
WELLHEAD COMPLETION SYSTEM HAVING A HORIZONTAL CONTROL  PENETRATOR AND
METHOD OF USING SAME BACKGROUND OF THE INVENTION  5 1. FIELD OF THE
INVENTION This invention relates to oilfield completion systems and, in
particular, to a wellhead  completion system having a horizontal control
penetrator and a method of using same. 2. DESCRIPTION OF THE RELATED ART For
many conventional subsea oil and gas wells, a series of pipes, fittings,
valves, and  10 gauges are used on the wellhead to control the flow. This
plumbing is known as a Christmas  or production tree and is generally
attached to the wellhead via a subsea connector. Often,  one or more
horizontal penetrators are installed in a Christmas tree to engage
permanently  installed components of the wellhead, such as a tubing hanger
or an insert landed in the  Christmas tree. Such engagements typically are
used to provide electrical and/or hydraulic  15 power to the components or
to provide connectivity to downhole sensors and the like. Temporary tools,
such as running and retrieving tools, are typically engaged by an  internal
umbilical running through the riser alongside the temporary tool. Such a
configuration, however, may result in higher installation costs and may
require more time to  install. Having the umbilical between the riser and
the temporary tool often necessitates the 20 use of a blowout preventer
spanner joint, so that the blowout preventer rams can seal  properly in the
case of a well blowout. The present invention is directed to overcoming, or
at least reducing, the effects of  one or more of the problems set forth
above. SUMMARY OF THE INVENTION 25 In one aspect of the present invention, a
well completion system is provided. The  well completion system includes a
completion device defining a bore therein attached to a  wellhead and a
tool, disposed within the bore, comprising an operational element and a  



control receptacle in communication with the operational element. The system
further  includes a horizontal penetrator assembly disposed external to the
completion device and 30 comprising at least one horizontal penetrator
capable of being extended into and retracted  from the bore to engage the
control receptacle such that the horizontal penetrator is in  communication
with the operational element of the tool. -1 In another aspect of the
present invention, a method is provided including inserting a  tool into a
bore of a completion device, engaging a horizontal penetrator with a control
receptacle of the tool, and operating an element of the tool via the
horizontal penetrator. In yet another aspect of the present invention an
apparatus is provided. The apparatus  5 includes means for communicating
fluids produced from a wellhead and means for  performing an operation
within at least one of the wellhead and the means for  communicating the
fluids produced from the wellhead. The apparatus further includes means  for
selectively engaging and communicating with the means for performing the
operation. BRIEF DESCRIPTION OF THE DRAWINGS 10 The invention may be
understood by reference to the following description taken in  conjunction
with the accompanying drawings, in which the leftmost significant digit(s)
in the  reference numerals denote(s) the first figure in which the
respective reference numerals  appear, and in which: Figure IA is partial
cross-sectional view of an illustrative embodiment of a well  15 completion
system according to the present invention into which a tubing hanger. is
being  installed; Figures lB-ID are enlarged views of portions of the well
completion system of  Figure IA; Figure 2A is partial cross-sectional view
of the well completion system of Figure IA  20 into which a tubing hanger is
being installed; and 



Figures 2B-2D are enlarged views of portions of the well completion system
of  Figure 2A.. While the invention is susceptible to various modifications
and alternative forms,  specific embodiments thereof have been shown by way
of example in the drawings and are  25 herein described in detail. It should
be understood, however, that the description herein of specific embodiments
is not intended to limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives  falling within the spirit and scope of the
invention as defined by the appended claims. DETAILED DESCRIPTION OF
SPECIFIC EMBODIMENTS 30 Illustrative embodiments of the invention are
described below. In the interest of  clarity, not all features of an actual
implementation are described in this specification. It will  of course be
appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developer's
specific goals,  such as compliance with system-related and business-related
constraints, which will vary  -2 from one implementation to another.
Moreover, it will be appreciated that such a  development effort might be
complex and time-consuming but would nevertheless be a  routine undertaking
for those of ordinary skill in the art having the benefit of this
disclosure. The present invention is directed to a well completion system
having one or more  5 horizontal penetrators capable of being extended into
and retracted from a bore of a  completion device (e.g., a Christmas or
production tree, etc.), such that the penetrators are  engaged with or
disengaged from one or more control receptacles (e.g., hydraulic and/or
electrical receptacles or the like) of a tool disposed within the bore of
the completion device.  In this way, various operational elements of the
tool (e.g., pistons, actuators, wireline 10 devices, valves, etc.) may be
operated via the horizontal penetrators. The tool elements being  operated
may be above or below the control receptacles. In one embodiment, the
horizontal  



