
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) inc . ding an annulus seal (22), an annular lockdown ring (25), and an energizing 

ring (24); positionin 	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 c' innel (30) of the annulus seal (22), the distal end portion (41) of the 

energizing ring (24) radially 	impressing substantial portions of a first annular member (29) of 

the annulus seal (22) into engag- q ent with an outer diameter surface (14) of the inner wellhead 

member (13) and radially compres 	g substantial portions of a second annular member (26) of 

the annulus seal (22) into engagement 	ith an inner diameter surface (15) of the outer wellhead 

member (12) responsive to the axial tra 	lation of the energizing ring (24), the method being 

characterized by: 

outer diameter surface portions (35) of a 	roximal end portion (37) of the energizing ring 

(24) radially compressing substantial portions of 	e lockdown ring (25) responsive to axially 

translating the energizing ring (24), substantial portio s of the outer diameter surface (31) of the 

lockdown ring (25) plastically deforming onto a plura 	y of annular grooves (32) of a set of 

annular grooves (32) defining a set of wickers (32) locat. a 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 wellhea• member (13) is a casing 

hanger (13); wherein the outer wellhead member (12) is a high-pressur- wellhead housing (12); 

and wherein 

the annular lockdown ring (25) comprises an outer diameter surface 	1) configured to 

engage adjacent portions of the inner diameter surface (15) of the high-pre,  sure wellhead 

housing (12) having the set of wickers (32) when operationally positioned there 	, an inner 

diameter surface (33) for engaging the outer diameter surface portions (35) of the pro 	mal end 

portion (37) of the energizing ring (24), and a tapered surface (39) tapered to facilitat 	axial 
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mov, 	ent of the outer diameter surface (35) of the proximal end portion (37) of the energizing 

ring (2. 	into engagement with substantial portions of the inner diameter surface (33) of the 

lockdown 	ng (25) when axially translating the distal end portion (41) of the energizing ring 

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

3. 	A method as 1 efined in claim 2, wherein the energizing ring (24) is dimensioned to 

radially compress subs 	ntial portions of the outer diameter surface (31) of the lockdown ring 

(25) into corresponding 	,ortions of the inner diameter surface (15) of the high-pressure 

wellhead housing (12) and to -nergize 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 di. 	eter surface (33) of the annular lockdown ring (25), an 

adjacent tapered surface (49) complem -nting 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) in 	engagement with the substantial portions of the 

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

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

the distal end portion (41) sized to simultaneo .ly engage the first annular member (29) 

and the second annular member (26) of the annulus seal 	2) when axially translating the distal 

end portion (41) of the energizing ring (24) into the annu 	r channel (30) of the annulus seal 

(22); and 

a medial portion (51) having an outer surface diameter tha 's 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 (4 	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 welihea. housing 

(12) engaging the outer diameter surface portions (31) of the lockdown ring (25) and th 	inner 

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

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

w -rein the energizing ring (24) is axially translated downward to simultaneously 

energize the first and the second annular members (29, 26) of the annulus seal (22) and 

outwardly radi. ly  compress the substantial portions (31) of the lockdown ring (25) into contact 

with the inner dia i eter surface (15) of the outer wellhead member (12); 

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

diameter that is greater 	an the diameter of outer diameter surface of the medial portion (51) of 

the energizing ring (24) 	form a shoulder (61) for engaging a retaining nut (23) during 

removal of the seal assembly • 1); and 

wherein the method is fu 	'er characterized by: removing the energizing ring (24) from 

compressive engagement with the 	.ckdown ring (25) so that the lockdown ring (25) and 

annulus seal (22) simultaneously dice ...age from the inner diameter surface (15) of the high-

pressure wellhead housing (12) to thereby -emove 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 : ergizing 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 diamete 	urface portions of a medial portion 

(51) of the energizing ring (24) have an outer surface diamet- 	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 oft - substantial portions of the 

lockdown ring (25) when axially translating the distal end portion (4' 	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 	me ial 	portion 	(51) 

accommodating the lockdown ring (25) prior to axially translating the distal ene •ortion (41) of 

the energizing ring (24) into the annular 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 

compleme 	ing the tapered surface (49) of the energizing ring (24) and tapered so that when the 

distal end po .'on (41) of the energizing ring (24) is fully operationally inserted between the first 

and the second a nular 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 sek end annular member (26) comprises an annular extension (27), a proximal 

end of the annular extension (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 po ion of the second annular member (26) and a proximal 

portion of the outer diameter surface (31) ef the annular lockdown ring (25) when the annulus 

