1 MINERAL EXTRACTION SYSTEM HAVING MULTI-BARRIER LOCK SCREW CROSS
REFERENCE TO RELATED APPLICATION [0001]This application claims priority to U.S. Provisional
Patent App/N&RNING4B1/074,563, entitled "Mineral Extraction System HaR§J SANOREHE0 | ock
Screw", filed on June 20, 2008, which is herein incorporated by reference in its entirety.
BACKGROUND [0002]This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information to

facilitate a better % r Tﬁt &#ﬁ m Eml %fmﬁ 3 ' ' E)Wy, it should
be understog\gﬁﬁgﬁ ?ési?s a%‘%ﬁn S a%e 0 be rzg%ﬁ}nﬁt is'lig %Fﬁﬁﬁﬁ%ﬁr%?gg Of prior art.
[0003]0il and natural gas have a profound effect on modern economies and societies. Indeed, devices
and system E %%e E}%q il % al a i—l it or instance, oil and natural gas are
used for fue?’l § d% %%ﬂ)?%:a @%ﬁ%ﬁs@ﬁ @Mﬁg boats, and the like. Further, oil and
natural gas jd&d”i quentiy ‘é%gﬂégn%eaéer’nrggpsri%Hfg”%‘M.’g?br%’v FORARBARIRE RSN ANSh
manufacture an astonishing array of everyday products.

No. 61/074,563, entitled “Mineral Extraction System Having Multi-Barrier Lock

Screw”, filed on June 20, 2008, which is herein incorporated by reference in its

entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0003] Oil and natural gas have a profound effect on modern economies and
societies. Indeed, devices and systems that depend on oil and natural gas are
ubiquitous. For instance, oil and natural gas are used for fuel in a wide variety of
vehicles, such as cars, airplanes, boats, and the like. Further, oil and natural gas
are frequently used to heat homes during winter, to generate electricity, and to
manufacture an astonishing array of everyday products.

[0004] In order to meet the demand for such natural resources, companies
often invest significant amounts of time and money in searching for and

extracting oil, natural gas, and other subterranean resources from the earth.
Particularly, once a desired resource is discovered below the surface of the earth,
drilling and production systems are often employed to access and extract the
resource. These systems may be located onshore or offshore depending on the
location of a desired resource. Further, such systems generally include a



[0004]In order to meet the demand for such natural resources, companies often invest significant
amounts of time and money in searching for and extracting oil, natural gas, and other subterranean
resources friiA IHWAXMI Particularly, once a desired resource is discoveretldASMNES0Hace of the
earth, drilling and production systems are often employed to access and extract the resource. These
systems may be located onshore or offshore depergling on the location of a desired resource. Further,
such systems generally include a 2 wellhead assembly through which the resource is extracted.
These wellhead assemblies may include a wide variety of components, such as various casings,
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and/or fracturing tree,.tp facilitate a fracturing process, [QON5IResources such as oil and natural gas
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flow from migtialelipaéeaidtanjUuitiyprecass cavities to the well via the man-made fractures. Such

fracturing processes typically include injecting a fluid into the well to form the man-made fractures.
These "fracO0OH malfasOUEEsSIHENAS RibANSHEsEUFRISARS B IAnSiayMgiagtaskitdhponents of the

wellhead, syl @edns SRRsISEARBES RS ABIHALNG.R LRSHAAIRT RRH RIRRNGERS & Ripgidt may be

desirable to have additional safety measures in the wellhead assembly. The frac mandrel or the
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the fracturing process enables oil, gas, or the like to flow from multiple pre-
existing fissures and cavities to the well via the man-made fractures. Such
fracturing processes typically include injecting a fluid into the well to form the
man-made fractures. These “frac” wells may include relatively high pressures so
that when changing the components of the wellhead, such as the “Christmas”
tree or installing a tubing hanger and production tubing, it may be desirable to
have additional safety measures in the wellhead assembly. The frac mandrel or
the production tree may include the use of “dual barriers” to provide seals during
or after the fracturing process or during production flow. However, these dual
barriers are only present when such equipment is installed and do not provide for
testing the seal integrity of the components of the wellhead assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like
parts throughout the figures, wherein:

[0007] FIG. 1 is a block diagram that illustrates a mineral extraction system

according to an embodiment of the present invention;



[0006]Various features, aspects, and advantages of the present invention will become better
understood when the following detailed description is read with reference to the accompanying figures
in which likeNP a9 tepresent like parts throughout the figures, whereinPf0BBY3#W436 a block
diagram that illustrates a mineral extraction system according to an embodiment of the present
invention; WO 2009/154901PCT/US2009/043646 8 [0008]FIG. 2 is a cross-section of a wellhead
assembly with tubing and dual barrier lock screws in accordance with an embodiment of the present

invention: [OOO%E:IG. 3 is a cross-section of a wellhead assembly with dual barrier lock
[0008] FIG. 2is a cross-section of a wellhead assembly with tubing and dual

barrier lock screws in accordance with an embodiment of the present invention;

[0009] FIG. 3 is a cross-section of a wellhead assembly with dual barrier lock
screws and without tubing in accordance with an embodiment of the present

invention;

[0010] FIG. 4 is a cross-section of a dual barrier lock screw in accordance

with an embodiment of the present invention;

[0011] FIG. 5is a flowchart of a process for operating a wellhead assembly
having dual barrier lock screws in accordance with an embodiment of the present
invention; and

[0012] FIG. 6 is a flowchart of a process for testing a dual barrier lock screw
and a wellhead assembly in accordance with an embodiment of the present

invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0013] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit
of this disclosure.

