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51 - 'L BORE CASI NG HANGER RUNNER TOOL BACKGROUND OF THE | NVE#GEheK s
F(Qa,ld of the invention: This i'nvention relates in general to running tools
for "ﬁbunnl hg a casing ‘Hanger in a subsea well, and in particular to a
runnl%g tool that is run on casing and has a full bore inner dianeter that
equal s the inner «dianeters of the running casing and well casing. 2.

scription of the Prior Art: In a subsea well, a wellhead housing will be-
I bcated at the sea floor. As the well is drilled to successive

y

BACKGROUND OF THE INVENTION

1. Field of the invention:

This invention relates in general to running tools
for running a casing hanger in a subsea well, and in
5 particular to a running tool that is run on casing and
has a full bore inner diameter that equals the inner
diameters of the running casing and well casing.

2. Description of the Prior Art:

In a subsea well, a wellhead housing wil:l be located

10 at the sea floor. As the well is drilled to successive
depths, casing will be run and cemented in place. A
typical technique for running casing involves securing

the casing to a casing hanger, then securing the casing
hanger to a running tool. The running tool secures to

15 - drill pipe. The operator lowers the string of well
casing, casing hanger, and running tool on the drill
pim. ] o []

A cement plug will be positioned below the casing

hanger and supported by the running tool. Once the

20 casing hanger lands in the wellhead housing, the operator
will pump cement down the bore of the drill pipe. The
cement passes through the plug and flows down the well
casing, then back up the annulus surrounding the casing.

After the desired amount of cement has been pumped

25 into the drill pipe, the operator will pump a ball or
dart down the bore of the drill pipe. The ball will
contact the plug and push the cement plug down to the
bottom of the casing. The cement plug then locates at
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dept hs,» casing will be run and cenented in place. A typical technique for
.running casi-ng involves securing the casing to a casing hanger, then _
securing the casing hanger to a running tool. The running tool secures to
drill pipe. The operator |lowers the string of well casing, casing hanger,
and running tool on the drill pipe. A cement plug will be positioned bel ow
t he casi ng hanger and supported by the running tool. Once the casing
hanger | ands in the wel |l head housing, the operator will punp cenment down

the bore of the drill pipe. The cement passes through the pl ug and flows
down the wel | -2 -

the upper level of cement, and forces all of the cement
out of the well casing and up into the annulus.

The running tool frequently will have a seal sleeve
mounted to it which carries a casing hanger seal. After
5. denentinq, the operator will actuate the seal sleeve, -
moving it downward relative to the casing hanger to
position the seal between the casing 'hanger and the
wellhead housing bore. In some cases, the running tool
will also set the seal to the desired force. A variety
10 of different structures have been known in the prior art
to move the seal sleeve down. These structures include
hydraulic systems that are actuated by pulling up on the
drill pipe or moving the drill pipe downward. The
systems also include torque setting by rotation of the
15 drill pipe, or pumping fluid down the drill pipe.

' Running tools of this nature work sufficiently well.
However, one drawback is that with a very long string,
the weight of the string of casing may exceed the
strength of the string of drill pipe. Also, the drill

20 pipe has an inner diameter that is much smaller than the
inner diameter of the well casing. The cement plug must
initially be located below the drill pipe during the
running in procedure, which has some disadvantages.

Full bore casing hanger running tools are available

25 - for elastomeric casing hanger seals of some types. In
the prior art type, the casing hanger seal is initially
carried on the exterior of the casing hanger by threads.

Flowby slots on the casing hanger allow the bypass of
cement returns when cenenting. After cenenting, the

30 running tool will engage the seal assenbly and through
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casi ng, “then back up the annulus surrounding the casing. After the desired
anount of cenent has ‘been punped into the drill pipe, the operator wll
punp a ball or dart down the bore of the drill pipe. The ball will contact
the plug and push the cenent plug down to the.bottom of the casing. The
cenent plug then-l ocates at -2- the upper l'evel of cenent, and forces
all of the cenent out of the well casing and up into the annul us.

rotation will move the seal downward into position. The
seal is set by torgue. While this works well enough,
securing the seal assembly by threads to the casing
hanger requires a 1ongér casing hanger than running tools

L which carry the seal on a seal sleeve mounted to the
running tool.
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The’ . runhing tool frequently will have a seal sleeve nmounted to it which
carries a casing ‘hanger seal. After cenenting, the operator wll actuate

t he seal

sl eeve,
position the seal

I n sane cases, _ _
force. A variety of different structures have been known in the prior art

to nove the seal

downwar d.

10

15

20

25

-4 -

SUMMARY OF THE INVENTION

In this invention, the running tool is of a full
bore type, allowing the cement plug to be pumped from the
surface. Also, the running tool has a seal sleeve
mounted to it that carries the casing hanger seal. After
cementing, positiohinq means incorporated with the
running tool will move the seal sleeve from an upper
position down to « lower position between the casing
hanger and the wellhead housing bore.

In a preferred embodiment, the positioning means
comprises a J-pin and J-slot arrangement located between
a body of the running tool and the seal sleeve. Rotation
of the rimning casing less than one turn will move the J-
pins into an axial portion of the J-slot, allowing the
seal sleeve to move downward relative to the body.

A guide means locates in the running tool between
the body and the connection means for connecting the
running tool seal sleeve to the running casing. This
guide means has an inne: diameter that is not less than
the inner diameter of the running casing and well casing.
The guide means will collapse when the seal sleeve moves
to the lower position. Preferably, the guide wneans
comprises upper and lower slotted cylinders which define
alternating intermeshing fingers.

A seal connection means connects the seal sleeve to
the casing hanger seal. The seal connection means will
automatically release the seal sleeve from the casing
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noving it dowward relative to the casing hanger to
bet ween the casing hanger and the wel | head housi ng bore.
t e running tool will also set the seal to the desired

sl eeve down. These structures include hydraulic systens
that are actuated by pulling up on the drill pipe or noving the drill
The systens al so include torque setting by rotation of the
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driil prpe, or punping fluid down the drill pipe. Running tools of this
nature work sufficiently well. However, one drawback is that with a very
ong string, the weight of the string of casing may exceed thé strength of
the string of drill pipe. Also, the drill pipe has an inner dianmeter that
I's much smaller than the inner dianeter of the well casing. The cenent plug-
must initially be | ocated below the drill pipe during the running in
procedure, which has sone disadvantages FuII bore casi ng hanger running
tools are available for elastoneric casi hanger seals of sone types. In
the prior art type, the ca5|ng hanger s a is initially

hanger seal when the seal sleeve is in the lower
position. The seal connection means comprises a
resilient split ring that moves between an inner and
outer position. A release member mounts to the split
5 ring and engages the exterior of the body. rThe body has
a recess located in its lower portion. When the release
member reaches the recess, it moves inward due to the
inward bias of the split ring. This retracts the split

ring and frees the engagement with the cas1ng hanger
10 seal.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a, 1b and ic make up a quarter sectional
view of a running tool constructed in accordance with
this invention, and shown in the running in position.

15 Figqures 2a and 2b comprise a quarter sectional view
of portions of the running tool of FPigure 1, showing the
seal sleeve of the running tool in a lower position.

Figure 3 is an isometric view of the body of the
running tool of Pigure 1.
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carried>on the exterior of the casing hanger by threads. Flowby sl ot!‘ on
t he casing hanger allow the bypass of cenent returns when cenenting. After

cenenting, the running tool will engage the seal assenbly and through
-3- rotation will nove the seal downward into position. The seal is set by
torque. . Wile this works well enough, securing the seal assenbly by

threads to the casing hanger requires a |l onger casing hanger than running
t ool s

DETAILED DESCRIPTION OF TﬁE INVENTION

Referring to Figure 1a, the lower end of a string of

running casing 11 is shown. Running casing 11 is a
string of pipe that will extend to a drilling vessel at

5 the surface of the water. Running casing 11 has a bore 13
and external threads for securing to a running tool 15.
Running casing 11 is of a type that could be installed in

a well, but in this instance, it is used to lower running

~tool 15 and is not installed in a well.

10 Running tool 15 includes a casing adapter 17 which
serves as connection means for connecting running tool 15
to running casing 11. Casing adapter 17 is a threaded
member that engages running casing 11. Casing adapter 17
has external threads 19 on its lower end. A seal sleeve

15 21 secures to casing adapter 17.

Seal sleeve 21 comprises two sleeves, inner sleeve

23 and outer sleeve 25. Inner sleeve 23 has internal

threads that secure to the external threads 19, thus will

move in unison both rotationally and axially with running

20 - casing 11. Outer sleeve 25 secures to inner sleeve 23 by

a retainer ring 27. Inner sleeve 23 and outer sleeve 25

are axially immovable relative to each other, but inner

sleeve 23 can rotate relative to outer sleeve 25 because

of retainer ring 27. A plurality of flow slots 29

25 extend along the exterior of outer sleeve 25 for the

| passage of cement returns. Inner sleeve 23 has a bore 31

with an inner diameter that is greater than the inner
diameter of bore 13 of running casing 11. ' |
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whj ch carfy the seal on a seal sleeve nounted to the runni ng tool. -4-
SUMVARY ©F THE | NVENTION tn this invention, the running tool is of a full

bore type, allow ng the cenent plug to be punped fromthe surface. Al so,
the runfing tool has a seal sleeve nounted to it that carries the casing
hanger /seal . After cementing, positioning means incorporated with the

/ -— 7 -
/ 3
/

Referring to Figure 1b, inner sleeve 23 slidingly
engages a body 33. Body 33 is a tubular member having an
exterior surface 35 that is in sliding engagement with
bore 31 of inner sleeve 23. Body 33 has a downward

5 facing shoulder 37. A load shoulder 39, which faces
upward, is formed on the lower end of inner sleeve 23 for
engaging body shoulder 37.

As can be seen by comparing Figures 1a and 1b with

Figures 2a and 2b, inner sleeve 23 will move downward

10 from an upper position shown in Figures 1a and 1b to a

" lower position shown in Figures 2a and 2b. A positioning

‘means accomplishes the movement between the two positions

by rotation of running casing 11 (Fig. 1a) less than one

turn, then allowing the weight of the running casing 11

15 to move the seal sleeve 21 downward. The positioning

means includes two J-pins 41 (only one shown), each

spaced 180 degrees apart from each other. Each J-pin 41

is stationarily mounted to inner sleeve 23, extends

through the wall of inner sleeve 23, and protrudes into

20 bore 31. As shown by the dotted line in Figure 3, J-pin
41 is generally rectangular in configuration.

Referring still to Figure 3, body 33 has for each J-

pin 41 an upper circumferential J-slot 43. An axial J-

slot 45 for each J-pin 41 extends axially downward,

25 parallel to the longitudinal axis of running tool 15.
Each axial J-slot 45 intersects upper circumferential J-

slot 43. A lower circumferential J-slot 47 intersects

each axial J-slot 45 and extends a short circumferential
distance. The lower circumferential J-slots 47 are
30 located below upper circumferential J-slot 43 and at the
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runni ng-tool will nove the seal sleeve froman upper position down t! a

| ower position between the casing hanger and the wel | head housing bore. In
a preferred enbodi ment, the positioning nmeans conprises a J-pin and J-sl ot
arrangenent | ocated between a body of the running tool and the seal sleeve.
Rotation of the rumning casing |less than one turn will nove the J- pins
into an axial portion of the J-slot, allow ng the seal sleeve to nove
downward:rel ative to the body. A guide neans |ocates in the running tool
bet ween the body and the connection neans_for connecting the running tool
seal sleeve to the running casing. This™ -

lower end of axial J-slot 45.

