DUAL METAL SEAL SYSTEM Related Application Data: [0001] This application is a continuation in
part of U.S. Pat. Application Serial No. 12/912,487, filed on October 26, 2010, which is incorporated by
reference in its entirety. Field of the Invention: [0002] This invention relates in general to wellhead
assemblies and in particular to an all-metal secondary that is energized by the primary seal assembly,
before the primary seal assembly is energized. Background of the Invention:

DUAL METAL SEAL SYSTEM

Related Application Data:

[0001] This application is a continuation in part of U.S. Pat. Application Serial No.

12/912,487, filed on October 26, 2010, which isincorporated by referencein its entirety.

Fied of the I nvention:

[0002] Thisinvention relatesin general to wellhead assemblies and in particular to an all-
metal secondary that is energized by the primary sea assembly, before the primary seal

assembly is energized.

Background of the Invention:

[0003] In hydrocarbon production wells, it is often necessary to form a seal between two
wellbore members. For example, a wellhead housing can be located at the upper end of
the well. The wellhead housing is alarge tubular member having an axial bore extending
through it. Casing will extend into the well and will be cemented in place. A casing
hanger, which is on the upper end of the casing, will land within the wellhead housing. It
is necessary to form a seal between the casing hanger and the wellhead housing. The
exterior of the casing hanger is spaced from the bore of the wellhead housing by an

annular clearance which provides a pocket for receiving an annulus seal.

[0004] There are many types of annulus sedls, including rubber, rubber combined with

metal, and metal-to-metal (all-metal). One metal-to-metal seal in use has a U-shape,



[0003] In hydrocarbon production wells, it is often necessary to form a seal between two wellbore
members. For example, a wellhead housing can be located at the upper end of the well. The wellhead
housing is a large tubular member having an axial bore extending through it. Casing will extend into
the well and will be cemented in place. A casing hanger, which is on the upper end of the casing, will
land within the wellhead housing. It is necessary to form a seal between the casing hanger and the
wellhead housing The exterior of the casing hanger is spaced from the bore of the wellhead housing
by an annul Clearanc |ch \‘?(\égi cket for receivin nulus seal. g{o%There are many
types of an é‘%é%ﬁ? Gt{ l, é(n?f‘ r"?mlél ?QFEaII -metal).
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withstand h'gﬂ‘éﬁ &rgs%g rature than elastomeric seals. The metallic seals require an
energizing ring to move ax erglze the seal. The requirement of using an energizing ring
makes it difficult to have an aII metal secondary seal to seal the same annular clearance that the

primary sea|i®e8}3hNgnetal seals can be useful because they can withstand higher pressure and

temperature than elastomeric seals. The metallic seals require an energizing ring to move
axialy to energize the seal. The requirement of using an energizing ring makes it
difficult to have an all-metal secondary seal to sea the same annular clearance that the

primary sedl is sealing.

Summary of the Invention:

[0006] In one embodiment, a seal assembly having an al-meta secondary seal is
disclosed. The seal assembly can have a secondary energizing ring that can energize the
secondary seal, in the same annular clearance but spaced apart from the primary seal.
The secondary energizing ring can be a component of the primary seal assembly. The
secondary energizing ring can energize the secondary sea before the primary seal is
energized. In embodiments where the secondary seal is an H-seal, the secondary
energizing ring can wedge the H-seal apart into, for example, the hanger and the housing,
thus creating seals. The design alows for spring forces (potentia energy) to be built into

the sedl itself. The design can also allow for pressure energization.



Summary of the Invention: [0006] In one embodiment, a seal assembly having an all-metal secondary
seal is disclosed. The seal assembly can have a secondary energizing ring that can energize the
secondary seal, in the same annular clearance but spaced apart from the primary seal. The secondary
energizing ring can be a component of the primary seal assembly. The secondary energizing ring can
energize the secondary seal before the primary seal is energized. In embodiments where the
secondary seal is an H-seal, the secondary energizing ring can wedge the H-seal apart into, for
example, the hanger and the housing, thus creating seals. The design allows for spring forces
(potential er%rrJ )a%ép&ﬂﬂ AR N ESelf. The design can also allow for pressure energization.
Brief Description of the Drawings: [0007] Figure 1 is a sectional view of an embodiment of a seal

assembly hwje A qlkneraLseeaian; seel A0ORkEIANS 2P 20.8naaRg SRt L gt of the

secondary seal energizing ring and all-metal secondary se Figure 1.
metal secondary seal.

[0008] Figure 2 is an enlarged sectional view of the secondary seal energizing ring and

all-metal secondary seal of Figure 1.
[0009] Figure 3isan enlarged sectional view of the primary seal and energizing ring
Detailed Description of the Invention:

[0010] Referring to Figure 1, an embodiment of the invention shows a portion of a
wellhead assembly that includes a high pressure wellhead housing 100. In this example,
housing 100 is located at an upper end of a well and serves as an outer wellhead member
of the wellhead assembly. Housing 100 has a bore 102 located therein. In this example,
an inner wellhead member is a casing hanger 104, which is shown partidly in Figure 1
within bore 102. Alternately, wellhead housing 100 could be a different wellbore
member, such as a tubing spool or a Christmas tree. Casing hanger 104 could be a
different wellbore member, such as a tubing hanger, plug, safety valve, or other device.
Casing hanger 104 has an exterior annular recess radially spaced inward from bore 102 to
define a seal pocket 106. An upward facing shoulder 108 can define the lower end of
seal pocket 102. Wickers 110 can be located on a portion of the wellhead bore 102 and
wickers 112 can be located on a portion of the cylindrical wall of seal pocket 106. In this
example, the profiles of each set of wickers 110, 112 are shown as continuous profiles on

the bore 102 and seal pocket 106. However, the wickers 110, 112 may be configured in