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

8. A seal assembly (21) for locking down an . nulus 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 secon • .nnular member (26) configured to 

engage an inner diameter surface (15) of an outer wellhe. I member (12), and an annular 

channel (30) extending therebetween to receive an energizin 	member (24, 41), the seal 

assembly (21) being characterized by: 

an annular lockdown ring (25) having an outer diameter sur .ce (31) configured to 

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

having a plurality of shallow annular grooves (32) defining a set of 	'ckers (32) when 

operationally positioned therein, an inner diameter surface (33) to engage an outer diameter 

surface (35) of an energizing ring (24), and a tapered surface (39) tapered to f. ilitate axial 

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

substantial portions of the inner diameter surface (33) of the lockdown ring (25) when axially 
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tra 	lating a distal end portion (41) of the energizing ring (24) into the annular channel (30) of 

the an 	lus seal (22); and 

the -nergizing ring (24) dimensioned to radially compress substantial portions of the 

outer diamet 	surface (31) of the lockdown ring (25) into corresponding portions of the inner 

diameter surfac: (15) of the outer wellhead member (12) and to energize the annulus seal (22), 

the energizing rin . 	24) including a proximal end portion (37) having an outer diameter surface 

(35) sized to engage 	ubstantial portions of the inner diameter surface (33) of the annular 

lockdown ring (25) to r.sially outwardly compress portions of the lockdown ring (25) when 

axially translating the dista -nd portion (41) of the energizing ring (24) into the annular channel 

(30) of the annulus seal (22 	an adjacent tapered surface (49) complementing the tapered 

surface (39) of the lockdown ri ., (25) and tapered to facilitate axial movement of the outer 

diameter surface (35) of the pro 	mal end portion (37) of the energizing ring (24) into 

engagement with the substantial porn ►  s 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 	-cond annular member (26) of the annulus seal 

(22) when axially translating the distal end port , 	(41) of the energizing ring (24) into the 

annular channel (30) of the annulus seal (22), and a 	-dial portion (51) having an outer surface 

diameter that is less than the outer surface diameter o 	the 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 an ular channel (30) of the annulus 

seal (22). 

9. 	A seal assembly (21) as defined in claim 8, wherein the inner we head member (13) is a 

casing hanger (13); wherein the outer wellhead member (12) is a h•t 1 -pressure wellhead 

housing (12); and wherein 

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

axially translated to energize the annulus seal (22), portions of the outer diameter sut . e (31) of 

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

housing 	2). 

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

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

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

approximately 80 KPsi a • 120Kpsi; and 

wherein the strength r 	ing 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 :'ther of claims 9 or 10, 

wherein the proximal end portion (3 	of the energizing ring (24) comprises an annular 

radial extension (45) extending the outer diame -r 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 • iameter that is substantially less than the 

outer surface diameter of the proximal end portion (37) 'if the energizing ring (24), the annular 

radial extension (45) enhancing compression of the subst. tial portions of the lockdown ring 

(25) when axially translating the distal end portion (41) of 	e energizing ring (24) into the 

annular channel (30) of the annulus seal (22), the reduced diamet 	of the outer diameter surface 

of the medial portion (51) accommodating the lockdown ring (25) p or to axially translating the 

distal end portion (41) of the energizing ring (24) into the annular ch.. nel (30) of the annulus 

seal (22); and 

wherein the distal end portion (41) of the energizing ring (24) ha 	an outer surface 

diameter that is greater than the diameter of the outer diameter surface of the 	edial 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 energizing ring (24) and tapered so that when the distal end portion (41) of the energizing 

ring (24) is f 	y operationally inserted between the first and second annular members (29, 26) of 

the annulus sea 	22), the tapered surface (49) of the energizing ring (24) engages the tapered 

surface (59) of the 	taining nut (23); and 

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

end of the annular exten,  on (27) configured to engage complementary portions of the retaining 

nut (23). 

13. A seal assembly (21) as • -fined in any of claims 8-12, wherein the tapered surface (49) 

of the energizing ring (24) is tap 	ed at an angle of approximately between 3° and 15° in 

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

14. A seal assembly (21) as defined in a 	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 • • meter surface (31) of the annular lockdown 

ring (25) when the annulus seal (22) is energized 	• thereby enhance retention of the seal 

assembly (21). 