penetrators are engageable by a remotely operated vehicle (ROV), and
external umbilical, or  the like. Thus, in such an embodiment, various
elements of the tool may be remotely  operated via an ROV, an external
umbilical, or the like. 15 In one embodiment, a hot stab is provided on the
completion device. An ROV  engages the hot stab with a rotary tool thereof
and winds the horizontal penetrators into the  tool element to be operated.
Alternatively, the hot stab may be engaged by an external  umbilical to
actuate the horizontal penetrators and, thus, operate the tool element.
Further, the well completion system may, in some embodiments, include an
isolation  20 sleeve for protecting the horizontal penetrators or other
elements of the completion device as  tools are run into and out of the
completion device bore. In one embodiment, a hot stab is  provided on the
completion device, with hydraulic lines extending between the isolation
sleeve and the hot stab. An ROV engages the hot stab and fluid from the ROV
is used to  hydraulically operate the isolation sleeve. Alternatively, the
hot stab may be engaged by an  25 external umbilical to actuate the
isolation sleeve. Although it may take on many forms, Figures IA-1D depict
an illustrative  embodiment of a well completion system 100 according to the
present invention into which a  tubing hanger 136 is being installed. Figure
IA is an overall view of the well completion  system 100 and Figures 1B-1D
are enlarged views of portions of the well completion system 30 100. The
illustrated embodiment of the well completion system 100 comprises a
conductor  housing 102 that is welded or otherwise attached to a conductor
pipe 104. A completion  guide base 106 is supported on the outer diameter of
the conductor housing 102. Landed  within the conductor housing 102 is a
wellhead 108, which supports an outer casing string  110. A Christmas or
production tree 112, which is but one type of completion device, is  -3
connected to the top of the wellhead 108 via a tree connector 114. Thus, by
way of example  and illustration, the Christmas tree 112 is but one means
for communicating fluids produced  



from the wellhead 108 employed in accordance with the present invention.
Still referring to Figures 1A-1D, a production valve block 116 is disposed
on the side  5 of the Christmas tree 112. The production valve block 116
comprises production flow  control valves (not shown) for controlling the
flow of oil and/or gas from the well. The valve  block 116 further includes
a retractable production isolation sleeve 120, which can be  retracted from
or extended into a bore 122 of the Christmas tree 112. Also, disposed on the
side of the Christmas tree 112, is an annulus valve block 124, which
includes a retractable 10 annulus isolation sleeve 126, which can also be
retracted from or extended into the bore 122  of the Christmas tree 112. The
well completion system 100 further includes a horizontal penetrator assembly
128, which is also disposed on the side of the Christmas tree 112. The
horizontal penetrator  assembly 128 comprises one or more horizontal
penetrators 130 that can be retracted from or 15 extended into the bore 122
of the Christmas tree 112 to sealingly engage various hydraulic  and/or
electrical control lines 129 (one shown in Figure 1B) of a tool disposed
within the  bore 122, such that the one or more horizontal penetrators is in
communication with  operational elements of the tool. Thus, by way of
example and illustration, the horizontal  penetrator, 130 is but one means
for selectively engaging and communicating with the tool in 20 accordance
with the present invention. In the illustrated embodiment, the horizontal
penetrator assembly 128 is adapted to be engaged by a remotely operated
vehicle, an external  umbilical, or the like, via a coupling 131, for
actuating the horizontal penetrators 130 into or  out of the bore 122 of the
Christmas tree 112 and for operating various operational elements  of tools
that may be disposed within the bore 122. 25 Still referring to Figures
1A-1D, a casing hanger 132 is landed in the wellhead 108  and supports a
production casing string 134. In the illustrated embodiment, the tubing
hanger  136 is run into the well via a tubing hanger running tool 140, which
is suspended on a  running string 142 within the bore 122, and is landed in
the wellhead 108 above the casing  