[0009] Figure 3 is an enlarged sectional view of the primary seal and energizing ring Detailed
Description of the Invention: [0010] Referring to Figure 1, an embodiment of the invention shows a
portion of a wellhead assembly that includes a high pressure wellhead housing 100. In this example,
housing 100 is located at an upper end of a well and serves as an outer wellhead member of the
wellhead assembly. Housing 100 has a bore 102 located therein. In this example, an inner wellhead
member is a casing hanger 104, which is shown partially in Figure 1 within bore 102. Alternately,
wellhead housing 100 could be a different wellbore member, sucE as a tubing spool oy a Christmas
ee. Casing I GEPBESERY SR LR FERE AR I ALEP L o8 R REhaEo Bl satety
valve, or oth§£ de\ﬂce. Ca}(sinsg hanger 104 has an exterior annular recess radially spaced inward from
bore 102 to I?ﬁﬁe SISy pe('SCket 106. An upward facing shoulder 108 can define the lower end of seal
pocket 102. Wickers 110 can be located on a portion of the wellhead bore 102 and wickers 112 can be

located on a[l(ﬂﬂrl?@d?fti‘i‘ﬂﬁr@’ toderer! i phs9alPRrXG bRl Las sxamBlg. 118 RIdllasel each set

of wickers 110, 112 are shown as continuous profiles on the bore 102 and seal pocket 106. However,

the wickers 3dQuebd harange100nigHied iy AREERTENGRReRiEIameRMpadimens caghave a

smooth sealing surface (not shown) rather than wickers. [0011] Continuing to refer to Figure 1, a

metal-to-mesatsaal assemahindiiddaleuened hedverneadisiadd duwnthsasng kaagerig @feand located

in seal pocket 106. Seal assembly 114 can include a seal ring 116 formed of a metal such as steel.

Seal ring 11ganamasie imndnnesVeatt scefare thiBdinbeandas afianepissnesgaabley kafife sealing
against the cylindrical wall of casing hanger 104. Seal ring 116 can have an outer wall surface 122,

that can be pgaitnef theteylsadi delgvi¥ of reatisedharagaitcd. wbdi aachiddsoag have dOauteawnkivall surface
118, 122 can be cylindrical and smooth and can engage the wickers 110, 112 when deformed against
the bore 102wfate 122y saty &GD0beanuirs el pdek etd 06got 24 ethaisseg 1 aga est M0d | WadkeassiitO, 112 can
enhance the grip to aid in the prevention of axial movement of the seal assembly once set. [0012] In
the exampleopiglfE.1 Fsehiwimbsutfeds 1ik8-dizésténria, dybinnhical rang pexostcaath anlgngegedber, a seal
ring that is bi-directional can be used. The upper section of seal ring 116 can have a slot 126. The
inner and owvskerafbikhd 13rwieg atbarmesl egai nse theherallp2 giiibeibavsingrdoe snthagahprakeliewed in an

axial cross-section are generally parallel and each follow a straight line.
106 of the casing hanger 104. Wickers 110, 112 can enhance the grip to ad in the

prevention of axial movement of the seal assembly once set.

[0012] In the example Figure 1, seal ring 116 is uni-directional, having an upper section
only; however, a sed ring that is bi-directional can be used. The upper section of seal
ring 116 can have a slot 126. The inner and outer surfaces forming slot 126 can be
generally cylindrica surfaces, that when viewed in an axia cross-section are generally

parallel and each follow a straight line.

[0013] A seal assembly extension 128 can be a cylindrical body that extends below seal
ring 116. Sed assembly extension 128 can be integrally formed with seal ring 116, or
can otherwise be connected to it. Alternatively, extension 128 can be support members,
or legs, (not shown) that extend axialy downward from seal ring 116. As best shown in

Figure 2, a coupling, such as seal assembly lower threads 130, can be located on an inner



[0013] A seal assembly extension 128 can be a cylindrical body that extends below seal ring 116. Seal
assembly extension 128 can be integrally formed with seal ring 116, or can otherwise be connected to
it. Alternatively, extension 128 can be support members, or legs, (not shown) that extend axially
downward from seal ring 116. As best shown in Figure 2, a coupling, such as seal assembly lower
threads 130, can be located on an inner or outer diameter of extension 128. In the embodiment shown
in Figure 1, lower threads 130 are on an inner diameter of extension 128. In one embodiment, lands

132 protrude f t f f the i ter di ter of extension 128 and 134 t
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or they can Lave a taper such ey are nearer eac er near nose and-gra spaced

further apar}wrﬂg%ggﬁ AE@ lower end of extension 128. Nose 142 of energizing ring 136 can be
the lowermost surface of seal assembly energizing ring 136 and of seal assembly 114, and can have a
rounded or tapered profile. [0015] Referring to Figures 1 and 2, secondary seal assembly 144 can be a

seal located|belayvsieal ersanp ol Holresome-ampesine tenaerang amgeataseamblychd4 is an

all-metal seal made of, for example, steel. In the embodiment shown in Figures 1-2, seal assembly

144 is an Hadhvanes s emnealtiraogleraihe ot yweanalioperls. caabasiantlySert gishemily 13¢t&an be an

annular seal that can be set, or energized, by seal assembly energizing ring 136. [0016] Referring to
Figure 2, in baerembaldinnieint haeiagpasemblsiddedssdreidda batke sinfpdd b4Wvhiohetasuibacan annular
ring having in inner and outer diameter and a support

138 and outer surface 140 can be straight walls that are parallel to each other and to the

axis of seal assembly 114, or they can have a taper such that they are nearer each other

near nose 142 and gradually spaced further apart as they approach the lower end of

extension 128. Nose 142 of energizing ring 136 can be the lowermost surface of seal

assembly energizing ring 136 and of sea assembly 114, and can have a rounded or

tapered profile.

