THAT CLAIMED IS:

1. A met\od of locking down an annulus seal (22) disposed within an annulus (16) between
outer and inner \ellhead members (12, 13), the method comprising the steps of providing a seal
assembly (21) incI\ding an annulus seal (22), an annular lockdown ring (25), and an energizing
ring (24); positioninX the seal assembly (21) in the annulus (16) between outer and inner
wellhead members (12,\3); and axially translating a distal end portion (41) of the energizing
ring (24) into an annular cignnel (30) of the annulus seal (22), the distal end portion (41) of the
energizing ring (24) radially &mpressing substantial portions of a first annular member (29) of
the annulus seal (22) into engagdqent with an outer diameter surface (14) of the inner wellhead
member (13) and radially compress\ng substantial portions of a second annular member (26) of
the annulus seal (22) into engagement\yith an inner diameter surface (15) of the outer wellhead
member (12) responsive to the axial tradglation of the energizing ring (24), the method being

characterized by:

outer diameter surface portions (35) of a' groximal end portion (37) of the energizing ring
(24) radially compressing substantial portions of Wge lockdown ring (25) responsive to axially
translating the energizing ring (24), substantial portioNs of the outer diameter surface (31) of the
lockdown ring (25) plastically deforming onto a pluraNty of annular grooves (32) of a set of
annular grooves (32) defining a set of wickers (32) locatdd on portions of the inner diameter

surface (15) of the outer wellhead member (12).

2. A method as defined in claim 1, wherein the inner wellhead member (13) is a casing
hanger (13); wherein the outer wellhead member (12) is a high-pressurd\wellhead housing (12);

and wherein

the annular lockdown ring (25) comprises an outer diameter surface (\l) configured to
engage adjacent portions of the inner diameter surface (15) of the high-preNure wellhead
housing (12) having the set of wickers (32) when operaticnally positioned thereX\y, an inner
diameter surface (33) for engaging the outer diameter surface portions (35) of the proNmal end

portion (37) of the energizing ring (24), and a tapered surface (39) tapered to facilitatq\axial
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ent of the outer diameter surface (35) of the proximal end portion (37) of the energizing
ring (24 into engagement with substantial portions of the inner diameter surface (33) of the

lockdown \ing (25) when axially translating the distal end portion {(41) of the energizing ring

(24) into the &gnular channel (30) of the annulus seal (22).

3. A method as\Jefined in claim 2, wherein the energizing ring (24) is dimensioned to

radially compress subsigntial portions of the outer diameter surface (31) of the lockdown ring
(25) into corresponding Xortions of the inner diameter surface (15) of the high-pressure

wellhead housing (12) and toXnergize the annulus seal (22), the energizing ring (24) including:

the proximal end portion\37) having the outer diameter surface (35) sized to engage

substantial portions of the inner dineter surface (33) of the annular lockdown ring (25), an

adjacent tapered surface (49) complem

J &Y

ting the tapered surface (39) of the lockdown ring (25)
and tapered to facilitate axial movement &{ the outer diameter surface (35) of the proximal end
portion (37) of the energizing ring (24) int} engagement with the substantial portions of the

inner diameter surface (33) of the lockdown Mg (25) when axially translating the distal end

portion (41) of the energizing ring (24) into the anNular channel (30) of the annulus seal (22);

the distal end portion (41) sized to simultaneogly engage the first annular member (29)

and the second annular member (26) of the annulus seal\22) when axially translating the distal
end portion (41) of the energizing ring (24) into the annulgr channel (30) of the annulus seal

(22); and

a medial portion (51) having an outer surface diameter thatNs less than the outer surface
diameter of the proximal end portion (37) of the energizing ring\24) to accommodate the
lockdown ring (25) prior to axially translating the distal end portion (4N, of the energizing ring

(24) into the annular channel (30) of the annulus seal (22).

