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APPARATUS AND METHOD FOR  SUBSEA
CONNECTIONS OF TREES TO SUBSEA WELLHEADS

B f . I E - - IA l- I!
This application claims the benefit of provisional application serial no.

60/044,346 filed April 29, 1997.

Field o l

This invention relates to subsea connections between a subsea wellhead
and a Christmas tree, and particularly to the apparatus and method for
connecting é Christmas tree to a subsea wellhead housing without the use of

guidelines.

f venti

Heretofore, subsea' guidance systems for interfacing a Christmas tree to
a subsea wéllhead have oftentimes included an upwardly facing funnel on the
wellhead to guide and receive the lower end portion of the Christmas tree as the
Christmas tree is lowered into a vertically aligned position with the subsea
wellhead. The subsea wellhead normally includes a high pressure wellhead
housing pfojecting upwardly from a low pressure wellhead housing or bowil.

The conventional.vertical Christmas tree has a sturdy or robust connector

at its bottom end for connection to a wellhead and can easily withstand vertical
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impacts asseciated with the installation of lhe tree on the wellhead assembly.
Such rmpacts are likely to occur multlple trmes because the surface vessel is
subject to heaving in response to sea condltlons The tree is also likely to swing
laterally in response to lateral movements during the positioning of the tree
above the wellhead.

. l-lowev_er, | a horizontal Christrnas tree often has a Iower wellhead
connector which includes an orientation sleeve projecting downwardly from the
tree body for connection to a high pressure wellhead housmg extendlng
upwardly from the outer low pressure wellhead housmg The orientation sleeve
must be aligned with the pro;ectlng high pressure wellhead housing and may be
easily damaged if noi properly aligned. .Th_e projecting orientation sleeve and
particularly the lower sealing .surf'ace thereof is fragile.and vulnerable to damage
if not properly aligned, particularly upon improper contact with the projecting low
pressure wellhead housing.

The most common technique for prolecting the downward projecting
orientalion sleeve has been to provide a downwardly opening funnel on the tree
body around the orientation sleeve for guiding the tree and the orientation
sleeve into correct alignment with the wellhead. However it has been found that
damage to the orientation sleeve may occur even if a downwardly opemng
funnel is provided on the free about the orientation sleeve because geometrlc
considerations assocrated wrth the greater wellhead system conﬂguratron may

prevent optimum design for the guidance systerh. The' orientation sleeve when
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installed typically extends downwardly between the tree body and the productic;r;
casing hanger which is positioned inside the projecting high pressure wellhead
housing and forms a fiuid pressure barrier against the production casing hanger.
The orientation sleeve is relatively long and may project a distance of about two
(2) feet or more below the tree body. The orientation sleeve includes seals and
is easily damaged, particularly if lowered onto an upwardly opening funnel on the
wellhead.

.lt is desirable thata system for interfacing a tree and subsea wellhead be

provided which does not require utilization of funnels on the welihead or the tree.

Summary of the Invention
This invention relates particularly to a method and apparatus for guiding

a tree to a subsea wellhead housing with the tree having an orientation sleeve

projecting downwardly from the tree body for connection to a high pressure

wellhead housing projecting upwardly from an outer low pressure wellhead
housing or bowl. - For delivering the tree to the wellhead, a tree running tool is
mounted within the tree body and éxtends downwardly within and below the
orientation sleeve to provide a lower, possibly flexible end portion or stinger
extending downwardly below the orientation sleeve for guiding and aligning the
orientation sleeve within the wellhead. The lower end of the running tool has a

tapered nose element thereon which initially contacts the upper bore of the
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projecting high pressure wellhead housing to guide the orientation slee;e

&ownwardly within the Qpp_er end of the high 'pr'essure 'wellhead housing.

* A production casing hanger is suspended from the high pressure wellhead
housing; the lower end of the running tool contacts and rides along the inner
peripheral surface of the production casing hanger and suspended casing after
being received within the high pressure wellhead housing for accurate lateral
positioning of the orientation sleeve. The lower end of the orientation sleeve is
received within the production casing hanger and provides a fluid pressure
barrier between the tree and the wellhead system which supplements the

wellhead housing gasket positioned between the tree and the high pressure

wellhead housing.

