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WELLHEAD SEAL ASSEMBLY WITH LOCKDOWN AND SLOTTED 

ARRANGEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates in general to wellhead assemblies and in particular to an annulus 

seal assembly having a casing hanger lockdown feature and slots to reduce axial stiffness and 

direct upward forces on the casing hanger into the wellhead housing. 

2. Description of Prior Art 

A subsea well that is capable of producing oil or gas typically has an outer or 

conductor housing secured to a string of conductor pipe which extends some short depth into the 

well. An inner or high pressure wellhead housing lands in the conductor housing and secures to 

an outer or first string of casing, which extends coaxially through the conductor to a deeper depth 

into the well. 	Depending on the particular conditions of the geological strata above the target 

zone (typically, either an oil or gas producing zone or a fluid injection zone), one or more 

additional casing strings will generally extend through the outer string of casing to increasing 

depths in the well until the well is cased to the final depth. Each string of casing is supported at 

the upper end by a casing hanger, which usually lands in and is supported by the wellhead 

housing. 

A casing hanger packoff or annular seal assembly is set in a seal pocket between the 

casing hanger and the wellhead housing. 	The weight of the casing hanger and the casing 

hanging from the casing hanger can prevent upward movement of the casing hanger under some 
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circumstances. A lockdown mechanism, however, may be required to lock the casing hanger in 

place and can be used to lock the annular seal assembly to the wellhead housing when the casing 

hanger is subjected to high pressures. Those high pressures can cause the casing hanger to move 

axially upward. 	Expansion and contraction of the casing can also cause the annular seal to be 

compromised and cause leaking. 

The lockdown mechanism can be a separate assembly lowered onto the upper casing 

hanger and locked to the wellhead housing. 	The lockdown mechanism can alternately comprise 

a lockdown ring carried by the casing hanger and moved radially to engage a profile in the 

wellhead housing. The radial movement may be in response to setting of the casing hanger seal. 

Engaging surfaces mate to resist the upward forces. 

Even with a lockdown mechanism, a portion of the upward forces imposed on the 

casing hanger may be directed upward through the seal portion of the casing hanger seal and 

from the seal portion, into the body of the wellhead housing. The upward forces can damage the 

ability of the casing hanger to seal against the side wall of the bore in the wellhead housing. 
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SUMMARY OF THE DISCLOSURE 

A wellhead assembly comprises a wellhead housing having a bore with an axis. The bore 

has a downward and inward facing lockdown profile shoulder. A casing hanger lands in the bore 

and supports a string of casing. The casing hanger has an external upward-facing casing hanger 

shoulder. 	A 	radially expandable annular lockdown member carried on the casing hanger 

shoulder moves between a retracted position and an expanded position. The lockdown member 

has an upward and outward facing lockdown member shoulder that engages the lockdown profile 

shoulder while in the expanded position. 	The lockdown member has an upward and inward 

facing cam surface. 

A casing hanger seal carried by the casing hanger moves downward into a seal pocket 

between the casing hanger and the wellhead housing while being run. 	A running tool radially 

deforms the seal into a set position while in the seal pocket. An extension on a lower end of the 

casing hanger seal has a downward and outward facing cam surface that engages the cam surface 

on the lockdown ring. The cam surface on the seal extension moves the lockdown member to 

the expanded position while the casing hanger seal is moved into the seal pocket. A plurality of 

slots are formed in the extension. 	The slots have upper and lower sides that are in planes 

perpendicular to the axis. 

At least some of the slots may be located above the cam surface on the extension. The 

slots are axially spaced apart from each other a distance at least equal to a dimension between the 

upper and lower sides of each of the slots. 

The extension has an inward facing surface and an outward facing surface. At least some 

of the slots are formed in the outward facing surface. In one embodiment, at least some of the 
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slots are formed in the inward facing surface. In another embodiment, at least some of the slots 

are formed in the inward facing surface, and at least some of the slots are formed in the outward 

facing surface. In that embodiment, the slots in the inward facing surface alternate with the slots 

formed in the outward facing surface. 

Each of the slots may have a radial dimension that is greater than one-half a thickness of 

the extension between the inward facing surface and the outward facing surface measured at the 

location of each of the inner and outer slots. 

In the embodiment having both inner and outer slots, closed ends of at least some of the 

inner slots are located between two of the outer slots. Closed ends of at least some of the outer 

slots are located between two of the inner slots. 