4, A method as defined in claim 3,

wherein the inner diameter surface portions (15) of the high-pressure weliheaX housing
(12) engaging the outer diameter surface portions (31) of the lockdown ring (25) and thy inner

diameter surface portions (15) of the high-pressure wellhead housing (12) engaging
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ce portions of the second annular member (26) of the annulus seal (22) when the annulus

seal (X2) is energized, have an at least substantially same inner surface diameter;

rein the energizing ring (24) is axially translated downward to simultaneously
energize thd first and the second annular members (29, 26) of the annulus seal (22) and
outwardly radiNly compress the substantial portions (31) of the lockdown ring (25) into contact

with the inner diaNeter surface (15) of the outer wellhead member (12);

wherein the d\tal end portion (41) of the energizing ring (24) has an outer surface

diameter that is greater tRan the diameter of outer diameter surface of the medial portion (51) of
the energizing ring (24) 1§ form a shoulder (61) for engaging a retaining nut (23) during

removal of the seal assembly 1); and

wherein the method is furter characterized by: removing the energizing ring (24) from

compressive engagement with the Nockdown ring (25) so that the lockdown ring (25) and
annulus seal (22) simultaneously disegage from the inner diameter surface (15) of the high-

pressure wellhead housing (12) to thereby Yemove the annulus seal (22) from the annulus (16).

5. A method as defined in any of claims 1-4,

wherein a proximal end portion (37) of the dergizing ring (24) comprises an annular
radial extension (45) extending the outer diameter surfa\e (35) of the proximal end portion (37)
of the energizing ring (24) so that adjacent outer diameteNsurface portions of a medial portion
(51) of the energizing ring (24) have an outer surface diametd that is substantially less than the

outer surface diameter of the proximal end portion (37) of the en\gizing ring (24),

the annular radial extension (45) enhancing compression of th§ substantial portions of the

Jockdown ring (25) when axially translating the distal end portion (44 of the energizing ring

(24) into the annular channel (30) of the annulus seal (22), and

the reduced diameter of the outer diameter surface of the meNial portion (51)
accommodating the lockdown ring (25) prior to axially translating the distal en

the energizing ring (24) into the annuiar channel (30) of the annulus seal (22).
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6. A method as defined in any of claims 1-5,

herein the seal assembly (21) includes a retaining nut (23) having a tapered surface
complemeNing the tapered surface (49) of the energizing ring (24) and tapered so that when the
distal end por\on (41) of the energizing ring (24) is fully operationally inserted between the first
and the second agnular members (29, 26) of the annulus seal (22), the tapered surface (49) of the
energizing ring (24\engages the tapered surface (59) of the retaining nut (23); and
wherein the sedond annular member (26) comprises an annular extension (27), a proximal

end of the annular extenXon (27) configured to engage complementary portions of the retaining
nut (23).

7. A method as defined in an\ of claims 1-6,

wherein the set of wickers \32) at least non-continuously extend between an outer
diameter surface of at least a medial poXion of the second annular member (26) and a proximal
portion of the outer diameter surface (31)\f the annular lockdown ring (25) when the annulus

seal (22) is energized to thereby enhance reterNjon of the seal assembly (21).

8. A seal assembly (21) for locking down an ¥gnulus seal (22) disposed within an annulus
(16) between outer and inner wellhead members (12,\3), the seal assembly (21) comprising an
annulus seal (22) having a first annular member (29) &nfigured to engage an outer diameter
surface (14) of an inner wellhead member (13), a second\annular member (26) configured to
engage an inner diameter surface (15) of an outer wellhed] member (12), and an annular
channel (30) extending therebetween to receive an energizing member (24, 41), the seal

assembly (21) being characterized by:

an annular lockdown ring (25) having an outer diameter surface (31) configured to

engage adjacent portions of the inner diameter surface (15) of the outer Wwellhead member (12)

movement of the outer diameter surface (35) of the energizing ring (24) into engageXeent with

substantial portions of the inner diameter surface (33) of the lockdown ring (25) when\xially
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the\energizing ring (24) dimensioned to radially compress substantial portions of the
outer diametd surface (31) of the lockdown ring (25) into corresponding portions of the inner
diameter surfacd\(15) of the outer wellhead member (12) and to energize the annulus seal (22),
the energizing ring\24) including a proximal end portion (37) having an outer diameter surface
(35) sized to engage\substantial portions of the inner diameter surface (33) of the annular
Jockdown ring (25) to radially outwardly compress portions of the lockdown ring (25) when
axially translating the distaNgnd portion (41) of the energizing ring (24) into the annular channel
(30) of the annulus seal (22