In the upper position shown in Figure 1b, each J-pin
41 is located in the upper circumferential J-slot 43.
‘'Rotating running casing 11 (Fig. 1a) about one-half turn
5 will align J-pins 41 with axial J-slots 45. The weight
of running casing 11 will then cause the J-pin 41 and
seal sleeve 21 to move downward relative to body 33 to

the lower position shown in Figure 2b.

Referring again to Figure 1b, body 33 has a lower "

10 portion which comprises an adapter 49. Adapter 49 is a
tubular member having external threads 51 formed on a
conical portion of its lower end. Threads 51 carry a
'split latch ring 53, which engages a groove 55 formed in

a conventional casing hanger 57. Latch ring 53 will

15 releasably secure the running tool 15 to casing hanger
' $7. During the releasing procedure, adapter 49 will
unscrew from latch ring 53. Latch ring 53 is resilient .

and is biased radially inward. A retainer ring 56 (Fig.

1c) secured to adapter 49 below threads 51 will catch

20 latch ring 53 and retrieve it to the surface along with
adapter 49. U.S. Patent 4,903,992, issued February 27,

1990, Charles E. Jennings, describes more details of

‘latch ring 53.

Referring still to Figure 1b, body 33 and adapter 49
25 have a bore 59. Bore 59 has the same inner diameter as
"bore 13 of runninq'cising 11. Bore 59 is smooth and
unobstructed so as to allow the passage of a cement plug
(not shown). | '

This Sheet Has Been Replaced




has an inner diameter that is not |ess than the inner dianmeter
of the rupning casing and well casing. The guide neans will col |l apse when
the seal /sl.eeve noves to the |ower position. Preferably, the guide neans

I nter hing fingers. A seal connection neans connects the seal sleeve to
the caging hanger seal. The seal connection nmeans will automatically
rel eage the seal sleeve fromthe casing

/ . : - Referring to Figure 1la, guide means locates in the
/ annular clearance surrounding bore 31 of seal sleeve 21.
Bore 31 is of a larger diameter than bore 13 and bore 59,
thus in some cases for short cement plugs, could possibly
5 cause the cement plug to catch on the upper end of body
33. If the cement plug had an axial length greater than
the distance from the lower end of casing adapter 17 to
the upper end of body 33 when the seal sleeve 21 is in
the upper position, then there would be little likelihood
10 of the cement plug becoming cocked and catching on the
upper end of body 33.. In the case of shorter cement
plugs, however such might occur. The guide means will
prevent this occurrence. '

In the preferred embodiment, the guide means
15 comprises upper finger ring 61, which secures by a
retainer ring 63 to adapter 17. Upper finger ring 61 has
a plurality of upper fingers 65 that depend downward.
Upper fingers 65 are formed by milling slots in the upper
finger ring 61. Similarly, lower fingers 67 formed by
20 nilled slots extend upward from the upper end of body 33.
Lower fingers 69 intermesh and alternate with upper
fingers 65. The inner diameter of the upper and lower
fingers 65, 67 is the same as the inner diameter of bore
13 and bore 59 (Fig. 1b). When seal sleeve 21 is mdving
25 to the lower position, uppcz? fingers 65 will move
downward, sliding against lower fingers 67 as can be seen

by comparing Figure 1a with Pigure 2a. |

_ Referring again to Figure 1b, outer sleeve 25 has an
- inward protruding retaining shoulder 71 that faces
30 upward. An inward biased split ring 73 has an annular

.




-5- hanger seal

connecti on

i nner and outer

| ower portion.

when the seal sleeve is in the | ower position. The

seal

nmeans conprises a resilient split ring that noves between an

position. A release nenber nounts to the split ring and
engages the exterior of the body. The body has a recess located in its
When the rel ease nenber reaches the recess, it noves inward

due to the inward bias of the split ring. This retracts the split ring and
frees the engagenment with the casing hange1r0 seal . BRI EF DESCRI PTI ON OF THE

DRAW NGS

10

15

20

25

30

. recess formed around it for engaging retaining shoulder

71. Split ring 73 has a plurality of pins or release
members 75 (only one shown) spaced -circumferentially
around its inner diameter. Release members 75 engage the

exterior of body 33, but will not enter the J-slots 43,

45, 47. The length of release member 75 is selected so

as to push split ring 73 outward to keep it in an outer
position shown in Figure 1b. '

Split ring 73 has a set of threads 77 on its
exterior. A solid energizing ring 79 has mating interior
threads that screw onto threads 77. Energizing ring 79
is part of a conventional casing hanger sea],.assembly' 81.
In the preferred embodiment, seal assembly 81 is of a
metal type, having a U-shaped metal seal that is pushed
apart into sealing engagement by means of energizing ring
79. U.S. Patent 4,932,472, issued June 12, 1990, Carl F.
Boehm, Jr., describes more details of the seal assembly
81 shown. Split ring 73, retaining shoulder 71, and
release members 75 serve as a seal connection means for

connecting the seal assembly 81 to the outer sleeve 25 of - |

seal sleeve 21.

, ASs seal sleev_e 21 moves downward, release members
75 will slide on the exterior of body 33 and adapter 49.

A recess 85 on the eaexterior of body adapter 49 will

eventuany be engaged by the release members 75 when seal
sleeve 21 reaches its lower position. When this occurs,
release members 75 are pnshed inwvard by the inward bias
of épl:l.t ring 73 into recess 85. This movement releases
‘the threads 77 from the seal assembly 81. This position
is shown in Figure 2b.

i
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~Figures’la, 1b and le nmake up a quarter sectional view of a running tool
constructed in accordance with this invention, and shown in the running in

position/ Figures 2a and 2b conprise a quarter sectional view of portions
of the/unni ng tool of Figure 1, showi ng the seal sleeve of the running

tool i/ a lower pasition. Figure 3 is an isonetric view of the body of the
running tool of Figure 1. - 6-

- 11 -

Referring to Figure 1c, casing hanger 57 has a
downward facing conical 1load shoulder 87. In the
embodiment shown, load shoulder 87 is part of a load ring
89 which secures to and forms a part of casing hanger 57.

5 . Load shoulder 87 will land on an upward facing load
shoulder (not shown) located in wellhead housing 91 (Fig.

2b). The load shoulder will be formed in bore 93 of
wellhead housing 91.

Referring again to Pighre ic, a string of well
10 casing 95 secures to the lower end of casing hanger 57.
Well casing 95 has a bore 97 that is the same as the bore

13 of running casing 11 (Fig. 1a) as well as the bore 59
of running tool body 33.

In operation, the operator will assemble a string of

15 well casing 95, lowering it section by section from the
drilling vessel. Casing hanger 57 will be secured to the

upper end of the well casing 95. Running tool 15 will be
secured to the 'casi.ng hanger 57 by latch ring 53. Seal
assembly 81 will be assembled on the seal sleeve 21,

20 - which will be in the upp.r pos:l.ti.on shown in Pigures 1a
and b.

The operator secures a string of running casing 11

to the running tool 15 and lowers the running tool 15,
casing hanger 57 and well casing 95, section by section

25 as the running casing 11 is made up. When the casing
hanger lcad shoulder 87 lands in wellhead housing 91, the
operator will begin cementing. The operator pumps cement

down the running casing 11, through the body bore 59

(Pig. 1b) and down through the well casing bore 97. The

et Has Been Replaced
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of a string of

\ 2

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to Figure |la, the

running casing 11 is shown.. Running casing 11 is a

ower end
string

of pipe that will extend to a drilling vessel at the surface of the water.
Runni ng casing 11 has a bore 13 and external threads for securing to a
running tool 157 Running casing .11 is of a type that could be installed in
a well, but inthis instance, it is used to |lower running tool 15 and is
naot installed in a well. Running tool 15 includes a casing adapter

serves as connection nmeans for connecting running tool

11. Casing adapter 17 is a threaded - 12 -

10

15

20

25

cement will flow down well casing 95 and begin returning
back up the annulus surrounding well casing 95.

When the operator has puiped the ssiected amount of

cement, he will place a conventional cement plug (not

shown) into the upper end of running casing 11 at the
drilling vessel. The operator pumps the cement plug down
with a fluid such as water. The cement plug, which
would be located at the upper level of the cement,-pushes
the cement downward and back up the annulus surrounding

well casing 95. The cement plug_will pass through the

running toél 15 and proceed to the bottom of well casing

95 where it engages a conventional cement shoe (not

shown) .

The operator then will rotate the running casing 11
about one-half turn, causing inner sleeve 23 to rotate
relative to body 33. J-pins 41 will move into the axial
J-slots 45. The weight of running casing 11 will cause
the seal sleeve 21 to move downward. Seal assembly 81
will locate in an annular space between the casing hanger
57 and bore 93 of wellhead housing 91, as shown in Figure
2b. Energizing ring 79 will move downward relative to
seal 83 to partially set seal 83. At the same time,
release member 75 will engage recess 85, causing split
ring 73 to retract from engagement with energizing ring
79. 'Thig releases seal sleeve 21 from seal assembly 81.

The operator will then pull upward about 5,000
pounds above the weight of running casing 11 and fotate
two and one-half turns to the right. This causes the
adapter 49 to unscrew from latch ring 53. This releases

17 which

15 to running casing

heet Has Been Replaced’ .

\\IIIl\l i




Seal
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27.
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15

20

25

mermber tHWat engages running casing 12. Casing adapter
t hr eads

but

17 has external

9 onits lower end. A seal sleeve 21 secures to casing adapter
eve 21 conprises two sl eeves, inner sleeve 23 and outer sleeve 25.
eeve 23 has internal threads that secure to the external threads
nove in unison both rotationally and axially w th.running
11.- Quter sleeve 25 secures to inner sleeve 23 by a retainer
ner sleeve .23 and outer sleeve 25 are axially inmovable relative to

ring

i nner sleeve 23 can rotate relative to outer sleeve 25

retainer ring 27. A pluraldty of flow slots 29

the running tool 15 frbn casing hanger 57. The operator

then.continues pulling upward. The retainer 56 (Fig. 1¢)

. will catch the released latch ring 53 to retrieve it

along with running.tool 15. The rotation while pulling
upward will cause the J-pins 41 to enter the lower
circumferential J-slots 43 during retrieval.

The operator will then complete the setting of seal
assembly 81. This may be done in a number of manners.
A test tool may be employed to utilize pressure caused by
fluid being pumped from the surface to perform the final

setting. A setting tool could be lowered from the vessel
to set the seal assembly 81.

This invention has significant advant;ages. ~ The
running tool is full bore. This allows the running
casing to have the same diameter as the well casing.
This enables the operator to pump the cement plug from
the drilling vessel, rather than suspending it from the
running tool during the running procedure. The running
casing, being of the sanme type'as the well casing, will
have sufficient strength to support the weight of the
well casing. Carrying the casing hanger seal initially
on the running tool, rather than on the casing hanger,
allows a shorter length of casing hanger to be employed.