The method is particularly directed to a horizontal tree having an

orientation sleeve extending downwardly from the tree body for initially
contacting the projecting high:pressure' wellhead housing for alignment of the
tree with thé wellhead. A tree running tool has a lower stabbing extension or
stinger with a tapered nds'e on its lower end which is constructed to be forgiving,
so as not to damage the high pressure wellhead housing_ upon contact therewith
and still accurately align the orientation sleeve prior to the orientation sleeve
being received within the high pressure wellhead housing and the production
casing hanger therein. Upon installation of the orientation sleeve and
connection of the tree fo the wellhead, the running tool is removed from the tree

body.
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The tree running tool includes a mechanism for attaching itself onto the
tree body typically adjacent the upper end of the body. The tool which embodies
the invention may include :;\n intermediate en|arged diameter portion which is
constructed to contact the internal bore of the orientation sleeve for the purposé
of gaining support.

An object of the present invention is to provide an apparatus and method
for connecting a tree to a subsea wellhead without the utilization of any funnels
on the tree or on the wellhead housing.

A further object of the invention is the provision of such a method and
apparatus for connecting a horizontal tree having an orientation sleeve extending
downwardly from the tree body and constructed for being received within an
upwardly or downwardly projecting high pressure wellhead housing without
damaging the orientation sieeve or the wellhead system.

Another object is the provision of a tree running .tool having a lower,
possibly flexible end portion extending within and below the orientation sleeve
for guiding and accurately-aligning the orientation sleeve within the high pressure
wellhead housing and production casing hanger.

Other objects, features, and advantages of this invention will be apparent

from a review of the following specification and drawings.
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Brief Description of the Drawings.

. The objects, advantages and features of the invention will become more
eppafent by reference to the drawings which are appended hereto and wherein
an illustrative en1bodifnent of the invention is shown. of which:

Figure 1A shows a conventional prior art arrangelnent for guidance ofa
free to a subsea wellhead having an upwardly directed funnel for receiving the
vertical tree connector;

Figure 1B shows a prior art arréngernent for guidence of a tree to a

‘subsea wellhead inwhich a downwardly openlng funnel on the tree body extends

from the tree for guidance of the tree into lateral alignment with the high pressure

-wellhead housmg.

Figure 1C is an enlarged cross sectional view of a horizontal tree
connecied to a wellhead and having an orientation sleeve extending downwardly
from the tree body and. received within a high pressure wellhead housing and
casing hengef disposed therein for providing a oressure barrier between the tree
and wellhead; |

Figure 2 is a generally schematic illustration of a horizontal tree having an
orientation sleeve extending downwardly from the tree 'body ahd having a
downwardly opening funnel on the tree body extending about and below the
orientation sleeve for guiding the sleeve onto the upper end of a high pressure
wellhead housing which extends a substantial distance above the wellhead bowl,

and also showing a “phantom line" depiction of how the downwardly opening
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funnel would tend to foul the wellhead system components beyond the higﬁ

pressure wellhead housing if not carefully designed, where designing to avoid

this interference could tend to make the downWardly opening funnel less

effectivé at protecting the tree orientation sleeve;

Figure 3 is an enlarged sectional view showing a free running tool
connected to a tree body with the running tool extending downwardly within and
below-the orientation sleeve and within the bore of the wellhead system casing
hanger for guiding the orientation sleeve into an aligned position with the high
pressure wellhead housing of the subsea wellhead; and

Figure 4 is a sectional view similar to Figure 3 but showing the tree

‘connected to the wellhead, the orientation sleeve providing a fluid pressure

batrier between the tree and the wellhead, and showing the running tool being

retrieved from the bore of the wellhead housing and tree.

DESCRIPTION OF THE PRIOR ART
Prior Art Arrangement of Figure 1A |
Figure 1A shows a conventional prior art arrangement of guiding hardware
deployed from the ocean surface onto a wellhead system or wellhead 10A fixed
at the sea bed 12A. Wellhead 10A includes a guide-line-less re-entry assembly
26A having a funnel 28A with its capture cone opening upwardly so that a tree
20A can be lowered thereinto. A conventional vertical tree is shown. A tree cap

22A is disposed above guide-line-less conventional tree 20A. The tree cap 22A
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is not illustrated as fully landed on tree 20A, and tree 20A is not shown as ful—lg—}

landed on wellhead system 10A and re-entry assembly 26A. The illustration of

the components of Figure 1A in non-fully-landed configuration is presented to

clearly show the individual components of a typical full assembly. :

The conventional vertical tree 20A has a sturdy or robust tree connector

body 24A at its bottom end which can easily withstand the impacts with the

“funnel 28A associated with the installation of free 20A to the welthead re-entry

assembly 26A. Such:impacts are likely to occur vertically multiple times,
because the surface vessel is subject to heaving in response to sea conditions.
The vertical tree 20A is also likely to swing laterally in response to lateral

movements during the positioning of the guide-line-less tree 20A for fanding onto

- wellhead 10A. A key/slot mechanism (not shown) is provided between the tree

connector 24A having pins and funnel 28A having slots in order to ensure

repeatable rotational alignment between tree 20A and weilhead 10A.

