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BACKGROUND OF THE INVENTION

1. Field of the invention:

This invention relates in general to wellhead
assemblies, and in particular to a wellhead assembly
having a casing hanger located in a wellhead, a seal
member which seals a space between the casing hanger in
the wellhead, and test passages extending through the
seal member and wellhead for testing the seal.

2. Description of the Prior Art:

One type of wellhead assembly employs a casing
hanger which secures to the upper end of a string of
casing that is cemented in the well. A seal or packoff
seals the annulus between the casing hanger and the
wellhead housing.

During installation, the seal member can be tested
by using a test tool which seals in the bore of the
suspended casing. This allows pressure below the blowout
preventer to test the seal from above. After the well
has been completed, it is desirable to periodically check
to determine if the casing seal has started to leak.
There is no access to the bore of the wellhead housing
above the casing hanger after completion.

To handle this, some installations have an external
test port extending through the wallhead housing. A
special test seal will be located below the primary seal.
The test port communicates with the space between the
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A 3 .
menber which seals a space between the casing hanger in the wellhead, and
t est passages extendi ng through the seal nenber and wel |l head for testing

t he seal . 2. Description of the Prior Art: One type of well head
assenbly enpl oys a casi ng hanger which secures to the upper. end of a string
of casing that is cenmented in the well. A seal or packoff seals the annul us
bet ween the casi ng hanger and the wel | head housi ng. Duri ng

installation, the seal nmenber can be tested by using a test tool which
seals in the bore of the suspended cagimng. This allows pressure bel ow the
bl owout preventer to test the seal from above. After the well has been

conpleted, it is desirable.t eri,odically check to determpe if e casin
seg}o has st artetéleﬁqtos 8gk§nd t%eppnmary seﬁ. sressure 1is appPleé. &Q 9

the pressure holds, then that indicates that neither seal
is leaking.

One drawback to the prior art procedure is that
5 the test seal may leak, but not the primary seal. The
operator would not know which seal leaks. The test
seals are normally not as effective or long lasting as
the primary seal, and thus are more likely to leak.

This disadvantage is particularly a problem in the

10 case of metal-to-metal seals. Metal-to-metal seals do
not deteriorate as much with age as elastomeric seals.
One type of metal seal available has inner and outer
cylindrical walls separated by an annular cavity.
During the installation, an energizing member moves

15 down into the cavity to force the walls apart into
tight sealing engagement with the wellhead housing bore
and the exterior of the casing hanger. No means exist
for testing these types of metal seals, other than
providing some type of elastomeric seal below the metal

20 seal.
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There is no access to the bore of the wellhead housi ng above the casing

hanger after conpletion. To handle this, sone installations have an
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test port extending through the well head housi ng.
be | ocated bel ow the primary seal .

SUMMARY OF THE INVENTION

The casing hanger seal member of this invention is
provided with a seal member test passage that extends
through the seal. The test passage is located so that it
will divide the seal into two portions, a primary portion
located below the seal test passage and a secondary
portion located above the seal member test passage. The
seal energizing member also has a test passage that
communicates with the seal member test passagé when the
energizing member is moved to its lower position.

The wellhead housing has a test passage. Once
installed, the seal member test passage communicates with
the wellhead housing test passage. Applying pressure to
the wellhead test passage will apply preséuxe to the
primary and secondary seal areas to determine if leakage
exists.
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test seal and the primary seal. Pressure is applied. If the puure hol ds,
then that indicates that neither seal is |eaking. One drawback to

the prior art procedure is that the test seal may | eak, but not the primary
seal. The operator would not know which seal |eaks. The test seals are
normal 'y not as effective or long lasting as the primary seal, and thus are
nore likely to | eak. Thi s di sadvantage is particularly a problemin
the case of netal-to-nmetal seals. Metal-to-netal seals do not deteriorate
as nmuch with age as el astoneric seals. One type of netal seal avail able
inner and outer cylindrical walls separated by an annular cavity. Duril

the installation, an energi zi ng nenber noves down into the cavity to force

the walls apart into BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a quarter sectional view illustrating a
seal assembly and portions of a casing hanger wellhead
housing constructed in accordance with this invention,

5 and showing the seal member prior to being energized.

Figure 2 is a sectional view of the seal member,
casing hanger, and wellhead housing of Figure 1, and
showing the seal menmber in an energized position.

Figure 3 is an enlarged quarter sectional view
10 illustration a portion of the energizing ring of the
seal assembly of Figure 1.

Figure 4 is an enlarged cross sectional view of an
alternate embodiment of an energizing ring for a seal
assembly.
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tight sealing engagenent with the well head housing bore and the exterior of
t he casi ng hanger. No neans exist for testing these types of netal seals,
ot her than providing sone type of elastonmeric seal below the netal seal.

- 3- - . SUMVARY OF THE | NVENTI ON

' DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, particularly Figure 1,
the well assembly has a wellhead housing 11. Wellhead
housing 11 is a cylindrical, tubular member having an

5 axial bore 13. In the embodiment shown, bore 13 has a
plurality of wickers 15, Wickers 15 are small,
circumferential, parallel grooves. Each groove is

triangular in configuration and has a pitch of about one-
eighth inch.

10 A wellhead test passage 17 extends from the exterior
of wellhead housing 11 to the bore 13. Wellhead test
passage 17 intersects the wickers 15 approximately at a
midpoint between the lower edge and upper edge of wickers
15. A plurality of threads 19 at the outer end of

15 wellhead test passage 17 enable a user to connect a
source of hydraulic pressure for test purposes. A second
passage (not shown) will extend through wellhead housing
11 perpendicular to test passage 17. The second passage
is normally not used for testing, but is used for bleed

20 off in case sealant is injected through wellhead test
passage 17 to stop leakage.

A casing hanger 21 lands in wellhead housing 11 and
will support a string of casing (not shown) which is
cemented in the well. Casing hanger 21 has an upper

25 exterior wall 22 that is spaced inward from bore 13. A
plurality of wickers 23 are formed on exterior wall 22
and are positioned to be adjacent wellhead housing
wickers 15. Wickers 23 are identical to wickers 15 in
size and in number.
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The casi ng hanger seal nmenber of this invention is provided w
menber test passage that extends through the seal.

The test passa®

| ocated so that it will divide the seal into two portions, a prim

portion | ocated bel ow t he seal
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shoulder 29 located at the base of exterior wall 22. A

seal assembly 31 is lowered into the annular space
between exterior wall 22 and bore 13, landing on landing
shoulder 29. Seal assembly 31 includes an annular
metal-to-metal seal member 33 that is generally U-shaped
in cross section. Seal member 33 has an inner
cylindrical wall 35 and outer cylindrical wall 37 joined
by a base. The inner wall 35 is spaced from the outer
wall 37 radially, defining an annular cavity 39. Seal
member 33 has an upper section 41 that joins the outer
wall 37 and extends upward above casing hanger 21. A
retainer 43 is secured by threads to the upper end of
upper section 41.

Seal member 33 has two test passages 45, each
located 180 degrees apart from each other (only one
shown) around the circumference of seal member 33. Each
test passage 45 extends radially through the inner wall
35 and the outer wall 37. When seal member 33 is located
on landing shoulder 29, seal member test passage 45 will
communicate with wellhead test passage 17. Seal member
test passages 45 will be located the same distance above
shoulder 29 as the wellhead housing test passage 17.
Neither seal member test passage 45 has to be coaxially
aligned with the wellhead housing test passage 17 because
communication through at least one of the wickers 15
exists.

An energizing member 47 moves between an upper

position shown in Figure 1 and a lower position shownm in
Figure 2 for deforming the inner and outer walls 35, 37

en Repiaced

test passage and a secondary portion ™
above the seal nenber test passage. The seal energizing nenber al so ha
test passage that conmunicates with the sea
energi zi ng menber is noved to its g awer position. The wel | head
housi ng has a test passage. Once installed, the seal nenber test pa
communi cates with the wel |l head housi ng test passage.
t he wel | head test

menber test passage when tmg

: Appl ying pressur®
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-4- BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
quarter sectional viewillustrating a seal assenbly and portions of a
casi ng hanger wellhead housing constructed in accordance with this

i nvention, and show ng the seal nenber prior to being energized.

apart from each other into sealing engagement with the
wickers 15, 23. Energizing member 47 is a cylindrical
member having a greater radial thickness than the radial
width of cavity 39. Energizing member 47 has an upward
5 facing shoulder 49 that will contact the retainer 43 if
energizing member 47 is pulled upward for removing the
seal assembly 31. A plurality of grooves 51 on the inner
diameter of energizing member 47 serve for engagement
with a running tool (not shown).

10 Energizing member 47 has a pair of test passages 53,
(only one shown) each spaced 180 degrees apart around the
circumference of energizing member 47 and coaxial with
each other. Each test passage 53 extends radially
through the energizing member 47. Each test passage 53

15 is positioned to communicate with test passages 17 and 45
when energizing member 47 is in the lower position shown
in Figure 2. In that position, test passage 53 will be
located the same distance above the lower end of seal
member 33 as the seal member test passage 45. A recess

20 55 extends around the outer diameter of energizing member
47 at the entrance of test passage 53. Similarly, an
annular recess 56 locates on the inner diameter at the
exit of test passage S53. It is not necessary for test
passage S3 to coaxially align with test passage 45

25 because communication will exist through the recesses 55,
56.

