wo 20247228701 A1 N0 0000 KO0 00 O 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 November 2024 (07.11.2024)

(10) International Publication Number

WO 2024/228701 A1l

WIPO I PCT

(51) International Patent Classification:
E21B 33/08 (2006.01) E21B 33/12 (2006.01)
E21B 33/127 (2006.01) E21B 47/01 (2006.01)

(21) International Application Number:
PCT/US2023/020782

(22) International Filing Date:
03 May 2023 (03.05.2023)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

18/310,701 02 May 2023 (02.05.2023) UsS

(71) Applicant: HALLIBURTON ENERGY SERVICES,
INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous-
ton, Texas 77032-3219 (US).

(72) Inventors: ALBUKHARI, Sharifah Shazanah; 315 Jalan
Ahmad Ibrahim, Singapore 639940 (SG). HAQUE, MD
Nazmul; 315 Jalan Ahmad Ibrahim, Singapore 639940
(SG).

(74) Agent: PARKER, Greg H. et al.; 14241 Dallas Parkway,
Suite 620, Dallas, Texas 75254 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, K G,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, 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, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS§,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
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, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))
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(57) Abstract: Provided is a sealing system, a downhole tool, and a method.

The sealing system, in one aspect, includes an outer vessel housing, the outer

vessel housing configured to extend around a circumference of a sensor sub, as
well as a vessel cap located at one end of the outer vessel housing, the vessel
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cap creating a seal gland. The sealing system, in accordance with this aspect,
further includes a seal stack positioned within the seal gland, and a seal retainer
coupled with the vessel cap and located at least partially within the seal gland,
the seal retainer configured to axially move within the seal gland to compress
the seal stack and provide a fluid tight seal.
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NOVEL SEALING SYSTEM FOR ROUGH COLLAR SURFACE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Application Serial No. 18/310,701, filed on May
2, 2023, entitled “NOVEL SEALING SYSTEM FOR ROUGH COLLAR SURFACE.”

commonly assigned with this application and incorporated herein by reference in its entirety.

BACKGROUND

[0002] Downhole tools including sensor subs often need a pressure vessel to perform sensor sub
verification testing at an elevated pressure (e.g., often upwards of 100 bar, if not 145 bar or
more). This sensor sub verification testing helps verify that the flowline, equalizer valve,
drawdown, probe assembly, electronics, and/or seals, etc. are working as expected at the elevated
pressure.

[0003] Pressure vessels are huge and costly. Moreover, there are only a limited number of
pressure vessels available for use globally. Additionally, it is time consuming and costly to send
the downhole tool including the sensor sub off for testing to one of the few pressure vessels

found globally.

BRIEF DESCRIPTION

[0004] Reference is now made to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0005] FIG. 1 illustrates is one embodiment of a well system designed, manufactured and/or
operated according to one or more embodiments of the disclosure;

[0006] FIG. 2 illustrates is one embodiment of a downhole tool designed, manufactured and/or
operated according to one or more embodiments of the disclosure;

[0007] FIGs. 3 and 4 illustratc cross-scctional vicws of a portion of the downhole tool of FIG. 2,
with particular clarity of the sensor sub and the sealing system; and

[0008] FIG. 5 illustrates a cross-sectional view of a sealing system designed, manufactured

and/or operated according to an alternative embodiment of the disclosure.
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DETAILED DESCRIPTION

[0009] In thc drawings and dcscriptions that follow, like parts arc typically marked throughout
the specification and drawings with the same reference numerals, respectively. The drawn
figures are not necessarily to scale. Certain features of the disclosure may be shown exaggerated
in scale or in somewhat schematic form and some details of certain elements may not be shown
in the interest of clarity and conciseness. The present disclosure may be implemented in
embodiments of different forms.