While the invention has been shown in only one 6!
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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extend along the exterior of outer sleeve 25 for the passage of cement
returns. Inner sleeve 23 has a bore 31 with an inner dianmeter that is

greater than the inner dianmeter of bore 13 of running casing 11. -7-
Referring to Figure Ib, inner sleeve 23 slidingly engages a body 33. Body
33 is a tubular nenber having an exterior surface 35 tha In
engagenment with bore 31 of inner sleeve 23. Body 33 hasTﬁ gf(‘)\/\ért]\'/_,vard

- Hﬂlllll"llllllllllllil B

I claim:

1. In a subsea well having a wellhead housing located at
a sea floor, a running tool for running and landing in
the wellhead housing on a string of running casing a

) casing hanger secured to a string of well casing, and
for positioning a cising hanger seal between the casing
hanger and wellhead housing, the running casing and well
casing being of the same inner diameter, the running tool
comprising in combination:

10 | running tdql connection means for connecting the
: running tool to the running casing;

a tubular body having an exterior and a lower end,
the body having an unobstructed bore therethrough that
has an inner diameter at least equal to the inner

15 diameter of the running casing and well casing so as to
allow a cement plug to be pumped downward through the

- running casing, body and well casing during cementing of
the well casing;

casing hanger connection means on the lower end of

20 the body for connecting the body to the casing hanger

' during running in and for releasing the body from the
casing hanger after the well casing has been cemented;

a seal sleeve carried by the body on the exterior of
the body;

25 : seal connection means on the seal sleeve for
releasably connecting the casing hanger seal to the seal

* c L L} S *
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faci ng shoul der 37. A load shoulder 39, which faces upward, is formed on
the I ower end of inner.sleeve 23 for engagi ng body shoul der 37. As can be
seen by conparing Figures la and Ib with Figures 2a and 2b, inner sleeve 23
wi | nove/downward from an upper position shown in Figures la and Ib to a.

| ower pogition shown in Figures 2a and 2b. A positioning nmeans acconplishes
t he novénent between the two positions by rotation of running casing 11
(Fig. 1a) less than one turn, then allow ng the meiEWﬁS t iplaged
casing 11 to nove the seal sleeve 21 downward. The p01 ﬁ 1

i ncludes two J-pins 41 (only one shown), each

- 15 -

sleeve; and

positioning means for carrying the seal sleeve and
casing hanger seal in an upper 'position relative to the
body during running in and cementing, and for moving the
5 seal sleeve and casing hanger seal downward to a lower
position after cementing, positioning the casing hanger
seal between the casing hanger and wellhead housing, the
seal connection means releasing the casing hanger seal
from the seal sleeve after the seal sleeve is in the
10 lower position. | |

2. The running tool according to claim 1 wherein the

positioning means moves the seal sleeve and casing hanger

seal to the lower position in response to axial movement

_ of the running casing after the casing hanger has landed
15 in the wellhead housing. '

3. The running tool according to claim 1 wherein the
positioning means moves the seal sleeve and casing hanger
seal to the lower position in response to axial movement
of the running casing after the casing hanger has landed

20 in the wellhead housing, the axial movement requiring no
more than one rotation of the running casing.

4. The running tool according to claim 1 wherein the

bositioning means moves the seal sleeve and casing hanger

_ seal to the lower position after the casing hanger has

25 landed in the wellhead housing in response to rotation of

' the running casing of less than one turn, then axial
movement of the running casing.

* [+ L M S *



spaéed 180 degrees apart from each other. Each J-pin 41 is stationari!y :
nmounted to i nner sleeve 23, extends through the wall of inner sleeve 23,

and protrudes into bore 31. As shown by the dotted Iine in Figure 3, J-pin
41 is generally rectangular in configuration. Referring still to Figure 3,
body 33 has for each J- pin 41 an upper circunf er entThig/ShgetdjasBeas Replacedixi al
J--slot 45 for each J-pin 41 extends axially downward, he

| ongi tudi nal axis of running tool 15. Each axial J-slo S upper

circunferential J- slot 43 A lower circunferenti al J-M;t 47 1 ntersects
each axial J-slot 45 and extends a short circunferenti al

5. The running tool according to claim 1 wherein the
positioning means moves the seal sleeve and casing hanger
seal to the lower position after the casing hanger has
landed in the wellhead housing in response to rotation of

5 the running casing of less than one turn, then straight
downward movement of the running casing.

6. The running tool according to claim 1 wherein the
‘running tool connection means connects the seal sleeve to
" the running casing for movement therewith.

10 7. The running tool according to claim 1 wherein the
casing hanger connection means immovably connects the
body to the casing hanger until after the positioning
means has moved the seal sleeve to the lower position.

8. In a subsea well having a wellhead housing located

15 at a sea floor, a running tool for running and landing in
the wellhead housing on a string of running casing a

casing hanger secured to a string of well casing, and

for positioning a casing hanger seal between the casing

hanger and wellhead housing, the running casing and well

casing being of the same inner diameter, the running tool

20 having a longitudinal axis and comprising in combination:

a tubular body having an exterior and a lower end,
the body having an unobstructed bore therethrough that
has an inner diameter at least equal to the inner -

. diameter of the running casing and well casing so as to
25 allow a cement plug to be pumped downward through the

running casing, body and well casing during cementing of
the well casing; '
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di st ance.

he lower circunferential J-slots 47 are—tocated bel ow upper

circunferegtial J-slot 43 and at the | ower en f axial J-slot 45. In

t he upper fosition shown in Fi gureThisSheettias Besp BERT's | ocated. in the
upper cirgunferential J-slot 43. Rota asing 11 (Fig. la) about
one-half fturn will-align. J-pins 41 w ts 45. The wei ght of

runni ng

asing 11 will then cause the J-pin 41 and seal sleeve 21 to nove
downwar

relative to body 33 to
- 17 -

casing hanger connection means on the lower end of
the body for connecting the body to the casing hanger
during running in and for releasing the body from the
casing hanger after the well casing has been cemented;

5 a seal sleeve catr:l_ed by the body on the exterior 6f
the body;

running tool connection means for connecting the
seal sleeve to the running casing;

seal connection means on the seal sleeve for

10 releasably connecting the casing hanger seal to the seal
sleeave;

positioning means engaging the seal sleeve and the

body for c_:arrying the seal sleeve and casing hanger seal

_ in an upper position relative to the body during running
15 in and cementing, and for moving the seal sleeve and
casing hanger seal Adownward to a lower position in
response to downward movement of the running casing,
.positioning the casing hanger seal between the casing
hanger and wellhead housing after cementing; and wherein

.20 the casing hanger connection means immovably
connects the body to the casing hanger until after the
positioning means has moved to the lower position, then
releases the running tool from the casing hanger in
response to upward movement of the running casing, and

25 vherein the seal connection means releases the casing

| hanger seal from the seal sleeve after the seal sleeve is
in the lower position.

* c L M S *




Al

the |l ower position shown in Figure 2b. Referring again to Figure |b, body
33 has a | ower portion which comprises an adapter 49. Adapter 49 is a

t ubul ar menber having externa&h,glgh@amsééeﬂg“pmﬂdon a conical portion of
ri
er

its | ower end. Threads 51 carry ng 53, which engages a
groove 55 formed'in a convention

Latch ring 53 wil|
rel easably secure the running to I'ng hanger 57. During the

rel easi ng procedure, adapter 49 will unscrew fromlatch ring 53. Latch ring
53 is resilient and is biased radially inward. A retainer ring 56 (Fig. 1c)
secured to adapter 49 bel ow threads 51 ,Y\é'l_l catch

9. The running tool according to claim 8 wherein the
positioning means moves the seal sleeve and casing hanger
seal to the lower position after the casing hanger has
landed in the wellhead housing in response to rotation of

5 the running casing of less than one turn, then straight
downward movement of the rumning casing.

10. The running tool according to claim 8 wherein the
running tool connection means connects the seal sleeve to
running casing for movement therewith.

10 11. The running tool according to claim 8 wherein the

: body has a cylindrical surface on the exterior of the

body that is slidingly received within an interior

cylindrical surface in the seal sleeve, and wherein the |
positioning means comprises:

15 a J’-slof. formed in one of the cylindrical surfaces,
having a circumferential portion and an axial portion
perpendicular to the circumferential portion; and

a J-pin secured to the other of the cylindrical

surfaces in engagement with the J-slot, the J-pin being

20 located in the circumferential portion during the running

in of the casing hanger and being movable to the axial

portion by rotation of the running casing relative to the

casing hanger and body to cause the seal sleeve to move
axially downward to the lower position.

25 12. The runnimg tool accordi.ng to claim 8 wherain the
seal connection means comprises:

* [ L M S *



| at'ch ring 58 and retrieve it to the surface along with adapter 49. U S.
Pat ent 4,902,992, issued February 27, 1990, Charles E. Jennings, describes
nore detail/s of latch ring 53. Referring still to Figure 1b, body 33 and
adapter 49 have a bore 59. Bore 59 has the sane inner dianeter as bore 13

of runni casing ¥1. Bore 59 is snooth and unobstruct edt—so—as—to-allow the
passage 0Of a cenent plug (not shown). ThlsSheetHasB
. een

I Illl

a resilient inwardly biased split ring movable
- radially between an outer position and an inner positiocn,
the split ring having a grooved exterior for engaging an

interior surface of the casing hanger seal when in the
5 outer position; and

- 19 -

casing hanger seal release means for causing thg
split ring to move to the inner position when the

positioning means moves the seal sleeve to the lower
position.

10 13. The running tool according to claim 8 wherein the
casing hanger connection means comprises:

a set of external threads at the lower end of the
body;

a set of internal threads in an interior portion of
15 the casing hanger which are engaged by the external
threads, requiring rotation of the body and the running

: casing to release from the casing hanger; and

vherein the seal connection means releases the seal
sleeve from the casing hanger seal prior to rotation of
20 the body.

14. The running tool according to claim 8 wherein:
the running tool connection means comprises an

adapter sleeve secured to an upper end of the seal
sleeve, the adapter sleeve having a lower end and having

; A




-9-"Referring to Figure la, guide neans |locates in the annul ar cl earance
surroundi ng ‘bore 31 of seal sleeve 21. Bore 31 is of a larger dianeter than
bore 13 and bore 59, thus in sone cases for short cenent plugs, could

possi bly cause the cement plug to catch on the upper end of body 33. If the
cement plug had an axial length greater than the—dfs%aﬁee~%Feﬁ+%he—+omer

end of casing adapter 17 to the upper end of bod leeve
21 is in the upper position, then there would be*Pé§ Sﬁgxbf t he
cenment plug becom ng cocked and catching on.the upp I In
the case of shorter cement - 20 -

" an inner diameter substantially equal to the inner
diameter of the bore of the body;

the body has an upper end spaced below the lower end
of the adapter sleave;

5 the seal sleeve has an inner diameter between the
upper end of the body and the lower end of the adapter
sleeve that is greater than the inner diameters of the
bore of the body and the inner diameter of the adapter
sleeve, defining an annular clearance which reduces in

10 axial length when the seal sleeve moves to the lower
position; and wherein the running tool further comprises:

guide means located in the annular clearance for
providing an. inner diameter substantially equal to the
inner diameters of the adapter sleeve and bore of the

15. body to facilitate passage of the plug through the
running tool. '

15. The running tool accordizi'g to claim 8 wherein:

the running tool connection means comprises an
_ _ adapter sleeve secured to an upper end of the seal
20 sleeve, the adapter sleeve having a lower end and having
an inner diameter substantially equal to the inner

diaw. ter of the bore of the body; )

the body has an upper end spaced below the lower end
of the adapter sleeve;.

25 the seal sleeve has an inner diameter between the

-
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pl ugs, ‘however such m ght occur. The gui de neans wl |

prevent this

occurrence. In the preferred enbodinent, the guide neans conprises
upper finger ring 61, which secures by a retainer ring 63 to adapter 17.

Upper frnger ring 61 has a plurality of upper fingers 65 that depend
,domnmard Upper fingers 65 are formed by mlling slots in the upper finger

ring 61. Similarly, lower fingers 67 formed by mi|Th laggsivar d
fromthe upper end of body 33. Lower fingers 69 inter ate
wi th, upper fingers 65. The i nner diameter of the uppe gers

65, /67 is the sane as the inner diameter 2t bore

/

/
/

10

15

20

25

upper end of the body and the lower end of the adapter
sleeve that is greater than the inner diameters of the
bore of the body and the bore of the adapter sleeve,
defining an annular clearance which reduces in axial
length when the seal sleeve moves to the lower position,
and wherein the running tool further comprises:

a plurality of upper fingers circumterentiélly
spaced apart from each other, and secured to and
extending downward from the adapter sleeve; and

a plurality of lower tingors circumferentially
spaced apart from each other, located between and
alternating with the upper fingers, the lower fingers
being at the upper end of the body, the upper and lower
fingers having inner diameters substantially equal to the
inner diameters of the odapter sleeve and bore of the

body to facilitate passage of the plug through the
running tool.