Energizing member 47 also has two displacenment

passages 57, spaced 180 degrees apart from each other

(only one shown) around the circumference of enexgizing

30 member 47. Each displacement passage 57 is a vertical
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Figure 2 is a sectional view of the seal nenber, casing hanger, and
wel.l head housing of Figure 1, and showi ng the seal nenber in an energi zed

. posi tion. Figure 3 is an enlarged quarter sectional view
illustration a portion of the energizing ring of the seal assenbly of
Fi gure 1. Figure 4 is an enlarged cross sectional view of an

al ternate enbodi nent of an energizing ring for a sea

assenbl y.
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hole drilled 90 degrees from the test passages 53 around
the circumference of energizing member 47 so as to not
intersect the test passages 53. The 90 degree spacing
prevents the displacement passages 57 from communication
with test passages 45, 17 and 53. Each displacement
passage 57 also includes a horizontal portion 59 located
so as to be above the upper end of inner wall 35 when the
energizing member 47 is in the 1lower position.
Displacement passages 57, 59 enable ligquid trapped in
cavity 39 to be displaced out during installation.

Referring to Figure 3, energizing member 47 has an
upper portion 61 which extends from shoulder 49 down to
the test passage 45. Energizing member 47 has an
intermediate portion 63 that extends from test passage 45
downward a short distance. A nose section 65 extends
from intermediate portion 63 to the lower end of
energizing member 47.

Energizing member 47 is an annular ring, having an
inner wall 67 and an outer wall 69. Walls 67, 69 are
concentric cylindrical surfaces parallel to each other in
the upper portion 61 and in the intermediate portion 63.
Walls 67, 69 are conical surfaces that taper and converge
toward each other in the nose section 65.

Testing has indicated that better sealing occurs if
the wall thickness X1 in the upper portion 61 is greater
than the wall thickness X2 in the intermediate portion
63. The difference in thickness is slight. The
thickness X2 in the preferred embodiment is only 0.0010
inch less than the thickness X1. The thickness X2
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- 5- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to the
drawi ngs, particularly Figure 1, the well assenbly has a wel | head housi ng
.11. Vel | head housing 11 is a cylindrical, tubular nmenber having an axi al

re 13. In the enbodi nent shown, bore 13 has a plurality of wckers
Wckers 15 are small, circunferential, parallel grooves. Each
Is triangular in conflguratlon and has a pitch of about one- eighth
A wel | head test passa8e-17 extends fromthe exterior

immediately below the test passage 45 will be slightly
less than the thickness X1 immediately above test passage

45, The wall thicknesses X1, X2 are measured
perpendicular to the longitudinal axis of energizing
5 member 47.

In the alternate embodiment of Figqure 4, the
energizing member 47 has an upper portion 61’ that is
identical to the upper portion 61 of Figure 3. However,
the intermediate portion 63/ differs from intermediate

10 portion 63. The sidewalls 67/ and 69’ of intermediate
portion 63/ are conical, not cylindrical and converge
similar to, but not at the same angle as the sidewalls of
nose section 65/, The angle 71 at which each sidewall
67’, 69’ of intermediate portion 63/ converges is quite

15 small, and less than the converging angle for nose
section 65’. The wall thickness of intermediate portion
63’ immediately below test port 45’ is the same as the
wall thickness of upper portion 61 immediately above test
port 45’. However, the wall thickness just below test

20 port 45’ immediately decreases due to the angle 71.

In operation, the operator will land the casing
hanger 21 in wellhead housing 11 and cement the casing
{not shown). The operator will then place the seal
assembly 31 on landing shoulder 29. The operator will
25 actuate a running tool (not shown) to push the energizing
member 47 down with great force. Trapped fluid in cavity
39 flows out displacement passages 57, 59. The downward
force pushes the inner and outer walls 35, 37 apart from
each other, causing the inner wall 35 to embed in
30 wickers 23. The outer wall 37 embeds in wickers 15.
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of well head housing 11 to the bore 13. Well head test passage 17 intersects
the 'wi ckers 15 approximately at a m dpoint between the | ower edge and upper
edge of wi ckers 15. A plurality of threads 19 at the outer end of
wel | head test passage 17 enable a user to connect a source of hydraulic
pressure for test purposes. A second passage (not shown) wll extend

t hrough wel | head housing 11 perpendicular to test passage 17. The second
passage is normally not used for testing, but is used for bleed off in case
sealant is injected through well headfyest passage 17 to stop | eakage.
A casing hanger 21 lands in well head housing 11 and will support a stri
of casing (not shown) which is cenented in the well. ~ Casing hanger 21 ha
an upper exterior WAPI t23tt PacspgespiSed Hnvail 37 omibdr ex8icalyurality
of wickers 23 =vigynf oitieckazh okher isw agatd b&2 ianthwid qpasuhieaedohp be

adj acent wel | haads Botsidig WhaKGleckBsary! G n83c8LE JalAbetds ! 0 Wi ckers

53 and 17 radially align so that each axis of each test

5 passage 45, 53, and 17 is coaxially with the others,
however. The test passages 45, 53 and 17 divide the

seal will into two separate sealing areas. A primary

sealing area will be at the lower portion below the test

passages 45, 53 and 17. Any annulus pressure in the well

10 will be sealed by the primary sealing areas of the inner
and outer walls 35, 37 below the test passages 45, 53 and

17. A secondary seal will be at the upper portion above

the test passages 45, 53 and 17. Similarly, the inner

and outer walls 67, 69 of the energizing member 47 form

15 seals with the inner and outer walls of cavity 39.
Because of the test ports 45, 53 and 17, as well as the

recesses 55 and 56, these inner areas will also form two
primary and secondary seals.

Periodically, an operator will perform a test to

20 determine if leakage exists. Normally, a check valve

fitting (not shown) will be connected to threads 19. The

operator connects a hydraulic pump for pumping a liquid

through the test passage 17. The liquid flows around one

or more of the wickers 15 located at the exit of wellhead

25 test passage 17 and into the entrance of seal member test

passage 45. The liquid flows through the seal member

test passage 45 in outer wall 37, around recess 55, and

into the entrance of energizing member test passage 53.

The liquid flows out energizing member test passage 53,

30 around recess 56, and into the seal member test passage
45 of the inner wall 35.
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The test fluid is prevented from flowing downward by
the primary sealing areas of the inner and outer walls
35, 37 below the test passages 45, 53 and 17. Also, the
inner and outer surface of the energizing member 47
sealing against the walls of cavity 39 prevent any fluid
from flowing downward. Similarly, the engagement of the
inner and outer walls 35, 37 with wickers 23, 15 above
the test passages 45, 53 and 17 prevent any fluid from
flowing upward. The engagement of the inner and outer
walls of energizing member 47 with the inner and outer
walls of cavity 39 prevent any fluid from flowing upward
from cavity 39. The test fluid will not be in
communication with the displacement fluid passages 57,
59. If the test indicates a drop in pressure, then

leakage through one or more of these areas exist and
repair is necessary.

The invention has significant advantages. The
seal member enables the seal to be periodically tested
from the exterior. Dividing the metal seal member
into primary and secondary seal areas with test
passages provides an opportunity for testing without
the need for a special elastomeric test seal, which is
subject to deterioration.

While the invention has been shown in only one of
its forms, it should be apparent to those skilled in the
art that it is not so limited, but is susceptible to

various changes without departing from the scope of the
invention.
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exterlor wal | 22 and bore 13, | anding on | andi ng shoul der 29.

Cross section. Seal nenber 33 has
and outer cylindrical wall 37 joined by a base.

|caIM

ﬂZes an annul ar netal -to-netal seal nenber
|

33 that
an

| 35 is spaced fromthe outer wall 37 radially, defining an
y 39. Seal nenber 33 has an upper section 41 that joins the

and extends upward above '@asi ng hanger 21. A retainer 4

reads to the upper end of upper section 41. Seal ne

¥e passmges 45, each |ocated 180 degrees apart from each oth
wn) around the circunference of seal nenber 33. Each test

tends radially through the inner wall
1. In a wellhead assembly of the type having a wellhead

housing, a casing hanger landed in a bore of the wellhead
housing for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a metal seal member located in the annular
space and having an inner side and an outer side, an
annular energizing member carried by the seal member and
movable to a lower position to deform the seal member to
seal the annular space, the improvement comprising in
combination:

a wellhead housing test passage extending from the
exterior of the wellhead housing to the bore of the
wellhead housing in the annular space;

a seal member test passage extending through the
seal member from the inner side to the outer side in
communication with the wellhead housing test passage, the
seal member test passage dividing the seal member into a
primary seal area below the seal member test passage and
a secondary seal area above the seal member test passage,
enabling an ocperator to apply pressure to the wellhead
housing and seal member test passages to determine if
leakage past the primary and secondary seal areas exists.

2. The wellhead assembly according to claim 1 wherein
the energizing member has an upper portion and a lower
portion terminating in a tapered nose, the upper portion
locating above the seal member test passage and the lower
portion and nose locating below the seal member test

Replaced
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35 and the outer wall 37. Wen seal nmenber 33 is |ocated on |andi ng
| der 29, seal nenber test passage 45 will comuni cate with wel | head
ssage 17 Seal menber test passages 45 will be |ocated the sane

ab 9 as the wel | head housing test passage 17. Neither
er g has to be coaxially aligned with the well head
est’ péssagen use communi cation through at | east one of the

5 exi sts. "An energi zi ng nmenber 47 noves between an upper
posi ti shown in Figure 1 and a | ower po$8t+on shown in Figure 2 for
deform™g the inner and outer walls 35, 37

passage when the energizing member is in the lower
position; and wherein

the upper portion of the energizing member has a

cross-sectional thickness and the lower portion of the

5 energizing member has a cross-sectional thickness that is

less than the cross-sectional thickness of the upper
portion.

3. The wellhead assembly according to claim 1 wherein

the energizing member has an upper portion and a lower

10 portion, terminating in a tapered nose, the upper and
lower portions each having concentric cylindrical inner

and outer walls, the upper portion locating above the

seal member test passage and the lower portion and nose

locating below the seal member test passage when the

15 energizing member is in the lower position; and wherein
the upper portion of the energizing member has a

constant cross-sectional thickness and the lower portion

of the energizing member has a constant cross-sectional

thickness that is slightly less than the cross-sectional
20 thickness of the upper portion.