[0010] Specilic embodiments are described in detail and are shown in the drawings, with the
understanding that the present disclosure is to be considered an exemplification of the principles
of the disclosure, and is not intended to limit the disclosure to that illustrated and described
herein. It is to be fully recognized that the different teachings of the embodiments discussed
herein may be employed separately or in any suitable combination to produce desired results.
[0011] Unless otherwise specified, use of the terms “connect,” “engage,” “couple,” “attach,” or
any other like term describing an interaction between elements is not meant to limit the
interaction to direct interaction between the elements and may also include indirect interaction

<

between the elements described. Unless otherwise specified, use of the terms “up,” “upper,”

PERNTS

“upward,” “uphole,” “upstream,” or other like terms shall be construed as generally away from

the bottom, terminal end of a well, regardless of the wellbore orientation.; likewise, use of the

9 9’ ELINY3

terms “down,” “lower,” “downward,” “downhole,” or other like terms shall be construed as
generally toward the bottom, terminal end of a well, regardless of the wellbore orientation. Use
of any one or more of the foregoing terms shall not be construed as denoting positions along a
perfectly vertical axis. In some instances, a part near the end of the well can be horizontal or
even slightly directed upwards. Unless otherwise specified, use of the term “subterranean
formation” shall be construed as encompassing both areas below exposed earth and areas below
earth covered by water such as ocean or fresh water.

[0012] The present disclosure is based, at least in part, on the recognition that a portable mini
pressure vessel, such as a sealing system, may be used in lieu of the full size pressure vessels
discussed above. For example, a portable mini pressure vessel may enable the user of the
downhole tool to assemble the parts of the downhole tool and perform pressure tests at location,

as opposed to having to send the downhole tool with sensor sub to an off-site pressure vessel.
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The present disclosure, however, has additionally recognized that the ability to pressurize only a
certain portion of a downhole tool, which is often rough and worn-out, may bc problematic.
[0013] Accordingly, the present disclosure provides a novel sealing system suitable for smooth,
as well as rough and/or worn-out tubular surfaces alike. In at least one embodiment, the novel
sealing system includes an outer vessel housing, the outer vessel housing configured to extend
around a circumference of a sensor sub and define a pressure chamber. The novel sealing
system, according to one embodiment, additionally includes a vessel cap located at one end of
the outer vessel housing, the vessel cap creating a seal gland (e.g., between the vessel cap and an
outer surface of the sensor sub). In accordance with one embodiment of the disclosure, one or
more different types of seal stacks may be positioned within the seal gland. Furthermore, in at
least one embodiment, a seal retainer may be coupled with the vessel cap and located at least
partially within the seal gland. In at least this embodiment, the seal retainer is configured to
axially move within the seal gland to compress the seal stack and provide a fluid tight seal,
thereby completing the pressure chamber.

[0014] In certain embodiments, given the rough and/or worn-out nature of certain sensor sub
surfaces, a sealant layer may be positioned in a region of the sensor sub directly radially inside of
the seal gland, the sealant layer configured to smooth the rough and/or worn-out surface and
improve a seal between the seal stack and the sensor sub. In at least one embodiment, the sealant
layer is an elastomeric sealant layer. In yet another embodiment, the sealant layer is a
fluoroelastomer sealant layer. In yet another embodiment, the sealant layer is a liquid
fluoroelastomer sealant layer that cures to a solid sealant layer, as may be purchased from Pelseal
Technologies, LLC under the product name PLV 2020. In many circumstances, a second vessel
cap, second seal gland, second seal stack, and second seal retainer are coupled at an opposing
end of the outer vessel housing to complete the pressure chamber.