[0014] FIG. 1 is a block diagram that illustrates an embodiment of a mineral
extraction system 10. The illustrated mineral extraction system 10 can be



screws and without tubing in accordance with an embodiment of the present invention; [0010]FIG. 4 is
a cross-section of a dual barrier lock screw in accordance with an embodiment of the present
invention; [OYPMWLSHMY a flowchart of a process for operating a wellhead BSEaHRHIYPHIE dual
barrier lock screws in accordance with an embodiment of the present invention; and [0012]FIG. 6 is a
flowchart of a process for testing a dual barrier lockscrew and a wellhead assembly in accordance
with an embodiment of the present invention. DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS [0013]One or mare specific embodiments of the present invention will he described
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the termination of the well-bore 20. The wellhead hub 18 provides for the
connection of the wellhead assembly 12 to the well 16.

[0015] The wellhead assembly 12 typically includes multiple components that
control and regulate activities and conditions associated with the well 16. For
example, the wellhead assembly 12 generally includes bodies, valves and seals
that route produced minerals from the mineral deposit 14, provide for regulating
pressure in the well 16, and provides for the injection of chemicals or fluids into
the well-bore 20 (e.g., down-hole), such as during a fracturing process. In the
illustrated embodiment, the wellhead assembly 12 includes what is colloquially
referred to as a Christmas tree 22 (hereinafter, a tree), a tubing spool 24, a
casing spool 25, and a hanger 26 (e.g., a tubing hanger or a casing hanger).
The system 10 may include other devices that are coupled to the wellhead
assembly 12, and devices that are used to assemble and control various
components of the wellhead assembly 12. For example, in the illustrated
embodiment, the system 10 includes a tool 28 suspended from a drill string 30.
In certain embodiments, the tool 28 includes a running tool that is lowered (e.g.,
run) from an offshore vessel to the well 16 and/or the wellhead assembly 12. In
other embodiments, such as surface systems, the tool 28 may include a device
suspended over and/or lowered into the wellhead assembly 12 via a crane or
other supporting device.

[0016] The tree 22 generally includes a variety of flow paths (e.g., bores),
valves, fittings, and controls for operating the well 16. For instance, the tree 22
may include a frame that is disposed about a tree body, a flow-loop, actuators,
and valves. Further, the tree 22 may provide fluid communication with the well



4 configured to extract various minerals and natural resources, including hydrocarbons (e.g., oil and/or
natural gas), or configured to inject substances into the earth. In some embodiments, the mineral
extraction sYse&eH0203¢Hnd-based (e.g., a surface system) or subsea (e.g. P& BEUBZHK/843im). As
illustrated, the system 10 includes a wellhead assembly 12 coupled to a mineral deposit 14 via a well
16, wherein the well 16 includes a wellhead hub 18sand a well-bore 20. The wellhead hub 18 generally
includes a large diameter hub that is disposed at the termination of the well-bore 20. The wellhead hub
18 provides far the connection of the wellhead assembly 12 to the_ well 16. %0015 The wellhead
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[0017] The tubing spool 24 provides a base for the tree 22. Typically, the
tubing spool 24 is one of many components in a modular subsea or surface
mineral extraction system 10 that is run from an offshore vessel or surface
system. The tubing spool 24 includes a tubing spool bore 34. The tubing spool
bore 34 connects (e.g., enables fluid communication between) the tree bore 32
and the well 16. Thus, the tubing spool bore 34 may provide access to the well
bore 20 for various completion and worker procedures. For example,
components can be run down to the wellhead assembly 12 and disposed in the
tubing spool bore 34 to seal-off the well bore 20, to inject chemicals down-hole,
to suspend tools down-hole, to retrieve tools down-hole, and the like.