hanger 132 for supporting a production tubing string 138. Thus, by way of
example and 30 illustration, the tubing hanger running tool 140 is but one
means for performing an operation  within at least one of the wellhead 108
and the Christmas tree 112 employed in accordance  with the present
invention. The tubing hanger running tool 140 comprises an upper section
144, which includes one or more control receptacles 146 for receiving the
horizontal  penetrators 130. The tubing hanger running tool 140 further
comprises an orientation slot  -4 148, which in the illustrated embodiment
has a helical shape, for engaging an orientation pin  150 for orienting the
tubing hanger 136 within the wellhead 108 and for orienting the tubing
hanger running tool 140 within the bore 122 of the Christmas tree 112, such
that the  horizontal penetrators 130, the production isolation sleeve 120,
and the annulus isolation  5 sleeve 126 may be engaged with the Christmas
tree 112. In the illustrated embodiment, a sliding isolation sleeve 152 (see
Figure 1B) is  disposed within the bore 122 of the Christmas tree 112 and
includes an upper portion 154 and  a lower portion 156. The lower portion
156 acts as a piston of a hydraulic actuator for  moving the sleeve up and
down within the bore 122 of the Christmas tree 112. In one 10 embodiment,
the sliding isolation sleeve 152 is hydraulically actuated by an ROV or an
external umbilical, such that, for example, fluid is urged from the ROV or
the external  umbilical, through the horizontal penetrators 130, to the
sliding isolation sleeve 152. When  the sliding isolation sleeve 152 is in
an upper position (as shown in Figures 1A and 1B), the  upper portion 154
isolates the horizontal penetrators 130, the .production isolation sleeve
120; 15 and the annulus isolation sleeve 126, thus inhibiting debris from
fouling these components as,.  tools are run through the bore 122 of the
Christmas tree 112. After the tubing hanger 136 is`  landed in the wellhead
108, the sliding isolation sleeve 152 can be actuated to the lower
position, uncovering the horizontal penetrators 130, the production
isolation sleeve 120, and  the annulus isolation sleeve 126. The horizontal
penetrators 130 can then be extended. to 



20 engage the control receptacles 146 in the upper section 144 of the tubing
hanger running tool  140 such that the tubing hanger running tool 140 can be
operated. Thus, the functions of the  tubing hanger running tool 140 and any
downhole devices can be controlled, for example, by  a remotely operated
vehicle or an external umbilical attached to the penetrator assembly 128.
After the tubing hanger running tool 140 has been used to perform the
desired operations and 25 the horizontal penetrators 130 have been
retracted, the sliding isolation sleeve 152 can be  actuated to the upper
position and the tubing hanger running tool 140 can be removed.  Figures
2A-2D depict an insert 202 being inserted into the well completion system
100. Figure 2A is an overall view of the well completion system 100 and
Figures 2B-2D are  enlarged views of portions of the well completion system
100. Prior to installing the insert  30 202, the sliding isolation sleeve
152 is actuated to the upper position to protect the horizontal penetrators
130, the production isolation sleeve 120, and the annulus isolation sleeve
126. In  the illustrated embodiment, an insert running tool 204 is suspended
on the running string 142  and is used to install the insert 202. Thus, by
way of example and illustration, the insert  running tool 204 is but one
means for performing an operation within at least one of the  -5 wellhead
108 and the Christmas tree 112 employed in accordance with the present
invention.  In the illustrated embodiment, the insert 202 extends downwardly
into the wellhead 108 and  includes an isolation sleeve 206 for engaging a
bore 208 of the tubing hanger 136. An  orientation groove 218 (shown in
Figures 2A and 2F as a helical groove) cooperates with a  5 pin 220 to
orient the insert 202 within the Christmas tree 112. Once the insert 202 has
been landed in the wellhead 108, the sliding isolation sleeve  152 is
actuated to the lower position, as illustrated in Figures 2A and 2B. The
horizontal  penetrators 130, the production isolation. sleeve 120, and the
annulus isolation sleeve 126 are  each extended to engage the insert 202. In
the illustrated embodiment, the insert 202 10 includes. a wireline plug 210
and directs the flow of produced fluids from the production  