[0015] Referring to Figures 1 and 2, secondary sea assembly 144 can be a sea located
below seal assembly 114. In some embodiments, secondary seal assembly 144 is an all-
metal seal made of, for example, steel. In the embodiment shown in Figures 1-2, seal
assembly 144 is an H-shaped seal, although other types of seals can be used. Sed
assembly 144 can be an annular seal that can be set, or energized, by seal assembly

energizing ring 136.

[0016] Referring to Figure 2, in one embodiment, seal assembly 144 can include base
ring 146, which can be an annular ring having in inner and outer diameter and a support

surface 148. Support surface 148 can be perpendicular to the axis of seal assembly 144,



surface 148. Support surface 148 can be perpendicular to the axis of seal assembly 144, such that it
faces downward in the axial direction when seal assembly 144 is in a vertical orientation. When
inserted into seal pocket 106, support surface 148 can land on and be supported by shoulder 108. The
other end of seal assembly 144 can have inner support ring 150 and outer support ring 152 extending
in an axial direction to define slot 154 located therebetween. Slot 154 can be open on the upward
facing side when seal assembly 144 is in a vertical orientation. The radial width of slot 154 can be less
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have wickers elr respectiv ces . Wickers 164 can be annular ridges

with grooves{hgteiRbueRRy WheraiLtngsHdges Gan s RERSTRA RHRIFT L MRS phERGevith which it

is to form a seal. In one embodiment, support rings 150, 152 can connect to an axial midpoint of seal

legs 156, 16Q:4h5 ¢hds Qfinealiegeal ofediEos UCHASIAGA WIBHPE? 46f 16214FNE Rsarapring O

preload force as a result of radial force from support rings 150, 152. [0018] A support member, such as

threaded supRAAJl 46w AN SeLANaReiREINg BRGOIAR G BhaSEREAIL ddcfarAay Ry tdaseal

assembly 114 or, more specifically, to seal assembly extension 128. In one embodiment, threaded

support 166fsaiexiend dtamainneireaines Sqsporwiak 1owarit sert aspporbhnglb2Tiamraned support
166 can have threads 168 extending therefrom. Lands 170 can extend outward from a surface of

threaded sugpertfipdeatichiieat grooves 172 are not recessed into the surface of threaded support
166. Threads 168 can be sized to interface with seal assembly lower threads 130. Secondary seal
assembly 144 can be rotated onto seal assembly lower threads 130, and then be rotated until threads
168 advancEoakaIngs\eeatl| egabrE ean Hesananiulansaating aunbe0 camested reddoe 6BIRRe clear of
lower threads 130, secondary seal assembly 144 can slide axially upward and downward along seal
assembly 110gd¥at EWerfoshdeantPe SatAaverr serbi sibsurkaceclbel pntRat iR PSR a30 and
threads 168 prevent secondary seal assembly 144 from disengag(i)r%% seal assembly 114 unless and

until it is rotSREHNE AR RMAtBARMATHSE RIHLBRUFFEM, iAreeu e A Mye QHIRGRFANBRge and

rotate completely through seal assembly lower threads 130 before seal assembly energizing ring 136
enters slot 1% ¢an be an annular sealing member connected to outer support ring 152, and can'have

a sedling surface 162 on an outer diameter for sealing against a wellbore member
wellhead housing 100. Either or both of seal legs 156, 160 can have wickers 164 on their
respective sealing surfaces 158, 162. Wickers 164 can be annular ridges with grooves
therebetween, wherein the ridges can be pressed against or into the surface with which it
is to form a sea. In one embodiment, support rings 150, 152 can connect to an axial
midpoint of seal legs 156, 160. The ends of seal legs 156, 160, such as near wickers 164,
can develop a spring or preload force as a result of radial force from support rings 150,

152.

[0018] A support member, such as threaded support 166, can be connected to secondary

seal assembly 144 for coupling it to seal assembly 114 or, more specificaly, to sed



[0019] Referring back to Figure 1, energizing ring 174 can be used to first apply downward force on
seal assembly 114, without energizing seal assembly 114, to cause seal assembly 114 to transmit
force to seal assembly energizing ring 136 and, thus, energize secondary seal assembly 144. After
energizing secondary seal assembly 144, continued downward force on energizing ring 174 can cause
it to energize seal assembly 114. In one embodiment, as described in more detail below, the profile of
nose 176 of energizing ring 174 and the chamfer at the mouth of slot 126 can be used to selectively
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formed of metal, such as steel. The mating surfaces of energizing ring 174 and outer seal leg 124 may

be formed abgipekistaPsisdMBRLLIBEIBH R it dria B S B3 Rbs/ WaiBoHRGds/feeagave a nose