[0018] The well bore 20 generally contains elevated pressures. For example,
the well bore 20 may include pressures that exceed 10,000 pounds per square
inch (PSI), that exceed 15,000 PSI, and/or that even exceed 20,000 PSI.
Accordingly, the mineral extraction system 10 employs various mechanisms,
such as seals, plugs and valves, to control and regulate the well 16. For
example, plugs and valves are employed to regulate the flow and pressures of
fluids in various bores and channels throughout the mineral extraction system 10.
For instance, the illustrated hanger 26 (e.g., tubing hanger or casing hanger) is



16. For example, the tree 22 includes a tree bore 32. The tree bore 32 provides for completion and
workover procedures, such as the insertion of tools (e.g., the hanger 26) into the well 16, the injection
of various cRePR8¢44 34281the well 16 (e.g., down-hole), and the like. Furthe®@TitS2843edeted from
the well 16 (e.g., oil and natural gas) may be regulated and routed via the tree 22. For instance, the
tree 12 may be coupled to a jumper or a flowline thagt is tied back to other components, such as a
manifold. Accordingly, produced minerals flow from the well 16 to the manifold via the wellhead
assembly 12 and/or the tree 22 before bei[eg routed to Shﬁﬁmﬁ or storage facilities. A blowout
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components of the mineral extraction system 10 may include a sealing structure described as "dual
barrier," e.g24RM NG LI ASRATRY SBRRE ERIRlancy. Such a system may be referred to as a

"dual barrier_time saver" (DBTS) system,
[66%] ?Jlé E’is Js hematic view of the wellhead assembly 12 having dual

barrier lock screws 40 in accordance with an embodiment of the present
invention. The wellhead assembly 12 includes the tubing hanger 26 disposed in
the tubing spool bore 34 of the tubing spool 24. The tubing spool 24 may be
coupled to other components of the wellhead assembly 12, such as a tree or
blowout preventer, by an adapter flange 42. In the presently illustrated
embodiment, the tubing spool 24 is coupled to the casing spool 25 via a union
nut 44, which is threaded onto the casing spool 25. In other embodiments,
wellhead components, such as the tubing spool 24, may be coupled to the casing
spool 25 in any suitable manner, including through the use of various other
connectors, collars, or the like. The wellhead assembly 12 also includes a
production casing 46, which may be suspended within the casing spool 25 and a
surface casing 48 via a casing hanger 50. It will be appreciated that a variety of



[0020]In an exemplary embodiment of the present invention, the lock screws described above that
secure and bias downward a tubing hanger 26 or other components may provide two seals, i.e., a dual
barrier, to pM@iderPeddPdant sealing further resistant to high pressures durigToV 208/ 8ddtetbturing
process or production. The lock screws may provide a testing port so that seal integrity against the
wellhead assembly may be tested. [0021]FIG. 2 is & schematic view of the wellhead assembly 12
having dual barrier lock screws 40 in accordance with an embodiment of the present invention. The
wellhead assembly 12 includes the tubing hanger 26 disposed in the tubing spool bore 34 of the tubing
spool 24. T@%W&'%P?ﬁ%@y%@yc%%ﬁ EDIRLNE GAHBASRROLAh VAR assembly 12, such
as a tree or plowmtiopr&ventee demn@dapter flange 42. In the presently illustrated embodiment, the
tubing spool 24 is coupled to the casing spool 25 via a union nut 44, which is threaded onto the casing
spool 25. In[6022]emifodatverasserpliihne a8 soooppiezhts,tbedhlzisgrspaabidg) \dpaoflangenad, be coupled
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one or more additional wellhead members or components. The exemplary wellhead assembly 12
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disposed between the casjng spool 25 and the casing hanger 50 and between the casing spool 25 and
the tubing SHLENEERERHAer VARBEG LBRRHS TP BN AT R e BeaR P BTN o2l IRR tubing
spool 24, may theltulsingtepoal [24s sage wialxdedritexh enpéde dgeivay o B8 atranabtedbthimgeals 56.
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internal passageways 58 may be sealed from the exterior via pressure barriers
60.

[0023] As depicted in FIG. 2, the lock screws 40 may extend through the
tubing spool 24 and engage interior components of the wellhead assembly 12.
The illustrated tubing hanger 26 mates with a generally frustoconical distal
portion 62 of the lock screws 40, and the lock screws 40 are provided to
compress and maintain the tubing hanger 26. To engage the tubing spool 24
and the tubing hanger 26, a gland 64 of the lock screws 40 is rotated to drive the
distal portion 62 radially inward into engagement with the tubing hanger 26.

[0024] Each of the lock screws 40 may include a first seal 66 and a second
seal 68 (e.g., annular seal) that provide a “dual barrier” system with the
components of the wellhead assembly, such as the tubing spool 24. Thus, the
first seal 66 and the second seal 68 each individually provide a seal against the
tubing spool 24, providing a redundant sealing mechanism and increasing the
safety of the wellhead assembly 12. The seals 66 and 68 may be formed from
nitrile, graphite, or any other suitable sealing material. Additionally, if the tubing
hanger 26 is set in tension, the lock screws 40 allow full bore tension with dual