4. The wellhead assembly according to claim 1 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper portion
having parallel inner and outer walls, the upper portion
25 locating above the seal member test passage and the lower
portion and nose locating below the seal member test
passage when the enerqgizing member is in the lower
position; and wherein
the upper portion of the energizing member has a
30 constant cross-sectional thickness and the lower portion
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mﬁm‘ﬂ \I s a cyli ndr! cal menber hfav! ng a greater

of the energizing member has a tapered cross-sectional
thickness that has an upper margin that is of no greater
thickness than the upper portion and which decreases in
thickness in a downward direction to a lower margin at
the junction with the nose.

S. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
housing for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a metal seal member located in the annular
space, an annular energizing member carried by the
seal member and movable to a lower position to deform the
seal member to seal the annular space, the improvement
comprising in combination:

a wellhead housing test passage extending from the
exterior of the wellhead housing to the bore of the
wellhead housing in the annular space;

a seal member test passage extending through the
seal member in communication with the wellhead housing
test passage; and

an energizing member test passage extending through
the energizing member in communication with the seal
member test passage when the energizing member is in the
lower position, enabling an operator to apply pressure to
the wellhead housing, seal member, and energizing member
test passages to determine if leakage past the seal
exists.
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into sealing engagement with the w ckers 15,

dth of cavity 39. Energizing nenber 47 has an
der s49*that wll contact the retainer 43 if energizing
nenber 47 is pulled upward for renoving the seal assembly 31. A plurality
of grooves 51 on the inner dianeter of energizing nenber 47 serve for
engagenment with a running tool (not shown). Ener gi zi ng nenber 47 has
(only on$4shomn) each spaced 180 degrees




circunference of energizing nenber 47 and coaxial with each other. Each
t est’ passage 53 extends radially through the energizing nenber 47. Each
test passage 53 is positioned to conmunicate with test passages 17 and 45
when ener is in the | ower position shown in Figure 2. In
that pomﬁlmnﬂ'lmﬂﬂﬂ %e 53 will be located the same di stance above the
| oner end bof Seal me +33 as the seal nenber test passage 45. A recess
55 extends around the outer di anet er of energizing nenber 47 at the
entrance of test passage 53. Simlarly, an annular recess 56 | ocates on
the i nner dianmeter at the exit df test passage 53. It is not necessary for
t assage 53 to coaxially align with test passage 45 because
nication will exist through the recesses 55, 56. Ener gi zi ng
er 47 al 8o h&Ehe weldhspfaresrmnly Pesergéngsye alaided MBeresyr ces apart
rom each ot jerowerOpbyt068 Shana) saaduivhydie beilbauthersuuie menbeper gi zi ng

menber 47.  Fach gl SPlACCIR aR23889¢ Bdrtfok ¥£' th&¥seal member

above the seal member test passage sealingly engage the

5 casing hanger and bore of the wellhead housing, forming
primary and secondary seals, respectively,

7. The wellhead assembly according to claim S wherein
the energizing member has an upper portion and a lower
portion terminating in a tapered nose, the upper portion
10 locating above the energizing member test passage and the
lower portion and nose locating below the energizing
member test passage when the energizing member is in the
lower position; and wherein
the upper portion of the energizing member has a
15 cross-sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is
less than the cross-sectional thickness of the upper
portion.

8. The wellhead assembly according to claim S wherein
20 the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper and
lower portions each having concentric, cylindrical inner
and outer walls, the upper portion locating above the
energizing member test passage and the lower portion and
25 nose locating below the energizing member teat passage
when the energizing member is in the lower position; and
wherein
the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
30 of the energizing member has a constant cross-sectional
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-8- hole drilled 90 degrees fromthe test passages 53 around the
circunference of energizing nenber 47 so as to not intersect the test

passages 53. The 90 dﬁiﬂﬁgespacing prevents the di splacenent passages 57

fron1conn$““‘ ﬂ“ l J st passages 45, 17 and 53. Each displ acenent
passage 57k

hori zontal portion 59 |ocated

_16_

thickness that is slightly less than the cross-sectional
thickness of the upper portion.

9. The wellhead assembly according to claim 5 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper portion
having parallel cylindrical inner and outer walls, the
upper portion locating above the seal member test passage
and the lower portion and nose locating below the seal
member test passage when the energizing member is in the
10 lower position; and wherein
the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
of the energizing member has a tapered cross-sectional
thickness that has an upper margin that is of no greater
15 thickness than the upper portion and which decreases in
thickness in a downward direction to a lower margin at
the junction with the nose.

W

10. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
20 housing for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a seal member located in the annular space
having cylindrical inner and outer walls spaced radially
apart from each other, defining a central annular
25 cavity, an annular energizing member carried by the
seal member and movable between an upper position spaced
above the cavity and a lower position in the cavity
forcing the inner and outer walls apart to seal the
annular space, the improvement comprising in combination:
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so as to be above the upper end of inner wall 35 when the energizing nenber
47 is in the |l ower position. D splacenent passages 57, 59 enable liquid

trapped i ' e displaced out during installation
Referri JMHHTMHIW@DJ"&FH gi zi ng menber 47 has an upper portion 61 which
ext ends 1+ om shou down to the test passage 45. Ener gi zi ng nenber
47 has an internediate portion 63 that extends fromtest passage 45

downward a short di stance. A nose section 65 extends frominternmedi ate

jon 63 to the | ower end of QpeL i zing nmenber 47. Ener gi zi ng
47 is an annul ar ring, havi 8 an inner wall 67 and an outer wall 69.
Wa 67, 69 are concentric cylindrical surfaces parallel to each other in

the upper portion HleaAnteb8 hBEsify HeRIbaALEaHE! dktUhdg \é\éblnstﬁg , 69 are

coni cal “surfages Lhat” { pel, a0d GRINST 4S.L 0N €, o3 Gl 1) Ll nose

wellhead housing in the annular space;

a seal member test passage extending through each of
5 the inner and outer walls of the seal member in
communication with the wellhead housing test passage;

an energizing member test passage extending through
the energizing member in communication with the seal
member test passage when the energizing member is in the
10 lower position, enabling an operator to apply pressure to
the wellhead housing, seal némber, and energizing member
test passages to determine if leakage past the seal
exists;
the energizing member having an upper portion and a
15 lower portion terminating in a tapered nose, the upper
portion locating above the energizing member test passage
and the lower portion and nose locating below the
energizing member test passage wvhen the energizing member
is in the lower position; and
20 the upper portion of the en:rgizing member having a
cross-sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is
less than the cross-sectional thickness of the upper
portion.

25 11. The wellhead assembly according to claim 10 wherein
the upper portion and the lower portion each has parallel
inner and outer walls, providing constant cross-
sectional thicknesses in the upper and the lower portion.
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Testing has indicated that better sealing occurs if the wall
in the upper portion 61 is greater than the wall

nt er medi at e portion 63. The difference in thickness is slight

thlckness X2 i
t hi ckness X1.

10

15

20

This Sheet Has

mmlﬁllw[uwﬂtlgﬂ" {rt;;)?i ment is only 0.0010 inch |ess than t?g_

- 18 -

12. The wellhead assembly according to claim 10 wherein
the upper portion has a constant cross-sectional
thickness and the lower portion of the energizing member
has a tapered cross-sectional thickness that has an upper
margin that is of no greater thickness than the upper
portion and which decreases in thickness in a downward

direction to a lower margin at the junction with the
nose.

13. The wellhead assembly according to claim 10 wherein
a lower portion of the seal member below the seal member
test passage and an upper portion of the seal member
above the seal member test passage sealingly engage the
casing hanger and bore of the wellhead housing, forming
primary and secondary seals, respectively.

14. The wellhead assembly according to claim 10 further
comprising: '

displacement passage means extending from a lower
end of the energizing member upward for allowing trapped
fluid contained in the cavity to flow out of the cavity
as the energizing member moves to the lower position.

1S. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
housi. + for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a seal member located in the annular space
having cylindrical inner and outer walls spaced radially
apart from each other, defining a central annulus
cavity, an annular energizing member carried by the

i /lll///lll/l i

t hi ckness X1
t hi ckness X2 in the

The



I medi ately bel ow the test passage 45 will be slightly less than the

t hi tkness | y above test passage 45. The wal l
't h| cknessHmﬂH“H "WIﬁare measur ed perpendicular to the | ongitudinal

i s of energizingsne n the alternate enbodi nent of Figure
4, t he energi zing nenber 47 has an upper portion 61' that is identical to
t he upper portion 61 of Figure 3. However, the internediate portion 63
differs frominternediate portion 63. The sidewalls 67" and 69 of
[ j ate portion 63" are coni ¢4l - not cylindrical and converge similar
not at the sarre angl e as the sidewalls of nose section 65'. The

71 at whi ch d I t t
nverges is qu??ae le?& %r{l% 4°ggsélf'ha t‘{%ien gglngégg t'q'l(a);'l %ggc nose
section 65'. Thebm | theni expiys a1d | ait é@mua?@mem EBe FAMEtY at el y
bel ow t est portféécmgs the Samer agnd heuvet | whillgkapagtoftdipgedl pekéi on 61

| medi at el y above nd fad space, the improvement comprising in combination:

5 a wellhead housing test passage extending from the
exterior of the wellhead housing to the bore of the
wellhead housing in the annular space;

a seal member test passage extending through each of

the inner and outer walls in communication with the

10 wellhead housing test passage, the seal member test
passage dividing the seal member into a lower portion

which forms a primary seal with the wellhead housing and

the casing hanger and an upper portion which forms a

secondary seal with the wellhead housing and casing
15 hanger;

an energizing member test passage extending through

the energizing member in communication with the seal

member test passage when the energizing member is in the

lower position, enabling an operator to apply pressure to

20 the wellhead housing, seal member, and energizing member

test passages to determine if leakage past the primary
and secondary seals exist; and

a displacement passage extending through the

energizing member to the exterior of the energizing

25 member from a lower end of the energizing member upward
for allowing trapped fluid contained in the cavity to

flow out of the cavity as the energizing member moves to
the lower position.
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port 45'. However, the wall thickness just below test port 45" inmediately
decreases due to the angle 71. I'n operation, the operator will |and
t he casing hanger 21 in well head housing 11 and cenent the casing (not

shown) | then place the seal assenbly 31 on | anding

shoul der”um,,mjmﬂﬂ"m will actuate a running tool (not shown) to push
t he energi zi‘ng ‘metbet 47 down with great force. Trapped fluid in cavity 39
fl ows out displacenent passages 57, 59. The downward force pushes the inner

and outer walls 35, 37 apart from each ot her, causing the inner wa
to enbed in wickers 23. The outer wal® 37 enbeds in w ckers 15.