[0015] Turning to FIG. 1, illustrated is one embodiment of a well system 100 designed,
manufactured and/or operated according to one or more embodiments of the disclosure. The
well system 100, in the illustrated embodiment, includes a downhole tool 105 (e.g., drilling
system) according to one or more embodiments. It should be noted that while FIG. 1 generally
depicts a land-based operation, those skilled in the art may recognize that the principles
described herein are equally applicable to subsea operations that employ floating or sea-based

platforms and rigs, without departing from the scope of the disclosure.
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[0016] As illustrated, a wellbore 110 may extend from a wellhead 115 into a subterranean
formation 120 from a surfacec 125. The wellbore 110 may includc horizontal, vertical, slanted,
curved, and other types of borehole geometries and orientations. A drilling platform 130 may
support a derrick 135 having a traveling block 140 for raising and lowering a conveyance, such
as drill string 145. The drill string 145 may include, but is not limited to, drill pipe and coiled
tubing, as generally known to those skilled in the art. A top drive or kelly 150 may support the
drill string 145 as it is lowered through a rotary table 155.

[0017] A drill bit 160 may be altached (o the distal end of drill string 145 and may be driven
either by a downhole motor and/or via rotation of drill string 145 from the surface 125. Without
limitation, the drill bit 160 may include roller cone bits, PDC bits, natural diamond bits, any hole
openers, reamers, coring bits, and the like. As the drill bit 160 rotates, it may create and extend
wellbore 110 that penetrates the subterranean formation 120. A pump 165 may circulate drilling
fluid through a feed pipe 167 to the kelly 150, downhole through the interior of the drill string
145, through orifices in the drill bit 160, back to the surface 125 via an annulus 170 surrounding
the drill string 145, and into a retention pit 172.

[0018] The drill string 145 may begin at wellhead 115 and may traverse wellbore 110. The drill
bit 160 may be attached to a distal end of the drill string 145 and may be driven, for example,
either by a downhole motor and/or via rotation of the drill string 145 from the surface 125. The
drill bit 160 may be a part of a bottom hole assembly 175 at a distal end of the drill string 145.
The bottom hole assembly 175 may include the downhole tool 105 via threaded connections, for
example. As will be appreciated by those of ordinary skill in the art, bottom hole assembly 175
may be a measurement-while drilling (MWD) or logging-while-drilling (LWD) system.

[0019] Without limitation, the downhole tool 105 may be connected to and/or controlled by an
information handling system 180. Processing of information recorded may occur downhole
and/or at the surface 125. Data being processed downhole may be transmitted to the surface 125
to be recorded, observed, and/or further analyzed. Additionally, the data may be stored in
memory of the downhole tool 105 while the downhole tool 105 is disposed downhole.

[0020] In some examples, wireless communication may be used to transmit information back
and forth between the information handling system 180 and the downhole tool 105. The
information handling system 180 may transmit information to the downhole tool 105 and may

receive, as well as process information recorded by the downhole tool 105. In examples, while
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not illustrated, the bottom hole assembly 175 may include one or more additional components,
such as an analog-to-digital converter, filter and amplificr, among othcers, that may be uscd to
process the measurements of the downhole tool 105 before they may be transmitted to the
surface 125. Alternatively, raw measurements may be transmitted to the surface 125 from the
downhole tool 105.

[0021] Any suitable technique may be used for transmitting signals from the downhole tool 105
to the surface 125, including, but not limited to, wired pipe telemetry, mud-pulse telemetry,
acoustic telemetry, and electromagnetic lelemetry. While not illustrated, the bottom hole
assembly 175 may include a telemetry subassembly that may transmit telemetry data to the
surface 125. Without limitation, an electromagnetic source in the telemetry subassembly may be
operable to generate pressure pulses in the drilling fluid that propagate along the fluid stream to
the surface 125. At the surface 125, pressure transducers (not shown) may convert the pressure
signal into electrical signals for a digitizer (not illustrated). The digitizer may supply a digital
form of the telemetry signals to the information handling system 180 via a communication link
185, which may be a wired or wireless link. The telemetry data may be analyzed and processed
by the information handling system 180.