surface (39) of the lockdown ri

an adjacent tapered surface (49) complementing the tapered
(25) and tapered to facilitate axial movement of the outer
diameter surface (35) of the proNmal end portion (37) of the energizing ring (24) into
engagement with the substantial porti\is of the inner diameter surface (33) of the lockdown
ring (25) when axially translating the dist\ end portion (41) of the energizing ring (24) into the
annular channel (30) of the annulus seal (22)\the distal end portion (41) sized to simultaneously
engage the first annular member (29) and the Xcond annular member (26) of the annulus seal
(22) when axially translating the distal end portn (41) of the energizing ring (24) into the
annular channel (30) of the annulus seal (22), and a MNgdial portion (51) having an outer surface
diameter that is less than the outer surface diameter oXthe proximal end portion (37) of the
energizing ring (24) to accommodate the lockdown ring\25) prior to axially translating the
distal end portion (41) of the energizing ring (24) into the anular channel (30) of the annulus

seal (22).

9. A seal assembly (21) as defined in claim 8, wherein the inner weNhead member (13) is a
casing hanger (13); wherein the outer wellhead member (12) is a higQ-pressure wellhead

housing (12); and wherein

the lockdown ring (25) is further configured so that when the energizing riNg (24) is fully

axially translated to energize the annulus sea! (22), portions of the outer diameter sut¥ace (31) of

the lockdown ring (25) plastically deform onto a plurality of wickers (32) of the set oNwickers
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cated on portions of the inner diameter surface (15) of the high-pressure wellhead

housing \{ 2).

10. A seal asdembly (21) as defined in claim 9,

wherein the Xrength rating of the portion (15) of the high-pressure wellhead housing (12)

engaging portions of Yhe outer diameter surface (31) of the lockdown ring (25) is between

approximately 80 KPsi and 120Kpsi; and

wherein the strength rXing of portions of the outer diameter surface (31) of the lockdown
ring (25) engaging the portion\ (15) of the high-pressure wellhead housing (12) is between
approximately 30Kpsi and 80 KPs

11. A seal assembly (21) as defined in &her of claims 9 or 10,

wherein the proximal end portion (37\of the energizing ring (24) comprises an annular
radial extension (45) extending the outer diameXr surface (35) of the proximal end portion (37)
of the energizing ring (24) so that adjacent outer §ameter surface portions of a medial portion
(51) of the energizing ring (24) have an outer surface\Jiameter that is substantially less than the
outer surface diameter of the proximal end portion (37)Rf the energizing ring (24), the annular
radial extension (45) enhancing compression of the substagtial portions of the lockdown ring
(25) when axially translating the distal end portion (41) of Yae energizing ring (24) into the
annular channel (30) of the annulus seal (22), the reduced diametd of the outer diameter surface
of the medial portion (51) accommodating the lockdown ring (25) pNor to axially translating the
distal end portion (41) of the energizing ring (24) into the annular chdgnel (30) of the annulus

seal (22); and

wherein the distal end portion (41) of the energizing ring (24) has\an outer surface
diameter that is greater than the diameter of the outer diameter surface of the\nedial portion
(51) of the energizing ring (24) to form a shoulder (61) for engaging a retaining nu\(23) during

removal of the seal assembly (21).
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12.\, A seal assembly (21) as defined in any of claims 8-11, being further characterized by:

retaining nut (23) having a tapered surface (59) complementing the tapered surface (49)
of the enerXjzing ring (24) and tapered so that when the distal end portion (41) of the energizing
ring (24) is fu\y operationally inserted between the first and second annular members (29, 26) of
the annulus sealN22), the tapered surface (49) of the energizing ring (24) engages the tapered
surface (59) of the Ktaining nut (23); and

wherein the sedond annular member (26) comprises an annular extension (27), a proximal

end of the annular extenNon (27) configured to engage complementary portions of the retaining

nut (23).

13. A seal assembly (21) as dgfined in any of claims 8-12, wherein the tapered surface (49)
of the energizing ring (24) is tapqed at an angle of approximately between 3° and 15° in

relation to a main axis of the outer wel\pead member (12).

14. A seal assembly (21) as defined in aty of claims 8-13, wherein the set of wickers (32)
extend between an outer diameter surface of a\ least a medial portion of the second annular
member (26) and a proximal portion of the outer d\gmeter surface (31) of the annular lockdown
ring (25) when the annulus seal (22) is energized Yo thereby enhance retention of the seal

assembly (21).