4 



WO 2017/087067 PCT/US2016/053037 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the features, advantages and objects of the invention, as 

well as others which will become apparent, are attained and can be understood in more detail, 

more particular description of the invention briefly summarized above may be had by reference 

to the embodiment thereof which is illustrated in the appended drawings, which drawings form a 

part of this specification. 	It is to be noted, however, that the drawings illustrate only one 

embodiment of the invention and is therefore not to be considered limiting of its scope as the 

invention may admit to other equally effective embodiments. 

Figure 1 is a sectional view of a portion of a wellhead assembly with a casing hanger 

seal assembly in accordance with an embodiment of this disclosure. 

Figure 2 is an enlarged sectional view of a portion of the casing hanger seal assembly 

of Figure 1. 

Figure 3 is a sectional view of an alternate embodiment of the casing hanger seal 

assembly of Figure 1. 
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DETAILED DESCRIPTION OF THE DISCLOSURE 

The methods and systems of the present disclosure will now be described more fully 

hereinafter with reference to the accompanying drawings in which embodiments are shown. The 

methods and systems of the present disclosure may be in many different forms and should not be 

construed as limited to the illustrated embodiments set forth herein; rather, these embodiments 

are provided so that this disclosure will be thorough and complete, and will fully convey its 

scope to those skilled in the art. Like numbers refer to like elements throughout. 

It is to be further understood that the scope of the present disclosure is not limited to 

the exact details of construction, operation, exact materials, or embodiments shown and 

described, as modifications and equivalents will be apparent to one skilled in the art. 	In the 

drawings and specification, there have been disclosed illustrative embodiments and, although 

specific terms are employed, they are used in a generic and descriptive sense only and not for the 

purpose of limitation. 	The terms "vertical", "horizontal", "upward", "downward", "above", and 

"below" and similar spatial relation terminology are used herein only for convenience because 

elements of the current disclosure may be installed in various relative positions. 

Referring to Figure 1, a wellhead assembly includes a tubular wellhead member, such 

as wellhead housing 11, with a central bore 13 having a longitudinal axis. Wellhead housing 11 

is a high pressure tubular member typically located subsea over a well (not shown). Wellhead 

housing 11 is normally located in the bore of an outer or low pressure wellhead housing (not 

shown). 	Wellhead housing 11 secures to a first string of casing (not shown), which extends 

through a conductor pipe to a depth into the well. 	The side wall of bore 13 optionally has 
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wickers 15 located above lockdown profile ring 19, the wickers comprising parallel annular saw 

tooth grooves. 

The side wall of bore 13 has an annular lockdown recess 17, which has a conical 

shoulder 19 that faces downward and inward relative to an axis of bore 13. In this embodiment a 

lockdown supporting member 21 fits within lockdown recess 17. Lockdown supporting member 

21 comprises a plurality of arcuate segments that insert into lockdown recess 17 to define an 

annular configuration for lockdown supporting member 21. Lockdown supporting member 21 

may be formed of a harder metal having a greater yield strength than the metal of wellhead 

housing 11. 	Lockdown supporting member 21 has on its outer side a conical upward and 

outward facing shoulder 22 that mates with lockdown recess shoulder 19. Lockdown supporting 

member 21 has on its inner side at least one and preferably two conical lockdown profile 

shoulders 23, 25 that face downward and inward. 	Shoulder 23 is located in a triangular recess 

and is above shoulder 25. 	Circumferentially spaced apart channels (not shown) are formed on 

the inner side of lockdown supporting member 21 to facilitate the return of drilling fluid during 

cementing of the well casing. 

A casing hanger 27 lands on a load shoulder (not shown) below lockdown recess 17 in 

bore 13. 	Casing hanger 27 secures to a string of casing (not shown) extending into the well. 

Casing hanger 27 has an upward facing external shoulder 29 that may be in a plane perpendicular 

to the axis of bore 13. 	Casing hanger shoulder 29 is located at the lower end of a cylindrical 

upper exterior portion or neck of casing hanger 27, the neck being spaced inward a selected 

distance from the side wall of bore 13 to define a seal pocket 31. 
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A casing hanger seal or packoff assembly 33 is lowered into seal pocket 31 after the 

casing has been cemented. When set, seal assembly 33 forms a sealing engagement with wickers 

15 and the upper exterior portion of casing hanger 27. 	Seal assembly 31 may have various 

configurations. 	In this example, seal assembly 33 has an annular outer wall or leg 35 and an 

annular inner wall or leg 37, both of which are formed of metal. An annular energizing ring slot 

39 separates outer leg 35 from inner leg 37. 