[0022] In one or more embodiments, the downhole tool 105 may additionally include a sensor
sub 190. The sensor sub 190, may include a variety of different sensors and remain within the
scope of the disclosure. In one example embodiment, it is necessary to conduct a tool
verification test on the sensor sub 190 prior to the sensor sub 190 being run within the wellbore
110. In accordance with this embodiment, the sensor sub 190 may be verification tested using a
sealing system (not shown) designed, manufactured and/or operated according to one or more
embodiments of the disclosure. For example, a pressure chamber of the sealing system may be
pressurized via a pressure inlet port in the outer vessel housing of the sensor sub, and then the
verification test conducted. While the sensor sub 190 is illustrated in FIG. 1 as used with a
downhole tool 110 comprising a drilling system, the sensor sub 190, as well as the sealing
system, may be employed on any wellbore tubular and remain within the scope of the disclosure.
In alternative embodiments, a sealing system according to the disclosure could be used to
conduct a verification test on other subs, including the downhole tool 110, bottom hole assembly

175, etc.
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[0023] Turning to FIG. 2, illustrated is a perspective view of a downhole tool 200 designed,
manufacturcd and/or opcrated according to onc or morc cmbodiments of the disclosurc. In the
embodiment of FIG. 2, the downhole tool includes a wellbore tubular 210. The wellbore tubular
may be any conveyance used within a well system and remain within the scope of the disclosure.
In at least one embodiment, the wellbore tubular 210 is drill string, whether rigid drill string,
coiled tubing, or another tubular. In at least one other embodiment, the wellbore tubular is
production string, among other tubulars. The downhole tool 200, in the illustrated embodiment,
additionally includes a sensor sub 220 (not illustrated in the view of FIG. 2, but illustrated in
FIG. 3) surrounded by a sealing system 230.

[0024] Turning to FIGs. 3 and 4, illustrated are cross-sectional views of a portion of the
downhole tool 200 of FIG. 2, with particular clarity of the sensor sub 220 and the sealing system
230. The sensor sub 220, in one or more embodiments, includes one or more (e.g., a series of)
sensing elements 310. The sensing elements 310, as understood in the art, may be used to sense
one or more downhole conditions in and/or around the downhole tool 200. As discussed above,
it is often necessary to perform a tool verification test upon the downhole tool 200, and thus the
sensing elements 310, for example prior to placing the downhole tool 200 having the sensor sub
220 downhole. Thus, in the illustrated embodiment, the sealing system 230 has been placed
around the sensor sub 220 for performing the aforementioned tool verification test.

[0025] The sealing system 230, in the illustrated embodiment, includes an outer vessel housing
320. In the illustrated embodiment, the outer vessel housing 320 extends around a circumference
of the sensor sub 220 to define a pressure chamber 325. The outer vessel housing 320 may
comprise a variety of different materials while remaining within the scope of the disclosure.
However, in at least one embodiment the outer vessel housing 320 comprises a material capable
of handling the 100 bar, if not 145 bar or more, that may be used in the tool verification test.
Accordingly, in at least one embodiment, the outer vessel housing 320 is a metal outer vessel
housing.

[0026] The outer vessel housing 320, in one or more embodiments, may include a pressure inlet
port 330. The outer vessel housing 320, in one or more other embodiments, may further include
a pressure outlet port 335. The pressure inlet port 330 and the pressure outlet port 335, in one or
more embodiments, may be used to conduct the tool verification test discussed above. For

example, the pressure chamber 325 may be pressurized through the pressure inlet port 330 in the
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outer vessel housing 320, and then the one or more sensing elements 310 of the sensor sub 220
may be tested under pressurce.

[0027] The sealing system 230, in the illustrated embodiment, additionally includes a vessel cap
340 located at one end of the outer vessel housing 320. In the illustrated embodiment, the vessel
cap 340 is connected to the outer vessel housing using an attachment feature 345 (e.g., bolt
member). The vessel cap 340 may also comprise a variety of different materials while remaining
within the scope of the disclosure. However, in at least one embodiment the vessel cap 340
comprises a material capable of handling the 100 bar, if not 145 bar or more, that may be used in
the tool verification test. Accordingly, in at least one embodiment, the vessel cap 340 is a metal
vessel cap.