15. A wellhead assembly (10), comprising: an outer wel lead member (12) adapted to be 

anchored in a borehole; an inner wellhead member (13) lan. -d within the outer wellhead 

member (12), a gap between the outer wellhead member (12) a • 	he inner wellhead member 

(13) defining an annulus (16); a profile on an interior surface of the ou 	r wellhead member (12) 

comprising a plurality of shallow annular grooves, protuberances, or groves and protuberances 

defining a set of wickers (32); and a seal assembly (21) comprising an ann 	us seal (22) having 

a first annular member (29) configured to engage an outer diameter surface 	14) of the inner 

wellhead member (13), a second annular member (26) configured to engage an 	ner 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 	being 

characterized by: 
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the seal assembly including: 

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

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

(12) h.' ing the set of wickers (32) when operationally positioned therein, an inner 

diameter 	rface (33) to engage an outer diameter surface (35) of an energizing ring (24), 

and a tapere 	surface (39) tapered to facilitate axial movement of the outer diameter 

surface (35) of 	e energizing ring (24) into engagement with substantial portions of the 

inner diameter su 	. ce (33) of the lockdown ring (25) when axially translating a distal 

end portion (41) of t 	energizing ring (24) into the annular channel (30) of the annulus 

seal (22), and 

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) • 	the outer wellhead member (12) and to energize the 

annulus seal (22), the energizing rin 	(24) including a proximal end portion (37) having 

an outer diameter surface (35) sized to -ngage substantial portions of the inner diameter 

surface (33) of the annular lockdown rin t (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 	'0) of the annulus seal (22), an adjacent 

tapered surface (49) complementing the tapered s. face (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 	4) 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 

seal (22) when axially translating the distal end portion (41) of the e -rgizing ring (24) 

into the annular channel (30) of the annulus seal (22), and a medial port • 	(51) having 

an outer surface diameter that is less than the outer surface diameter of the 6 oximal end 

portion (37) of the energizing ring (24) to accommodate the lockdown ring (2 	prior to 

axially translating the distal end portion (41) of the energizing ring (24) into the . 	nular 

channel (30) of the annulus seal (22). 
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16. A wellhead assembly (10) as defined in claim 15, wherein the inner wellhead member 

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

wellhead h using (12); and wherein 

the lock, own ring (25) is further configured so that when the energizing ring (24) is fully 

axially translated 	• energize the annulus seal (22), portions of the outer diameter surface (31) of 

the lockdown ring (- ) plastically deform onto a plurality of wickers (32) of the set of wickers 

(32) located on porti• is of the inner diameter surface (15) of the high-pressure wellhead 

housing (12). 

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

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

engaging portions of the outer diame 	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 lressure wellhead housing (12) 	is 	between 

approximately 30Kpsi and 80 KPsi. 

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

wherein the proximal end portion (37) of the energizi . 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 	ortions of a medial portion 

(51) of the energizing ring (24) have an outer surface diameter that is 	bstantially less than the 

outer surface diameter of the proximal end portion (37) of the energizint ring (24), the annular 

radial extension (45) enhancing compression of the substantial portions o 	the lockdown ring 

(25) when axially translating the distal end portion (41) of the energizing r 	g (24) into the 

annular channel (30) of the annulus seal (22), the reduced diameter of the outer di. 	eter surface 

of the medial portion (51) accommodating the lockdown ring (25) prior to axially tra slating the 
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dist. 	end portion (41) of the energizing ring (24) into the annular channel (30) of the annulus 

seal (2.. ; and 

whe -in 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 ener 	ing ring (24) to form a shoulder (61) for engaging a retaining nut (23) during 

removal of the seal ,ssembly (21). 

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

wherein the seal assemoly (21) includes a retaining nut (23) having a tapered surface (59) 

complementing the tapered surfa•- (49) of the energizing ring (24) and tapered so that when the 

distal end portion (41) of the energi . ng ring (24) is fully operationally inserted between the first 

and second annular members (29, 26) •f 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 -ngage complementary portions of the retaining 

nut (23). 

20. A wellhead assembly (10) as defined in any of c aims 15-19, wherein the tapered surface 

(49) of the energizing ring (24) is tapered at an angle of . sproximately 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 15-21 	wherein the set of wickers 

(32) extend between an outer diameter surface of at least a medial po 	•n of the second annular 

member (26) and a proximal portion of the outer diameter surface (31) 	he annular lockdown 

ring (25) when the annulus seal (22) is energized to thereby enhance r- ention 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. 