176 or engaging portion that engages slot 126. Energizing ring 174 can have an inner surface 180 and

an outer surfiage 38 20RfcaNGREINErBOPED AR NBETRIdRW AT Bf Bl Pladi6et $83HING 1dRednner and

outer surfaces 180, 182 may be straight surfaces as shown, or optimally curved surfaces. [0022]
Referring totfrigadie B0ancritatBRAGCTED B viexr of [bRdnaRrRAI60180Reconesaizag HEremifl§ is shown

in the unset positions. The nose 176 may have a vent 184 to prevent hydraulic locking and may have a
first taperedigurtapesitgexidly Lpwihdbiapdsd olosyo \skits ablossangity 183 andnaneacrgieagnd tapered
surface or portion 190. The inner and outer legs 120, 124 of the seal ring 116 have tapered, upward
facing shouldiegs1B82;ah9dnghdbesiotiipdr exatptatidtpimxen ticctds HRE @it thf dhoks SI68 ¥26vehhe
shoulders 192, 194 form a corresponding surface on which the second tapered surface 190 of the
nose 176 restsondiaey seahassemsily pbéitivomTdiectmogingf seab fisstrably dédandesspanedntilirfaces 186,
190 form a compound angle that may be varied to achieve a delay in the entry of the energizing ring
180 into thersfetet2brofighdhsthrensls. 1imeorresnabedinptat, ithessssdp8raanshneedmgiv ehgage anid tapered
surface 190 such that it is flatter, more force will be required to be applied to the energizing ring 174 to
force the nosdale e-ame! ghel | diropsharsget orsseabbhtlpwee $biesdslakyls el e gealg azsenll be
energized with greater force than if second tapered surface 190 had more taper (meaning less
downward fEREENFH9 i B 137 BNetF Rk Aefgize seal assembly 114). The second tapered surface 190
may vary in taper from 0 degrees (flat), which provides the most resistance, up to 90 degrees. The first
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seal assembly 114 to transmit force to seal assembly energizing ring 136 and, thus,

energize secondary seal assembly 144. After energizing secondary sea assembly 144,
continued downward force on energizing ring 174 can cause it to energize seal assembly
114. In one embodiment, as described in more detail below, the profile of nose 176 of
energizing ring 174 and the chamfer at the mouth of slot 126 can be used to selectively
apply downward or energizing force on seal assembly 114. In another embodiment,

shear pins (not shown) can be used to selectively apply downward or energizing force.



[0023] By delaying the entry of the energizing ring nose 176 into the slot 126 as force is applied to the
energizing ring 174 (Figures 1 and 3), setting of the legs 120, 124 of the seal ring 116 is delayed and
the downward force is transmitted to seal assembly energizing ring 136. Referring now to Figure 2,
energizing ring 136, in turn, exerts downward force on secondary seal assembly 144, urging it toward
shoulder 108. When secondary seal assembly can no longer move downward relative to casing
hanger 104, continued downward force on seal ring 116 (Figure 1) causes seal assembly energizing
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assembly 14 fter secondary seal 144 is energized, the surface force between the second

tapered Surfé?&glﬂﬂgofiﬂéel'?ﬁﬁﬁag& GreaupiR thiRGB R R0 IRAMaY, RRANEIGRBE by the

force applied to energizing ring 174 (Figure 3) to thereby initiate the entry of the nose 176 into the slot

126. In an eyaeRlprREPEEGOIMNg R4 aRe g6 SWdace ABGLENE rBQSited/ hisgivécangy more

tapered than that of the second tapered surface 190 to facilitate entry of the nose 176 into the slot 126

and therebycgafpenaihayeobyl aGeftrdinh thoisaataaidap againstibeinicderagl 194 tetrobdhe housing

100 and hanger 104. Once the legs 120, 124 are set, seal assembly 114 cannot move axially

downward, podtibhs Ereiriagyisgal 744hcan foinhe bfr thetake sathizeste€ omielnidtthg sumatest of axial
force applied to seal energizing ring 136 can also be tuned by varying the surface area between the
contacting sofrtaeegtdi tigei sg dodchialpetedsseirfagd 200a@nioktiee s iall éeking tsheulder 192. A larger
surface area at this contact surface may aid the delay of entry of the nose 176 into the slot 126. [0025]
In an example of operation of the embodiment shown in Figures 1-3, a running tool or string (not

shown) is atteéHd e SEapdedaamhey 1 and Bigneeciai aghHNeviéfed@inta grnose 176 or engaging

portion that engages slot 126. Energizing ring 174 can have an inner surface 180 and an
outer surface 182 for engaging the opposite inner sidewalls of slot 126 in seal ring 116.
Inner and outer surfaces 180, 182 may be straight surfaces as shown, or optimally curved

surfaces.

[0022] Referring to Figure 3, an enlarged sectional view of the nose 176 of the
energizing ring 180 is shown in the unset positions. The nose 176 may have a vent 184
to prevent hydraulic locking and may have a first tapered surface or portion 186 that
tapers downwards at an angle 188 and have a second tapered surface or portion 190. The
inner and outer legs 120, 124 of the seal ring 116 have tapered, upward facing shoulders
192, 194 at their upper ends and proximate the opening of the slot 126. The shoulders
192, 194 form a corresponding surface on which the second tapered surface 190 of the

nose 176 rests when in the unset position. The taper of the first and second tapered