[0028] The vessel cap 340, in one or more embodiments, creates a seal gland 345. For instance,
the vessel cap 340 may be shaped to form the seal gland 345. The seal gland 345, in the
illustrated embodiment, is at an interface between the vessel cap 340 and the sensor sub 220.
[0029] In the illustrated embodiment of FIGs. 3 and 4, a seal stack 350 is positioned within the
seal gland 345. The seal stack 350 may comprise many different seal stacks and remain within
the scope of the disclosure. For instance, the seal stack 350 may include one or more elastomeric
elements for sealing against the vessel cap 340 and the sensor sub 220 and remain within the
scope of the present disclosure. In the illustrated embodiment, however, the seal stack 350
includes a backup ring 352 and a wedged ring 356, for example separated by a compressible seal
354.

[0030] In one or more embodiments, at least one (e.g., if not both) of the backup ring 352 and
the wedged ring 356 comprise a thermoplastic. For example, in one or more embodiments at
least one of the back ring 352 or the wedged ring 356 comprises poly-ether-ether-ketone
(PEEK), poly-ether-ketone (PEK), or poly-tetra-fluoro-ethylene (PTFE), among others. In one
or more embodiments, the compressible seal 354 comprises an elastomeric seal, among others.
Accordingly, as the backup ring 352 and the wedged ring 356 are compressed together, the
compressible seal 354 compresses within the seal gland 345 to seal against the vessel cap 340
and the sensor sub 220.

[0031] In the illustrated embodiment, the sealing system 230 additionally includes a seal retainer
360 coupled with the vessel cap 340 and located at least partially within the seal gland 345. In

accordance with one embodiment of the disclosure, the seal retainer 360 is configured to axially
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move (e.g., from left to right within FIG. 4) within the seal gland 345 to compress the seal stack
350 and provide a fluid tight scal. In at Icast onc cmbodiment, a bolt member positioned
between the seal retainer 360 and the vessel cap 340 may be used to axially move the seal
retainer 360. In another embodiment, such as shown in FIG. 4, the seal retainer 360 has a first
set of threads 362 configured to engage with a second set of threads 342 in the vessel cap 340.
Thus, in accordance with this embodiment, the seal retainer 360 is configured to rotate about the
vessel cap 340 (e.g., using the first set of threads 362 and the second set of threads 342) to
axially move within the seal gland 345 and compress the seal stack 350.

[0032] In certain embodiments, as discussed above, an outer radial surface of the sensor sub 220
has a surface roughness (R) (e.g., as a result of wear and tear, damage, etc.) that prevents the seal
stack 350 from making a high pressure seal when compressed. For example, in at least one
embodiment, a region of the sensor sub 220 directly radially inside of the seal gland 345 has an
average surface roughness (Ra) of at least 2 um, if not at least 5 pm, if not at least 10 um. In
certain embodiments the average surface roughness (R.) ranges from 6.3 um to 12.5 um.

[0033] In certain of these embodiments, a sealant layer 370 may be located along the region of
the sensor sub 220 directly radially inside of the seal gland 345 to account for the average
surface roughness (R.). In certain other embodiments, the sealant layer 370 extends along the
entire region to account for the average surface roughness (Ra.). In yet other embodiments, the
sealant layer 370 extends along the entire region and under at least a portion of the seal retainer
to account for the average surface roughness (R.). For example, in one or more embodiments,
the sealant layer 370 has a length (L) of at least 3.75 cm, if not at least 5 cm, if not at least 7.5
cm, if not at least 10 cm, or more to account for the average surface roughness (R.), depending
on the size of the seal stack 350 and the size of the seal retainer 360. Ultimately, the sealant
layer 370 may also be located along an inner radial surface of the seal stack 350, if not along an
entire inner radial surface of the seal stack 350.