Prior Art Arrar ¢ of Fi 1B

Figure 1B illustrates another prior art arrangement for guiding‘a guide-fine-
less Blow-Out Preventer (BOP) stack or Christmas tree for connection to a
welthead, and may be referred to as a "funnel-down” arrangement. Subsea

wellhead or wellhead system 10B is fixed to the sea bed 12B. Funnel-down

‘arrangements have been used most often in drilling (rather than completion)

activities because with drilling there is typically not a need to rotationally orient

T



10

15

20

WO 98/49422 - PCT/US98/08508 .
9-

the blowout preventer (BOP) stack to the wellhead. With no requirement fc;;
rotational orientation, and wit_h the guide “cone” or funnel-down arrangement 62B
attached to a BOP stack, there is no requirement for any kind of guidance
related structure on the wellhead equipment. Because such guidance related
structures are expensive, it is overall less expensive to use funnel down
alignment arrangements for BOP stack installation to a subsea wellhead.
Funnels for guide-line-less remote interfécing are typically sized to be one and
one-half to two times the size of the element intended to be captured by the
funnel. Because a “funnel-down” funnel 62B need only capture a high-pressure
wellhead housing of typically twenty-six (26) inches to thirty-two (32) inches in
diameter, they can be smaller, lighter and cheaper than “funnel-up” funneis 28A
which are used to capture both tree and BOP connectors which may be as large
as seventy (70) inches in diameter. When it is desired to use funnel-down
arrangement 62B on conventional trees, an orientation: apparatus must be
provided, because it is imperative that these trees be capable of being
repeatedly installed in a fixed and known rotational orientation relative to flow
lines, tubing hangers, etc. in addition to being more cost effective, the funnel-
down system has a smaller “foot-print”; that is, it uses less area or volume within
the tree envelope. Because horizontal trees are interfaced from above by BOP

stacks, the smaller “funnel footprint” facilitates positioning of modules such as

chokes, flow meters, flowline interface equipment, etc.
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Prior Art Arrangement bf Fi'g. ure 1C

Figure 1C shows a partial cross section view of a horizontal tree body 50C
landed on a wellhead system 10C on the sea bed. A horizontal tree connector
52C connects body 50C of the tfee" to a high pressure wellhead housing 53C.
An orientation sleeve 54C extends downwardly beiween the tree body 50C and
the bore 58C of the production casing hanger and casing 59C located inside the
wellhead housing 53C. . Bore 58C has a centerline at 55C. The orientation
sleeve 54C may both orient a tubing hanger (not shown) relative to the tree body
50C-and provide a pressuré barrier which is redundant to the wellhead housing

gasket 56C. In order to achieve its functions, the orientation sleeve 54C is

typically relatively long and protrudes a distance of about two feet below the

- bottom of the tree connector 52C in most instances. Orientation sieeve 54C is

also delicate and relatively fragile by comparison to tree connector 52C, because
of its seals and other exposed components. A likelihood of damage to
orientation sleeve 54C exists if the arrangement of Figure 1C is lowered onto a

funnel such as shown at 28A in Figure 1A.

scri f Vi

The present invention is particularly adapted for use with horizontal

Christmas trees in which production and annulus valves are arranged external
to the tree main vertical bore. Normally, the orientation sleeve extends

downwardly from fhe horizontal tree body, and it is necessary to guide and

FERE)
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protect thé orientation sleeve during the installation or connection of the tree

body to the wellhead.

Embodiment of Figure 2

Figure 2 illustrates an embodiment of the invention which is adapted for
use with a downwardly opening funnel or “funnel-down” arrangement bn the tree
connector body 50 in combination with thé high pressure welthead housing 53
pr_oje_dting upwardly from a low pressure welthead housing or bowl 10 fixed to the
seabed 12. Orientation sleeve 54 is of a relatively long length, typically
extending about 2 feet below free connector body 50. In order to adequately
protect orientation sleeve 54 as it approaches the top of high pressure housing
53, funnel 70 must be so long that it typically interferes with low pressure
housing 10 at some point during the tree fanding process. Interference is shown
in a phantom line depiction of funnel 70 in Figure 2. To a:void this problem the

high pressure housing 53 could be lengthened or one of the offending

‘components could be made to be “extendable” and/or “retractable”. Funnel 70

or an associated device integrated as part of the wellhead system against which
funnel 70 could react would be likely candidates for the latter approach, with the