seal pocket 106. Seal assembly 114 may be pre-assembled with energizing ring 174, seal ring 116,
and secondary seal 144, all connected as shown in Figure 1. The running tool or string (not shown)
can be attached to grooves 178 on energizing ring 174. The outer wall 122 of outer seal leg 124 will be
closely spaced to wickers 110 on the wellhead bore 102. The inner wall 118 of inner seal leg 120 will
be closely spaced to the wickers 112 on the cylindrical wall of seal pocket 106. By pushing energizing
ring 174 downward (such as by the running tool) with sufficient force such that the second tapered
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engagement while the outer wall 122 of outér seal leg will'embed into wickers in sealing
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wellhead members 100, 104, secondary seal 144 cannot be further energized. [0026] If the seal

formed by theowigkereeddifedlPenBdjtesianasappbiguies)sephiegsdiliapdedSsGIRRBresiRRy due to

excessive thermal growth cycles or higher operating pressures, then secondary seal 144 can maintain

seal integrity §gtmegsetirontitetiapesdvher) Wehheast suriabesef rd&4alt8 2 16 dorigyest that seal

assembly 114 is to be removed from bore 102, a running tool is connected to threads 178 on upper

energizing ring:¥if4 st Diffacdingeyrakjl hsilbappieeiaig) @nagoar dapxdabtavesxisoaanlied to upper
energizing ring 174, causing it to withdraw from slot 126. However, a retaining member (not shown)
will keep endegressy Yiagdlis4anbimetitr th aeglesiho bbb tppevethtindpties 186 fredmfalpeeagaiating. With
energizing ring 174 withdrawn from slot 126, there is less radial pressure between seal legs 120, 124
and adjacerepeatimg surtheepplicdi assvaivk engyl be aff &eted byitthaevatgnsa sdchmonsinetipofatnergizing
ring 174 can cause seal assembly 114 to move axially upward, thus withdrawing seal assembly
energizing rilegonga yregel sksernbly, WhtiiFbawRyRling ring 136 clear of slot 154, radial pressure between
seal legs 156 and 160 is reduced so that upward force on secondary seal assembly 144 can withdraw

secondary seal assembly 144. L . .
[0023] By delaying the entry of the energizing ring nose 176 into the slot 126 as force is

applied to the energizing ring 174 (Figures 1 and 3), setting of the legs 120, 124 of the
seal ring 116 is delayed and the downward force is transmitted to seal assembly
energizing ring 136. Referring now to Figure 2, energizing ring 136, in turn, exerts
downward force on secondary seal assembly 144, urging it toward shoulder 108. When
secondary seal assembly can no longer move downward relative to casing hanger 104,
continued downward force on seal ring 116 (Figure 1) causes seal assembly energizing
ring 136 to enter slot 154. Because the radial thickness of seal assembly energizing ring
136 can be greater than the initial radial dimension of dot 154, when energizing ring 136
is inserted into slot 154, secondary seal assembly 144 is deformed against wellhead

housing 100 and casing hanger 104. In the embodiment shown in Figures 1 and 2, inner



[0028] As best shown in Figure 2, as seal assembly 114 continues to move upward, the uppermost
thread of threads 130, specifically, the top land 132 on seal assembly extension 128, can contact the
lowermost thread of threads 168, specifically, the bottom land 170, on threaded support 166 of
secondary seal assembly 144. In some embodiments, the upper and lower threads function as
shoulders and transmit axial force without threadingly engaging one another. Some embodiments can
use alternative engagement devices to transmit axial force between seal assembly 114 and secondary
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the threads allow downward movement of seal assembly energizing ring 136 relative to

secondary seal assembly 144.

[0024] After secondary seal 144 is energized, the surface force between the second
tapered surface 190 of the nose 176 and the upward facing shoulder 192 may be
overcome by the force applied to energizing ring 174 (Figure 3) to thereby initiate the
entry of the nose 176 into the slot 126. In an example embodiment, the first tapered
surface 186 of the nose 176 is significantly more tapered than that of the second tapered
surface 190 to facilitate entry of the nose 176 into the slot 126 and thereby deform the
legs 120, 124 of the seal ring 116 against the wickers 110, 112 of the housing 100 and
hanger 104. Once the legs 120, 124 are set, sea assembly 114 cannot move axialy
downward, and thus secondary seal 144 cannot be further energized. Control of the
amount of axial force applied to seal energizing ring 136 can aso be tuned by varying
the surface area between the contacting surface of the second tapered surface 190 and the
upward facing shoulder 192. A larger surface area at this contact surface may aid the

delay of entry of the nose 176 into the slot 126.

[0025] In an example of operation of the embodiment shown in Figures 1-3, a running
tool or string (not shown) is attached to seal assembly 114 (Figure 1) and lowered into the

seal pocket 106. Sea assembly 114 may be pre-assembled with energizing ring 174, seal
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a first seal member, the first seal member having inner and outer annular walls to define a slot
therebetween; a first energizing ring concentric with the first seal member and moveable between an
upper and a lower position, the first energizing ring slidingly engaging the inner and outer walls to
occupy the slot while moving from the upper to the lower position; a second seal member concentric
with and located below the first seal member; a second energizing ring concentric with and located
between the first and second seal members, moveable between a first and a second position, the

d d th b tj I f that slid
gainst onclTioH1Er HEFHBAG Fo-Re L L eI RA a0t LA drgizing rng
moving from th flrs%é) S ong)the se ?aﬁf‘&gsmon in response to downward r;%) enttof the first
seal member 'H% éfayln\ﬁ ngr%?u %Og\;/%ﬁp %senﬁ@véﬂ%ﬁ ngh]é rst eﬁe}’glzmg ring
from moving,jg s Jpar oSt nsh Al @q&eﬁ%g VSRR 35 Meved fedfiggecond