[0034] The sealant layer 370, in one or more embodiments, is an elastomeric sealant layer
operable to account for the average surface roughness (Ra). In yet another embodiment, the
sealant layer is a fluoroelastomer sealant layer. In yet another embodiment, the sealant layer is a
liquid fluoroelastomer sealant layer that cures to a solid sealant layer, as may be purchased from
Pelseal Technologies, LLC under the product name PLV 2020. For example, the liquid

fluoroelastomer sealant layer could be deposited (e.g., sprayed) on the sensor sub 220 prior to the
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installation of the sealing system 230 thereon, and after curing, the sealing system 230 could be
asscmbled on the sensor sub 220. In onc or morc cmbodiments, the scalant layer 370 has a
thickness (t) of at least .1 mm. In yet another embodiment, the sealant layer 370 has a thickness
(t) ranging from .2 mm to 5 mm. In yet another embodiment, the sealant layer 370 has a
thickness (t) ranging from .5 mm to 1 mm.
[0035] The embodiment above has focused on a single side of the sealing system 230, including
the vessel cap 340, the seal gland 345, the seal stack 350 and the seal retainer 360. Nevertheless,
in one or more embodiments, the sealing system 230 additionally includes a second vessel cap
located at an opposing end of the outer vessel housing 320 as the vessel cap 340, the second
vessel cap creating a second seal gland, a second seal stack positioned within the second seal
gland, and a second seal retainer coupled with the second vessel cap and located at least partially
within the second seal gland, the second seal retainer configured to axially move within the
second seal gland to compress the second seal stack and provide a second fluid tight seal.
[0036] Turning to FIG. 5, illustrated is a cross-sectional view of a sealing system 500 designed,
manufactured and/or operated according to an alternative embodiment of the disclosure. The
sealing system 500 of FIG. 5 is similar in many respects to the sealing system 230 of FIGs. 3 and
4. Accordingly, like reference numbers have been used to indicate similar, if not identical,
features. The sealing system 500 differs, for the most part, from the sealing system 230 in that
the sealing system 500 employs a chevron seal stack 550 including one or more compressible
seals, as opposed to the seal stack 350 of FIGs. 3 and 4. The chevron seal stack 550, in
accordance with one embodiment, may include one or more elastomeric sealing elements.
[0037] Aspects disclosed herein include:

A. A sealing system, the sealing system including: 1) an outer vessel housing, the outer
vessel housing configured to extend around a circumference of a sensor sub and define a
pressure chamber; 2) a vessel cap located at one end of the outer vessel housing, the vessel cap
creating a seal gland; 3) a seal stack positioned within the seal gland; and 4) a seal retainer
coupled with the vessel cap and located at least partially within the seal gland, the seal retainer
configured to axially move within the seal gland to compress the seal stack and provide a fluid
tight seal.

B. A downhole tool, the downhole tool including: 1) a wellbore tubular; 2) a sensor sub

coupled with the wellbore tubular; and 3) a sealing system positioned about the sensor sub, the
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sealing system including: a) an outer vessel housing, the outer vessel housing extending around a
circumfcrence of the sensor sub and dcfinc a pressure chamber; b) a vesscl cap located at one
end of the outer vessel housing, the vessel cap creating a seal gland; ¢) a seal stack positioned
within the seal gland; and d) a seal retainer coupled with the vessel cap and located at least
partially within the seal gland, the seal retainer configured to axially move within the seal gland
to compress the seal stack and provide a fluid tight seal.

C. A method, the method including: 1) obtaining a wellbore tubular having a sensor sub
coupled thereto; and 2) positioning a sealing system about the sensor sub o [orm a pressure
chamber, the sealing system including: a) an outer vessel housing, the outer vessel housing
extending around a circumference of the sensor sub to define a pressure chamber; b) a vessel cap
located at one end of the outer vessel housing, the vessel cap creating a seal gland; c) a seal stack
positioned within the seal gland; and d) a seal retainer coupled with the vessel cap and located at
least partially within the seal gland, the seal retainer configured to axially move within the seal
gland to compress the seal stack and provide a fluid tight seal.