An energizing ring 41, which has a lower portion of greater width than energizing ring 

slot 39, will deform legs 35, 37 radially apart from each other when its lower portion is forced 

down into energizing ring slot 39. When forced radially outward and inward, legs 35, 37 form 

seals with wickers 15 and an exterior portion of casing hanger 27. A running tool (not shown) 

lowers seal assembly 33 into seal pocket 31, then forces energizing ring 41 downward. 	Vent 

passages 40 in energizing ring 41 vent liquid trapped in energizing ring slot 39. 

Outer and inner legs 35, 37 are integrally joined at their lower ends by a base 42. A 

connection leg 43 integrally joins base 42 and extends downward. 	Connection leg 43 is a 

cylindrical member that in this example, has an outer diameter approximately the same as the 

outer diameter of outer leg 35 prior to setting. 	Connection leg 43 has an inner diameter 

approximately the same as the inner diameter of outer leg 35 prior to setting. 	The length of 

connection leg 43 is much less than the length of inner leg 37. 

A metal nose ring 45 secures to connection leg 43 and extends downward. Nose ring 

45 and connection leg 43 may be considered to be a lower extension of seal assembly 33. Nose 

ring 45 has a cylindrical neck 47 extending upward on the inner side of connection leg 43. 	A 

retaining ring 49, which may be a split ring, fits between grooves formed in the inner side of 
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connection leg 43 and the outer side of nose ring neck 47. Retaining ring 49 secures nose ring 45 

to connection leg 43. Nose ring 45 has an upward facing flat shoulder 51 that abuts a flat lower 

end on connection leg 43. 	The upper end of nose ring neck 47 may abut a lower side of seal 

assembly base 42. 

Nose ring 45 has an inner or inward facing side 53 that may be cylindrical and extends 

from the upper end of neck 47 to the lower end of nose ring 45. In this example, inner side 53 

has an inner diameter slightly greater than the inner diameter of inner leg 37 prior to setting, but 

that could differ. Nose ring 45 has an outer or outward facing side that in this example includes 

a cylindrical upper portion 55 extending downward from nose ring shoulder 51. The outer side 

of nose ring 45 has an outward and downward facing conical portion or cam surface 57. Nose 

ring cam surface 57 joins upper cylindrical portion 55 and extends down to the lower end of nose 

ring 45. Nose ring 45 is not radially expansible. 

A radially expansible metal lockdown ring 59 is located on casing hanger external 

shoulder 29. 	Lockdown ring 59 may be a split ring, a collet member with serpentine slots, or 

some other type of expansible ring. 	Lockdown ring 59 has on its inner side a conical cam 

surface 61 that faces upward and inward. Lockdown ring 59 has on its outer side two conical 

shoulders 63, 65 that mate with lockdown supporting member shoulders 23, 25. Lockdown ring 

shoulder 65 is spaced below lockdown ring shoulder 63 and is located in an annular recess. Nose 

ring cam surface 57 mates with lockdown ring cam surface 61, and when nose ring 45 is moved 

downward, slides along cam surface 61 and pushes lockdown ring 59 radially outward into 

engagement with lockdown supporting member shoulders 23, 25. 
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Referring to Fig. 2, a plurality of slots are formed in the lower extension of seal 

assembly 33, the extension comprising connection leg 43 and nose ring 45. 	In Fig. 2, the slots 

include outer slots 67 and inner slots 69 formed in nose ring 45. 	Outer slots 67 alternate with 

inner slots 69 along the length of nose ring 45. In this example, two of the outer slots 67 extend 

radially inward from nose ring upper cylindrical surface 55; the remaining outer slots 67 extend 

radially inward from nose ring cam surface 57. Inner slots 69 are located on the inner side 53 of 

nose ring 45 below neck 47. Each outer slot 67 and inner slot 69 is annular, preferably extending 

a full 360 degrees. 