16. In a subsea well having a wellhead housing located
at a sea floor, a running tool for running and landing in
the wellhead housing on a string of running casing a
casing hanger secured to a string of well casing, and
for positioning a casing hanger seal between the casing
hanger and wellhead housing, the rumning tool having a
longitudinal axis and comprising in combination:

a tubular body having an exterior cylindrical
surface and a lower end;

casing hanger connection means on thellower end of

| ) RO
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13 'and bore 59 (Fig. 1b). Wen seal sleeve 21 is noving to the |ower™
_position, upper fingers 65 wll nove downward, sliding against |ower

fingers 67 as can be seen by conparing Figure la wth Fgure 2a—Referring
again to Figure |Ib, outer sleeve 25 has-an inward prot r-mglgp,getr el Rpjaced

shoul der 71 that faces upward. An inward biased split ”"ﬂﬂ [m' r

annul ar - 10 - recess forned around it for engaging re Her-

- 22 -

the body for connecting the body to the casing hanger
 during running in and for releasing the body from the
casing hanger after the well casing has been cemented;

a seal sleeve carried by the body on the exterior,
5 the seal sleeve having an interior cylindrical surface in

sliding engagement with the exterior cylindrical surface
of the body;

running tool connection means for connecting the
seal sleeve to the running casing;

10 _ 'seal connection means on the se_al Sleeve for
releasably connecting the casing hanger seal to the seal
sleeve;

a J-slot formed in oné of the cylindrical surfaces,
having a circumferential portion and an axial portion
15 perpendicular to the circumferential portion;

a J-pin secured to the other of the cylindrical
surfaces in engagement with the J-slot, the J-pin being
located in the circumferential portion during the running
in of the casing hanger, positioning the casing hanger

20 seal in an upper position relative to the body, and
being movable to the axial portion by rotation of the
running casing and seal sleeve relative to the casing
hanger and body to cause the seal sleeve to move axially
downward to position the casing hanger seal in a lower

25  position between the casing hanger and wellhead housing
after cementing; and wherein ' ' '

* [ L M H *




71. Spl i; ring 73 has a plurality of pins or release menhers 75 (only one
shown) gpaced circunferentially around its inner dianeter. Release nenbers

75 engage the exterior of body 33, but will not enter thé&higSheetHas Been Replaced
47. Tt}é | ength of release nenber 75 is selected so as to pl.H Iuﬁiﬂ 73
outwayd to keep-it in an outer position shown in Figure |b. [ _
has @ set of threads 77 on its exterior. A solid energizing ring 79 has -
mati‘ng interior threads that screw onto threads 77. Energizing ring 79 is

part of a conventional casing hanger seal assenbly 81. In the preferred
embodi nent, seal assenmbly 81 is of a - 23 -

the casing hanger connection means immovably
connects the body to the casing hanger until after the
casing hanger seal has moved to the lower position, then
releases the running tool from the casing hanger in
response to upward movement of the running casing, and
wherein the seal connection means releases the casing
hanger seal from the seal sleeve after the casing hanger
seal is in the lower position.

17. ‘The running tool according to élain 16 wherein the
10 seal connection means comprises:

a resilient .split ring movable radially between an
outer position and an inner position, the split ring
having a grooved exterior for engaging an interior

surface of the casing hanger seal when in the outer
15 position; and

casing hanger seal release means for causihg the
split ring to move to the inner position when the
positioning means moves the seal sleeve to the lower
position. '

20 18. The running tool according to claim 16 wherein the
casing hanger connection means comprises:

' a set of external threads at the lower end af wne
body; '

a set of internal threads in an interior portion of
25 the casing hanger which are engaged by the external
threads, requiring rotation of the body and the running

A




met al typ;e, having a U shaped netal seal that is pushed apart into segl I ng
engagenent by neans of energizing ring 79. U S ~Patent 4,932,472, issued
June 12, 1990, Carl F. Boehm Jr., describes nprgis€aéatiHas Boén Régpacedal

assenbly 81 shown. Split ring 73, retaining shoul | ease \
menbers 75 serve as a seal connection nmeans for co t eal \
assenbly 81 to the outer sleeve 25 of seal sleeve ; Sleeve 21 °

moves downward, rel ease menbers 75 will slide on the exterior of body 33
and adapter 49. A recess 85 on the exterior of body adapter 49 w ||
eventual |y be engaged by the rel ease netbe} s~ 75 when seal

casing to release from the casing hanger; and

wherein the seal connection means releases the seal
sleeve from the seal prior to rotation of the body.

19. The running tool according to claim 16 wherein:

5 - the running tool connection means comprises an
adapter sleeve secured to an upper end of the seal
sleeve, the adapter sleeve having a bore and a lower end;

the body has a bore and an upper end spaced below
the lower end of the adapter sleeve; '

10 the seal sleeve has an inner diameter between the
upper end of the body and the lower end of the adapter
sleeve that is greater than inner diameters of the bore
of the body and the bore of the adapter sleeve, defining
an annular clearance which reduces in axial length when

15 the seal sleeve moves to the lower position; and wherein
the running tool further comprises: |

guide means located in the annular clearance for

providing an inner diameter substantially equal to the

inner diameters of the adapter sleeve and bore of the

20 body to facilitate passage of a plug through the running

tool,

20. The running tool according to claim 16 wherein:

the running tool connection means comprises an
adapter sleeve secured to an upper end of the seal

* [ L n s &




sl eeve QlJreaches its | ower position. Wen this occurs, ‘rel-ease nenmbers 75
are pushed inward by the inward bias of split ring 73 rn%e—#eeess—85féﬂy4}

movenment rel eases the threads 77 fromthe seal assenbly, Ihi.s Lon 4
is shown in Figure 2b. Referring to Figure 1c, casm p ced
downward facing-conical |oad shoul der 87. In the enb I II

| oad shoul der 87 is part of a load ring 89 which secures
part of casing hanger 57.

- 25 =

sleeve, the adapter sleeve having a lower end and having
a bore with an inner diameter;

the body has an upper end spaced below the lower end
of the adapter sleeve and a bore with an inner diameter

5 substantially equal to the inner diameter of the bore of
the adapter sleeve;

the seal sleeve has an inner diameter between the
upper end of the body and the lower end of the adapter
sleeve that is greater than the inner diameters of the
10 bore of the body and the bore of the adapter sleeve,
defining an annular clearance which reduces in axial
length when the seal sleeve moves to the lower position;

and wherein the running tool further comprises:

a plurality of upper fingers circumferentially
15 spaced - apart from - each other, and secured to and
extending downward from the adapter sleeve; and

a plnralify of lower fingers circumferentially
spaced apart from each other, located between and
alternating with the upper fingers, the lower fingers

20 being located in the clearance at the upper end of the
body, the upper and lower fingers having inner diameters
substantially equal to the inner diameters of the bore of
the adapter sleeve and bore of the body to facilitate

. passage of a plug through the running tool.

25 21. The running tool according to claim 16 wherein the
: seal connection means comprises:

TN QYL




Load shoul der

in bore 93 of well head housing 91. Referrin
of well casing 95 secures to the | ower end

95 has a bore 97 that is the sane as the bo IMEHI I

87 will land on an upward. facing—toatd—shoutder . (not sh

| ocated in well head housing 91 (Fig. 2b) Thg%eét%gégr?[ﬁg 8vm Il be f
1c,

a st
57. Wl
ng casing 11

la) as well as the bore 59 of running tool body 33. In operation, the

operator wl |

assenble a string of well casing 95, lowering it sectio

section fromthe drilling vessel. Casimng2famger 57 will be secured to

10

15

20

25

an inwardly biased resilient split ring movable
radially between an outer position and an inner position,
the split ring having a grooved exterior for engaging an
interior surface of the casing hanger seal when in the
outer position; |

a release member protruding radially inward from the
split ring into sliding engagement with the body to
maintain the split ring in the outer position while the
seal sleeve is above the lower position; and

a recess fqrned on the body for receiving the
release member wh_en the seal sleeve reaches the lower

position, allowing the split ring to retract to the inner

position to disengage from the casing hanger. seal.

22. A method of installing casing in a subsea wellhead
housing, comprising:

connecting a casing hanger to an upper end of a
string of well casing;

providing a casing hanger running tool with a bore
therethrough which has a body with an inner diameter at
least equal to an inner diameter of the well casing, and
which has a seal sleeve that is movable relative to the
body between upper and lower posi_.tions;

connecting a casing hanger seal to the seal sleeve
and positioning the seal sleeve in the upper position;
then '

A

r\ng
ca\i ng

(

n by
t he




upper eml casing 95. Running tool 15 will be secured to the

casi ng hanger 57 by latch ring 53. Seal assenbly 81 will be assenbled on
the seal sleeve 21, which will be in the upper position shown in Figures |la
and b. The operator secures a string of running casing 11 to the running
tool 15 and |l owers the running tool 15, casing hanger 57 and wel | casing

95, section by section as the running casing 11 is nade up. When t he
casi ng hanger |oad shoul der 87 |ands in wellhead housing 91, the operator
wi |l begin cenenting. The operator punps cement down the runni ng casing 11,
through t he body bore 59 - 27 -

connecting the running tool to the casing hanger and
to a string of running casing which has an inner diameter
equal to the inner diameter of the well casing; then

lowering the well casing into the wel. and landing
5 the casing hanger in the wellhead; then

punping cement down the running casing, through the
running tool, down the well casing, and back up an
annulus surrounding the well casing; then

moving the seal sleeve to the lower position,
10 locating the casing hanger seal between the casing hanger
and the wellhead housing; then

releasing the seal sleeve from the casing hanger
seal and releasing the running tool from the casing

hanger, and retr:levinq the running tool with the running
18 casing.

heet Has Been Replaced
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i o "“‘W‘ -
(Fig. 1b) and down through t he wel | ca5|ngf56rE“97"Thé‘“'“-”Iz*‘“cenent
will flow down well casing 95 and begin return| ng bacK up tHe anntli§™
surroundi ng wel | casing 95. Wen the oper att has punped the sel ected

amount of cenent, he will place a conventi I cement plug (not shown) - |
into. the upper end of runni ng casing ll_at't'he ari I Ting \ieSseI'.""TTTé"*
operator punps the cenment plug down with a fluid such as water. The cenent
pl ug, which

- 28 - ' \

ABSTRACT OF THE DISCLOSURE

A ruhning_tool for running casing in a subsea well has a
full bore. The running tool is run on casing which will
be of the same inner diameter as the diameter of the well
5 casing. The running tool has a body and a movable seal
sleeve. The seal sleeve c_:arriés a casing hanger seal.
After cementing, manipﬁlation of the casing causes the

seal sleeve to move downward to a lower position to set
the seal.