tubing string 138, through the insert 202 and the production isolation
sleeve 120, and into the  production valve block 116. The annulus isolation
sleevq 126 communicates with an annulus  bore 212 defined by the insert 202,
which is in communication with a production annulus 214  between the
production tubing string 138 and the production casing string 134. The 15
functions of the insert 202 and any downhole devices can be controlled by an
ROV or  external umbilical attached to the horizontal penetrator assembly
128 when the horizontal  penetrators 130 are engaged with control
receptacles 216 of the insert 202. While the horizontal' penetrators 130
have been shown and described herein as being  used with a tubing hanger
running tool 140 and an insert running tool 204, the present  20 invention
is not so limited. Rather, one or more of the horizontal penetrators 130 may
engage one or more control receptacles in any desired tool disposed within
the bore 122 of  the Christmas tree 112. For example, one or more horizontal
penetrators 130 may engage  control receptacles of an insert retrieval tool
(not shown) so that the tool may be remotely  operated, via an ROV, an
external umbilical, or the like, to remove the insert 202. Further, 25 one
or more horizontal penetrators 130 may engage control receptacles of a
tubing hanger  retrieval tool (not shown) so that the tool may be remotely
operated, via an ROV, an external  umbilical, or the like, to remove the
tubing hanger 136. The particular embodiments disclosed above are
illustrative only, as the invention  may be modified and practiced in
different but equivalent manners apparent to those skilled  30 in the art
having the benefit of the teachings herein. Furthermore, no limitations are
intended to the details of construction or design herein shown, other than
as described in the claims  below. It is therefore evident that the
particular embodiments disclosed above may be altered  or modified and all
such variations are considered within the scope and spirit of the
invention. Accordingly, the, protection sought herein is as set forth in the
claims below. -6 CLAIMS:  



I. A well completion system, comprising: a completion device defining a bore
therein attached to a wellhead; a tool, disposed within the bore, comprising
an operational element and a control  receptacle in communication with the
operational element; a horizontal penetrator assembly disposed external to
the completion device and  comprising at least one horizontal penetrator
capable of being extended into and retracted  from the bore to engage the
control receptacle such that the horizontal penetrator is in  communication
with the operational element of the tool; and a sliding isolation sleeve,
disposed within the bore, for selectively protecting the at least  one
horizontal penetrator when retracted from the bore, wherein the sliding
isolation  sleeve is capable of being operated by at least one of a remotely
operated vehicle and an  external umbilical. 2. A well completion system,
according to claim 1, wherein the completion device  is a Christmas tree. 3.
A well completion system, according to claim 1, wherein the control
receptacle is  an electrical receptacle. 4. A well completion system,
according to claim 1, wherein the horizontal penetrator  assembly further
comprises a coupling for engaging an external umbilical. 5. A well
completion system, according to claim 1, further comprising an extendable
isolation sleeve capable of being extended into and retracted from the bore
of the 7 completion device, wherein the sliding isolation sleeve is capable
of selectively  protecting the extendable isolation sleeve when retracted
from the bore. 6. A well completion system, comprising: a completion device
defining a bore therein attached to a wellhead; a retrievable tubing hanger
running tool, disposed within the bore, comprising an  



