membranes and

secured to one of the inlet portions.
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10. The assembly according to claim 1, wherein the at least one membrane comprises a

plurality of membranes in parallel with each other.

11.  The assembly according to claim 1, wherein:

the gas vent passage (71b) has a threaded inlet leading into the pressure equalizing
chamber; and the assembly further comprises:

a membrane holding member (73), the membrane holding member having a threaded
neck (74) secured to the threaded inlet and having an inlet port (80) leading from the threaded
neck to the pressure equalizing chamber; and wherein

the membrane is located within the inlet port.

12. The assembly according to claim 1, wherein the well fluid port is continuously open.

13. The assembly according to claim 1, wherein the gas vent passage is continuously open

to venting of gas from the pressure equalizing chamber.

14. A method of reducing a pressure differential between motor lubricant (35) in a motor
(17) of an electrical submersible well pump assembly (ESP) (11) and well fluid on an exterior
of the well pump assembly, the ESP comprising:

an enclosure (25);

an expandable and contractible bag (37) within the enclosure, defining a pressure
equalizing chamber (41) in the enclosure surrounding an exterior of the bag; and

a well fluid port (53) leading from the exterior of the enclosure to the pressure
equalizing chamber; the method comprising:

forming a gas vent passage (65) in the enclosure leading from the pressure equalizing
chamber to the exterior of the enclosure;

mounting at least one membrane (67) in the gas vent passage;

prior to installing the ESP in a well, filling the pressure equalizing chamber with
motor lubricant on the exterior of the bag and filling an interior of the bag with motor
lubricant;

communicating motor lubricant from the motor to an interior of the bag;

installing the ESP in the well, causing well fluid (81) containing a well fluid liquid
and a well fluid gas to enter the well fluid port into contact with the motor lubricant in the

pressure equalizing chamber, and
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allowing the gas to migrate upward in the pressure equalizing chamber through the
motor lubricant;

venting the gas in the pressure equalizing chamber through the membrane and out the
gas vent passage;

with the membrane, blocking the motor lubricant in the pressure equalizing chamber
from flowing out the gas vent passage; and

with the membrane, blocking well fluid on the exterior of the pressure equalizing

chamber from flowing through the gas vent passage into the pressure equalizing chamber.
15. The method according to claim 14, wherein:

forming the gas vent passage comprises placing an inlet of the gas vent passage at an

upper end of the pressure equalizing chamber.
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