This: Sheet Has Been Reﬁlace




wgmnd 5\\4ocated at the upper level of the cement, pushes the cenent
war d>and back up the annul us surrounding well casing 95. The cenent
pl ugswi || pass through the running tool 15 and proceed to the bottom of
mel?\ggsing 95 where it engages a conventional cenment shoe (not shown). The
operatbr then will rotate the running casing 11 about one-half turn, '
causing inner sleeve 23 to rotate relative to body 33. J-pins 41 mAII nove
into the axial J-slots 45. The #4Ng, 11 wWill cause the
seal " sl eeve 21 to nove domnmard. Seal assenbly 81 =1k cate.in an annul ar
space between the casing hanger '3‘/‘

15

~-19

— 23

FIG. 1a

— 25

L ~-29

heet Has Been Replaced ’l\rf

T I




4

57 and Bore 93 of wellhead housing 91, as shown in Figure 2b. Energizing
ring 79 will nove downward relative to seal 83 to partially set seal 83. At
the sane tinme, release nenber 75 will engage recess 85, causing split ring
73 to retract fromengagenent with energizing ring 79. This rel eases seal
sl eeve 21 from seal assenbly 81. The operator will then pull upwar d about
5, 000 pounds above the weight of running casing 11 and rotate two and
one-half turns to the right. This causes the adapter 49 to unscrew from

latch'ring 53. This rel eases Ar -
v
4]
. _
43 . _L-
:
331
! 35\—1 ¢V29
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' 47~ f 5/25 .
L
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-13- t¥e running tool 15 from casi ng' harger 57. The operator then continues
pul I'i g9 upward. The retainer 56 (Fig. 1c) will catch the released latch
ring 3 to retrieve it along with running tool 15. The rotation while

pul l'i/ng upward wi Il cause the Jd-pins 41 to enter the |ower circunferenti al
J-slpts 43 durirg retrieval. The operator will then conplete the setting of
seal. assenbly 81. This nay be done in a nunber of manners. A test tool may
be errpl oyed to utilize pressure caused by fluid being punped fromthe
sur’face to performthe final

4
&
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setting.” A setting tool could be | owered fromthe vessel
assenbly 81. This invention has significant advantages.

is full bore. This allows the running casing to have the sane di aneter as
the well casing. This enables the operator to punp the cenent plug fromthe
drilling vessel, tather than suspending it fromthe running tool during the
runni ng procedure. The running casing, being of the sane type as the well
casipg, will have sufficient strength to support the weight of the well

casing. Carrying the casing hanger seal initially on the running tool,
rather than on the casing hanger, ' '

to set the sea
The runni ng tool

17
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1 651
23—
]
| 25_4/
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allows a shorter length of casing hanger to be enployed. Wiile the
I nvention has been shown in only one of its forns, it should be apparent to
those skilled in the art that it is not so limted, but is susceptible to

vari ous changes without departing fromthe scope of the invention. - 14
- | claim 1. In a“subsea well having a wellhead housing | ocated at
/
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a sea floor, a running tool for running and | anding in the well head housing
on a string of running ~<casimg a casing hanger secured to a string of well
casing, and for positioning a casing hanger seal between the casing hanger
and wel | head housing, the running casing and well casing being of the sane
I nner di aneter, the running tool conprising in conbination: running tool
connection neans for connecting the running tool to the running casing, a

t ubulgr body having an exterior and a | ower end, the body having an _
unob¥ ructed bore therethrough that has an ipner dianeter at | east equal to
t he i nner : _
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BORE CASING HAN%ER liU'NNER TOOL

BACKGROUND OF THE INVENTION
1. Field of ‘the invention:
This invention relates in general to running tools
for running :a casing hanger in a subsea well, and in

particular to a running tool that is run on casing and
has a full bore inner diameter that equals the inner

diameters of the running casing and well casing.

2. Description of the Prior Art:

In a subsea well, a wellhead housing wiil be located
at the sea floor. As the well is drilled to successive

depths, casing will be run and cemented in place. A _

typical technique for running casing involves securing
the casing to a casing hanger, then securing the casing
hanger to a running tool. The running tool secures to
drill pipe. The operator lowers the- string of well

casing, casing hanger, and running tool on the drill

pipe. - N .
A cement plug will be positioned below the casing

hanger and supported by the running tool. Once the

casing hanger lands in the wellhead housing, the operator
will pump cement down the bore of the drill pipe. The
cement passes through the plug and flows down the well
casing, then back up the annulus surrounding the casing.

After the desired amount of cement has been pumped -

into the drill pipe, the operator will pump a ball or
dart down the bore of the drill pipe. The ball will
contact the plug and push the cement plug down to the
bottom of the casing. The cement plug then locates at

-eﬁ’i*asil h: hanlﬁetr durl R
body from the e’asmgfhangp? cdf. ®eto Pt well
st'egve darriéd by the body on the exterior:
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- 15 - sleeve; and positioning nmeans for carrying the seal 'sleeve and
casi ng hanger seal in an upper position relative to the body during running
in and cenenting, and for noving the seal sleeve and casi ng hanger seal
downward to a | ower position after cenenting, positioning the casing hanger
seal between the casing hanger and wel | head housi ng, the seal connection
nmeans rel easi ng the casi ng hanger sea;_ : :

the upper level of cement, and forces all of the cement
out of the well casing and up into the annulus.

The running tool frequently will have a seal sleeve
mounted to it which carries a casing hanger seal. After
cementing, the operator \iill actuate the seal sleeve,
moving it downward relative to the casing hanger to
position the seal between the casing hanger and the
wellhead housing bore. In some cases, the running tool
will also set the seal to the desired force. A variety
of different structures have been known in the prior art
‘to move the seal sleeve down. These structures include
hydraulic systems that are actuated by pulling up on the
drill pipe or moving the drill pipe downward. ' The
systems also include torque setti'ng by rotation of the
drill pipe, or pumping fluid down the drill pipe.

Running tools of this nature work sufficiently well.
However, one drawback is that with a very long string,
the weight of the string of casing may exceed the
strength of the string of drill pipe. Also, the drill
pipe has an inner diameter that is much smaller than the
inner diameter of the well casing. The cement plug must
initially be located below the drill pipe during the
running in procedure, ‘which has some disadvantages.

Full bore casing hanger running tools are available
for elastomeric casing hanger seals of some types. 1In
the prior art type, the casing hanger seal is initially
carried on the exterior of the casing hanger by threads.
Flowby slots on the casing hanger allow the bypass of
cement returns when cementing. After cementing, the
running tool will engage the seal assembly and through
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fromthe seal sleeve after the seal sleeve is in the |lower position. 2. The
funning tool according to claim1 wherein the positioning means noves the
seal sleeve and casing hanger seal to the |lower position in response to
axi al nmovenent of the running casing after the casing hanger has | anded in
t he wel | head housing. 3. The running tool according to claim1l wherein the
posi tioning nmeans noves the seal sleeve and casing hanger seal to the | ower
position in response to axi al novemert f" t he runni ng casing after the
casi ng hanger has | anded in the well head -housi ng, the axial novenent
requiring no '

rotation will move the seal downward into pesition. The
| seal is set by torque. While this works well enough,
securing the seal assembly by threads to the casing
hanger requires a longer casing hanger than running tools
which carry the seal on a seal sleeve mounted to the
running tool.
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nore than one rotation of the running casing. 4. The running tool according
tqQq claim1 wherein the positioning neans noves the seal sleeve and casing
hanger seal to the | over position after the casing hanger has | anded in the
wel | head housing in response to rotation of the running casing of |ess than
one turn, then axial novenent of the running casing. - 16 - 5. The
running tool according to claim1 wherein the

-4 -

SUMMARY OF THE INVENTION

In this invention, the running téol is of a full
bore type, allowing the cement plug to be pumped from the
surface. Also, the running tool has a seal sleeve
mounted to it that carries the casing hanger seal. After
cementing, positioning means incorporated with the
running tool will move the seal sleeve from an upper
position down to & lower position between the casing
hanger and the wellhead housing bore. |

In a preferred embodiment, the positioning mneans
comprises a J-pin and J-slot arrangement located between
a body of the running tool and the seal sleeve. Rotation
of the rimninq casing less than one turn will move the J-
pins into an axial portion of the J-slot, allowing the
seal sleeve to move downward relative to the body.

A guide means locates in the running tool between
the body and the connection means for connecting the
running tool seal sleeve to the running casing. This
guide means has an inner diameter that is not less than
the inner diameter of the running casing and well casing.
The guide means will collapse when the seal sleeve moves
to the lower position. Preferably, the guide means
comprises upper and lower slotted cylinders which define
alternating intermeshing fingers. '

A seal connection means connects the seal sleeve to
the casing hanger seal. The seal connection means will
automatically release the seal sleeve from the casing

- : This is the replacement sheet

g JaN 1997

Date:



T

posi tioning neans noves the seal sleeve and casing hanger seal to the | ower
position after the casing hanger has |landed in the well head housing in
response to rotation of the running casing of |ess than one turn, then
strai ght downward novenent of the running casing. 6. The running tool
according to claim1 wherein the running tool connection neans connects the
seal sleeve to the running casing for novenent therewith. 7. The running

t ool according to claim1l wherein the casing hanger connection nmeans

I rmovably connects the body to the casing hanger until after the

posi tioning neans has noved the seal sleeve to the | ower position.

hanger seal when the seal sleeve is in the 1lower
position. The seal connection means comprises a
resilient split ring that moves between an inner and
outer position. A release member mounts to the split
ring and engages the exterior of the bedy. The body has
a recess located in its lower portion. When the release
member reaches the rccéss, it moves inward due to the
inward bias of the split ring. This retracts the split

ring and frees the engagement with the casing hanger
seal.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a, 1b and 1lc make up a quarter sectional
view of a runmning tool constructed in accordance with
this invention, and shown in the running in position.

Pigures 2a and 2b comprise a quarter sectional view
of portions of the running tool of Figure 1, showing the
seal sleeve of the running tool in a lower position.

Figure 3 is an isometric view of the body of the
running tool of Figure 1.
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8. In a subsea well having a well head housing |ocated at a sea floor, a
running tool for running and landing in the well head housing on a string of
runni ng casing a casing hanger secured to a string of well casing, and for
positioning a casing hanger seal between the casing hanger and wel | head
housi ng, the running casing and wel| casing being of the sane inner

di aneter, the running tool having a |longitudinal axis and conprising in
conmbi nation: a tubular body having an_exterior and a | ower end, the body
havi ng an unobstructed bore therethrough that has an inner dianmeter at

| east equal to the .inner diameter of the running casing and well casing so
as to

DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1a, the lower end of a string of
running casing 11 is shown. Running casing 11 is a
string of pipe that will extend to a drilling vessel at
the surface of the water. Running casing 11 has a bore 13
and external threads for securing to a running tool 15.
Running casing 11 is of a type that could be installed in
a well, but in this instance, it is used to lower running
tool 15 and is not installed in a well.

Running tool 15 includes a casing adapter 17 which
serves as connection means for connecting running tool 15
to running casing 11. Casing adapter 17 is a threaded
member that engages running casing 11. Casing adapter 17
has external threads 19 on its lower end. A seal sleeve
21 secures to casing adapter 17.

Seal sleeve 21 comprises two sleeves, inner sleeve
23 and outer sleeve 25. Inner sleeve 23 has internal
threads that secure to the external threads 19, thus will
move in unison both rotationally and axially with running
casing 11. Outer sleeve 25 secures to inner sleeve 23 by
a retainer ring 27. Inner sleeve 23 and outer sleeve 25
are axially immovable relative to each other, but inner
sleeve 23 can rotate re;ativu to outer sleeve 25 because
of retainer ring 27. A plurality of flow slots 29
extend along the exterior of outer sleeve 25 for the
passage of cement returns. Inner sleeve 23 has a bore 31
with an inner diameter that is greater than the inner
diameter of bore 13 of running casing 11.
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allow a cenent plug to be punped downward through the running casing, body
and wel |l casing during cenenting of the well casing; - 17 - casing
hanger connection nmeans on.the | ower end of the body for connecting the
body to the casing hanger during running in and for releasing the body from

t he casing hanger after the well casing has been cenented; a seal sleeve
carried by the body on the exterior of '

'Referring to Figure 1b, inner sleeve 23 slidingly
engages a body 33. Body 33 is a tubular member having an
exterior surface 35 that is in sliding engagement with
bore 31 of inner sleeve 23. Body 33 has a downward
facing shoulder 37. A load shoulder 39, -which faces
upward, is formed on the lower end of inner sleeve 23 for
engaging body shoulder 37.