tubing spool 24 and engage interior components of the wellhead assembly 12. The illustrated tubing
hanger 26 mates with a generally frustoconical distal portion 62 of the lock screws 40, and the lock
screws 40 aNOFWAEEed compress and maintain the tubing hanger 26. ToP&AYEEAHE+89HNg spool
24 and the tubing hanger 26, a gland 64 of the lock screws 40 is rotated to drive the distal portion 62
radially inward into engagement with the tubing hargger 26. [0024]Each of the lock screws 40 may
include a first seal 66 and a second seal 68 (e.g., annular seal) that provide a "dual barrier" system
with the components of the wellhead assemblé, such as the tuliiﬁ%%s%ol 24. Thus, the first seal 66

and the secBATEEAPER GG M dRFtTSlg §boRiaNY dBgisesond ing SP¥I 24, providing a
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and 68 may be formed ]rom nitrile, graphite, or any other suitable sealing material. Additionally, if the
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pressure via the hydraulic pump, the integrity of the first seal 66 and the second seal 68 may be
verified. FurthepsHiefaibmpyetanlio sk sielauiRanty Ridbpdiey 6cakleh astkiBeredrantnay be
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elevated pressures. Advantageously, the first seal 66 and the second seal 68 of

the lock screws 40 also provide a dual barrier during this production flow,
increasing the safety and reliability of the wellhead assembly 12, thus providing a
dual barrier at all stages of operation of the wellhead assembly 12. Thus, the
sealing provided by the lock screws 40 and the first and second seals 66 and 68
provide a dual barrier throughout the life of the well, such as during fracturing,
after fracturing but before production flow, during production flow, etc. In other
embodiments, a “multi-barrier” system may be provided that includes 2, 3, 4, 5,
or more seals.

[0027] FIG. 4 is a schematic view of the lock screw 40 in accordance with an
embodiment of the present invention. As described above, to facilitate
engagement with the tubing spool 24 or other component of the wellhead
assembly 12, the lock screw 40 includes the gland 64 that may be configured to
mate with recesses on the tubing spool 24 or other component of the wellhead



embodiment of the present invention. As described above, to facilitate engagement with the tubing
spool 24 or other component of the wellhead assembly 12, the lock screw 40 includes the gland 64
that may beWOrMgIE#8d mate with recesses on the tubing spool 24 or othBEEARPYAEKETH the
wellhead 9 assembly, such as via external threads 72 or other suitable structures. In such an
embodiment, the lock screws 40 may be installed igto the tubing spool 24 or other component of the
wellhead assembly 40 by rotating the lock screw 40 into engagement via threads 72. The gland 64
may include internal threads 71,confiE%Jred to mate with threads 73 on the exterior of the body of the

screw 40. TRESAIRI%SHIBAS A IRNALERELRIES PO Ulip I SELoMES-dIStaHABrtion 62 that
contacts a rgpessisbdiragohitg: hacigeci2ovd 3 otiheryerebostanedthtthdisibinepsion 624 pay be any

suitable topography configured fo engage a similarly topographed recess on the tubing hanger 26 or
other compa it BT RPN ETEbine GRS B RIgHEH DR R A Carl 40 inciudes
the first seak664gaynem nmidahssads géhefdly glesmb 8ddreap imzlutie icireunalfénesmesdf the lock screw 40

in a fst localion along e SYI O he00k S 40, TR Jork SETEXQ AR Lnolyggn a second seal

68 (e.g., annular Isposed around the circumiérence of the 10CK screw a second location
along the lenghithishiatied koskreoreld 4Qsaibosinatedein theay e arallyifst siosopicrl distattly about the body

of the Sue"\‘/’e%ﬂi&h@?&%’bg)rﬁlg% %@H@Bﬁﬁﬁhﬂ%ﬁ%@ﬁ 289%%&%?9&‘&%?55600”0' ring

seal 77 between the gland an ody of the screw Together, both the first sedl 66 and the
second seall®® ¢ ROHEBBZING\E & VAP BEARES TRPODRPHYAWHIgEed4PAREEES Redundant sealing

capability Ofs‘iﬁﬁlg?ﬁktéﬁ%}’ﬂaﬁﬁe@-%ceé%V% @Heat@biﬁbt}?éﬁ(?é@@@ﬂi@%gﬂrc%’rﬂFBHEHT%fifﬁé)f the

wellhead assembly 12. The seals 66 and 68 are energized upon insertion of the lock screw 40 into the
tubing spoolEA A IASSEBMRPoMent of the wellnead assembly 12, such as by turning the gland 64.

Again, in otw bodjments, a multi-barrier m gce rovided havin %] 3,4,5,6 ore seals.
[0030]AITIR), as A0 HALRNEL AOBH ANt RS RELE R A AP ISk RPR 6% 2 070 that
provides theaahility toetb gtvecchibl dapseddanbiing thekchowwid@ntbefdhbpock AZmraayiConnect to a
passage 76.inside the lock screw 40. For example, as illustrated, ssage 76 may run axially along
e tongth of VL FSLIOGH S L T SR SRR 38, IRERRRRT S B,

includes a second seal 68 (e.g., annular seal) disposed around the

circumference of the lock screw 40 at a second location along the length of the

lock screw 40. As illustrated in FIG. 4, the first seal 66 is directly about the body

of the screw 40. The second seal 68 includes a first ring seal 75 about the gland

64 and a second ring seal 77 between the gland and the body of the screw 40.