15. A wellhead assembly (10), comprising: an outer welead member (12) adapted to be
anchored in a borehole; an inner wellhead member (13) lan¥gd within the outer wellhead
member (12), a gap between the outer wellhead member (12) and\the inner wellhead member
(13) defining an annulus (16); a profile on an interior surface of the ouser wellhead member (12)
comprising a plurality of shallow annular grooves, protuberances, or grodyes and protuberances
defining a set of wickers (32); and a seal assembly (21) comprising an anniNus seal (22) having
a first annular member (29) configured to engage an outer diameter surface {4) of the inner
wellhead member (13), a second annular member (26) configured to engage an \gner diameter
surface (15) of the outer wellhead member (12), and an annular channel (30)\extending
therebetween to receive an energizing member (24, 41), the wellhead assembly (1

characterized by:
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the seal assembly including:

an annular lockdown ring (25) having an outer diameter surface (31) configured to

engdge adjacent portions of an inner diameter surface (15) of the outer wellhead member

surface (35) of Ye energizing ring (24) into engagement with substantial portions of the
inner diameter sutXace (33) of the lockdown ring (25) when axially translating a distal
end portion (41) of t

seal (22), and

energizing ring (24) into the annular channel (30) of the annulus

the energizing ring () dimensioned to radially compress substantial portions of
the outer diameter surface (31)\of the lockdown ring (25) into corresponding portions of
the inner diameter surface (15) o the outer wellhead member (12) and to energize the
annulus seal (22), the energizing rinx (24) including a proximal end portion (37) having
an outer diameter surface (35) sized to\gngage substantial portions of the inner diameter
surface (33) of the annular lockdown rind\(25) to radially outwardly compress portions
(31) of the lockdown ring (25) when axially anslating the distal end portion (41) of the
energizing ring (24) into the annular channel (X0) of the annulus seal (22), an adjacent
tapered surface (49) complementing the tapered s\rface (39) of the lockdown ring (25)
and tapered to facilitate axial movement of the o\ter diameter surface (35) of the
proximal end portion (37) of the energizing ring (R4) into engagement with the
substantial portions of the inner diameter surface (33) of e lockdown ring (25) when
axially translating the distal end portion (41) of the energizin\ring (24) into the annular
channel (30) of the annulus seal (22), the distal end portion (41 \ized to simultaneously

engage the first annular member (29) and the second annular memb¥ (26) of the annulus

axially translating the distal end portion (41) of the energizing ring (24) into the
channel (30) of the annulus seal (22). ‘
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A wellhead assembly (10) as defined in claim 15, wherein the inner wellhead member
(13) is

wellhead h\using (12); and wherein

casing hanger (13); wherein the outer wellhead member (12) is a high-pressure

the lockNown ring (25) is further configured so that when the energizing ring (24) is fully
axially translatedXp energize the annulus seal (22), portions of the outer diameter surface (31) of
the lockdown ring (X3) plastically deform onto a plurality of wickers (32) of the set of wickers
(32) located on porti

housing (12).

s of the inner diameter surface (15) of the high-pressure wellhead

17. A wellhead assembly (10) Ns defined in either of claims 15 or 16,

wherein the strength rating of Xae portion (15) of the high-pressure wellhead housing (12)
engaging portions of the outer diametyr surface (31) of the lockdown ring (25) is between

approximately 80 KPsi and 120Kpsi; and

wherein the strength rating of portions & the outer diameter surface (31) of the lockdown

ring (25) engaging the portions of the high¥ressure wellhead housing (12) is between

approximately 30Kpsi and 80 KPsi.

18. A wellhead assembly (10) as defined in any of clainy 15-17,

wherein the proximal end portion (37) of the energizifg ring (24) comprises an annular
radial extension (45) extending the outer diameter surface (35) o\the proximal end portion (37)
of the energizing ring (24) so that adjacent outer diameter surface Rortions of a medial portion
(51) of the energizing ring (24) have an outer surface diameter that is
outer surface diameter of the proximal end portion (37) of the energizind\ring (24), the annular
radial extension (45) enhancing compression of the substantial portions oNthe lockdown ring
(25) when axially translating the distal end portion (41) of the energizing r\ag (24) into the
annular channel (30) of the annulus seal (22), the reduced diameter of the outer diNmeter surface

of the medial portion (51) accommodating the lockdown ring (25) prior to axially tragslating the



whelein the distal end portion (41) of the energizing ring (24) has an outer surface
diameter that\s greater than the diameter of the outer diameter surface of the medial portion
(51) of the enerdgzing ring (24) to form a shoulder (61) for engaging a retaining nut (23) during

removal of the seal'Rssembly (21).