16. The wellhead assembly according to claim 15, wherein

the displacement passage is isolated from the energizing
member test passage.

17. The wellhead assembly according to claim 15 wherein

5 an annular recess extends around each side of the
energizing member at an entrance and exit of the
energizing member test passage.

18. The wellhead assembly according to claim 15 wherein
the energizing member has an upper portion and a lower

10 portion terminating in a tapered nose, the upper portion
locating above the energizing member test péssage and the
lower portion and nose locating below the energizing
member test passage when the energizing member is in the
lower position; and wherein

15 the upper portion of the energizing member has a
cross-sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is

less than the cross-sectional thickness of the upper
portion.

20 19. The wellhead assembly according to claim 15 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper and
lower portions each having parallel cylindrical inner and
outer walls, the upper portion locating above the

25 energizing member test passage and the lower portion and
nose locating below the energizing member test passage

when the energizing member is in the lower position; and
wherein
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- 10 - ° The test passages 45, 53 and 17 will vertically align with each
other so as to be in fluid comunication. It is unlikely and unnecessary
that the te 3 and 17 radially align so that each axis of
each test pmumﬂmﬁmwmmﬁd 17 is coaxially with the others, however.
t est passages 45" 53 and 17 divide the seal will into two separate

ar eas. A primary sealing area will be at the | ower portion bel ow
passages 45, 53 and 17. Any annulus pressure in the well wll be
the primary sealing areas of the inner and outer walls 35, 37
test passages 45, 53 and 17. A 8écondary seal will be at the
upper portion above the test passages 45, 53 and 17. Simlarly, the inner
and outer walls 67, Gheofuppbee e@oetdbni BF rRebRhefdik Ofidn member has a

constant cross-sectional thickness and the lower portion
of the energizing member has a constant cross-sectional

thickness that is slightly less than the cross-sectional
5 thickness of the upper portion.

20. The wellhead assembly according to claim 15 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper portion
having parallel cylindrical inner and outer walls, the
10 upper portion locating above the seal member test passage
and the lower portion and nose locating below the seal
member test passage when the energizing member is in the
lower position; and wherein
the upper portion of the energizing member has a
15 constant cross-sectional thickness and the lower portion
of the energizing member has a tapered cross-sectional
thickness that has an upper margin that is of no greater
thickness than the upper portion and which decreases in
thickness in a downward direction to a lower margin at
20 " the junction with the nose.

21. In a method of installing a casing hanger within a
bore of a wellhead housing, including installing between
the casing hanger and wellhead housing a metal seal
member having an inner side and an outer side, forcing an

25 annular energizing member downward to a lower position to
deform the seal member to seal the outer side against the
wellhead housing.and the inner side against the casing
hanger, the improvement comprising:
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seals with the inner and outer walls of cavity 39. Because of the test
ports 45, 53 and 17, as well as the recesses 55 and 56, these inner areas

will al Hﬂuﬁ)mmmmmry and secondary seals. Periodically, an
oper at ot!8 test to determne if | eakage exi sts. Normal ly, a
check valvecfi%thgs(nbt shown) will be connected to threads 19. The
operator connects a hydraulic punp for punping a |iquid through the test
passage 17. The liquid flows around one or nore of the w ckers 15 | ocated
at the exit of wellhead test passage_lj;and into the entrance of seal
menber test passage 45. The liquid flows through the seal nenber test f
assage 45 in outer .l 37, arqund recess 55, and into the entrance o
gnerg?zing menberPiBEC PG Mt HreadrRous g keSY BASSAR eskerdingng nenber
t est passageffép Sheuesterimssoftthandel bhead heosent bardestt €Ré passage 45
of the inner ¥giheath-housing;

providing a seal member test passage extending

5 through the seal member from the inner side to the outer
side in communication with the wellhead housing test

passage, dividing each of the inner and outer sides of

the seal member into a primary seal area below the seal

member test passage and a secondary seal area above the
10 seal member test passage; and

applying pressure to the wellhead housing and seal
member test passages and monitoring the bore of the
wellhead housing to determine if leakage exists.

22. In a method of installing a casing hanger within a
15 bore of a wellhead housing, including installing between

the casing hanger and wellhead housing a metal seal

member, forcing an annular energizing member downward to

a lower position to deform the seal member to seal

between the wellhead housing and the casing hanger, the
20 improvement comprising:

providing a wellhead housing test passage extending
from the exterior of the wellhead to the bore of the
wellhead housing;

providing a seal member test passage extending
25 through the seal member in communication with the
wellhead housing test passage;
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The test fluid is prevented fromflow ng downward by the primary sealing
areas of the i nner and outer walls 35, 37 below the test passages 45, 53

and 17. AI outer surface of the energizi ng menber 47
seal i ng ag ‘lﬂ cavity 39 prevent any fluid fromflow ng
downwar d. rLy, e engagenent of the inner and outer walls 35, 37

W th mﬁckers 23, 15 above the test passages 45, 53 and 17 prevent any fluid
from

- 23 =

providing an energizing member test passage
extending through the energizing member in communication
with the seal member test passage when the energizing
member is in the lower position; and

5 applying pressure to the wellhead housing, seal
member and energizing member test passages and monitoring
the bore of the wellhead housing to determine if leakage
exists.

23. In a method of installing a casing hanger within a

10 bore of a wellhead housing, including installing between
the casing hanger and wellhead housing a seal member with
cylindrical inner and outer walls spaced radially apart
from each other, forcing an annular energizing member
downward to a lower position between the inx{er and outer

15 walls apart to seal between the wellhead housing and the
casing hanger, the improvement comprising:

providing a wellhead housing test passage extending
from the exterior of the wellhead to the bore of the
wellhead housing;

20 providing a seal member test passage extending
through each of the inner and outer walls in
communication with the wellhead housing test passage;

providing an energizing member test passage

extending through the energizing member in communication

25 with the seal member test passage when the energizing
member is in the lower position; and
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fle 'ng upmard The engagenent of the inner and outer walls of energizing
th the |nner and outer walls of cavity 39 prevent any fluid

fro from cavity 39. The test fluid wll not be in
connunléatL e di spl acenent fluid passages 57, 59. |If the test

i ndicates a roﬁ | pressure t hen | eakage through one or nore of these
areas exist and repair is necessary. The i nvention has significant

advant ages. The seal nenber enables the seal to be periodically tested from
the exterior. Dividing the neta _seal nmenber into pri'mary and seco
seal areas with test passages provides an opportunity for testing w
the need for a speC|aI el astoneric test seal, which is subject to
deterioration. AaPPlyingpipresspxe fRnthenveainsadn NONEWAT: n S6ALy one of

its forms, hémbéwand étemzdngnhethiert kese pixsddgus andidehitoring
the bore of the wellhead housing to determine if leakage
exists.

5 24. The method according to claim 23 wherein the step of
providing a seal member test passage locates the seal
menber test passage so that the downward movement of the
energizing member provides a primary seal below the seal
member test passage and a secondary seal above the seal

10 member test passage.
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Is not so limted, but is susceptible to various changes

W t hout departing fromthe scope of the invention.

claim

_——,

10

-25-.

ABSTRACT OF THE DISCLOSURE

A casing hanger seal has facilities to enable
periodic testing from the exterior of the wellhead
housing. The casing hanger seal has inner and outer
walls separated by a cavity. An energizing member moves
downward to force the inner and outer walls into
engagement with the casing hanger and bore of the
wellhead housing. Test passages extend through the inner
and outer walls, energizing member, and wellhead housing.
The test passages divide the seal member into primary and
secondary seal areas. Test fluid applied from exterior
applies to the test .passages determines if leakage
exists.
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1. 1In a wellhead assenbly of the type having a well head housing, a casing
hanger | anded in a bore of the well head housing for supporting a string of
casing, an annul ar space | ocated between the casing hanger and the wel | head
housi ng bore, a netal seal nenber |ocated in the annul ar space and havi ng
an inner side and an outer side, an annul ar energi zing nmenber carried by
the seal nenber and novable to a |ower position to deformthe seal nenber
to seal the annul ar space, the inprovenment conprising in conbination:

ead housing test passage extending fromthe exterior of the well head
g to the bore of the well head housing in the annul ar space; a
menber test passage extending through the seal nenber fromthe inner
de to the outer side in comrunication with the well head housi ng test
passage, the seal nenber test passage dividing the seal nenber into a
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primary seal area below the seal nenber test passage and a secondary sea
area above the seal nenber test passage, enabling an operator to apply
‘pressure to the vell head housing and seal nenber test passages to determ ne
i f | eakage past the primary and secondary seal areas exists. 2. The
wel | head assenbly according to claim1 wherein the energizing nmenber has an
upper portion and a |lower portion termnating in a tapered nose, the upper
portion |ocating above the seal nenber test passage and the | ower portion

e locating bel ow the seal nenber test

75 17

57 ’ | % Nt
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A
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- 13 - passage when the energizing nenber is in the |ower position; and
wher ei n t he upper portion of the energizing nenber has a
cross-sectional thickness and the | ower portion of the energizi ng nenber
has a cross-sectiongl ,thickness that is |ess than the cross-sectional

t hi ckness of the upper portion. 3. The wel | head assenbly according to
claim1 wherein the energizing nenber has an upper portion and a | ower
portion, termnating in a tapered nose, the upper and | ower portions each

havi concentric cylindrical inner and outer walls, the upper portion
g above the seal nenber test passage and the | ower portion and nose
ating below the seal nenber test passage when the
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energi zing menber is in the |ower position; and wherein the ufifflte =
portion of the energizing nmenber has a constant cross-sectional thickness
and the |l ower portion of the energizing nenber has a constant
cross-sectional thickness that is slightly |less than the cross-secti onal

t hi ckness of the upper portion. 4. The wel |l head assenbly according to
claim1 wherein the energizing menmber ~hds ~an upper portion and a | ower
portion, termnating in a tapered nose, the upper portion having parallel

i nner and outer walls, he seal menber
test passage and the |oﬁ@$1§§9§ﬁ%§55 osgﬁﬁﬁtatlng b§F2m1the seal nenber
test passage when the energi zgekd®Ith® orSTHE Hi¢eNPM#N Pposition; and

wherein t he upper portion of the energizing nmenber has a constant
cross-sectional thickness and the | ower portion
1. Field of the invention:

This invention relates in general to wellhead
assemblies, and in particular to a wellhead assembly
having a casing hanger located in a wellhead, a seal
member which seals a space between the casing hanger in
the wellhead, and test passages extending through the
seal member and wellhead for testing the seal.

2. Description of the Prior Art:

One type of wellhead assembly employs a casing
hanger which secures to the upper end of a string of
casing that is cemented in the well. A seal or packoff
seals the annulus between the casing hanger and the
wellhead housing.

During installation, the seal member can be tested
by using a test tool which seals in the bore of the
suspended casing. This allows pressure below the blowout
preventer to test the seal from above. After the well
has been completed, it is desirable to periodically check
to determine if the casing seal has started to leak.
There is no access to the bore of the wellhead housing
above the casing hanger after completion.

To handle this, some installations have an external
test port extending through the wellhead housing. A
special test seal will be located below the primary seal.
The test port communicates with the space between the
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of the energizing nenber has a tapered cross-sectional thickness that has
an upper margin that is of no greater thickness than the upper portion and
whi ch decreases in thickness in a dowmmward direction to a | ower margin at
the junction with the nose. 5. In a well head assenbly of the type having
a wel | head housi ng, a casing hanger |anded in a bore of the well head

- 2 -

test seal and the primary seal. Pressure is applied. If
the pressure holds, then that indicates that neither seal
is leaking.

One drawback to the prior art procedure is that
the test seal may leak, but not the primary seal. The
operator would not know which seal leaks. The test
seals are normally not as effective or long lasting as
the primary seal, and thus are more likely to leak.

This disadvantage is particularly a problem in the
case of metal-to-metal seals. Metal-to-metal seals do
not deteriorate as much with age as elastomeric seals.
One type of metal seal available has inner and outer
cylindrical walls separated by an annular cavity.
During the installation, an energizing member moves
down into the cavity to force the walls apart into
tight sealing engagement with the wellhead housing bore
and the exterior of the casing hanger. No means exist
for testing these types of metal seals, other than

providing some type of elastomeric seal below the metal
seal.




housi ng for supporting a string of casing, an annul ar space | ocated between
t he casi ng hanger and the wel | head housing bore, a netal seal nenber

‘Il ocated in the annul ar space, an annul ar energi zi ng nmenber carried by the
seal nmenber and novable to a | ower position to deformthe seal nenber to
seal the annul ar space, the inprovenent conprising in conbination: a
wel | head housi ng test passage extending ¥r-omthe exterior of the well head
housing to the bore of the well head housing in the annul ar space; a
seal nenber test passage extending. through the seal nmenber in communication
wi th the wel |l head housing test passage; and an energi zi ng nenber
test passage extending through the energizing nenber in comunication with
t he seal SUMMARY OF THE INVENTION

The casing hanger seal member of this invention is
provided with a seal member test passage that extends
through the seal. The test passage is located so that it
will divide the seal into two portions, a primary portion
located below the seal test passage and a secondary
portion located above the seal member test passage. The
seal energizing member also has a test passage that
communicates with the seal member test passage when the
energizing member is moved to its lower position.

The wellhead housing has a test passage. Once
installed, the seal member test passage communicates with
the wellhead housing test passage. Applying pressure to
the wellhead test passage will apply pressure to the
primary and secondary seal areas to determine if leakage
exists,
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menber test passage when the energizing nmenber is in the | ower position,
enabling an operator to apply pressure to the well head housing, seal
menber, and energi zi ng nmenber test passages to determne if | eakage past
t he seal exists. - 15 - 6. The
wel | head assenbly according to claim5 wherein

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a quarter sectional view illustrating a
seal assembly and portions of a casing hanger wellhead
housing constructed in accordance with this invention,
and showing the seal member prior to being energized.

Figure 2 is a sectional view of the seal member,
casing hanger, and wellhead housing of Figure 1, and
showing the seal member in an energized position.

Figqure 3 is an enlarged quarter sectional view
illustration a portion of the energizing ring of the
seal assembly of Figure 1.

Figure 4 is an enlarged cross sectional view of an
alternate embodiment of an energizing ring for a seal
assembly.
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a lower portion of the seal nenber below the seal nenber test passage and
an upper portion of the seal nenber above the seal nenber test passage

seal ingly engage the casi ng hanger and bore of the well head housi ng,
formng primary and secondary seal s, respectively. 7. The wel | head
assenbly according to claim5 wherein the energizing nmenber has an upper
portion and a |lower portion termnating in a tapered nose, the upper
portion | ocating above the energizifaigs menber test passage and the | ower
portion and nose | ocating bel ow the energi zing nenber test passage when the
energi zing nmenber is in the |lower position; and wherein t he upper

por t'on of the ener gi 2 nop Bpiiiein 1 A £08 E ORI gliness and the

| ower portion of the energizing nmenber has a Cross-Sectional thickness that
is less than the cross-sectional thickness of the upper portion.

Referring to the drawings, particularly Figure 1,
the well assembly has a wellhead housing 11. Wellhead
housing 11 is a cylindrical, tubular member having an
axial bore 13. In the embodiment shown, bore 13 has a
plurality of wickers 15. Wickers 15 are small,
circumferential, parallel grooves. Each groove is
triangular in configuration and has a pitch of about one-
eighth inch.

A wellhead test passage 17 extends from the exterior
of wellhead housing 11 to the bore 13. Wellhead test
passage 17 intersects the wickers 15 approximately at a
midpoint between the lowver edge and upper edge of wickers
1s. A plurality of threads 19 at the outer end of
wellhead test passage 17 enable a user to connect a
source of hydraulic pressure for test purposes. A second
passage (not shown) will extend through wellhead housing
11 perpendicular to test passage 17. The second passage
is normally not used for testing, but is used for bleed
oft in case sealant is injected through wellhead test
passage 17 to stop leakage. '

A casing hanger 21 lands in wellhead housing 11 and
will support a string of casing (not shown) which is
cemented in the well. Casing hanger 21 has an upper
exterior wall 22 that is spaced inward from bore 13. A
plurality of wickers 23 are formed on exterior wall 22
and are positioned to be adjacent wellhead housing
wickers 15. Wickers 23 are identical to wickers 15 in
size and in number.
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8. The wel | head assenbly according to claim5 wherein the energizing nenber
has an upper portion and a |ower portion, termnating in a tapered nose,

t he upper and | ower portions each having concentric, cylindrical inner and
outer walls, the upper portion |ocating above the energizi ng nmenber test
passage and the | ower portion and nose | ocating bel ow the energizing nenber
test passage when the energi zi ng nenber<iss i n the | over position; and
wherein t he upper portion of the energizing nenber has a constant
cross-sectional thickness and the | ower portion of the energizing nenber

has a constant Crossé§§f$§0r}x&gnger 21 has an upward facing landing

shoulder 29 located at the base of exterior wall 22. A
seal assembly 31 is lowered into the annular space
between exterior wall 22 and bore 13, landing on landing
shoulder 29. Seal assembly 31 includes an annular
metal-to-metal seal member 33 that is generally U-shaped
in cross section. Seal member 33 has an inner
cylindrical wall 35 and outer cylindrical wall 37 joined
by a base. The inner wall 35 is spaced from the outer
wall 37 radially, defining an annular cavity 39. Seal
member 33 has an upper section 41 that joins the outer
wall 37 and extends upward above casing hanger 21. A

retainer 43 is secured by threads to the upper end of
upper section 41.

Seal member 33 has two test passages 45, each
located 180 degrees apart from each other (only one
shown) around the circumference of seal member 33. Each
test passage 45 extends radially through the inner wall
35 and the outer wall 37. When seal member 33 is located
on landing shoulder 29, seal member test passage 45 will
communicate with wellhead test passage 17. Seal menmber
test passages 45 will be located the same distance above
shoulder 29 as the wellhead housing test passage 17.
Neither seal member test passage 45 has to be coaxially
aligned with the wellhead housing test passage 17 because
communication through at least one of the wickers 15
exists.