[0029] Together, both the first seal 66 and the second seal 68 may be
referred to as a dual barrier 74. The dual barrier 74 provides redundant sealing
capability of the lock screw 40, e.g., providing a dual barrier capability throughout
the life of the wellhead assembly 12. The seals 66 and 68 are energized upon
insertion of the lock screw 40 into the tubing spool 24 or other component of the
wellhead assembly 12, such as by turning the gland 64. Again, in other
embodiments, a multi-barrier may be provided having 2, 3, 4, 5, 6, or more seals.

[0030] Additionally, as also described above, the lock screw 40 may include
the test port 70 that provides the ability to test the dual barrier 74 of the lock
screw 40. The test port 70 may connect to a passage 76 inside the lock screw
40. For example, as illustrated, the passage 76 may run axially along the length
of the lock screw 40. The passage 40 may terminate at a point along the length



10 of the screw 40, such as in the region 78 between the first seal 66 and the second seal 68, allowing
testing of both seals 66 and 68. By providing pressure through the test port 70 and the passage 76,
the dual barYy& 2089981 ock screw 40 may be tested so that any failure of RR&/HE08¥84Ba6or the
second seal 68 results in a detectable pressure leak. [0031]FIG. 5 depicts a flowchart of a process 100
for operating a mineral extraction system 10 having@lual barrier lock screws 40 in accordance with an
embodiment of the present invention. Initially, the wellhead assembly 12 may be installed (block 102),
including the various corgla‘onents described above, such as the wellhead hub 18, the casing spool 25,

the tubing sPOBISACERY 4%he el ASARERSRRIQR &G LoRy arD ihealish SRR B%ANdIiREad assembly 12
(block 104%&06“ asédl maﬁnmhtglmétilﬁgraﬂ\mﬂﬁ)l ée&;sﬂa@adecsens?g@rmu iw@rpitﬁgsu%:n(%fpﬁol 24.
In one embodiment, ration e well may include fracturing rock foumations jn the we oc

106) wiich THGHR AR Feh R e e e PALErAs A2 T PAfeSAturing
process, a moqnaydneﬂes\tedap h)leaqtlﬂnghfaiug‘e ﬂifdh/@dirswmu_auﬁﬁ turktimg) denner 2611688, directly i.n the
production gggm% (ﬁréaa#%?%{a%%&%gs(&lg% 08). As explained above, the lock screws 40 provide a

dual barrier during acturing process and any post-fracturing production flow, ensuring that

redundant sas e PERAISALR USIRNIE RuF SR EARiGRuiacciiges anRiations. After the

fracturing process and any post-fracturing production flow, the well may be plugged and production
tubing and £¥EGLieficHY a8\ BuiNes kiRl P AFTIRIK ACko CreavE AR HbaacakeRRCendihy dAuction tubing

hanger 26 reaydarinsiRlSrie fofbaare KRRSIABWIththa fuAbbREiAE aecxiderhBy the IRs) serews 40.

After the production equipment is installed, production flow is run through the wellhead assembly

(block 112),/B%i@HRE (BACKIRRs I6IBAREHE S RIQUSHFREIRANE RS ARSHRELGROMAIBUCHRE, at all
modes of oppeakienefdhe welibeatkasgengipnde) SBIdhasubsagiwivesl RPaskimcitéguiow, and

production flow, a dugl barrier is provided by the lock screws 40, 11 are first installed jnto the tubing
Coo0l 24 o1 BHEFCSIHEHE P AR RO HL LMo 13028 5 Sy Yora R el ik scrows nte
threaded engagreaseny (blatik@ 0 .1dtledodnsci@istd hmeadbe tesiegenitnavitbittgetabiey 26 and
tubing in the welllkﬂadlassembrp( or ma¥ be tfestedéﬁithouﬁ these. cqmpo en{s..A hydraulic pump or

1
other sourcé %?%res‘supquecgupqg 1[8%% sr|?a:1)c')?sc}f of W]eellgc]:%ys'grce%se & {‘o%&g %(to provide

pressure. Béwangkopadh tbekwsitébiotl AAS)itsvineh testfien7e]ativetylbighseress ey ibethredividually
tested. Any it e - syr j e test port 70
(blook 206 S o B e e e e A e omaly. any

pressure ledks HEQUSE HagavatiowinfeterriiREnpdIARIET RilUre- adlitembiNfintieintegkslionthe dual barrier
seals of theé‘é%h%?"f%\“’a‘@n@?pﬁ‘frgﬁ@- @%@mégﬁoﬂgk%ﬁﬁﬁg&%@% RREFER Sl tegting of the

dual barrier with the lock screws 40 installed in the wellhead assembly 12. [0033]While the invention
may be susCEPYER APVaHBaE IRTCRIMIEL B ERRIULING RERGRSRH ANY, APLRARL- ERBHMEents have been

shown by wabbah@ﬁamﬂﬂmlrbﬁmf@wﬁmmhaﬁﬁmﬂeﬁw&%@t@%hmwthaoweven it

should be understood that the invention is not intended to be limited to the[‘%articular forms disclosed.