Each outer slot 67 has an open end 67a on the outer side of nose ring 45 and a closed 

end 67b. 	Each outer slot 67 has an upper side 67c and a lower side 67d that are parallel with 

each other and located in radial planes perpendicular to the axis of bore 13. 	The radial 

dimension or length of each outer slot 67 can vary; in the embodiment shown, the radial length 

of each outer slot 67 is one-half or more the radial thickness of nose ring 45 measured at that 

point. 	The radial lengths of some of the outer slots 67 can differ from the radial lengths of 

others. For example, the radial lengths of outer slots 67 in the upper thicker portions of nose ring 

45 may be longer than in the lower thinner portions of nose ring 45. The width of each outer slot 

67 from upper side 67c to lower side 67d can also vary. 	In the embodiment shown, the axial 

width of each outer slot 67 is less than the distance between outer slots 67. The distance between 

each outer slot 67 and the outer slots 67 directly above and below, can also vary. 

Inner slots 69 may be identical in dimensions to outer slots 67. Each inner slot 69 has 

an open end 69a on nose ring inner side 53 and a closed end 69b. Except for the lowest inner 

slot 69, each inner slot 69 is located an axial distance half-way between two of the outer slots 67. 

Also, the closed ends 67b, 69b overlap with one another. For example, the uppermost inner slot 
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69 illustrated has a closed end 69b closer to nose ring outer cylindrical 	surface 55 than the 

closed ends 67b directly above and below the uppermost inner slot 69. 	The inner slots 69 

adjacent nose ring cam surface 57 have closed ends 69b closer to cam surface 57 than the outer 

slot closed ends 67b directly above and below. Closed ends 69b are thus located between two of 

the outer slots 67. 	This arrangement of outer and inner slots 67, 69 creates a serpentine section 

of metal in the body of nose ring 45 from the lower end to nose ring shoulder 51. 

During the installation process, lockdown support member 21 will be installed in 

wellhead housing lockdown recess 17 before wellhead housing 11 is run. 	After wellhead 

housing 11 is installed, along with its outer casing string (not shown), the well is drilled deeper. 

At a desired depth, casing will be run through wellhead housing 11, attached to casing hanger 27, 

and cemented in the well. 	When casing hanger 27 is run, lockdown ring 59 will be retracted, 

with its outer side approximately flush with the outer diameter of casing hanger external shoulder 

29. 	The running tool (not shown) for seal assembly 33 may include seal assembly 33 while 

running casing hanger 27, but seal assembly 33 will be initially retained in an upper position 

above seal pocket 31. 	While pumping cement down the casing, displaced drilling fluid in the 

well flows upward through seal pocket 31. 

After the cement has set, the running tool moves seal assembly 33 down into seal 

pocket 31. 	Nose ring cam surface 57 engages lockdown ring cam surface 61 and pushes 

lockdown ring 59 radially outward into engagement with lockdown support member 21. 

Continued downward force on energizing ring 41 wedges inner and outer seal legs 37, 35 into 

sealing engagement with wellhead housing 11 and casing hanger 27. 	The outer surface of outer 

seal leg 35 embeds into wickers 15, forming a seal. Optionally, wickers could also be located on 

the portion of casing hanger 27 engaged by inner seal leg 37. 
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After installation, high pressures in the well and thermal growth of casing can exert an 

upward force on casing hanger 27. 	The upward force will pass from casing hanger external 

shoulder 29 through lockdown ring 59, into lockdown member support shoulders 23, 25, and into 

wellhead housing 11 through lockdown recess shoulder 19. 	Slots 67, 69 reduce the axial 

stiffness of the extension portion of seal assembly 33, which is made up of connection leg 43 and 

nose ring 45. 	The reduction in stiffness directs more of the upward forces along the load path 

mentioned rather than directly upward to outer and inner seal legs 35, 37. 	The redirection of 

upward forces reduces upward forces particularly that would otherwise be applied from outer 

seal leg 35 to wickers 15. 

In the second embodiment of Fig. 3, components that are the same as in the first 

embodiment employ the same reference numerals. In this embodiment, only outer slots 167 are 

used, not inner slots, such as inner slots 69 (Fig. 2). 	Also, outer slots 167 may be formed in 

connection leg 143 below outer and inner seal legs 135, 137, rather than in nose ring 145. Outer 

slots 167 are located on the outer diameter side of connection leg 143. 	As in the first 

embodiment, outer slots 167 have upper and lower sides parallel to each other and to the axis. 

The radial lengths of outer slots 167 may be equal or greater than one-half the radial thickness of 

connection leg 143. All of the outer slots 167 are located in connection leg 143 below base 142, 

which joins outer seal leg 135 with inner seal leg 137. 