19. A wellhead assembYy (10) as defined in any of claims 15-18,

wherein the seal assem\ly (21) includes a retaining nut (23) having a tapered surface (59)
complementing the tapered surfad¢ (49) of the energizing ring (24) and tapered so that when the
distal end portion (41) of the energiNng ring (24) is fully operationally inserted between the first
and second annular members (29, 26)\of the annulus seal (22), the tapered surface (49) of the
energizing ring (24) engages the tapered s\face (59) of the retaining nut (23); and

wherein the second annular member (6) comprises an annular extension (27), a proximal
end of the annular extension (27) configured to\engage complementary portions of the retaining

nut (23).

20. A wellhead assembly (10) as defined in any of c\ims 15-19, wherein the tapered surface
(49) of the energizing ring (24) is tapered at an angle of Npproximately between 3° and 15° in

relation to a main axis of the outer wellhead member (12).

21. A wellhead assembly (10) as defined in any of claims 15-20\wherein the set of wickers

(32) extend between an outer diameter surface of at least a medial port\pn of the second annular
member (26) and a proximal portion of the outer diameter surface (31) ot\the annular lockdown
ring (25) when the annulus seal (22) is energized to thereby enhance r&Xgntion of the seal

assembly (21) within the wellhead assembly (10).
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THE INVENTION CLAIMED IS:

1. A method of locking down an annulus seal disposed within an annulus between
outer and inner wellhead members, the method comprising the steps of:

providing a seal assembly including an annulus seal, an annular lockdown ring,
and an energizing ring, the energizing ring including a proximal end portion, a distal
end portion, and a medical portion extending therebetween, the proximal end portion
being longitudinally spaced apart from the distal end portion;

positioning the seal assembly in the annulus between outer and inner wellhead
members;

axially translating the distal end portion of the energizing ring into an annular
channel of the annulus seal, the distal end portion of the energizing ring radially
compressing substantial portions of a first annular member of the annulus seal into
engagement with an outer diameter surface of the inner wellhead member and radially
compressing substantial portions of a second annular member of the annulus seal into
engagement with an inner diameter surface of the outer wellhead member responsive to
the axial translation of the energizing ring; and

outer diameter surface portions of the proximal end portion of the energizing
ring radially compressing substantial portions of the lockdown ring responsive to axially
translating the energizing ring, substantial portions of the outer diameter surface of the
lockdown ring plastically deforming onto a plurality of annular grooves of a set of
annular grooves defining a set of wickers located on portions of the inner diameter
surface of the outer wellhead member, the proximal end portion of the energizing ring
being spaced apart from the annular channel of the annulus seal when the distal end
portion of the energizing ring is operably positioned therein.

2. A method as defined in claim 1,
wherein the inner wellhead member is a casing hanger;

wherein the outer wellhead member is a high-pressure wellhead housing; and

wherein the annular lockdown ring comprises an outer diameter surface
configured to engage adjacent portions of the inner diameter surface of the high-
pressure wellhead housing having the set of wickers when operationally positioned
therein, an inner diameter surface for engaging the outer diameter surface portions of
the proximal end portion of the energizing ring, and a tapered surface tapered to
facilitate axial movement of the outer diameter surface of the proximal end portion of
the energizing ring into engagement with substantial portions of the inner diameter
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surface of the lockdown ring when axially translating the distal end portion of the
energizing ring into the annular channel of the annulus seal.