Rather, the RIGSRHEICRFBEIH UING RRRERFIOS AIRRIINSHERSHEINARIASESRIAGIAMN the spirit
and scope qidbefraceminnmedaiinediiomitadoleingyapeendssbalaimsoroduction tubing

and a production tree may be installed (block 110). As described above, the
production tubing hanger 26 may be installed in full bore tension with the dual
barrier provided by the lock screws 40. After the production equipment is
installed, production flow is run through the wellhead assembly (block 112), and
the lock screws 40 provide a dual barrier against any pressure leaks. Thus, at all
modes of operation of the wellhead assembly 12, such as fracturing, post-
fracturing flow, and production flow, a dual barrier is provided by the lock screws
40,

[0032] FIG. 6 depicts a process 200 for testing the dual barrier lock screws 40
in accordance with an embodiment of the present invention. The lock screws 40



12 CLAIMS 1. A mineral extraction system, comprising: a multi-barrier lock screw comprising a
plurality of annular seals at different axial locations, external threads, an external port, and a pressure
test passag®R3MAAFh the external port to a testing region adjacent the PHAIRS00Y edddtar seals,
wherein the multi-barrier lock screw is configured to provide a multi-barrier of protection against
pressures in the mineral extraction system via the phurality of annular seals. 2. The system of claim 1,
wherein the multi-barrier lock screw comprises a gland comprising internal threads and external
threads. 3. The ,sgs,tem of claim 1, wherein the multi-barrier lock screw comﬁquises a frustoconical end

configured tBMAER {ESIAlGLIIPSRE ARSI SRABLAEN. CANSFROTRRORTG} el 1Velbkifising a mineral
extraction cegyepieit tR\d0gH RS mulidtadriemietckesersws ifidankesereavdngageridread assembly,

(osation on (RSBAR A dB1 RSty S8 'S (b G0 e L R e
tubing in the wellhead assembly 12, or may be tested without these components.
A hydraulic pump or other source of pressure is coupled to the test ports 70 of
the lock screws 40 (block 204) to provide pressure. Because each lock screw 40
has its own test port 70, each lock screw may be individually tested. Any other
suitable pressure source may be used. Pressure may be applied to the test port
70 (block 206) and may be gradually increased to reach the desired testing
threshold. Additionally, any pressure leaks may be detected to determine points
of failure and verify the integrity of the dual barrier seals of the lock screw 40
(block 208). Advantageously, use of the test ports 70 allows testing of the dual
barrier with the lock screws 40 installed in the wellhead assembly 12.

[0033] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the
following appended claims.



a second seal disposed at a second axial location on the body and configured to seal the body to the
wellhead assembly, wherein the first and second axig| locations are different from one another, the
second seal comprises first and second seal rings thdt are separate from one another, the first seal ring is
disposed in an outer groove facing the wellhead assembly, and the second ring seal is disposed in an
inner groove facing the body. 13 6. The lock screw of claim 5, comprising a pressure test passage
extending through the body from an external port to a testing region. 7. The lock screw of claim 6,
wherein the Br'e& test passage is configured to apply pressure to the testing region to test an integrity
of the first seal, the second seal, or a combination thereof. 8. The lock screw of claim 5, comprising a
gland, wherein the gland comprises mating threads coupled to the threads of the body and external

threads configured T AR S AGHAIGHEIR O EAERISIFEad assembly. 9. The lock screw of claim 5,
comprising a frustogenitalRndee oodiostrRhteomptasitya phmaapeTahthe wellbepdigsasibiial 10. The

lock screw of claim 5, wherein the first seal is an annular seal disposed around the circumference of the

body of the IGRUREVEXIGT2Y HEaRMs AR I IRERRRY BNG/ABFE Uird L PaPRI % i eh TR U%r seal
disposed arewnshihiepeiiciens iestinge @fitheabjpdyrb trib e loekiscoe ahnd Br Acliskaasrin ive anyeilhead

assembly, comprising; . . . . . ) .
y %ar ler ogk screw is configured to provide a multi-barrier of protection against pressures

in the mineral extraction system via the plurality of annular seals.

2. The system of claim 1, wherein the multi-barrier lock screw comprises a gland

comprising internal threads and external threads.

3. The system of claim 1, wherein the multi-barrier lock screw comprises a

frustoconical end configured to mate to a mineral extraction component.