Slots 167 reduce the axial stiffness of connection leg 143 in somewhat a different 

manner that slots 67, 69 of Fig. 2 reduce the stiffness of nose ring 45, which define a serpentine 

pattern for the body nose ring 45. 	Slots 167 are located on only one side of connection leg 143 

and reduce axial stiffness by lowering the average thickness of connection leg 143. 	The 

reduction in axial stiffness of connection leg 143 directs more of the upward forces on casing 

12 



WO 2017/087067 PCT/US2016/053037 

hanger 27 through lockdown ring 59, lockdown support member 21 into wellhead housing 

lockdown shoulder 19. 

The system and method described herein, therefore, are well adapted to carry out the 

objects and attain the ends and advantages mentioned, as well as others inherent therein. While 

two embodiments of the system and method have been given for purposes of disclosure, 

numerous changes exist in the details of procedures for accomplishing the desired results. These 

and other similar modifications will readily suggest themselves to those skilled in the art, and are 

intended to be encompassed within the spirit of the system and method disclosed herein and the 

scope of the appended claims. 
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CLAIMS 

What is claimed is: 

1.  A wellhead assembly, comprising: 

 a wellhead housing having a bore with an axis; 

 a downward and inward facing lockdown profile shoulder in the bore; 

 a casing hanger landed in the bore for supporting a string of casing, the casing hanger 

having an external upward-facing casing hanger shoulder; 

 a radially expandable annular lockdown member carried on the casing hanger 

shoulder for movement between a retracted position and an expanded position, the lockdown 

member having an upward and outward facing lockdown member shoulder that engages the 

lockdown profile shoulder while in the expanded position, the lockdown member having an 

upward and inward facing cam surface; 

 a casing hanger seal carried by the casing hanger, the casing hanger seal being 

downwardly movable into a seal pocket between the casing hanger and the wellhead housing 

while being run and radially deformable into a set position while in the seal pocket; 

an extension on a lower end of the casing hanger seal, the extension having a 

downward and outward facing cam surface that engages the cam surface on the lockdown 

member and moves the lockdown member to the expanded position while the casing hanger 

seal is moved into the seal pocket; and 

a plurality of slots in the extension, the slots having upper and lower sides that are in 

planes perpendicular to the axis, wherein the slots are axially spaced apart from each other a 

distance at least equal to a dimension between the upper and lower sides of each of the slots. 
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2.  The wellhead assembly according to claim 1, wherein at least some of the slots are located 

above the cam surface on the extension. 

 

3.  The wellhead assembly according to claim 1, wherein: 

the extension has an inward facing surface and an outward facing surface; and 

at least some of the slots are formed in the outward facing surface. 

 

4.  The wellhead assembly according to claim 1, wherein: 

the extension has an inward facing surface and an outward facing surface; and 

at least some of the slots are formed in the inward facing surface. 

 

5.  The wellhead assembly according to claim 1, wherein: 

the extension has an inward facing surface and an outward facing surface; 

at least some of the slots are formed in the inward facing surface; and 

at least some of the slots are formed in the outward facing surface. 

 

6.  The wellhead assembly according to claim 1, wherein: 

the extension has an inward facing surface and an outward facing surface; 
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at least some of the slots are formed in the inward facing surface; 

at least some of the slots are formed in the outward facing surface; and 

the slots in the inward facing surface alternate with the slots formed in the outward 

facing surface. 

 

7.  The wellhead assembly according to claim 1, wherein: 

the extension has an inward facing surface and an outward facing surface; 

at least some of the slots comprise inner slots formed in the inward facing surface; 

at least some of the slots comprise outer slots formed in the outward facing surface;  

the inner slots alternate with the outer slots along a length of the extension; 

each of the inner slots and the outer slots has a radial dimension that is greater than 

one-half a thickness of the extension between the inward facing surface and the outward 

facing surface measured at the location of each of the inner and outer slots. 

 

8.  The wellhead assembly according to claim 1, wherein: 

the extension has an inward facing surface and an outward facing surface; 

at least some of the slots comprise inner slots formed in the inward facing surface; 

at least some of the slots comprise outer slots formed in the outward facing surface;  

the inner slots alternate with the outer slots along a length of the extension; 
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each of the inner slots and the outer slots has a closed end; 

the closed ends of at least some of the inner slots are located between two of the outer 

slots; and 

the closed ends of at least some of the outer slots are located between two of the inner 

slots. 