As can be seen by comparing FPigures 1a and 1b with
Figures 2a and 2b, inner sleeve 23 will move downward
from an upper position shown in Figures 1a and 1b to a
lower position shown in Figures 2a and 2b. A positioning
means accomplishes the movement between the two positions
by rotation of running casing 11 (Fig. 1a) less than one
turn, then allowing the weight of the running casing 11
to move the seal sleeve 21 downward. The positioning
means includes two J-pins 41 (only one shown), each
spaced 180 degrees apart from each other. Each J-pin 41
is stationarily mnounted to inner sleeve 23, extends
through the wall of inner sleeve 23, and protrudes into
bore 31. As shown by the dotted line in Figure 3, J-pin
41 is generally rectangular in configuration. '

Referring still to Figure 3, body 33 has for each J-
pin 41 an upper circumferential J-slot 43. An axial J-
slot 45 for each J-pin 41 extends axially downward,
parallel to the longitudinal axis of running tool 15.
Bach axial J-slot 45 intersects upper circumferential J-
slot 43. A lower circumferential J-slot 47 intersects
each axial J-slot 45 and extends a short circumferential
distance. The lower circumferential J-slots 47 are -
located below upper circumferential J-slot 43 and at the
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t he body; running tool connection neans for connecting the seal sleeve to
‘the running casing; seal connection neans on the seal sleeve for releasably
connecting the casing hanger seal to the seal sleeve; positioning nmeans
engagi ng the seal sleeve and the body for carrying the seal sleeve and
casi ng hanger seal in an upper position relative to the body during running
I n and cenenting, and for noving the seal sleeve and casi ng hanger seal

downward to a | ower position in response to downward novenent of the
runni ng casing, -8 -

lower end of axial J-slot 4S5.

In the upper position shown in Figure 1b, each J-pin
‘41 is located in the upper circumferential J-slot 43.
Rotating running casing 11 (Fig. 1a) about one-half turn
will align J-pins 41 with axial J-slots 45. The weight
of running casing 11 will then cause the J-pin 41 and
seal sleeve 21 to move downward relative to body 33 to
the lower position shown in Figure 2b. ' '

Referring again to Figure 1b, body 33 has a lower
portion which comprises an adapter 49. Adapter 49 is a
tubular member having external threads S1 formed on a
conical portion of its lower end. Threads 51 carry a
split latch ring 53, which engages a groove 55 formed in
a conventional casing hanger 57. Latch ring sa‘will
releasably secure the running tool 15 to casing hanger
57. During the releasing procedure, adapter 49 will
unscrew from latch ring 53. Latch ring 53 is resilient
and is biased radially inward. A retainer ring 56 (Fig.
1c) secured to adapter 49 below threads 51 will catch
latch ring $3 and retrieve it to the surface along with
adapter 49. U.S. Patent 4,903,992, issued February 27,
1990, Charles E. Jennings, describes more details of
latch ring 53. : |

Referring still to Figure 1b, body 33 and adapter 49
have a bore 59. Bore 59 has the same inner diameter as
bore 13 of running casing 11. Bore 59 is smooth and
unobstructed so as to allow the passage of a cement plug
(not shown).
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positioning the casing hanger seal between the casing hanger and wel | head
housi ng after cenenting; and wherein the casi ng hanger connection neans
i nmovably connects the body to the casing hanger until after the
positioning nmeans has noved to the | ower position, then rel eases the
running tool fromthe casing hanger in response to upward novenent of the
runni ng casing, and wherein the seal connection neans rel eases the casing

hanger seal fromthe seal sleeve after .the seal sleeve is in the |ower
posi tion. ' _

Referring to Figure la, guide means locates in the
" annular clearance surrounding bore 31 of seal sleeve 21.
Bore 31 is of a larger diameter than bore 13 and bore 59,
thus in some cases for short cement plugé, could possibly
cause the cement plug to catch on the upper end of body
33. If the cement plug had an axial length greater than
the distance from the lower end of casing adapter 17 to
the upber end of body 33 when the seal sleeve 21 is in
the upper position, then there would be little likelihood
of the cement plug becoming cocked and catching on the
upper end of body 33. In the case of shorter cement
plugs, however such might occur. The guide means will
prevent this occurrence.

In the preferred embodiment, the guide means
comprises upper finger ring 61, which secures by a
retainer ring 63 to adapter 17. Upper finger ring 61 has
a plurality of upper fingers 65 that depend downward.
Upper fingers 65 are formed by milling slots in the upper
finger ring 61. Similarly, lower fingers 67 formed by
milled slots extend upward from the upper end of body 33.
Lowver fingers 69 intermesh and alternate with upper
fingers 65. The inner diameter of the upper and lower
fingers 65, 67 is the same as the inner diameter of bore
13 and bore 59 (Fig. 1b). When seal sleeve 21 is moving
to the lower position, upper fingers 65 will move
downward, sliding against lower fingers 67 as can be seen
by comparing Figure la with Pigure 2a.

Referring again to Figure 1b, outer sleeve 25 has an

inward protruding retaining shoulder 71 that faces
upwvard. An inward biased split ring 73 has an annular
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9. The running tool according to claim8 wherein the positioning neans
nmoves the seal sleeve and casing hanger seal to the |lower position after

t he casi ng hanger has | anded in the well head housing in response to
rotation of the running casing of |ess than one turn, then straight
downward nmovenent of the running casing. 10. The running tool according to
claim8 wherein the running tool connection nmeans connects the seal sleeve
to runni ng casing for novenent therewi th.Y4T  The runni ng tool according

to claim8 wherein the body has a cylindrical surface on the exterior of
t he

recess formed around it for engaging retaining shoulder
71. Split ring 73 has a plurality of pins or release
members 75 (only one shown) spaced circumferentially
around its inner diameter. Release members 75 engage the
exterior of body 33, but will not enter the J-slots 43,
45, 47. The length of release member 75 is selected so
as to push split ring 73 outward to keep it in an outer
position shown in Figure 1b.

Split ring 73 has a set of threads 77 on its
exterior. A solid energizing ring 79 has mating interior
threads that screw onto threads 77. Energizing ring 79
is part of a conventional casing hanger sealiassembly 81.
In the preferred embodiment, seal assembly 81 is of a
metal type, having a U-shaped metal seal that is pushed
apart into sealing engagement by means of energizing ring
79. U.S. Patent 4,932,472, issued June 12, 1990, Carl F. _
Boehm, Jr., describes more details of the seal assenmbly
81 shown. Split ring 73, retaining shoulder 71, and
release members 75 serve as a seal connection means for

' connecting the seal assénbly 81 to the outer sleeve 25 of
seal sleeve 21.

As seal sleeve 21 moves downward, release members
75 will slide on the exterior of body 33 and adapter 49.
A recess 85 on the exterior of body adapter 49 will
eventually be engaged by the release members 75 when seal
sleeve 21 reaches its lower position. Wwhen this occurs,
release members 75 are pushed inward by the inward bias
of split ring 73 into recess 85. This movement releases

the threads 77 from the seal assembly 81. This position
is shown in Figure 2b.
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the seal sleeve, and wherein the positioning means conprises: a J-sl
formed in one of the cylindrical surfaces, having a circunferential

and an axial portion perpendicular to the circunferential portion; and a
J-pin secured to the other of the cylindrical surfaces in engagenent

the J-slot, the J-pin being located in the circunferenti al
the running in of the casing hanger and Bdi mg novable to the axial

body that is slidingly received within an interior cylindrical surface in

ot
portion

Wi th

portion during
portion

"by rotation of the running casing relative to the casing hanger and body to

cause the seal

sl eeve to nove

Referring to Figure 1c, casing hanger 57 has a
downward facing conical load shoulder 87. In the
embodiment shown, load shoulder 87 is part of a load ring
89 which secures to and forms a part of casing hanger 57.
Load shoulder 87 will land on an upward facing load
shoulder (not shown) located in wellhead housing 91 (Fig.
2b). The load shoulder will be formed in bore 93 of
wellhead housing 91. '

Referring again to Figure 1c, a string of well
casing 95 secures to the lower end of casing hanger 57.
Well casing 95 has a bore 97 that is_the same as the bore

13 of running casing 11 (FPig. la) as well as the bore 59
of running tool body 33. '

In operation, the operator will assemble a string of
well casing 95, lowering it section by section from the
drilling vessel. Casing hanger 57 will be secured to the
upper end of the well caéinq 95. Running tool 15 will be
secured to the casing hanger 57 by latch ring 53. Seal
assembly 81 will be assembled on the seal sleeve 21,

which will be in the upper position shown in Figures 1a
and b.

The operator secures a string of running casing 11
to the running tool 15 and lowers the running tool 15,
casing hanger 57 and well casing 95, section by section
as the running casing 11 is made up. When the casing
hanger load shoulder 87 lands in wellhead housing 91, the
operator will begin cementing. The operator pumps cement
down the running casing 11, through the body bore 59
(Pig. 1b) and down through the well casing bore 97. The
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axially downward to the |lower position. 12. The running tool according to
claim 8 wherein the seal connection neans conpri ses: - 19 - aresilient
i nwardly biased split ring novable radially between an outer position and
an inner position, the split ring having a grooved exterior for engagi ng an
interior surface of the casing hanger seal when in the outer position; and

- 12 -

. cement will flow ddwn well casing 95 and begin returning
back up the annulus surrounding well casing 95.

When the operator has pumped the selected amount of
cement, he will place a conventional cement plug (not
shown) into the upper end ot running casing 11 at the
drilling vessel. The operator pumps the cement plug down
with a fluid such as water. The cement plug, which
would be located at the upper level of the cement, pushes
the cement downward and back up the annulus surrounding
well casing 95. The cement plug will pass through the
running tool 15 and proceed to the bottom of well casing
95 where it engages a conventional cement shoe (not
shown) .

The operator then will rotate the running casing 11
about one-half turn, causing inner sleeve 23 to rotate
relative to body 33. J-pins 41 will move into the axial
J-slots 45. The weight of running casing 11 will cause
the seal sleeve 21 to move downward. Seal assembly 81
will locate in an annular space between the casing hanger
57 and bore 93 of wellhead housing 91, as shown in Pigure
2b. Energizing ring 79 will move downward relative to
seal 83 to partially set seal 83. At the same tinme,
release member 75 will engage recess 85, causing split
ring 73 to retract from engagement with energizing ring
79. This releases seal sleeve 21 from seal assembly 81.

The operator will then pull upward about 5,000
~ pounds above the weight of running casing 11 and rotate

~two and one-half turns to the righi:. This causes the
adapter 49 to unscrew from latch ring 53. This releases
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casi ng hanger seal release neans. for causing the split ring to nove to the
I nner position when the positioning neans noves the seal sleeve to the

| ower position. 13. The running tool according to claim8 wherein the
casi ng hanger connection neanhs conprises: a set of external threads at the
| oner end of the body; a set of internal threads in an interior portion of
t he.casi ng hanger which are engaged by the external threads, requiring

rotation of the body and the running casing to release fromthe casing
hanger; and =213 - '

the running tool 15 from casing hanger 57. The_opefator
then continues pulling upward. The retainer 56 (Fig. 1c)
will catch the released latch ring 53 to retrieve it
along with running tool 15. The rotation while pulling
upward will cause the J-pins 41 to enter the 1lower
circumferential J-slots 43 during retrieval.