4, The system of claim 1, comprising a mineral extraction component having the

multi-barrier lock screw.

5. A lock screw for a wellhead assembly, comprising:

a body comprising threads coaxial with an axis;

a first seal disposed at a first axial location on the body and configured to seal the
body to the wellhead assembly; and

a second seal disposed at a second axial location on the body and configured to
seal the body to the wellhead assembly, wherein the first and second axial locations are
different from one another, the second seal comprises first and second seal rings that are
separate from one another, the first seal ring is disposed in an outer groove facing the
wellhead assembly, and the second ring seal is disposed in an inner groove facing the
body.



a body; and a passage extending through the body from an external port to a testing region, wherein
the passage is configured to supply pressure from the external port to the testing region to test an
integrity of at least one component of the wellhead embly. 13. The lock screw of claim 12, wherein the
external port is disposed at an end portion of the body, and the passage includes an axial passage and a

radial passage. 14Thé1JoRestpsly seramraECkaiMptRinearEsine: aditstserjclisporpabahrlish axial

location on the body and conficT;ured to seal the body to the wellhead assembly. 15. The lock screw of
claim 14, cofApROmY H082 2B A 18R BRI AR AdesHA%ERNY axial location on the body and configured to
seal the body to the wellhead assembly. 16. The lock screw of claim 15, wherein the second seal
comprises a first ring seal configured tq seal the hody to a gland and a second ring seal configured to seal

the gland to the wellREARCKSSERRLN, FRLTHAs IR e LIS PR ARF I P23 S QYIS We gland facing
the body, anghiip secand (bsastisgdisfioned isseananteairalooneofiteesehrntidastpadreaveithead

assembly. 17. The lock screw aof claim 15, wherein the passage is configured to apply the pressure to the
testing regiof $8RMAHENAREGR of the first seal, the second seal, or a combination thereof. 18. The lock
screw of claim 12, comprising a gland, wherein the gland comprises mating threads coupled to threads of
the body and external threads confjgured to mate tqQ a co nent of a wellhead assembly.
y 8. T?]e Pock screw o*%lljalem 5, compriscl)ng a gﬂ%g, Wﬂerein tYYe gran% comprlr?esy
mating threads coupled to the threads of the body and external threads configured to mate

to a component of the wellhead assembly.

9. The lock screw of claim 5, comprising a frustoconical end configured to mate to a

component of the wellhead assembly.

10.  The lock screw of claim 5, wherein the first seal is an annular seal disposed

around the circumference of the body of the lock screw.

11.  The lock screw of claim 5, wherein the second seal is an annular seal disposed

around the circumference of the body of the lock screw.

12.  Alock screw for a wellhead assembly, comprising:

a body; and

a passage extending through the body from an external port to a testing region,
wherein the passage is configured to supply pressure from the external port to the testing

region to test an integrity of at least one component of the wellhead assembly.

13.  The lock screw of claim 12, wherein the external port is disposed at an end

portion of the body, and the passage includes an axial passage and a radial passage.



19. The lock screw of claim 12, comprising a frustoconical end configured to mate to a component of a
wellhead assembly. 20. A method of testing a We”hf;?d assembly, comprising: applying external
pressure to the wellhead assembly via a port of a locK screw, wherein the lock screw comprises a
passage extending axially through the body and coupled to the port. 15 21. The method of claim 20,

comprising defectinpha RigsssavienkIHiem theongifiaag apsarnklydigbséhatmerpgkediclaim 20,

comprising installing the lock screw in the wellhead assembly. 23. A method of operating a wellhead
assembly, cAPRBHHY the BRdyarBRlassH drstabine ety afes el lDead astEmeiembly, wherein the one
or more lock screws comprise: a first seal disposed at a first axial location on the body and

configured to seal the body to the wellhead assembly; . .
15.  The lock screw of claim 14, comprising a second seal disposed at a second axial

location on the body and configured to seal the body to the wellhead assembly.

16.  The lock screw of claim 15, wherein the second seal comprises a first ring seal
configured to seal the body to a gland and a second ring seal configured to seal the gland
to the wellhead assembly, the first ring seal is disposed in an inner groove of the gland
facing the body, and the second ring seal is disposed in an outer groove of the gland

facing the wellhead assembly.

17. The lock screw of claim 15, wherein the passage is configured to apply the
pressure to the testing region to test the integrity of the first seal, the second seal, or a

combination thereof.

18. The lock screw of claim 12, comprising a gland, wherein the gland comprises
mating threads coupled to threads of the body and external threads configured to mate to

a component of a wellhead assembly.

19.  The lock screw of claim 12, comprising a frustoconical end configured to mate to

a component of a wellhead assembly.