3. A method as defined in claim 2, wherein the energizing ring is dimensioned to
radially compress substantial portions of the outer diameter surface of the lockdown
ring into corresponding portions of the inner diameter surface of the high-pressure
wellhead housing and to energize the annulus seal, the energizing ring including:

the proximal end portion having the outer diameter surface sized to engage
substantial portions of the inner diameter surface of the annular lockdown ring, an
adjacent tapered surface complementing the tapered surface of the lockdown ring and
tapered to facilitate axial movement of the outer diameter surface of the proximal end
portion of the energizing ring into engagement with the substantial portions of the inner
diameter surface of the lockdown ring when axially translating the distal end portion of
the energizing ring into the annular channel of the annulus seal;

the distal end portion sized to simultaneously engage the first annular member
and the second annular member of the annulus seal when axially translating the distal
end portion of the energizing ring into the annular channel of the annulus seal; and

the medial portion having an outer surface diameter that is less than the outer
surface diameter of the proximal end portion of the energizing ring to accommodate the
lockdown ring prior to axially translating the distal end portion of the energizing ring
into the annular channel of the annulus seal.

4, A method as defined in claim 3,

wherein the inner diameter surface portions of the high-pressure wellhead
housing engaging the outer diameter surface portions of the lockdown ring and the inner
diameter surface portions of the high-pressure wellhead housing engaging outer surface
portions of the second annular member of the annulus seal when the annulus seal is
energized, have an at least substantially same inner surface diameter;

wherein the energizing ring is axially translated downward to simultaneously
energize the first and the second annular members of the annulus seal and outwardly
radially compress the substantial portions of the lockdown ring into contact with the
inner diameter surface of the outer wellhead member;

wherein the distal end portion of the energizing ring has an outer surface
diameter that is greater than the diameter of outer diameter surface of the medial portion
of the energizing ring to form a shoulder for engaging a retaining nut during removal of
the seal assembly; and
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wherein the method further comprises removing the energizing ring from
compressive engagement with the lockdown ring so that the lockdown ring and annulus
seal simultaneously disengage from the inner diameter surface of the high-pressure
wellhead housing to thereby remove the annulus seal from the annulus.

5. A method as defined in claim 1,

wherein the proximal end portion of the energizing ring comprises an annular
radial extension extending the outer diameter surface of the proximal end portion of the
energizing ring so that adjacent outer diameter surface portions of the medial portion of
the energizing ring have an outer surface diameter that is substantially less than the
outer surface diameter of the proximal end portion of the energizing ring,

the annular radial extension enhancing compression of the substantial portions
of the lockdown ring when axially translating the distal end portion of the energizing
ring into the annular channel of the annulus seal, and

the reduced diameter of the outer diameter surface of the medial portion
accommodating the lockdown ring prior to axially translating the distal end portion of
the energizing ring into the annular channel of the annulus seal.

6. A method as defined in claim 1,

wherein the seal assembly includes a retaining nut having a tapered surface
complementing the tapered surface of the energizing ring and tapered so that when the
distal end portion of the energizing ring is fully operationally inserted between the first
and the second annular members of the annulus seal, the tapered surface of the
energizing ring engages the tapered surface of the retaining nut; and

wherein the second annular member comprises an annular extension, a proximal
end of the annular extension configured to engage complementary portions of the
retaining nut.

7. A method as defined in claim 1,

wherein the set of wickers at least non-continuously extend between an outer
diameter surface of at least a medial portion of the second annular member and a
proximal portion of the outer diameter surface of the annular lockdown ring when the
annulus seal is energized to thereby enhance retention of the seal assembly.
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8. A seal assembly for locking down an annulus seal disposed within an annulus
between outer and inner wellhead members, the seal assembly comprising:

an annulus seal having a first annular member configured to engage an outer
diameter surface of an inner wellhead member, a second annular member configured to
engage an inner diameter surface of an outer wellhead member, and an annular channel
extending therebetween to receive an energizing member;

an annular lockdown ring having an outer diameter surface configured to engage
adjacent portions of the inner diameter surface of the outer wellhead member having a
plurality of shallow annular grooves defining a set of wickers when operationally
positioned therein, an inner diameter surface to engage an outer diameter surface of an
energizing ring, and a tapered surface tapered to facilitate axial movement of the outer
diameter surface of the energizing ring into engagement with substantial portions of the
inner diameter surface of the lockdown ring when axially translating a distal end portion
of the energizing ring into the annular channel of the annulus seal; and