The operator will then complete the setting of seal
assembly 81. This may be done in a number of manners.
A test tool may be employed to utilize pressure caused by
fluid being pumped from the surface to perform the final
setting. A setting tool could be lowered from the vessel
to set the seal assembly 81. '

This invention has significant advantages. The
running tool is full bore. This allows the running
- casing to have the same diameter as the well casing.
This enables the operator to pump the cement plug from
the drilling vessel; rather than suspending it from the
running tool during the running procedure. The running
casing, being of the same type as the well casing, will
have sufficient strength to support the weight of the
well casing. Carrying the casiﬁg hanger seal initially
on the running tool, rather than on the casing hanger,
allows a shorter length of casing hanger to be employed.

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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wherein the seal connection neans releases the seal sleeve fromthe casing
hanger seal prior to rotation-of the body. 14. The running tool according

to claim8 wherein: the running tool connection neans conprises an adapter
sl eeve secured to an upper end of the seal sleeve, the adapter sl eeve

having a | ower end and havi ng - 20 - an inner dianeter substantially
equal to the inner

- 14 -
I claim:

1. In a subsea well having a wellhead housing located at
a sea floor, a running tool for running and landing in
the wellhead housing on a string of running casing a
casing hanger secured to a string of well casing, and
for positioning a casing hanger seal between the casing
hanger and wellhead housing, the running casing and well
casing being of the same inner diameter, the running tool
comprising in combination:

running tool connection means for connecting the
running tool to the running casing;

a tubular body having an exterior and a lower end,
the body having an unobstructed bore therethrough that
has an inner diameter at least equal to the inner
diameter of the running casing and well casing so as to
allow a cement plug to be pumped downward through the
running casing; body and well casing during cementing of
the well casing;

casing hanger connection means on the lower end of
the body for connecting the body to the casing hanger
during running in and for releasing the body from the
casing hanger after the well casing has been cemented;

a seal sleeve carried by the body on the exterior of
the body;

seal connection means on the seal sleeve for
releasably connecting the casing hanger seal to the seal
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di aneter of the bore of the body; the body has an upper end spaced bel ow
the lower end of the adapter sleeve; the seal sleeve has an inner dianeter
bet ween the upper end of the body and the | ower end of the adapter sleeve
that is greater than the inner dianeters of the bore of the body and the
I nner di aneter of the adapter sleeve, defining an annul ar cl earance which
reduces in axial |ength when the seal sl|leeve noves to the |ower position;
and wherein the running tool further conprises: guide neans |ocated in the

annul ar clearance for providing an inners di anmeter substantially equal to
t he.

sleeve; and

positioning means for carrying the seal sleeve and
casing hanger seal in an upper positién relative to the
body during running in and cementing, and for moving the
seal sleeve and casing hanger seal downward to a lower
position after cementing, positioning the casing hanger
seal between the'casing hanger and wellhead housing, the
seal connection means releasing the casing hanger seal
from the seal sleeve after the seal sleeve is in the
lower position. |

2. The running tool according to claim 1 wherein the
positioning means moves the seal sleeve and casing hanger
seal to the lower position in response to axial movement
of the running casing after the casing hanger has landed
in the wellhead housing.

3. The runhing tool according to claim 1 wherein the

. positioning means moves the seal sleeve and casing hanger
seal to the lower position in response to axial movement
of the running casing after the casing hanger has landed
in the wellhead hoﬁsing, the axial movement requiring no
more than one rotation of the running casing.

4. The running tool according to ¢laim 1 wherein the

" positioning means moves the seal sleeve and casing hanger
seal to the lower position after the casing hanger has
landed in the wellhead housing in response to rotation of
the running casing of less than one turn, then axial
movement of the running casing.
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I nner di aneters of the adapter sleeve and bore of the body to facilitate
passadage of the plug through the running tool. 15. The runni ng t ool
according to claim8 wherein: the running tool connection neans conprises
an adapter sleeve secured to an upper end of the seal sleeve, the adapter
sl eeve having a lower end and having an inner di amet er substantially equal
to the inner dianmiter of the bore of the body; the body has an upper end

spaced bel ow the | ower end of the adapt efss.leeve t he seal sleeve has an
i nner di ameter between the :

5. The running tool according to claim 1 wherein the
positioning means moves the seal sleeve and casing hanger
seal to the lower position after the casing hanger has
landed in the wellhead housing in response to rotation of
the running casing of less than one turn, then straight
downward movement of the running casing.

6. The running tool according to claim 1 wherein the
running tool connection means connects the seal sleeve to
the runping casing for movement therewith.

7. The rimning tool according to claim 1 wherein the
casing hanger connection means immovably connects the
body to the casing hanger until after the positioning
means has moved the seal sleeve to the lower position.

8. In a subsea well having a wellhead housing located
at a sea floor, a running tool for running and landing in
the wellhead housing on a string of running casing a
casing hanger secured to a string of well casing, and
for positioning a casing hanger seal between the casing
hanger and wellhead housing, the running casing and well
casing being of the same inner diameter, the running tool
having a longitudinal axis and comprising in combination:

a tubular 'body having an exterior and a lower end,
the body having an uncbstructed bore therethrough that
has an inner diameter at least equal to the inner
. diameter of the running casing and well casing so as to
allow a cement plug to be pumped downward through the
running casing, body and well casing during cementing of

~ the well casing;
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- 21 - upper end of the body and the | ower end of the adapter sleeve that
i s greater than the inner dianeters of the bore of the body and the bore of
t he adapter sleeve, defining an annul ar cl earance which reduces in axi al
| ength when the seal sleeve noves to the |ower position; and wherein the
running tool further conprises: a plurality of upper fingers-
C|rcunferent|ally spaced apart from each other, and secured to and

- 17 -

casing hanger connection means on the lower end of
the body for connecting the body to the casing hanger
during running in and for releasing the body from the
casing hanger after the well casing has been cemented;

a se;i sleeve carried by the _body' on the exterior of
the body;

running tool connection means for connecting the
seal sleeve to the running casing,

seal connection means on the seal sleeve for

releasably connecting the casing hanger seal to the seal
sleeve;

positioning means engaging the seal sleeve and the
body for carrying the seal sleeve and casing hanger seal
in an upper position relative to the body during running
in and cementing, and for moving the seal sleeve and
casing hanger seal downward to a lower position in
response to downward movement of the running casing,
positioning the casing hanger seal between the casing
hanger and wellhead housing after cementing; and wherein

the casing hanger connection means immovably
connects the body to the casing hanger until after the
positioning means has moved to the lower position, then
releases the running tool from the casing hanger in
response to upward movement of the running casing, and
wvherein the seal connection means releases the casing
hanger seal from the seal sleeve after the seal sleeve is
in the lower position.

This is the replacement shest

T L



L2

extendi ng downward fromthe adapter sleeve; and a plurality of |ower
fingers circunferentially spaced apart from each other, |ocated between and
alternating with the upper fingers, the lower fingers being at the upper
end of the body, the upper and | ower fingers having inner dianeters
substantially equal to the inner dianeters of the adapter sleeve and bore
of the body to facilitate passage of the plug through the running tool. 16.
In a subsea well having a well head housigg_located at a sea floor, a

running tool for running and |landing in the well head housing on a string of
runni ng casing a

9. The running tool according to claim 8 wherein the
positioning means moves the seal sleeve and_casing hanger
seal to the lower position after the casing hanger has
landed in the wellhead housing in response to rotation of
the running casing of less than one turn, then straight
downward movement of the running casing.

10. The running tool according to claim 8 wherein the
running tool connection means connects the seal sleeve to
running casing for movement therewith.

11. The running tool according to claim 8 wherein the
body has a cyliﬂdrical surface on the exterior of the
body that is slidingly received within an interior
cylindrical surface in the seal sleeve, and wherein the
positioning means comprises:

a J-slot formed in one of the cylindrical surfaces, -
having a circumferential portion and an axial portion
perpendicular to the circumferential portion; and

a J-pin secured to the other of the cylindrical
surfaces in engagement with the J-slot, the J-pin being
located in the circumferential portion during the running
in of the casing hanger and being movable to the axial
portion by rotation of the running casing relative to the
casing hanger and body to cause the seal sleeve to move
axially downward to the lower position.

12. The running tool according to claim 8 wherein the
-seal connection means comprises:
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casi ng hanger secured to a string of wall casing, and for positioning a

casi ng hanger seal between the casing hanger and wellhead housing, the
runni ng tool having a | ongitudinal axis and conprising in conbination:

. . . . a
tubul ar body having an exterior cylindrical surface and a | ower end; casing
hanger connection neans on the |ower end of - 22 - the body for
connecting the body to the casing hanger

_19_

a resilient inwardly biased split ring movable
radially between an outer position and an inner position,
the split ring having a grooved exterior for engaging an
interior surface of the casing hanger seal when in the
outer position; and ' -

casing hanger seal release means. 'for causing the
split ring to move to the inner position when the

positioning means moves the seal sleeve to the lower
position.

13. The running tool iccording to claim 8 wherein the
casing hanger connection means comprises:

a set of external threads at the lower end of the
bedy;

a set of internal threads in an interior portion of
the casing hanger which are engaged by the external
threads, requiring rotation of the body and the running
casing to release from the casing hanger; and

wherein the seal connection means releases the seal

sleeve from the casing hanger seal prior to rotation of
the body. '

14. The running tool according to claim 8 wherein:

the running tool connection means comprises an
adapter sleeve secured to an upper end of the seal
sleeve, the adapter sleeve having a lower end and having
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during running in and for releasing the body fromthe casi ng hanger after
the well casing has been cenented; a seal sleeve carried by the body on the
exterior, the seal sleeve having an interior. cylindrical surface in
sliding engagenent with the exterior cylindrical surface of the body;
runni ng tool connection neans for connecting the seal sleeve to the running
casi ng; seal connection neans on the seal sleeve for releasably connecting

the casing hanger seal to the seal slegye; a J-slot formed in one of the
cylindrical surfaces,.

" an inner diameter substantially equal to the inner
diameter of the bore of the body;

the body has an upper end spaced below the lower end
of the adapter sleeve; '

the seal sleeve has an inner diameter between the
upper end of the body and the lower end of the adapter
sleeve that is greater than the inner diameters of the
bore of the body and the inner diameter of the adapter
sleeve, defining an annular clearance which reduces in
axial length when the seal sleeve moves to the lower
position; and wherein the running tool further comprises:

guide means located in the annular clearance for
providing an inner diameter substantially equal to the
inner diameters of the adapter sleeve and bore of the
body to facilitate passage of the plug through the
running tool.

15. The running tool according to claim 8 wherein:

the running tool connection means conpri'ses an
adapter sleeve secured to an upper end of the seal
sleeve, the adapter sleeve having a lower end and having
an inner diameter substantially egqual to the inner
diaw. ter of the bore of the body; )

the body has an upper end spaced below the lower end
of the adapter sleeve;

the seal sleeve has an inner diameter between the

This is the replacement shest

MWW o <9 omon




b R

having a circunferential portion and an axial portion perpendicular to the
circunferential portion; a J-pin secured to the other of the cylindrical
surfaces in engagenent with the J-slot, the J-pin being |located in the
circunferential portion.during the running in of the casing hanger,
positioning the casing hanger seal in an upper position relative to the
body, and being novable to the axial portion by rotation of the running

casing and seal sleeve relative to the c£asf ng hanger and body to cause the
seal sleeve to nove axially downward to position the casing hanger seal in
a |l ower ‘position between the casing hanger and wel | head housi ng

upper end of the body and the lower end of the adapter
sleeve that is greater than the inner diameters of the
bore of the body and the bore of the adapter sleeve,
defining an annular clearance which reduces in axial
length when the seal sleeve moves to the lower position;
and wherein the running tool further comprises:

a plurality of upper fingers circumferentially
spaced apart from each other, and secured to and
extending downward from the adapter sleeve; and

a plurality of lower fingers circumferentially
spaced apart from each other, located between and
alternating with the upper fingers, the lower fingers
being at the upper end of the body, the upper and lower
fingers having inner diameters substantially equal to the
inner diameters of the adapter sleeve and bore of the

body to facilitate passage of the plug through the
running tool.