20. A method of testing a wellhead assembly, comprising:
applying external pressure to the wellhead assembly via a port of a lock screw,
wherein the lock screw comprises a passage extending axially through the body and

coupled to the port.



a second seal disposed at a second axial location on the body and configured to seal the body to the
wellhead assembly; and a pressure test passage extending through the body to a region
configured to test integrity of the first seal, the second’seal, or a combination thereof. 24. The method of
claim 23, comprising flowing a fluid through the wellhead assembly. 25. A mineral extraction system,

comprising: apwellhergl megriMBYCEAM RIS EORIRRIAG MAEEFRARNERNIS; leak ABMARSNPERHELK SCrews
disposed in the one or more components, wherein the one or more lock screws comprise: a first

seal dispose"i‘f%ﬁ”ébmst location on the body and configured to seal the body to the wellhead assembly;
a second seal disposed at a second location on the body and configured to seal the body to the wellhead
assembly; a_l_ﬂort at one end of the body configured to receive pressure external from the wellhead

assembly; aRé" e JHad of it A0 sSABRrIRgARY HRFEHAFE SH B o e ¥sREEnfigured to test

integrity of thesérabgeal, the second seal, or a combination thereof.

23. A method of operating a wellhead assembly, comprising:
installing one or more lock screws into the wellhead assembly, wherein the one or

more lock screws comprise:

a first seal disposed at a first axial location on the body and configured to
seal the body to the wellhead assembly;

a second seal disposed at a second axial location on the body and
configured to seal the body to the wellhead assembly; and

a pressure test passage extending through the body to a region configured

to test integrity of the first seal, the second seal, or a combination thereof.

24. The method of claim 23, comprising flowing a fluid through the wellhead

assembly.

25. A mineral extraction system, comprising:
a wellhead assembly comprising one or more components;
one or more lock screws disposed in the one or more components, wherein the
one or more lock screws comprise:
a first seal disposed at a first location on the body and configured to seal
the body to the wellhead assembly;
a second seal disposed at a second location on the body and configured to
seal the body to the wellhead assembly;
a port at one end of the body configured to receive pressure external from
the wellhead assembly; and
a pressure test passage extending through the body to a region configured
to test integrity of the first seal, the second seal, or a combination thereof.



16 26. The system of claim 25, comprising a hydraulic port coupled to the port. 27. A wellhead assembly,
comprising: a tubing spool; a tubing hanger disposed in the tubing spool; and one or more lock screws
disposed in the tubing spool and configured to engage the tubing hanger, wherein the one or more lock
screws comprise a plurality of seals at different axial positions and a pressure test passage leading from
the external port to a region adjacent to the plurality of seals. 28. A system, comprising: a lock screw for a
mineral extraction system, wherein the lock screw comprises; a body comprising first external threads;

a gland disp@fed aByBE@M?EW'WHb?QW%O&PO{B%mﬁﬁ%léciH&SF:?QPM? 404NeRSfed to the first external
threads, and the gland comprises second external threads configured to couple to a bore in a component

of the mineral extraction system; .
27. A wellhead assembly, comprising:

a tubing spool,

a tubing hanger disposed in the tubing spool; and

one or more lock screws disposed in the tubing spool and configured to engage
the tubing hanger, wherein the one or more lock screws comprise a plurality of seals at
different axial positions and a pressure test passage leading from the external port to a

region adjacent to the plurality of seals.

28. A system, comprising:
a lock screw for a mineral extraction system, wherein the lock screw comprises:

a body comprising first external threads;

a gland disposed about the body, wherein the glad comprises internal
threads coupled to the first external threads, and the gland comprises second external
threads configured to couple to a bore in a component of the mineral extraction system;

a first seal disposed about the body, wherein the first seal is configured to
seal the body relative to the bore; and

a second seal comprising a first seal ring and a second seal ring, wherein
the first seal ring is disposed in an outer groove along the gland to seal gland relative to
the bore, and the second seal ring is disposed in an inner groove along the gland to seal

the gland relative to the body.



a first seal disposed about the body, wherein the first seal is configured to seal the body relative to the
bore; and a second seal comprising a first sea; ring and a second seal ring, wherein the first seal
ring is disposed in an outer groove along the gland 'seal gland relative to the bore, and the second seal
ring is disposed in an inner groove along the gland to seal the gland relative to the body. 17 29. The

system of claign 28,1¢Rmpisna feRips 28 dRFrRAR agrSxirn it iRsayabtardpesinfeughanexternal port
to a testing region, and the pressure te;tr%assage is configured to supply a pressure to the testing region

to test an intBeHyTOMAAERLEBIAL RUEIAGHER "B oML VYL BRPEESInTeSEPaTRMIRHS 8RBTkt one
component goRpPEa Preshiist &8 e tastipRaenibaeaeor  ¢atinabpat Raseohe SdmpbseRystem of claim

28, comprising the component of the mineral extraction system.

30. The system of claim 28, wherein the at least one component comprises the first
seal, the second seal, or a combination thereof.

31.  The system of claim 28, comprising the component of the mineral extraction

system.