orientation sleeve 54 being a less likely candidate.
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The embodiment shown in Figures 3 and 4 provides a tree running tool

generally indicated at 120 having a lower alignment stab member or stinger

generally indicated at 100. Running tool 120 is adapted for modnfing within |

horizontal tree or tree body generally indicated at 150 Whic-:h has an orientation
sleeve 154 secured to body 150 and extends downwardly therefrom. Tree body
150 carries a wellhead housing gasket 156 which forms the primary pressure
seal between the tree body 150 and the high pressure wellhead housing 153
when the connection between the wellhead and tree is | completed. A tree
connector 152 may have an outer ring or similar element 130 secured thereon.

Wellhead or wellhead system 110 mounted on sea bed 112 has a low
pressure wellhead housing or ble 172 ahd a h'igh pressuré wellhead housing

153 projecting upwardly from low pressure wellhead housing 172. A lower ring

or similar element 132 about wellhead housing 172 is adapted for interfacing

with upper ring or similar element 130 to ensure repeatable alignmént between
wellhead system 110 and tree 150 when connected, if desired. A casing hanger
and casing 159 are suspended from high pressure wellhead housing 153. The
centerline of the production bore is shown at 158 which is the same as the
longitudinal axis of running tool 120. -

Running tool 120 has an upper enlarged diameter portion 160 which
contains a mechanism for releasably securing the tool 120 to the tree body 150.

The lower alignment stab member or stinger 100 extends downwardly from tool

g
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portion 160. An intermediate enlarged diameter stinger portion 162 may b—e—.
provided to contact the bore of orientation sleeve 154 as shown at 155 for
stabilizing stinger 100. The lower end of stinger 100 has a nose element 163 for
contacting the inner peripheral surface of casing hanger/casing 159. The lower
end of nose 163 is tapered at 164 and is adapted for contacting high pressure
wellhead housing 153 and casing hanger/casing 159 to facilitate accurate

alignment for the orientation sleeve 154. The alignment stab extension or

stinger 100 with nose 163 extends through the bore of tree body 150 so that

- nose 163 can be stabbed into the bore of the well production caéing

hanger/casing 159. The non-damaging and smoothly profiled nose element 163
protects critical surfaces on and in the high pressure wellhead housing 153 and
production casing hanger 159. The diameter of the nose 163 is constructed to
pass into the bore of the production casing 159, and thus provide a large capture
ratio relative to the upper bore of the wellhead housing 153 (greater than two to
one). The taper 164 of nose 163 improves this ratio further. Of course, the
diameter of nose 163 and/or other characteristics may be modified, as
appropriate. Since stinger 100 is integrated with the tree running tool 120, it is
retrievable and is reusable. Because stinger 100 will effectively centralize the
horizontal tree 150 over the wellhead 110, a funnel arrangement is not required
for either the tree 150 or the wellhead 110. If the stinger 100 is sufficiently long

and/or flexible it may be practical for a remotely operated vehicle (ROV) to assist
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in positioning of the alignment stab extension or stinger 100 relative to the

-wellhead housing 153. 3

Figures 3 and 4 illustrate rotational alignment members 130, 132
connected respectively to horizontal tree connector 152 and to the low pressure
housing 172 of wellhead system 110. The purpose of these or similar members
is to ensure repeatable rotational alignment of horizontal tree 150 and wellhead
system 110. T_ypically a preferred orientation for the system is established by
setting and locking the position of member 132 (using an ROV or surface
deployed tool) so that member 130 can be subseﬁuently interfaced thereto upon

landing of tree 150. . glt.is-also an option that members 130 and 132 can be

. interfaced as part of the tree landing operation. In this scenario members 130

and 132 are first interfaced and locked togethér. Next, the tree 150 and

interlocked members 130 and 132 are oriented relative to the wellhead system

110. Then, the tree 150 is fully landed and locked. Finally, ring member 132is

fixed to low pressure housing 172 in a follow-up operation. Thereafter, member
130 causes the horizontal tfree 150 to be landed in correct alignment with the
now “fixed” member 132 on wellhead 110.

While preferred embodiments of the present invention have been

llustrated in detail, it is. apparent that modifications and adaptations of the

preferred embodiments will occur to those skilled in the art. However, it is to be

expressly understood that such modifications and adaptations are within the

spirit and scope of the present invention as set forth in the following claims.