[0038] Aspects A, B, and C may have one or more of the following additional elements in
combination: Element 1: further including a sealant layer located along an inner radial surface of
the seal stack. Element 2: wherein the sealant layer extends along an entire inner radial surface
of the seal stack. Element 3: wherein the sealant layer has a length (L) of at least 3.75 cm.
Element 4: wherein the sealant layer has a thickness (t) ranging from .2 mm to 5 mm. Element
5: wherein the sealant layer comprises an elastomeric sealant layer. Element 6: wherein the
sealant layer comprises a fluroelastomer sealant layer. Element 7: wherein the seal stack
includes a backup ring and a wedged ring separated by a compressible seal. Element 8: wherein
at least one of the backup ring or the wedged ring comprises a thermoplastic and the
compressible seal comprises an elastomeric seal. Element 9: wherein the seal stack is a chevron
seal stack including one or more compressible seals. Element 10: wherein the seal retainer has a
first set of threads configured to engage with a second set of threads in the vessel cap, the seal
retainer configured to rotate about the vessel cap to axially move within the seal gland. Element
11: wherein the vessel cap is a first vessel cap located at one end of the outer vessel housing, the
seal gland is a first seal gland, the seal stack is a first seal stack, and the seal retainer is a first seal
retainer, and further including: a second vessel cap located at an opposing end of the outer vessel

housing, the second vessel cap creating a second seal gland; a second seal stack positioned
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within the second seal gland; and a second seal retainer coupled with the second vessel cap and
located at lcast partially within the sccond scal gland, the sccond scal rctainer configured to
axially move within the second seal gland to compress the second seal stack and provide a
second fluid tight seal. Element 12: wherein a region of the sensor sub directly radially inside of
the seal gland has an average surface roughness (Ra) of at least 5 pm, and further including a
sealant layer located along the region. Element 13: wherein the sealant layer extends entirely
along the region of the wellbore tubular directly radially inside of the seal gland, and further
wherein the sealant layer has a thickness (1) ranging ([rom .2 mm (o 5 mm. Element 14: (urther
including pressurizing the pressuring chamber through a pressure inlet port in the outer vessel
housing and then testing one or more sensing elements of the sensor sub while under pressure.

[0039] Those skilled in the art to which this application relates will appreciate that other and
further additions, deletions, substitutions and modifications may be made to the described

embodiments.
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WHAT IS CLAIMED IS:

1. A sealing system, comprising:

an outer vessel housing, the outer vessel housing configured to extend around a
circumference of a sensor sub and define a pressure chamber;

a vessel cap located at one end of the outer vessel housing, the vessel cap creating a seal
gland;

a scal stack positioncd within the scal gland; and

a seal retainer coupled with the vessel cap and located at least partially within the seal
gland, the seal retainer configured to axially move within the seal gland to compress the seal

stack and provide a fluid tight seal.

2. The sealing system as recited in Claim 1, further including a sealant layer located

along an inner radial surface of the seal stack.

3. The sealing system as recited in Claim 2, wherein the sealant layer extends along an

entire inner radial surface of the seal stack.

4. The sealing system as recited in Claim 2, wherein the sealant layer has a length (L) of

at least 3.75 cm.

5. The sealing system as recited in Claims 2, wherein the sealant layer has a thickness (t)

ranging from .2 mm to 5 mm.

6. The sealing system as recited in Claim 2, wherein the sealant layer comprises an

elastomeric sealant layer.

7. The sealing system as recited in Claim 2, wherein the sealant layer comprises a

fluroelastomer sealant layer.
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8. The sealing system as recited in Claim 1, wherein the seal stack includes a backup

ring and a wedged ring scparated by a compressible scal.