the energizing ring dimensioned to radially compress substantial portions of the
outer diameter surface of the lockdown ring into corresponding portions of the inner
diameter surface of the outer wellhead member and to energize the annulus seal, the
energizing ring including a proximal end portion having an outer diameter surface sized
to engage substantial portions of the inner diameter surface of the annular lockdown
ring to radially outwardly compress portions of the lockdown ring when axially
translating the distal end portion of the energizing ring into the annular channel of the
annulus seal, an adjacent tapered surface complementing the tapered surface of the
lockdown ring and tapered to facilitate axial movement of the outer diameter surface of
the proximal end portion of the energizing ring into engagement with the substantial
portions of the inner diameter surface of the lockdown ring when axially translating the
distal end portion of the energizing ring into the annular channel of the annulus seal, the
distal end portion sized to simultaneously engage the first annular member and the
second annular member of the annulus seal when axially translating the distal end
portion of the energizing ring into the annular channel of the annulus seal, and a medial
portion having an outer surface diameter that is less than the outer surface diameter of
the proximal end portion of the energizing ring to accommodate the lockdown ring prior
to axially translating the distal end portion of the energizing ring into the annular
channel of the annulus seal.

9. A seal assembly as defined in claim 8,
wherein the inner wellhead member is a casing hanger;

wherein the outer wellhead member is a high-pressure wellhead housing; and
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wherein the lockdown ring is further configured so that when the energizing ring
is fully axially translated to energize the annulus seal, portions of the outer diameter
surface of the lockdown ring plastically deform onto a plurality of wickers of the set of
wickers located on portions of the inner diameter surface of the high-pressure wellhead
housing.

10. A seal assembly as defined in claim 9,

wherein the strength rating of the portion of the high-pressure wellhead housing
engaging portions of the outer diameter surface of the lockdown ring is between
approximately 80 KPsi and 120 Kpsi; and

wherein the strength rating of portions of the outer diameter surface of the
lockdown ring engaging the portions of the high-pressure wellhead housing is between
approximately 30 Kpsi and 80 KPsi.

11. A seal assembly as defined in claim 9,

wherein the proximal end portion of the energizing ring comprises an annular
radial extension extending the outer diameter surface of the proximal end portion of the
energizing ring so that adjacent outer diameter surface portions of a medial portion of
the energizing ring have an outer surface diameter that is substantially less than the
outer surface diameter of the proximal end portion of the energizing ring, the annular
radial extension enhancing compression of the substantial portions of the lockdown ring
when axially translating the distal end portion of the energizing ring into the annular
channel of the annulus seal, the reduced diameter of the outer diameter surface of the
medial portion accommodating the lockdown ring prior to axially translating the distal
end portion of the energizing ring into the annular channel of the annulus seal; and

wherein the distal end portion of the energizing ring has an outer surface
diameter that is greater than the diameter of the outer diameter surface of the medial
portion of the energizing ring to form a shoulder for engaging a retaining nut during
removal of the seal assembly.

12. A seal assembly as defined in claim 8, further comprising:

a retaining nut having a tapered surface complementing the tapered surface of
the energizing ring and tapered so that when the distal end portion of the energizing ring
is fully operationally inserted between the first and second annular members of the
annulus seal, the tapered surface of the energizing ring engages the tapered surface of
the retaining nut; and
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wherein the second annular member comprises an annular extension, a proximal
end of the annular extension configured to engage complementary portions of the
retaining nut.

13. A seal assembly as defined in claim 8, wherein the tapered surface of the
energizing ring is tapered at an angle of approximately between 3° and 15° in relation to
a main axis of the outer wellhead member.

14. A seal assembly as defined in claim 8, wherein the set of wickers extend
between an outer diameter surface of at least a medial portion of the second annular
member and a proximal portion of the outer diameter surface of the annular lockdown
ring when the annulus seal is energized to thereby enhance retention of the seal
assembly.

15. A wellhead assembly, comprising:
an outer wellhead member adapted to be anchored in a borehole;

an inner wellhead member landed within the outer wellhead member, a gap
between the outer wellhead member and the inner wellhead member defining an
annulus;

a profile on an interior surface of the outer wellhead member comprising a
plurality of shallow annular grooves, protuberances, or grooves and protuberances
defining a set of wickers; and

a seal assembly comprising:

an annulus seal having a first annular member configured to engage an
outer diameter surface of the inner wellhead member, a second annular member
configured to engage an inner diameter surface of the outer wellhead member,
and an annular channel extending therebetween to receive an energizing member,