position. 2. € assembly accordrng to claim OWﬂW& OI‘CG on orce on he first

energizing ripg is Hans{e g ‘{‘I I#:e? ﬁ% smon toklﬁefe Secg %‘&%H%%SWEMSTE i cause the

second energizing ring to move rom osition
the cylindrical wall of seal pocket 106. By pushing energizing ring 174 downward (such

as by the running tool) with sufficient force such that the second tapered surface 190 at
nose 176 of the energizing ring 174 transmit force via the upward facing tapered
shoulders 192, down through the seal ring 116 to secondary seal 144, to thereby energize
secondary seal 144. After secondary seal 144 is energized, continued force is applied to
energizing ring 174 to overcome the surface forces between the second tapered surfaces
190 of the nose 176 and the tapered shoulders 192 of the seal ring 116, to insert the nose
176 inthe dlot 126. Urging the nose 176 into the slot 126 is facilitated by the first tapered
surfaces 186 of the nose 176 because they have significantly more taper and thus less
resistance than the second tapered surfaces 190. Further, engagement of nose 176 with
slot 126 causes the inner and outer seal legs 120, 122 to move radially apart from each
other. The inner wall 118 of inner seal leg 120 will embed into wickers 112 in sealing
engagement while the outer wall 122 of outer seal leg 124 will embed into wickers 110 in
sealing engagement. Once the inner and outer seal legs 120, 124 seal against the wickers
110, 112 of the wellhead members 100, 104, secondary seal 144 cannot be further

energized.

[0026] If the seal formed by the wickers 110, 112 and the inner and outer seal legs 120,

124 is compromised due to excessive therma growth cycles or higher operating

11



3. The assembly according to claim 1, wherein the first seal member and second energizing ring are
integrally formed of the same material. 4. The assembly according to Claim 3, wherein the first seal
member further comprises first seal threads protruding from a first seal member surface and the
second seal member comprises second seal threads protruding from a second seal member surface,
the first seal threads and the second seal threads threadingly engaging and passing through one
another so that the second seal member can slidingly move axially along the seal assembly. 5. The

assembly according to Claim 4, wherein upward movement of the seal member causes an upper
thread of thETSHSEN 1) SRR MAY s A4 SRR S B S RAT R QS AR the
second sealw‘g.h'légge ass§mb9/?§ci;8£ding to claim 1, wherein the lower sealing member has wickers.
7. The assem |y RECOrding to Claim 1, wherein the secondary seal is all metal.

[0027] In the event that seal assembly 114 is to be removed from bore 102, a running tool
is connected to threads 178 on upper energizing ring 174. As one of ordinary skill will
appreciate, an upward axial force is applied to upper energizing ring 174, causing it to
withdraw from slot 126. However, a retaining member (not shown) will keep energizing
ring 174 connected to seal ring 116, preventing the two from fully separating. With
energizing ring 174 withdrawn from slot 126, there is less radia pressure between sedl
legs 120, 124 and adjacent sealing surfaces such as wickers 110, 112. Continued upward
movement of energizing ring 174 can cause seal assembly 114 to move axialy upward,
thus withdrawing seal assembly energizing ring 136 from slot 154. With energizing ring
136 clear of slot 154, radia pressure between seal legs 156 and 160 is reduced so that
upward force on secondary seal assembly 144 can withdraw secondary seal assembly

144.

[0028] As best shown in Figure 2, as seal assembly 114 continues to move upward, the
uppermost thread of threads 130, specificaly, the top land 132 on seal assembly
extension 128, can contact the lowermost thread of threads 168, specifically, the bottom
land 170, on threaded support 166 of secondary seal assembly 144. In some
embodiments, the upper and lower threads function as shoulders and transmit axial force
without threadingly engaging one another. Some embodiments can use alternative
engagement devices to transmit axial force between seal assembly 114 and secondary
seal assembly 144. The upward force, thus, causes secondary seal assembly 144 to be

withdrawn from seal pocket 106.
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8. The assembly according to Claim 1, wherein the primary and secondary seals are all metal. 9. The
assembly according to Claim 1, wherein the delaying apparatus comprises a lower end on the first
energizing ring having a first tapered surface at an angle oblique to an axis of the ring and extending
laterally from the axis of the ring so that when the ring is inserted into the slot the tapered surface
contacts an upper edge of one of the walls; a second tapered surface adjacent the first tapered
surface on a side opposite a Iower terminal end of the ring, wherein an angle between the second

wherein wplOEoL A PRI 4 e @% SO e B S RAREALPE 8l member
h h di b f li h fi h idi f

the energis P IHSh thé CHAF IR "*‘P e e RO R e A e R g

moves to th?oél?&&l(lllq(fp?%ér Hbljh% H%nrzi%ﬂé? ﬁj&rmgg o 0;«;3&4 eh%lg\\;gc%n wellbore members, the

method comprising: Ing-a se dompris ng

[0030] While the invention has been shown in only one of itsforms, it should be apparent
to those skilled in the art that it is not so limited but is susceptible to various changes
without departing from the scope of the invention. For example, the seal could be
configured for withstanding pressure in two directions, if desired, having two energizing