 

9.  A wellhead assembly, comprising: 

 a wellhead housing having a bore with an axis; 

 a downward and inward facing lockdown profile shoulder in the bore; 

 a casing hanger landed in the bore for supporting a string of casing, the casing hanger 

having an external upward-facing casing hanger shoulder; 

 a radially expandable annular lockdown member carried on the casing hanger 

shoulder for movement between a retracted position and an expanded position, the lockdown 

member having an upward and outward facing lockdown member shoulder that engages the 

lockdown profile shoulder while in the expanded position, the lockdown member having an 

upward and inward facing cam surface; 

 a casing hanger seal carried by the casing hanger, the casing hanger seal being 

downwardly movable into a seal pocket between the casing hanger and the wellhead housing 

while being run and radially deformable into a set position while in the seal pocket; 

 a connection leg joining and extending downward from the casing hanger seal; 



18 
 

a nose ring connected to and extending downward from the connection leg, the nose 

ring having an inward facing surface and an outward facing surface, the outward facing 

surface including a downward and outward facing cam surface that engages the cam surface 

on the lockdown member and moves the lockdown member to the expanded position while 

the casing hanger seal is moved into the seal pocket; and 

a plurality of slots in the nose ring, the slots having upper and lower sides that are in 

planes perpendicular to the axis, wherein at least some of the slots are formed in the inward 

facing surface of  the nose ring. 

 

10.  The wellhead assembly according to claim 9, wherein at least some of the slots are 

located above the cam surface on the nose ring. 

 

11.  The wellhead assembly according to claim 9, wherein the slots are axially spaced apart 

from each other a distance at least equal to a dimension between the upper and lower sides of 

each of the slots. 

 

12.  The wellhead assembly according to claim 9, wherein: 

the nose ring has an inward facing surface and an outward facing surface that includes 

the cam surface on the nose ring; and 

at least some of the slots are formed in the outward facing surface. 
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13.  The wellhead assembly according to claim 9, wherein: 

the nose ring has an inward facing surface and an outward facing surface that includes 

the cam surface on the nose ring;  

at least some of the slots are formed in the inward facing surface;  

at least some of the slots are formed in the outward facing surface; and 

the slots in the inward facing surface alternate with the slots formed in the outward 

facing surface . 

 

14.  The wellhead assembly according to claim 9, wherein: 

the nose ring has a cylindrical outer diameter surface extending upward from the cam 

surface on the nose ring; and  

some of the slots are formed in the cylindrical outer diameter surface and some in the 

cam surface on the nose ring; 

 

15.  A wellhead assembly, comprising: 

 a wellhead housing having a bore with an axis; 

 a downward and inward facing lockdown profile shoulder in the bore; 

 a casing hanger landed in the bore for supporting a string of casing, the casing hanger 

having an external upward-facing casing hanger shoulder; 
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 a radially expandable annular lockdown member carried on the casing hanger 

shoulder for movement between a retracted position and an expanded position, the lockdown 

member having an upward and outward facing lockdown member shoulder that engages the 

lockdown profile shoulder while in the expanded position, the lockdown member having an 

upward and inward facing cam surface; 

 a casing hanger seal carried by the casing hanger, the casing hanger seal being 

downwardly movable into a seal pocket between the casing hanger and the wellhead housing 

while being run and radially deformable into a set position while in the seal pocket; 

 a connection leg joining and extending downward from the casing hanger seal; 

a nose ring connected to and extending downward from the connection leg, the nose 

ring having a downward and outward facing cam surface that engages the cam surface on the 

lockdown member and moves the lockdown member to the expanded position while the 

casing hanger seal is moved into the seal pocket; and 

a plurality of slots in the connection leg, the slots having upper and lower sides that 

are in planes perpendicular to the axis. 

 

16.  The wellhead assembly according to claim 15, wherein the slots are axially spaced apart 

from each other a distance at least equal to a dimension between the upper and lower sides of 

each of the slots. 

 

17.  The wellhead assembly according to claim 15, wherein: 

the connection leg has an inward facing surface and an outward facing surface; and 
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the slots are formed in the outward facing surface. 

 

18.  The wellhead assembly according to claim 15, wherein: 

the connection leg has an inward facing surface and an outward facing surface; 

the slots have open ends in the outward facing surface; 

the slots have closed ends closer to the inward facing surface than the outward facing 

surface 