an annular lockdown ring having an outer diameter surface configured to
engage adjacent portions of an inner diameter surface of the outer wellhead
member having the set of wickers when operationally positioned therein, an
inner diameter surface to engage an outer diameter surface of an energizing ring,
and a tapered surface tapered to facilitate axial movement of the outer diameter
surface of the energizing ring into engagement with substantial portions of the
inner diameter surface of the lockdown ring when axially translating a distal end
portion of the energizing ring into the annular channel of the annulus seal, and
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the energizing ring dimensioned to radially compress substantial portions
of the outer diameter surface of the lockdown ring into corresponding portions
of the inner diameter surface of the outer wellhead member and to energize the
annulus seal, the energizing including a proximal end portion having an outer
diameter surface sized to engage substantial portions of the inner diameter
surface of the annular lockdown ring to radially outwardly compress portions of
the lockdown ring when axially translating the distal end portion of the
energizing ring into the annular channel of the annulus seal, an adjacent tapered
surface complementing the tapered surface of the lockdown ring and tapered to
facilitate axial movement of the outer diameter surface of the proximal end
portion of the energizing ring into engagement with the substantial portions of
the inner diameter surface of the lockdown ring when axially translating the
distal end portion of the energizing ring into the annular channel of the annulus
seal, the distal end portion sized to simultaneously engage the first annular
member and the second annular member of the annulus seal when axially
translating the distal end portion of the energizing ring into the annular channel
of the annulus seal, and a medial portion having an outer surface diameter that is
less than the outer surface diameter of the proximal end portion of the energizing
ring to accommodate the lockdown ring prior to axially translating the distal end
portion of the energizing ring into the annular channel of the annulus seal.

16. A wellhead assembly as defined in claim 15,
wherein the inner wellhead member is a casing hanger;

wherein the outer wellhead member is a high-pressure wellhead housing; and

wherein the lockdown ring is further configured so that when the energizing ring
is fully axially translated to energize the annulus seal, portions of the outer diameter
surface of the lockdown ring plastically deform onto a plurality of wickers of the set of
wickers located on portions of the inner diameter surface of the high-pressure wellhead
housing.

17. A wellhead assembly as defined in claim 15,

wherein the strength rating of the portion of the high-pressure wellhead housing
engaging portions of the outer diameter surface of the lockdown ring is between
approximately 80 KPsi and 120 Kpsi; and

wherein the strength rating of portions of the outer diameter surface of the
lockdown ring engaging the portions of the high-pressure wellhead housing is between
approximately 30 Kpsi and 80 KPsi.
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18. A wellhead assembly as defined in claim 15,

wherein the proximal end portion of the energizing ring comprises an annular
radial extension extending the outer diameter surface of the proximal end portion of the
energizing ring so that adjacent outer diameter surface portions of a medial portion of
the energizing ring have an outer surface diameter that is substantially less than the
outer surface diameter of the proximal end portion of the energizing ring, the annular
radial extension enhancing compression of the substantial portions of the lockdown ring
when axially translating the distal end portion of the energizing ring into the annular
channel of the annulus seal, the reduced diameter of the outer diameter surface of the
medial portion accommodating the lockdown ring prior to axially translating the distal
end portion of the energizing Ting into the annular channel of the annulus seal; and

wherein the distal end portion of the energizing ring has an outer surface
diameter that is greater than the diameter of the outer diameter surface of the medial
portion of the energizing ring to form a shoulder for engaging a retaining nut during
removal of the seal assembly.

19. A wellhead assembly as defined in claim 15,

wherein the seal assembly includes a retaining nut having a tapered surface
complementing the tapered surface of the energizing ring and tapered so that when the
distal end portion of the energizing ring is fully operationally inserted between the first
and second annular members of the annulus seal, the tapered surface of the energizing
ring engages the tapered surface of the retaining nut; and

wherein the second annular member comprises an annular extension, a proximal
end of the annular extension configured to engage complementary portions of the
retaining nut.

20. A wellhead assembly as defined in claim 15, wherein the tapered surface of the
energizing ring is tapered at an angle of approximately between 3° and 15° in relation to
a main axis of the outer wellhead member.

21. A wellhead assembly as defined in claim 15, wherein the set of wickers extend
between an outer diameter surface of at least a medial portion of the second annular
member and a proximal portion of the outer diameter surface of the annular lockdown
ring when the annulus seal is energized to thereby enhance retention of the seal
assembly within the wellhead assembly.
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