An energizing member 47 moves between an upper
position shown in Figure 1 and a lower position shown in
Figure 2 for deforming the inner and outer walls 35, 37
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t hi ckness that is slightly | ess than the cross-sectional thickness of the
upper portion. 9. The wel |l head assenbly according to claim5 wherein the
energi zi ng menber has an upper portion and a | ower portion, termnating in
a tapered nose, the upper portion having parallel cylindrical inner and
outer walls, the upper portion |ocating above the seal nenber test passage
and the |l ower portion and nose |ocating bel ow the seal nenber test passage
when the energi zing nenber is in the™l 6wér position; and wherein t he

upper portion of the energizing nmenber has a constant cross-sectional
t hi ckness and the | ower portion

apart from each other into sealing engagement with the
wickers 15, 23. Energizing member 47 is a cylindrical
member having a greater radial thickness than the radial
width of cavity 39. Energizing member 47 has an upward
facing shoulder 49 that will contact the retainer 43 if
energizing member 47 is pulled upward for removing the
seal assembly 31. A plurality of grooves 51 on the inner
diameter of energizing member 47 serve for engagement
with a running tool (not shown).

Energizing member 47 has a pair of test passages 53,
{(only one shown) each spaced 180 degrees apart around the
circumference of energizing member 47 and coaxial with
each other. Each test passage 53 extends radially
through the energizing member 47. Each test passage 53
is positioned to communicate with test passages 17 and 45
when energizing member 47 is in the lower position shown
in Figure 2. In that position, test passage 53 will be
located the same distance above the lower end of seal
member 33 as the seal member test passage 4S5. A recess
55 extends around the outer diameter of energizing member
47 at the entrance of test passage 53. Similarly, an
annular recess 56 locates on the inner diameter at the
exit of test passage 53. It is not necessary for test
passage 53 to coaxially align with test passage 45
because communication will exist through the recesses 55,
56.

Energizing member 47 also has two displacement
passages 57, spaced 180 degrees apart from each other
(only one shown) around the circumference of energizing
member 47. Each displacement passage 57 is a vertical




of the energizing nenber has a tapered cross-sectional thickness that has
an upper margin that is of no greater thickness than the upper portion and
whi ch decreases in thickness in a dowmmward direction to a | ower margin at
the junction with the nose. 10. In a well head assenbly of the type having
a wel | head housi ng, a casing hanger |anded in a bore of the well head
housi ng for supporting a string of casihg -an annul ar space | ocated between
t he casi ng hanger and the wel | head housi ng bore, a seal nenber |ocated in

t he annul ar space having cylindrical inner and outer walls spaced radially
apart fromeach other, defining a central annular cavity, an annular
energi zi ng nmenber_ cayrr,.ed bégthe seal nmenber and novabl e bet ween an upper

posi tion spaced¥Ho W HlHEed 20| €99%aRF ATPBVEhe FoStt PARSAFRS RS @FPung forcing
the inner and othercimwtuntapace bd seatgiiihqnivtbar AP, akhed mpEovenent
conprising in copiNald®¥ne test passages S3. The 90 degree spacing
prevents the displacement passages 57 from communication
with test passages 4S, 17 and 53. Each displacement
passage 57 also includes a horizontal portion 59 located
so as to be above the upper end of inner wall 35 when the
energizing member 47 is in the 1lower position.
Displacement passages 57, 59 enable liquid trapped in
cavity 39 to be displaced out during installation.

Referring to Figure 3, energizing member 47 has an
upper portion 61 which extends from shoulder 49 down to
the test passage 45. Energizing member 47 has an
intermediate portion 63 that extends from test passage 45
downward a short distance. A nose section 65 extends
from intermediate portion 63 to the 1lower end of
energizing member 47.

Energizing member 47 is an annular ring, having an
inner wall 67 and an outer wall 6%3. Walls 67, 69 are
concentric cylindrical surfaces parallel to each other in
the upper portion 61 and in the intermediate portion 63.
Walls 67, 69 are conical surfaces that taper and converge
toward each other in the nose section 65.

Testing has indicated that better sealing occurs if
the wall thickness X1 in the upper portion 61 is-greater
than the wall thickness X2 in the intermediate portion
63. The difference in thickness is slight. The
thickness X2 in the preferred embodiment is only 0.0010
inch less than the thickness X1. The thickness X2

REPLACELENT SHEET

o
y
3o RAZAY

Rk
27 DEC 1996

e




- 17 - a wel | head housing test passage extending fromthe exterior
of the well head housing to the bore of the well head housing in the annul ar
space; a seal nenber test passage extending through each of the

i nner and outer walls of the seal nenber in conmuni-cation with the well head
housi ng test passage;

immediately below the test passage 45 will be slightly
less than the thickness X1 immediately above test passage

45. The wall thicknesses X1, X2 are measured
perpendicular to the longitudinal axis of energizing
member 47.

In the alternate embodiment of Figure 4, the
energizing member 47 has an upper portion 61’ that is
identical to the upper portion 61 of Figure 3. However,
the intermediate portion 63¢ differs from intermediate
portion 63. The sidewalls 67’ and 69’ of intermediate
portion 63’ are conical, not cylindrical and converge
similar to, but not at the same angle as the sidewalls of
nose section 65’. The angle 71 at which each sidewall
677, 69’ of intermediate portion 63’ converges is quite
small, and less than the converging angle for nose
section 65’. The wall thickness of intermediate portion
63’ immediately below test port 45’ is the same as the
wall thickness of upper portion 61 immediately above test
port 45’. However, the wall thickness just below test
port 45’ immediately decreases due to the angle 71.

In operation, the operator will land the casing
hanger 21 in vellhead housing 11 and cement the casing
{not shown). The operator will then place the seal
assembly 31 on landing shoulder 29. The operator will
actuate a running tool (not shown) to push the energizing
member 47 down with great force. Trapped fluid in cavity
39 flows out displacement passages 57, 59. The downward
force pushes the inner and outer walls 35, 37 apart from
each other, causing the inner wall 35 to embed in
wickers 23. The outer wall 37 embeds in wickers 1S.
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an energi zi ng nmenber test passage extending through the energizing nenber

I n communi cation wth the seal nenber test passage when the energizing
menber is in the | ower position, enabling an operator to apply pressure to
t he wel | head housi ng, seal nenber, and energi zi ng nenber test passages to
determne if | eakage past the seal exists; t he energi zi ng nenber
havi ng an upper portion and a |ower portion termnating in a tapered nose,

t he upper portion |ocating above the energizing nenber test passage and the
| ower portion and nose | ocating bel ow the-energi zi ng nenber test passage
when the energizing nenber is in the | ower position; and t he upper

portion of the energpyd Ng | ngea gross-sactional thickness and the
| ower portion of _the ener%??iﬁéi?%ﬂ%%rgﬁésgé gpsséﬁééﬁﬁﬁbnﬁfrﬁ¥ﬁ ess that
&h

is |ess than th@liFReENeErrh Feldeds be imd lyidecopounication.

t is unlikely and unnecessary that the test passages 45,
53 and 17 radially align so that each axis of each test
passage 45, 53, and 17 is coaxially with the others,
however. The test passages 45, 53 and 17 divide the
seal will into two separate sealing areas. A primary
sealing area will be at the lower portion below the test
passages 45, 53 and 17. Any annulus pressure in the well
will be sealed by the primary sealing areas of the inner
and outer walls 35, 37 below the test passages 45, 53 and
17. A secondary seal will be at the upper portion above
the test passages 45, 53 and 17. Similarly, the inner
and outer walls 67, 69 of the energizing member 47 form
seals with the inner and outer walls of cavity 39.
Because of the test ports 45, 53 and 17, as well as the
recesses 55 and 56, these inner areas will also form two
primary and secondary seals.

Periodically, an operator will perform a test to
determine if leakage exists. Normally, a check valve
fitting (not shown) will be connected to threads 19. The
operator connects a hydraulic pump for pumping a liquid
through the test passage 17. The liquid flows around one
or more of the wickers 15 located at the exit of wellhead
test passage 17 and into the entrance of seal member test
passage 45. The liquid flows through the seal member
test passage 45 in outer wall 37, around recess 55, and
into the entrance of energizing member test passage 53.
The liquid flows out energizing member test passage 53,
around recess 56, and into the seal member test passage
45 of the inner wall 35,

i 27 DEC 199




11. The wel | head assenbly according to claim 10 wherein the upper portion
and the |l over portion each has parallel inner and outer walls, providing
constant cross- sectional thicknesses in the upper and the | ower portion.

- 11 -

The test fluid is prevented from flowing downward by
the primary sealing areas of the inner and outer walls
35, 37 below the test passages 45, 53 and 17. Also, the
inner and outer surface of the energizing member 47
sealing against the walls of cavity 39 prevent any fluid
from flowing downward. Similarly, the engagement of the
inner and outer walls 35, 37 with wickers 23, 15 above
the test passages 45, 53 and 17 prevent any fluid from
flowing upward. The engagement of the inner and outer
walls of energizing member 47 with the inner and outer
walls of cavity 39 prevent any fluid from flowing upward
from cavity 39. The test fluid will not be 1in
communication with the displacement fluid passages 57,
59. If the test indicates a drop in pressure, then

leakage through one or more of these areas exist and
repair is necessary.

The invention has significant advantages. The
seal member enables the seal to be pericdically tested
from the exterior. Dividing the metal seal member
into primary and secondary seal areas with test
passages provides an opportunity for testing without
the need for a special elastomeric test seal, which is
subject to deterioration.

while the invention has been shown in only one of
its forms, it should be apparent to those skilled in the
art that it is not so limited, but is susceptible to

various changes without departing from the scope of the
invention.
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12 The wel | head assenbly according to claim210 wherein the upper portion

ﬂl“ﬂl@tlmrmu:"mg sectional thickness and the | ower portion of the

s a tapered cross-sectional thickness that has an upper

nargln that 's bf o greater thickness than the upper portion and which
decreases in thickness in a downward direction to a |lower margin at the
junction with the nose. 13. The wel | head assenbly according to claim10
wherein a | ower portion of the seal nenber bel ow the seal nenber test
passage and an upper portion of the sealZz menber above the seal nenber test
passage sealingly engage the casing hanger and bore of the well head

housi ng, formwegcpaimery and secondary seals, respectively. 14. The
wel | head assenbly according to claim10 furt her conpri si ng:

1. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
housing for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a metal seal member located in the annular
space and having an inner side and an outer side, an
annular energizing member carried by the seal member and
movable to a lower position to deform the seal member to
seal the annular space, the improvement comprising in
combination:

a wellhead housing test passage extending from the
exterior of the wellhead housing to the bore of the
wellhead housing in the annular space;

a seal member test passage extending through the
seal member from the inner side to the outer side in
communication with the wellhead housing test passage, the
seal membexr test passage dividing the seal member into a
primary seal area below the seal member test passage and
a secondary seal area above the seal member test passage,
enabling an operator to apply pressure to the wellhead
housing and seal member test passages to determine if
leakage past the primary and secondary seal areas exists.