9. The sealing system as recited in Claim 8, wherein at least one of the backup ring or
the wedged ring comprises a thermoplastic and the compressible seal comprises an elastomeric

seal.

10. The sealing system as recited in Claim 1, wherein the seal stack is a chevron seal

stack including one or more compressible seals.

11. The sealing system as recited in Claim 1, wherein the seal retainer has a first set of
threads configured to engage with a second set of threads in the vessel cap, the seal retainer

configured to rotate about the vessel cap to axially move within the seal gland.

12. The sealing system as recited in Claim 1, wherein the vessel cap is a first vessel cap
located at one end of the outer vessel housing, the seal gland is a first seal gland, the seal stack is
a first seal stack, and the seal retainer is a first seal retainer, and further including:

a second vessel cap located at an opposing end of the outer vessel housing, the second
vessel cap creating a second seal gland;

a second seal stack positioned within the second seal gland; and

a second seal retainer coupled with the second vessel cap and located at least partially
within the second seal gland, the second seal retainer configured to axially move within the

second seal gland to compress the second seal stack and provide a second fluid tight seal.

13. A downbhole tool, comprising:
a wellbore tubular;
a sensor sub coupled with the wellbore tubular; and
a sealing system positioned about the sensor sub, the sealing system including:
an outer vessel housing, the outer vessel housing extending around a

circumference of the sensor sub and define a pressure chamber;

_13_
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a vessel cap located at one end of the outer vessel housing, the vessel cap creating
a scal gland;

a seal stack positioned within the seal gland; and

a seal retainer coupled with the vessel cap and located at least partially within the
seal gland, the seal retainer configured to axially move within the seal gland to compress

the seal stack and provide a fluid tight seal.

14. The downhole (ool as recited in Claim 13, wherein a region of the sensor sub directly
radially inside of the seal gland has an average surface roughness (R.) of at least 5 um, and

further including a sealant layer located along the region.

15. The downhole tool as recited in Claim 14, wherein the sealant layer extends entirely
along the region of the wellbore tubular directly radially inside of the seal gland, and further

wherein the sealant layer has a thickness (t) ranging from .2 mm to 5 mm.

16. The downhole tool as recited in Claim 14, wherein the sealant layer comprises

fluroelastomer sealant layer.

17. The downhole tool as recited in Claim 13, wherein the seal stack includes a backup
ring and a wedged ring separated by a compressible seal, or includes a chevron seal stack

including one or more compressible seals.

18. The downhole tool as recited in Claim 13, wherein the vessel cap is a first vessel cap
located at one end of the outer vessel housing, the seal gland is a first seal gland, the seal stack is
a first seal stack, and the seal retainer is a first seal retainer, and further including:

a second vessel cap located at an opposing end of the outer vessel housing, the second
vessel cap creating a second seal gland;

a second seal stack positioned within the second seal gland; and

a second seal retainer coupled with the second vessel cap and located at least partially
within the second seal gland, the second seal retainer configured to axially move within the

second seal gland to compress the second seal stack and provide a second fluid tight seal.

—-14-



WO 2024/228701 PCT/US2023/020782

19. A method, comprising:
obtaining a wcllbore tubular having a sensor sub coupled thercto; and
positioning a sealing system about the sensor sub to form a pressure chamber, the sealing
system including:

an outer vessel housing, the outer vessel housing extending around a
circumference of the sensor sub to define a pressure chamber;

a vessel cap located at one end of the outer vessel housing, the vessel cap creating
a seal gland;

a seal stack positioned within the seal gland; and

a seal retainer coupled with the vessel cap and located at least partially within the
seal gland, the seal retainer configured to axially move within the seal gland to compress

the seal stack and provide a fluid tight seal.
20. The method as recited in Claim 19, further including pressurizing the pressuring

chamber through a pressure inlet port in the outer vessel housing and then testing one or more

sensing elements of the sensor sub while under pressure.
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