rings. In addition, each energizing ring could be flexible, rather than solid.
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a first seal member, the first seal member having inner and outer annular walls to define a slot
therebetween; a first energizing ring concentric with the first seal member and moveable between an
upper and a lower position, the first energizing ring slidingly engaging the inner and outer walls to
occupy the slot while moving from the upper to the lower position; a second seal member concentric
with and located below the first seal member; and a second energizing ring concentric with and
located between the first and second seal members, moveable between a first and a second position,
the second energizing ring and the second seal member having mating cylindrical surfaces that slide
against one\gﬁbﬁ;'_e}%\)fﬁhégmgﬂd Fom the first to the second position, the second seal energizing ring
moving from the first position to the second position in response to downward movement of the first
seal membe{; (b) lgw%ﬂ%&gwgealer?l asserablycgnr%o alzlswe_llbore until a downward facing shoulder on the
second seal nember |ands oR-an gpavsvsaem é(clng Si5UIer on a wellbore member;

afirst seal member, the first seal member having inner and outer annular walls to
define a slot therebetween,;

a first energizing ring concentric with the first seal member and moveable
between an upper and a lower position, the first energizing ring didingly
engaging the inner and outer walls to occupy the slot while moving from the

upper to the lower position;
a second sea member concentric with and located below the first seal member;

a second energizing ring concentric with and located between the first and second
seal members, moveable between a first and a second position, the second
energizing ring and the second sea member having mating cylindrical surfaces
that slide against one another while moving from the first to the second position,
the second sea energizing ring moving from the first position to the second

position in response to downward movement of the first seal member; and

a delaying apparatus, the delaying apparatus preventing the first energizing ring
from moving to the lower position until after the second energizing ring has

moved to the second position.

2. The assembly according to claim 1, wherein downward force on the force on the
first energizing ring is transferred through the first seal member to the second energizing
ring to cause the second energizing ring to move from the first position to the second

position.

3. The assembly according to claim 1, wherein the first seal member and second

energizing ring are integrally formed of the same material.

4. The assembly according to Claim 3, wherein the first seal member further

comprises first sea threads protruding from a first seal member surface and the second
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(c) applying downward force on the first energizing ring, the downward force being transferred through
the first seal member to the second energizing ring to move the second energizing ring from the first
position to the second position relative to the second seal member; and (d) then continuing to apply
downward force on the first energizing ring to cause the first energizing ring to move from the upper to
the lower position relative to the first seal member. 11.The method according to Claim 10, wherein the
first seal member and second energizing ring are integrally formed as a seal assembly, the seal
assembly further comprising seal assembly threads protruding from a seal assemhly surface and the
second seal oG ED HAIRH SRS SERBLER LS RATUEING O & Eeaht S PERer surface,
the seal assamihiy, thheafilsstasehithibreado red elad theemds sbaie tiokiesgly dngatiinbyaadypgiagirmdhrough one
another. passing through one another so that the second seal member can dlidingly move axially

along the seal assembly.

5. The assembly according to Claim 4, wherein upward movement of the seal
member causes an upper thread of the first seal threads engages a lower thread of the
second seal threads to withdraw the second sedl.

6. The assembly according to claim 1, wherein the lower sealing member has
wickers.

7. The assembly according to Claim 1, wherein the secondary seal isal metd.

8. The assembly according to Claim 1, wherein the primary and secondary seals are
al metal.

9. The assembly according to Claim 1, wherein the delaying apparatus comprises a

lower end on the first energizing ring having afirst tapered surface at an angle oblique to
an axis of the ring and extending laterally from the axis of the ring so that when the ring
isinserted into the slot the tapered surface contacts an upper edge of one of the walls;

a second tapered surface adjacent the first tapered surface on a side opposite a
lower terminal end of the ring, wherein an angle between the second tapered surface and

the ring axisis less than the angle between the first tapered surface and axis; and

wherein tapered upward facing shoulders formed on the inner and outer walls of
the first seal member have an area that distributes a force applied to the first energizing
ring so that dliding engagement of the energizing ring with the inner and outer walls is

delayed until the second seal energizing ring moves to the second position.
10. A method for forming a seal between wellbore members, the method comprising:

(8) providing a seal assembly comprising:
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12. The method according to Claim 11, wherein step (c) includes axially sliding the second seal
threads along the seal assembly surface. 13. The method according to Claim 11, further comprising
the step of withdrawing the second seal member by applying upward axial force on the first energizing
ring, the upward force being transferred through the first seal member to the second energizing ring,
and an upper thread of the seal assembly threads engages a lower thread of the second seal threads
to withdraw the second seal. [make sure spec fully describes] 14. The method according to Claim 10,
wherein the second mbe lin es the wellbore member and another wellbore
member. 15. The ﬂ1 o%’ag gﬂh %g'y rﬁe%dg\?mu%mﬁé%ﬂ%ﬂﬂfﬂﬂtge rﬁ’)’@'l%gare all
metal. 16. A WellbdeﬁrmhlagtaemjmhAgenhe wellbore sealing assembly comprising: a first wellbore
member; a second wellbore member concentrically located within the first wellbore member, the

second welloore merpRgr Sy AR UARERRRE IASIRE ArUBLATHARAD SRPULREble

between an upper and a lower position, the first energizing ring didingly

engaging the inner and outer walls to occupy the slot while moving from the

upper to the lower position;

a second seal member concentric with and located below the first seal member;

and

a second energizing ring concentric with and located between the first and second
seal members, moveable between a first and a second position, the second
energizing ring and the second seal member having mating cylindrical surfaces
that slide against one another while moving from the first to the second position,
the second sea energizing ring moving from the first position to the second

position in response to downward movement of the first seal member;

(b) lowering the seal assembly into a wellbore until a downward facing shoulder
on the second seal member lands on an upward facing shoulder on a wellbore

member;

(c) applying downward force on the first energizing ring, the downward force
being transferred through the first seal member to the second energizing ring to
move the second energizing ring from the first position to the second position

rel ative to the second seal member; and

(d) then continuing to apply downward force on the first energizing ring to cause
the first energizing ring to move from the upper to the lower position relative to
the first seal member.