16. In a subsea well having a wellhead housing located
at a sea floor, a running tool for running and landing in
the wellhead housing on a string of running casing a
casing hanger secured to a string of well casing, and
for positioning a casing hanger seal between the casing
hanger and wellhead housing, the running tool having a
longitudinal axis and comprising in combination:

a tubular body having an exterior éylindrical
surface and a lower end;

casing hahqer'connection means on the lower end of
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after cenenting; and wherein - 23 - the casing hanger connection nmeans
| mmovably connects the body to the casing hanger until after the casing
hanger seal has noved to the | over position, then rel eases the running tool
fromthe casing hanger in response to upward novenent of the running

casing, and wherein the seal connection neans rel eases the casi ng hanger
seal fromthe seal sleeve after the casing hanger

- 22 =~

the body for connecting. the body to the casing hanger
during running in and for releasing the body from the
casing hanger after the well casing has been cemented;

a seal sleeve carried by the body on the exterior,
the seal sleeve having an interior cylindrical surface in

sliding engagement with the exterior cylindrical surface
of the body;

running tool connection means for connecting the
seal sleeve to the running casing; '

seal connection means on the seal sleeve for
releasably connecting the casing hanger seal to the seal
sleeve;

a J-slot formed in one of the cylindrical surfaces,.
having a circumferential portion and an axial portion
perpendicular to the circumferential portion;

a J-pin secured to the other of the cylindrical
 surfaces in’ engagement with the J-slot, the J-pin being
located in the circumferential portion during the running
in of the casing hanger, positioning the casing hanger
seal in an upper position relative to the body, and
being movable to the axial portion by rotation of the
running casing and seal sleeve relative to the casing
hanger and body to cause the seal sleeve to move axially
downward to position the casing hanger seal in a lower
position between the casing hanger and wellhead housing
after cementing; and wherein

_—
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seal is in the lower position. 17 The running tool according to claim 16
wherein the seal connection neans conprises: aresilient split ring novable
radi al'ly between an outer position and an inner position, the split ring
having a grooved exterior for engaging an interior surface of the casing
hanger seal when in the outer position; and casing hanger seal release
means for causing the split ring to nove to the inner position when the
posi ti oni ng means noves the seal sleeve Lozshg | ower position.

the casing hanger connection means immovably
connects the body to the casing hanger until after the
casing hanger seal has moved to the lower position, then
releases the running tool from the éésing hanger in
response to upward movement of the running caéing, and
wherein the seal connection means releases the casing
hanger seal from the seal sleeve after the casing hanger
seal is in the lower position.

17. The running tool according to claim 16 wherein the
seal connection means comprises:

a resilient .split ring movable radialiy between an
outer position and an inner position, the split ring
having a grooved exterior for engaging an interior
surface of the casing hanger seal when in the outer
position; and '

casing hanger seal release means for causing the
split ring to move to the inner position when the
positioning means moves the seal sleeve to the lower
position. ‘

18. Tﬁe running tool according to claim 16 wherein the
casing hanger connection means comprises:

a set of external threads at the lower end of whe
body;

a set of internal threads in an interior portion of

the casing hanger which are engaged by the external
threads, requiring rotation of the body and the running
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18. The running tool according to claim 16 wherein the casing hanger
connecti on means conprises:” a set of external threads at the | ower end of
she body; a set of internal threads in an interior portion of the casing
hanger which are engaged by the external threads, requiring rotation of the

body and the running - 24 - casing to release fromthe casi ng hanger;
and. '

- 24 -

casing to release from the casing hanger; and

wherein the seal connection means releases the seal
sleeve from the seal prior to rotation of the body. .

19. The running todl according to claim 16 wherein:

the running tool connection means comprises an
adapter sleeve secured to an upper end of the seal
sleeve, the adapter sleeve having a bore and a lower end;

the body has a bore and an upper end spaced below
the lower end of the adapter sleeve;

the seal sleeve has an inner diameter between the
upper end of the body and the lower end of the adapter
sleeve that is greater than inner diameters of the bore
of the body and the bore of the adapter sleeve, defining
an annular clearance which reduces in axial length when
the seal sleeve moves to the lower position; and wherein
the running tool further comprises:

guide means located in the annular clearance for
providing an inner diameter substantially equal to the
inner diameters of the adapter sleeve and bore of the
body to facilitate passage of a plug through the running
tool.

20. The running tool according to claim 16 wherein:

the running tool connection means comprises an
adapter sleeve secured to an upper end of the seal
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wherein the seal connection neans releases the seal sleeve fromthe sea
pritor to rotation of the body. 19. The running tool according to claim 16
wherein: the running tool connection nmeans conprises an adapter sleeve
secured to an upper end of the seal sleeve, the adapter sleeve having a
bore and a | ower end; the body has a bore and an upper end spaced bel ow t he
| ower end of the adapter sleeve; the seal sleeve has an inner dianeter

bet ween the upper end of the body and the | ower end of the adapter sleeve

that .is greater than inner dianeters of 2%he bore of the body and the bore
of the adapter sleeve, defining

sleeve, the adapter sleeve having a lower end and having
a bore with an inner diameter;

the body has an upper end spaced below the lower end
of the adapter sleeve and a bore with an inner diameter
substantially equal to the inner diameter of the bore of
the adapter sleeve;

the seal sleeve has an inner diameter between the
upper end of the body and the lower end of the adapter
sleeve that is greater than the inner diameters of the
bore of the body and the bore of the adapter sleeve,
defining an annular clearance which reduces in axial
length wvhen the seal sleeve moves to the lower position;
and wherein the running tool further comprises:

‘a plurality of upper fingers circumferentially
spaced apart from  each other, and secured to and
extending downward from the adapter sleeve; and

a plurality of lower fingers circumferentially
spaced apart from each other, located between and
alternating with the upper fingers, the lower fingers
being located in the clearance at the upper end of the
body, the upper and lower fingers having inner diameters
substantially equal to the inner diameters of the bore of
the adapter sleeve and bore of the body to facilitate
passage of a plug through the running tool.

21. The running tool according to claim 16 wherein the
seal connection means comprises:
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an annul ar cl earance which reduces in axial |ength when the seal sleeve
noves to the |lower position;.and wherein the running tool further
conprises: guide nmeans |ocated in the annul ar cl earance for providing an
i nner di aneter substantially equal to the inner dianeters of ‘the adapter
sl eeve and bore of the body to facilitate passage of a plug through the
running tool. 20. The running tool according to claim 16 wherein: the

runni ng tool connection neans conprises an adapter sleeve secured to an
upper end of the seal - 26 -

an inwardly biased resilient split ring movable
radially between an outer position and an inner positioen,
the split ring having a grooved exterior for engaging an
interior surface of the casing hanger seal when in the
outer position; '

a release member protruding radially inward from the
split ring into sliding engagement with the body to
maintain the split ring in the outer position while the
seal sleeve is above the lower position; and

a recess formed on the body for receiving the
release member when the seal sleeve reaches the lower
position, allowing the split ring to retract to the inner
position to disengage from the casing hanger seal.

22. A method ofiinétalling casing in a subsea wellhead
housing, comprising:

" connecting a casing hanger to an upper end of a
string of well casing;

providing a casing hanger running tool with a bore
therethrough which has a body with an inner diameter at
least equal to an inner diameter of the well casing, and
which has a seal sleeve that is movable relative to the
body between upper and lower positions;

connecting a casing hanger seal to the seal sleeve

and positioning the seal sleeve in the upper position;
then
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- 25 - sleeve, the adapter sleeve having a | ower end .and having a bore with
an- i nner dianeter; the body has an upper end spaced bel ow the | ower end of
the adapter sleeve and a bore with an inner diameter substantially equal to
the inner dianeter of the bore of the adapter sleeve; the seal sleeve has
an inner dianeter between the upper end of the body and the | ower end of

t he adapter sleeve that is greater than the inner dianeters of the

- 27 -

connecting the running tool to the casing hanger and
to a string of running casing which has an inner diameter
"equal to the inner diameter of the well casing; then

lowering the well casing into the wel. and landing
the casing hanger in the wellhead; then

punping cement down the running casing, through the
running tool, down the well casing, and back up an
annulus surrounding the well casing; then

_ moving the seal sleeve to the lower position,
locating the casing hanger seal between the casing hanger
and the wellhead housing; then '

releasing the seal sleeve from the casing hanger
seal and releasing the running tool from the casing

hanger, and retrieving the running tool with the running
casing. '
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“bore of the body and the bore of the adapter sleeve, defining an annul ar

cl earance which reduces in axial |length when the seal sleeve noves to the

.l ower position; and wherein.the running tool further conprises: a plurality
of upper fingers circunferentially spaced apart from each other, and
secured to and extending downward fromthe adapter sleeve; and a plurality
of lower fingers circunferentially spac2® apart from each other, |ocated
between and alternating with the upper fingers, the |ower fingers being

| ocated in the clearance at the upper end of the ’T&gﬁa upper and | ower
fingers having inner diFifdt ®ORE CASING HANGER

ABSTRACT OF THE DISCLOSURE

A running tool for running casing in a subsea well has a
full bore. The running tool is run on casing which will
be of the same inner diameter as the diameter of the well
casing. The running tool has a body and a movable seal
sleeve. The seal sleeve carries a casing hanger seal.
After cementing, manipulation of the casing causes the
seal sleeve to move downward to a lower position to set
the seal.

FIGURE 1a & 1b.
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substantially equal to the inner dianeters of the bore of the adapter

sl eeve and bore of the body to facilitate passage of a plug through the
running tool. 21. The running tool according to claim 16 wherein the seal
connecti on neans conpri ses: - 26 - an inwardly biased resilient split
ring novabl e radially between an out er position and an inner position, the
split ring haV|ng a grooved exterior for lemgagi ng an
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interior surface of the casing hanger seal when in the outer position; a
rel ease nenber protruding radially inward fromthe split ring into sliding
engagement with the body to maintain the split ring in the outer position
while the seal sleeve is above the |ower position; and a recess formed on
the body for receiving the rel ease nenber when the seal sleeve reaches the
| ower position, allowing the split ring tp retract to the inner position to

di sengage fromthe casing hanger seal. 22° A nethod of installing casing in
a subsea wel | head housi ng, conpri sing:
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~connecting a casing hanger to an upper end of a string of well casing;
provi ding a casing hanger running tool with a bore therethrough which has a
body with an inner dianmeter at |east equal to an inner dianmeter of the well

casing, and which has a seal sleeve that is novable relative to the body
bet ween upper and |ower positions; connecting a casin -hanger seal to the

seal sleeve and positioning the seal sleqve in théhl§'| ﬁil "ﬁimeli'i Tﬂplaqeﬁen
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- 27 - connecting the running tool to the casing hanger and to a string of .
runni ng casi ng which has an inner dianmeter equal to the inner dianeter of
the wel| casing; then lowering the well casing inte—the well and |anding

t he casing, hanger in the well head; then punping c?&gg qomn t he runni ng

casing, through the running tool, - -down the well mige lagedan
. the
’ Hhanger

annul us surrounding-the well casing; then nmoving the
| ower position, |locating the casing hanger seal bet
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and the wel | head housing; then rel easing the seal sleeve fromthe casi ng
hanger seal and releasing the running tool fromthe-casing hanger, and

retrieving the running tool with the running casi nﬁ]
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