AT
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1. A method of connecting a tree (150) to a subsea wellhead housing
utilizing a running tool (120) for guiding the tree downwardly into an aligned
position with the subsea wellhead housing for connection of the tree to the
wellhead housing, the tree having a body and a bore extending through said
body; said method comprising the steps of :

mounting a lower orientation sleeve (154) to said tree so that it

_ extends a substantial distance downwardly from the tree body and in axial

alignment with the tree bore;

mounting the running tool (120) within said tree body and orientation
sleeve (154) with a lower end portion (163) of the tool (100) extending
downwardly below said sleeve to provide a lower stabbing'extension for guiding
and aligning the orientation sleeve within said wellhead h;)using; and

lowering said running tool (120) with said tree (150) thereon
downwardly onto said welthead housing (153), the lower end of the running tool
extending through an upper end of the welthead housing to guide the orientation

sleeve downwardly for accurate alignment within the wellhead housing.

2. The method of claim 1 further including the steps of:
providing a tapered nose on the lower end of said end portion for

initially contacting the upper bore of said wellhead housing to guide the



10

11

I" ,", PCT/US98/08508 .
St -16-

wossea | [N NI

orientation sleeve into position for connection of the tree body to the wellhead

housing;
connecting said tree body to the wellhead housing; and

removing said tool from said tree body.

3. The method of claim 1 including the steps of: -
providing said orientation sleeve (154) with a bore against which
said running tool (120) may contact to gain alignhment and support; and

disposing said running tool within said bore of said orientation

sleeve.

4. A method of connecting a horizontal tree (150) to a subsea wellhead
(110) utilizing a mnning 'to-ol (120) for guiding the horizontall tree downwardly into
an aligned position with the subsea wellhead for 'connéctioﬁ of the horizontal tree
to the subsea wellhead, the subsea wellhead having an upwardly projecting high
pressure wellhead hotsing (153) and a production casing hanger (159)
supported within the high pressure wellhead housing; the horizontal tree having
a body and an axial bore extending through said body; said method comprising

the steps of:

providing a lower orientation sleeve (154) with said horizontal tree

- to extend a substantial distance downwardly from the tree body, said orientation

sleeve arranged and designed for axial alignment with the axial bore;

n
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mounting thé running tool (120) within séid tree body and orientatiéﬁ
sleeve with a lower end portion (163) of the tool (100) extending downwardly
below said orientation sleeve to provide a lower stabbing extension for guiding
and aligning the orientation sleeve with said high pressure wellhead housing and
said production casing hanger (159); and
lowering said running tool (120) with said tree (150) thereon
downwardly onto said high pressure wellhead housing (153) and said production
casing hanger (159), the lower end of the running tool having a fower end (164)
arranged and designed for contacting the upper end of high pressure welthead
housing to guide the orientation sleeve (154) downwardly for accurate alignment
with the high pressure wellhead housing (153) and production casing

hanger(159).

5.  The method of claim 4 including the step of: |
providing a taperéd nose on the lower end of said end portion for
initially contacting the upper end_ of said high pressure wellhead housing to guide
the orientation sleeve into position for connection of the tree body to the high

pressure wellhead housing.

6. The method of claim 4 further including the steps of:
providing said orientation sleeve (154) with a bore against which

said running tool (120) may contact to gain alignment and support; and
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disposing said running tool within said bore of said orientatioﬁ

sleeve.

7.  Atree running tool (120) for mounting within the tree body (150) of

a horizontal tree for connection of the horizontal tree to a subsea wellhead (110),

" the subsea wellhead having a high pressure welthead housing (153) projecting

upwardly from a low pressure wellhead housing (172) and a production casing

hanger (159) supported within the high pressure wellhead housing; the tree body

" having an orientation sleeve (154) projecting dbwnWardly from the tree body for

‘'mounting within the high pressure wellhead housing (153) to provide a fluid

pressure barrier with said production casing hanger (159); said tool comprising:

a mountihg member (160) for connection of said tool to said tree
body; and

a stinger _(iOO) éxtending downwardly from said mounting member
having an intermediate portion(162) in contact with said orientation sleeve when
said running tool (1 26) is connected to said tree (150) and a lower tapered nose
(164) at the lower end of said stinger (100) to engage the high pressure wellhead
housing (153) and production casing hangerlcaSing (159) for alignment of the
orientation sleeve (154) with the high pressure wellhead housing (153) and

production casing hanger (159).
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8. The tree running tool (120) of claim 7 wherein said stinger (1 00) is

flexible.

9. The tree running tool of claim 7 wherein
said lower tapered nose includes an enlarged diameter end portion (163) having

a tapered end (164).

10. The ruhning tool of claim 7 wherein
said stinger includes an enlarged diameter portion (162) which engages said

orientation sleeve.