2. The wellhead assembly according to claim 1 wherein
the energizing member has an upper portion and a lower
portion terminating in a tapered nose, the upper portion
locating above the seal member test passage and the lower
portion and nose locating below the seal member test

27 DEC 198




di spl acenent passage neans extending froma | ower end of the energizing
nenbeb upward for allow ng trapped fluid contained in the cavity to flow

out o ﬁa"l he energi zi ng menber noves to the | ower position.
15. ﬂﬁ”lﬂ? nbly of the type having a well head housing, a casing
)

hanger |anded i"n & bore of the wellhead housing for supporting a string of
casi ng, an annul ar space | ocated between the casing hanger and the well head
housi ng bore, a seal member |ocated in the annular space havi ng cylindri cal
i nner and outer walls spaced radially apart from each other, defining a
central annulus cavity, an annular energizing nenber carried by the
passage when the energizing member is in the lower

position; and wherein

the upper portion of the energizing member has a
cross~sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is
less than the cross-sectional thickness of the upper
portion.

3. The wellhead assembly according to claim 1 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper and
lower portions each having concentric cylindrical inner
and outer walls, the upper portion locating above the
seal member test passage and the lower portion and nose
locating below the seal member test passage when the
energizing member is in the lower position; and wherein

the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
of the energizing member has a constant cross-sectional
thickness that is slightly less than the cross-sectional
thickness of the upper portion.

4. The wellhead assembly according to claim 1 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper portion
having parallel inner and outer walls, the upper portion
locating above the seal member test passage and the lower
portion and nose locating below the seal member test
passage when the energizing member is in the lower
position; and wherein

the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion

BT T
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- 19 - sea

annul ar space;
t he i nner and

menber and novabl e between an upper position spaced above
the cavity and a | ower

coro

a

position in the cavity, forcing the inner and outer
annul ar space, the inprovenent conprising in

| | head housi ng test passage extending fromthe

d housing to the bore of the wellhead housing in the

seal nenber test passage extendi ng through each of

outer walls in conmunication with the

- 14 -

of the energizing member has a tapered cross-sectional
thickness that has an upper margin that is of no greater
thickness than the upper portion and which decreases in
thickness in a downward direction to a lower margin at
the junction with the nose.

5. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
housing for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a metal seal member located in the annular
space, an annular energizing member carried by the
seal member and movable to a lower position to deform the
seal member to seal the annular space, the improvement
comprising in combination:

a wellhead housing test passage extending from the
exterior of the wellhead housing to the bore of the
wellhead housing in the annular space;

a seal member test passage extending through the
seal member in communication with the wellhead housing
test passage; and

an energizing member test passage extending through
the energizing member in communication with the seal
member test passage when the energizing member is in the
lower position, enabling an operator to apply pressure to
the wellhead housing, seal member, and energizing member
test passages to determine if leakage past the seal
exists.




wel | head housi ng test passage, the seal nenber test passage dividing the
seal nenber into a |ower portion which forns a primary seal wth the

wel | he [ e casi ng hanger and an upper portion which fornms a
seconamiﬁmglm\"mmn wel | head housi ng and- casi ng hanger; an
energi z4 ng nmenber test passage extending through the energizing nmenber in
communi cation with the seal nenber test jpassage when the energi zi ng nenber
is in the |l ower position, enabling an operator to apply pressure to the
wel | head housi ng, seal nenber, and energi zi ng nenber test passages to
determne if | eakage past the primary and secondary seal s exist; and

a di spl acenent passage extending through the energi zing nenber to the

exterior of thes?ner'ﬂ'iezuéqlﬁﬁgh%siézﬂi‘if‘ak:@&?[iiﬁﬁdtgfcii‘&@erﬂﬂréiiﬂg menber
upward for allow ng trapoed {14 4,008t Nedhldt WG oe¥hEVeddl member

test passage and an upper portion of the seal member

above the seal member test passage sealingly engage the

casing hanger and bore of the wellhead housing, forming

primary and secondary seals, respectively.

7. The wellhead assembly according to claim $ wherein
the energizing member has an upper portion and a lower
portion terminating in a tapered nose, the upper portion
locating above the energizing member test passage and the
lower portion and nose locating below the energizing
member test passage when the energizing member is in the
lower position; and wherein

the upper portion of the energizing member has a
cross-sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is

less than the cross-sectional thickness of the upper
portion.

8. The wellhead assembly according to claim 5 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper and
lower portions each having concentric, cylindrical inner
and outer walls, the upper portion locating above the
energizing member test passage and the lower portion and
nose locating below the energizing member test passage
when the energizing member is in the lower position; and
wherein

the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
of the energizing member has a constant cross-sectional
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flow out of the cavity as the energi zing nenber noves to the | ower
posi tion. - 20 - 16. The well head

assenblmmm H &“gl ai m 15, wherein the displacenent passage is
i sol at eWERR YJi Zi ng nmenber test passage.

- 16 -

thickness that is slightly less than the cross-sectional
thickness of the upper portion.

9. The wellhead assembly according to claim 5 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper portion
having parallel cylindrical inner and outer walls, the
upper portion locating above the seal member test passage
and the lower portion and nose locating below the seal
member test passage when the energizing member is in the
lower position; and wherein

the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
of the energizing member has a tapered cross-sectional
thickness that has an upper margin that is of no greater
thickness than the upper portion and which decreases in
thickness in a downward direction to a lower margin at
the junction with the nose.

10. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
housing for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a seal member located in the annular space
having cylindrical inner and outer walls spaced radially
apart from each other, defining a central annular
cavity, an annular energizing member carried by the
seal member and movable between an upper position spaced
above the cavity and a lower position in the cavity
forcing the inner and outer walls apart to seal the
annular space, the improvement comprising in combination:
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17. The wel | head assenbly according to claim 15 wherein an annul ar recess
extends!ﬂ |de of the energizing nenber at an entrance
and ,I'” ”,EE |2| ng menber test passage. 18. The wel | head
assenbl y*aceordi a|n115 wherein the energizing nmenber has an upper
portion and a |lower portion termnating in a tapered nose, the upper
portion |ocating above the energizing +#relrtber test passage and the | ower
portion and nose | ocating bel ow the energi zi ng nenber test passage when the
energi zing nmenber is in the |lower position; and wherein t he upper
portion of the energizing nmenber has a cross-sectional thickness and the

| ower portion of the energizing nenber has a cross-sectional thickness that
is | ess than the crds<ektreabimusingckpes PaFsagife exppadingrfyeh.the 19. The
wel | head asseniiky¥ef€6or dieNGHeD wd FliNBalS BHWRHAGN to the bore of the

wellhead housing in the annular space;

a seal member test passage extending through each of
the inner and outer walls of the seal member in
communication with the wellhead housing test passage;

an energizing member test passage extending through
the energizing member in communication with the seal
member test passage when the energizing member is in the
lower position, enabling an operator to apply pressure to
the wellhead housing, seal némber, and energizing member
test passages to determine if leakage past the seal
exists;

the energizing member having an upper portion and a
lower portion terminating in a tapered nose, the upper
portion locating above the energizing member test passage
and the lower portion and nose 1locating below the
energizing member test passage when the energizing member
is in the lower position; and

the upper portion of the en:rgizing member having a
cross-sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is
less than the cross-sectional thickness of the upper
portion.

11. The wellhead assembly according to claim 10 wherein
the upper portion and the lower portion each has parallel
inner and outer walls, providing constant cross-
sectional thicknesses in the upper and the lower portion.
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t he energi zing nenber has an upper portion and a |ower portion, termnating
in a ta upper and | ower portions each having paralle

cyli n Bm‘jﬂ outer walls, t he upper portion |ocating above the
energ er st est passage and the lower portion and nose |ocating

bel ow t he energi zi ng nenber test passage when the energizing nmenber is in
the | ower position; and wherein

- 18 -

12. The wellhead assembly according to claim 10 wherein
the upper portion has a constant cross-sectional
thickness and the lower portion of the energizing member
has a tapered cross-sectional thickness that has an upper
margin that is of no greater thickness than the upper
portion and which decreases in thickness in a downward
direction to a lower margin at the junction with the
nose.

13. The wellhead assembly according to claim 10 wherein
a lower portion of the seal member below the seal member
test passage and an upper portion of the seal member
above the seal member test passage sealingly engage the
casing hanger and bore of the wellhead housing, forming
primary and secondary seals, respectively.

14. The wellhead assembly according to claim 10 further
comprising: '

displacement passage means extending from a lower
end of the energizing member upward for allowing trapped
fluid contained in the cavity to flow out of the cavity
as the energizing member moves to the lower position.