operational element and a control receptacle in communication with the
operational  element; and a horizontal penetrator assembly disposed external
to the completion device and  comprising at least one horizontal penetrator
capable of being extended into and retracted  from the bore to engage the
control receptacle such that the horizontal penetrator is in  communication
with the operational element of the retrievable tubing hanger running  tool.
7. A well completion system, comprising: a completion device defining a bore
therein attached to a wellhead; a retrievable insert running tool, disposed
within the bore, comprising an operational  element and a control receptacle
in communication with the operational element; and  a horizontal penetrator
assembly disposed external to the completion device and  comprising at least
one horizontal penetrator capable of being extended into and retracted  from
the bore to engage the control receptacle such that the horizontal
penetrator is in  communication with the operational element of the
retrievable insert running tool. 8. A well completion system, comprising: a
completion device defining a bore therein attached to a wellhead;  8 a
retrievable tool, disposed within the bore, comprising an operational
element and a  hydraulic control receptacle in communication with the
operational element; and a horizontal penetrator assembly disposed external
to the completion device and  comprising at least one horizontal penetrator
capable of being extended into and retracted  from the bore to engage the
hydraulic control receptacle such that the horizontal  penetrator is in
communication with the operational element of the retrievable tool. 9. A
method, comprising: inserting a tool into a bore of a completion device;  



extending a horizontal penetrator into the bore; engaging the horizontal
penetrator with a control receptacle of the tool;  operating an element of
the tool via the horizontal penetrator; and actuating a sliding isolation
sleeve to protect the horizontal penetrator prior to inserting  the tool
into the bore, wherein actuating the sliding isolation sleeve further
comprises  actuating the sliding isolation sleeve with one of a remotely
operated vehicle and an  external umbilical. 10. A method, according to
claim 9, wherein engaging the control receptacle further  comprises
extending the horizontal penetrator into the bore of the completion device.
11. A method, according to claim 9, wherein operating the element of the
tool further  comprises transmitting electrical energy through the
horizontal penetrator to operate the  element of the tool. 9 12, A method,
according to claim 9, wherein operating the element of the tool further
comprises operating the element of the tool with one of a horizontal
penetrator and an  external umbilical. 13. A method, according to claim 9,
wherein actuating the sliding isolation sleeve  further comprises actuating
the sliding isolation sleeve to protect an extendable isolation  sleeve. 14.
A method, according to claim 9, further comprising disengaging the
horizontal  penetrator from the control receptacle. 15. A method,
comprising: running a retrievable tool having a device coupled thereto into
a bore of a completion  device on a running string; engaging a horizontal
penetrator with a control receptacle of the retrievable tool; and  operating
an element of the retrievable tool via the horizontal penetrator so as to
position  



said device within said bore. 16. The method of claim 15, further comprising
actuating a sliding isolation sleeve to  expose the horizontal penetrator
prior to engaging said horizontal penetrator with said  control receptacle,
wherein actuating the sliding isolation sleeve further comprises  actuating
the sliding isolation sleeve with one of a remotely operated vehicle and an
external umbilical. 17. The method of claim 15, farther comprising: after
operating said element of said retrievable tool, disengaging said horizontal
penetrator with said control receptacle; and retrieving said retrievable
tool. 10 18. A method, comprising: inserting a retrievable tool into a bore
of a completion device; using a remotely operated vehicle to extend a
horizontal penetrator; engaging the horizontal penetrator with a control
receptacle of the retrievable tool; and  operating an element of the
retrievable tool via the horizontal penetrator. 19. The method of claim 18,
further comprising actuating a sliding isolation sleeve to  expose the
horizontal penetrator prior to engaging said horizontal penetrator with said
control receptacle, wherein actuating the sliding isolation sleeve further
comprises  actuating the sliding isolation sleeve with one of a remotely
operated vehicle and an  external umbilical. 20. The method of claim 18,
farther comprising: after operating said element of said retrievable tool,
disengaging said horizontal  penetrator with said control receptacle; and
retrieving said retrievable tool.  21. A method, comprising: 