11.  The method according to Claim 10, wherein the first seal member and second
energizing ring are integrally formed as a sead assembly, the seal assembly further

comprising seal assembly threads protruding from a seal assembly surface and the second

16



a seal assembly comprising: a first seal member, the first seal member having inner and outer annular
walls to define a slot therebetween; a first energizing ring concentric with the first seal member and
moveable between an upper and a lower position, the first energizing ring slidingly engaging the inner
and outer walls to occupy the slot while moving from the upper to the lower position; a second seal
member concentric with and located below the first seal member; a second energizing ring concentric
with and located between the first and second seal members, moveable between a first and a second

position, the second energizing ring and the second seal member having mating cylindrical surfaces
that side agER ST ER AP o SPES P\ RS <LE0h & 0 e SERLRE seal
energizing rigf aogMing deanadisenbilgtthiesidioantbitizesserahsta asitéadsithreaf ngisedwapngnarard force on
the force on the. firsé;qenerrgizin%r{ir}gerbeing transferred through the first seal member to the second

o assing througirore other, . : i T
energizing rﬁﬁg, and a aélaying apparatus, the delaying apparatus preventing the first energizing ring

from moving to the lower position until after the second energizin rin? has moved to the second
position. 12.  The method according to Claim 11, wherein step (c% includes axialy sliding the

second seal threads along the seal assembly surface.

13.  The method according to Claim 11, further comprising the step of withdrawing
the second seal member by applying upward axia force on the first energizing ring, the
upward force being transferred through the first seal member to the second energizing
ring, and an upper thread of the seal assembly threads engages a lower thread of the
second seal threads to withdraw the second seal. [make sure spec fully describes]

14.  The method according to Claim 10, wherein the second seal member sealingly
engages the wellbore member and another wellbore member.

15.  The method according to Claim 10, wherein the primary and secondary seals are
al metal.

16. A wdlbore sealing assembly, the wellbore sealing assembly comprising:
afirst wellbore member;

a second wellbore member concentrically located within the first wellbore member, the

second wellbore member having an annular space to define an upward facing shoulder;
aseal assembly comprising:

afirst seal member, the first seal member having inner and outer annular walls to
define a glot therebetween,;

a first energizing ring concentric with the first seal member and moveable
between an upper and a lower position, the first energizing ring didingly
engaging the inner and outer walls to occupy the slot while moving from the

upper to the lower position;
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17. The assembly according to Claim 16, wherein the first seal member and second energizing ring
are integrally formed of the same material. 18. The assembly according to Claim 16, wherein the
lower sealing member has wickers. 19. The assembly according to Claim 16, wherein the primary and
secondary seals are all metal. 20. The assembly according to Claim 16, wherein the delaying
apparatus comprises a lower end on the first energizing ring having a first tapered surface at an angle
oblique to an axis of the ring and extending laterally from the axis of the ring so that when the ring is
inserted into the slot the t ed surface contacts .gn er e fth aIIs a second
tapered surface aﬁ%@%&%@?@ﬁ%%%ﬂé‘&ygﬁ ?5}%%@0 g"ﬁ)?” b@ﬁd of the ring,
wherein an angle between the second tapered surface and the ring axis is less than the angle between
the first tapered sudfsrserthenesgizirghting oanaerdiic wjibrand lipsstadiveiviaenshelilst andeeertion the
inner and outer waligof the st e8|, BBRMNRENAYS 3R HAL iR BaiCarRPRlgsdo the first

energizing

energizing ring and the second sea member having mating cylindrical surfaces
that slide against one another while moving from the first to the second position,
the second seal energizing ring moving from the first position to the second
position in response to downward force on the force on the first energizing ring
being transferred through the first seal member to the second energizing ring; and

a delaying apparatus, the delaying apparatus preventing the first energizing ring
from moving to the lower position until after the second energizing ring has

moved to the second position.

17.  The assembly according to Claim 16, wherein the first seal member and second

energizing ring are integrally formed of the same material.

18.  The assembly according to Clam 16, wherein the lower sealing member has

wickers.

19.  Theassembly according to Claim 16, wherein the primary and secondary seals are
al metal.

20.  Theassembly according to Claim 16, wherein the delaying apparatus comprises a
lower end on the first energizing ring having afirst tapered surface at an angle oblique to
an axis of the ring and extending laterally from the axis of the ring so that when the ring

isinserted into the slot the tapered surface contacts an upper edge of one of the walls;

a second tapered surface adjacent the first tapered surface on a side opposite a
lower terminal end of the ring, wherein an angle between the second tapered surface and
the ring axisis less than the angle between the first tapered surface and axis; and

wherein tapered upward facing shoulders formed on the inner and outer walls of

the first seal member have an area that distributes a force applied to the first energizing
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ring so that sliding engagement of the energizing ring with the inner and outer walls is delayed until the
second seal energizing ring moves to the second position.

ring so that dliding engagement of the energizing ring with the inner and outer walls is

delayed until the second seal energizing ring moves to the second position.
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