1S. In a wellhead assembly of the type having a wellhead
housing, a casing hanger landed in a bore of the wellhead
housi. * for supporting a string of casing, an annular
space located between the casing hanger and the wellhead
housing bore, a seal member located in the annular space
having cylindrical inner and outer walls spaced radially
apart from each other, defining a central annulus
cavity, an annular energizing member carried by the
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- 21 - t he upper portion of the energizing nenber has a constant

crosﬂﬂmﬂ' [ ess and the |l ower portion of the energizing nenber
has Hm:l ”C”' # Fectional thi ckness that is slightly less than the
cross-"secti 6nab thi ckness of the upper portion. 20. The wel | head assenbly
according to claim15 wherein the energizing nenber has an upper portion
and a lower portion, termnating in a-tapered nose, the upper portion
having parallel cylindrical inner and outer walls, the upper portion

| ocating above the seal nenber test passage and the | ower portion and nose
| ocating bel ow t he seal nenber test passage when the energizing nenber is
in the | ower pesalimmmbeznandimavainlie betwedre arppeprepoPes bhiaf sphgedner gi zi ng

menber has a cQps{@Ntné’ O8erHECiAPNAl 16bbskpesst 8o the cheweiavieyt i on of
the energi zi ng_nenper has a_tapered cr ss-secﬁl onal__t hickness thgt has an
upper margin t AAFCIAT oFRGo1fPRy 8PS outer walls apart to seal the

annular space, the improvement comprising in combination:

a wellhead housing test passage extending from the
exterior of the wellhead housing to the bore of the
wellhead housing in the annular space;

a seal member test passage extending through each of
the inner and outer walls in communication with the
wellhead housing teat passage, the seal member <test
passage dividing the seal member into a lower portion
which forms a primary seal with the wellhead housing and
the casing hanger and an upper portion which forms a

secondary seal with the wellhead housing and casing
hanger;

an energizing member test passage extending through
the energizing member in communication with the seal
member test passage when the energizing member is in the
lower position, enabling an operator to apply pressure to
the wellhead housing, seal member, and energizing member

test passages to determine if leakage past the primary
and secondary seals exist; and

a displacement passage extending through the
energizing member to the exterior of the energizing
member from a lower end of the energizing member upward
for allowing trapped fluid contained in the cavity to
flow out of the cavity as the energizing member moves to
the lower position.
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t hi ckness than the upper portion and which decreases in thickness in a

downwar d dijh ' | ower margin at the junction with the nose. 21

In a et hO(J(Lﬂﬂy,wt'm!’igmﬂLcam ng hanger within a bore of a well head

housi ng, i ncd udi I'¥hg between the casing hanger and wel | head
housi ng a nmetal seal nenber having an inner side and an outer side, forcing

an annul ar energi zi ng nenber downward to a | ower
seal nenber to sea

i nner side agai nst the casing hanger,- 2Re - nprovenent conpri sing:

16. The wellhead assembly according to claim 15, wherein
the displacement passage is isolated from the energizing
menber test passage.

17. The wellhead assembly according to claim 15 wherein
an annular recess extends around each side of the
energizing member at an entrance and exit of the
energizing member test passage.

18. The wellhead assembly according to claim 15 wherein
the energizing member has an upper portion and a lower
portion terminating in a tapered nose, the upper portion
locating above the energizing member test péssage and the
lower portion and nose locating below the energizing
member test passage when the energizing member is in the
lower position; and wherein

the upper portion of the energizing member has a
cross-sectional thickness and the lower portion of the
energizing member has a cross-sectional thickness that is
less than the cross-sectional thickness of the upper
portion.

19. The wellhead assembly according to claim 15 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper and
lover portions each having parallel cylindrical inner and
outer walls, the upper portion locating above the
energizing member test passage and the lower portion and
nose locating below the energizing member test passage
when the energizing member is in the lower position; and
wherein
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-22- provi ding a wel | head housi ng test passage extending fromthe

exterior to the bore of the well head housi ng;
provi di nHmlllmﬂumHEBﬁJest passage extendi ng through the seal nenber from
the inner=side dow er side in conmunication with the well head housing
test passage, dividing each of the inner and outer sides of the seal nenber
into a primary seal area bel ow the seal nenber test passage and a secondary

seal area above the seal nenber test passage; and appl yi ng pressure
to the well head housing and seal

_21_
the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
of the energizing member has a constant cross-sectional

thickness that is slightly less than the cross~sectional
thickness of the upper portion.

20. The wellhead assembly according to claim 15 wherein
the energizing member has an upper portion and a lower
portion, terminating in a tapered nose, the upper portion
having parallel cylindrical inner and outer walls, the
upper portion locating above the seal member test passage
and the lower portion and nose locating below the seal
member test passage when the energizing member is in the
lower position; and wherein
the upper portion of the energizing member has a
constant cross-sectional thickness and the lower portion
of the energizing member has a tapered cross-sectional
thickness that has an upper margin that is of no greater
thickness than the upper portion and which decreases in
thickness in a downward direction to a lower margin at
" the junction with the nose.

21. In a method of installing a casing hanger within a
bore of a wellhead housing, including installing between
the casing hanger and wellhead housing a metal seal
member having an inner side and an outer side, forcing an
annular energizing member downward to a lower position to
deform the seal member to seal the outer side against the
vellhead housing'and the inner side against the casing
hanger, the improvement comprising:

REPLACEMENT SHEET
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menber test passages and nDnitoring the bore of the well head housing to
determ ne if | eakage exi sts. In a nmethod of installing a casing
hangerumu nmmumm mea wel | head housi ng, including installing between
t he ca u | | head housing a nmetal seal nenber, forcing an
annul ar energ|2|ng Smetrber downward to a | ower position to deformthe seal
menber to seal between the well head housing and the casing hanger, the

| mprovenent conpri sing: providing a wel | head housing test passage
extending fromthe exterior of the well Réad to the bore of the well head
housi ng; provi ding a seal nenber test passage extending through the

seal nenber in conpuevidirigd welbhéd® Hilslihgatie 10 issggh eatt gratisgoe;
from the exterior of the wellhead to the bore of the
wellhead housing;

providing a seal member test passage extending
through the seal member from the inner side to the outer
side in communication with the wellhead housing test
passage, dividing each of the inner and outer sides of
the seal member into a primary seal area below the seal
member test passage and a secondary seal area above the
seal member test passage; and

applying pressure to the wellhead housing and seal
member test passages and monitoring the bore of the
wellhead housing to determine if leakage exists.

22. In a method of installing a casing hanger within a
bore of a wellhead housing, including installing between
the casing hanger and wellhead housing a metal seal
member, forcing an annular energizing member downward to
a lower position to deform the seal member to seal
between the wellhead housing and the casing hanger, the
improvement comprising:

providing a wellhead housing test passage extending
from the exterior of the wellhead to the bore of the
wellhead housing;

providing a seal member test passage extending
through the seal member in communication with the
wellhead housing test passage;
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- 23 - providing an energizing nenber test passage extending
t hr ough qu energi zi ng nenber in communication with the seal nenber test

passage m"ﬂﬁm”m g nmenber is in the |ower position; and

_.23_

providing an energizing member test passage
extending through the energizing member in communication
with the seal member test passage when the energizing
nember is in the lower position; and

applying pressure to the wellhead housing, seal
member and energizing member test passages and monitoring
the bore of the wellhead housing to determine if leakage
exists.

23. In a method of installing a casing hanger within a
bore of a wellhead housing, including installing between
the casing hanger and wellhead housing a seal member with
cylindrical inner and outer walls spaced radially apart
from each other, forcing an annular energizing member
downward to a lower position between the inﬁer and outer
walls apart to seal between the wellhead housing and the
casing hanger, the improvement comprising:

providing a wellhead housing test passage extending
from the exterior of the wellhead to the bore of the
wellhead housing;

providing a seal member test passage extending
through each of the inner and outer walls in
communication with the wellhead housing test passage;

providing an energizing member test passage
extending through the energizing member in communication
with the seal member test passage when the energizing
member is in the lower position; and
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appl ying pressure to thﬁumgllhead housi ng, seal nenber and energi zi ng
S

menber te M‘mﬂﬂ& nitoring the bore of the well head housing to
deternlne

23 In a nethod of installing a casing
hanger witHin ‘a bore of a well head housi ng, including installing between

t he casi ng hanger and wel | head housing a seal nmenber with cylindrical inner
and outer walls spaced radially apart #r»e each other, forcing an annul ar
energi zi ng menber downward to a | ower position between the inner and outer
wal | s apart to seal between the well head housing and the casing hanger, the

| mprovenrent COMDY i SUfGky ing pred¥id¥ dhd0cheWRldihBRddNMNINGG] edetass e
extending fromthe e é?léﬂ ? the well head to the bore .of the mellhead
hOUSIng member and energizing member test passages and monitorin

the bore of the wellhead housing to determine if leakage

exists.

24. The method according to claim 23 wherein the step of
providing a seal member test passage locates the seal
member test passage so that the downward movement of the
energizing member provides a primary seal below the seal
member test passage and a secondary seal above the seal
member test passage.
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provi ding a seal nenber test passage extending through each of the
.nner and outer walls in comunication with the well head housing test
passage; providing an energizing nenber test passage extending
t hrough the energi zing menber in comunication with the seal nenber test

passage when the energizi ng nenber isin&grme | ower position; and
- 24 - - B

CASING HANGER SEAL WITH TEST PORT

ABSTRACT OF THE DISCILOSURE

A casing hanger seal has facilities to enable
periodic testing from the exterior of the wellhead
housing. The casing hanger seal has inner and outer
walls separated by a cavity. An energizing member moves
downward to force the inner and outer walls into
engagement with the casing hanger and bore of the
wellhead housing. Test passages extend through the inner
and outer walls, energizing member, and wellhead housing.
The test passages divide the seal member into primary and
secondary seal areas. Test fluid applied from exterior

applies to the test passages determines if leakage
exists.

FIGURE 2.
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appl ying pressure to the well head housi ng, seal nenber and energi zi ng
menber test passages and nonitoring the bore of the well head housing to
determne if | eakage exists. 24. The nmethod according to claim 23 wherein
the step of providing a seal nenber test passage | ocates the seal nenber
test passage so that the downward novenent of the energizing nenber
provides a primry seal below the seal “ménber test passage and a secondary
seal above the seal nenber test passage.
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