inserting a retrievable tool having a device coupled thereto into a bore of
a completion  device; using an external umbilical to extend a horizontal
penetrator into the bore of the  completion device; engaging the horizontal
penetrator with a control receptacle of the retrievable tool; and  11
operating an element of the retrievable tool via the horizontal penetrator
so as to position  said device within said bore. 22. The method of claim 21,
further comprising actuating a sliding isolation sleeve to  expose the
horizontal penetrator prior to engaging said horizontal penetrator with said
control receptacle, wherein actuating the sliding isolation sleeve farther
comprises  actuating the sliding isolation sleeve with one of a remotely
operated vehicle and an  external umbilical. 23. The method of claim 21,
farther comprising: after operating said element of said retrievable tool,
disengaging said horizontal  penetrator with said control receptacle; and
retrieving said retrievable tool.  24. A method, comprising: inserting a
retrievable tool into a bore of a completion device; engaging a horizontal
penetrator with a control receptacle of the retrievable tool; and
transmitting hydraulic fluid through the horizontal penetrator to operate an
element of the  retrievable tool via the horizontal penetrator. 25. A
method, comprising: inserting a retrievable tool having a device coupled
thereto into a bore of a completion  device; extending a horizontal
penetrator into the bore; 



engaging the horizontal penetrator with a control receptacle of the
retrievable tool; and  12 operating an element of the retrievable tool via
the horizontal penetrator so as to position  said device within said bore,
wherein operating the element of the tool further comprises transmitting
electrical signals  from the element of the tool through the horizontal
penetrator. 26. The method of claim 25, further comprising actuating a
sliding isolation sleeve to  expose the horizontal penetrator prior to
engaging said horizontal penetrator with said  control receptacle, wherein
actuating the sliding isolation sleeve further comprises  actuating the
sliding isolation sleeve with one of a remotely operated vehicle and an
external umbilical. 27. The method of claim 25, farther comprising: after
operating said element of said retrievable tool, disengaging said horizontal
penetrator with said control receptacle; and retrieving said retrievable
tool.  28. A method, comprising: inserting a retrievable tool having a
device coupled thereto into a bore of a completion  device; extending a
horizontal penetrator into the bore; actuating a sliding isolation sleeve to
expose the horizontal penetrator; engaging the horizontal penetrator with a
control receptacle of the retrievable tool;  operating an element of the
retrievable tool via the horizontal penetrator so as to position  said
device within said bore. 13 29. A method, according to claim 28, wherein
actuating the sliding isolation sleeve  further comprises actuating the
sliding isolation sleeve to expose an extendable isolation  



sleeve. 30. The method of claim 28, further comprising actuating a sliding
isolation sleeve to  expose the horizontal penetrator prior to engaging said
horizontal penetrator with said  control receptacle, wherein actuating the
sliding isolation sleeve farther comprises  actuating the sliding isolation
sleeve with one of a remotely operated vehicle and an  external umbilical.
31. The method of claim 28, further comprising: after operating said element
of said retrievable tool, disengaging said horizontal  penetrator with said
control receptacle; and retrieving said retrievable tool. 32. A well
completion system, comprising: a completion device defining a bore therein
attached to a wellhead; a retrievable tool for positioning a device within
said bore, disposed within the bore,  comprising an operational element and
a control receptacle in communication with the  operational element; a
horizontal penetrator assembly disposed external to the completion device
and  comprising at least one horizontal penetrator capable of being extended
into and retracted  from the bore to engage the control receptacle such that
the horizontal penetrator is in  communication with the operational element
of the retrievable tool, the horizontal  penetrator assembly comprising a
coupling for engaging a remotely operated vehicle; and 14 a sliding
isolation sleeve, disposed within the bore, for selectively protecting the
at least  one horizontal penetrator when retracted from the bore, wherein
the sliding isolation  sleeve is capable of being operated by at least one
of a remotely operated vehicle and an  external umbilical. 15 


