
WO 2009/102601 PCT/US2009/033113  ANGLED-PENETRATOR
DEVICE AND SYSTEM CROSS REFERENCE TO RELATED
APPLICATION [0001] This application claims priority to
U.S. Provisional Patent Application No.  61/027,701,
entitled "Angled-Penetrator Device and System", filed
on February 11,  2008, which is herein incorporated by
reference in its entirety. FIELD OF THE INVENTION
[0002] The present invention relates generally to
providing resources to a  downhole device. More
particularly, the present invention, in accordance
with an  exemplary embodiment, relates to a novel
device and system for accommodating the  penetrator of
a cabling system. BACKGROUND  [0003] This section is
intended to introduce the reader to various aspects of
art  that may be related to various aspects of the
present invention, which are described  and/or claimed
below. This discussion is believed to be helpful in
providing the reader  with background information to
facilitate a better understanding of the various
aspects  of the present invention. Accordingly, it
should be understood that these statements  are to be
read in this light, and not as admissions of prior
art. [0004] As will be appreciated, supplies of oil
and natural gas have a profound  effect on modern
economies and civilizations. Devices and systems that
depend on  oil and natural gas are ubiquitous. For
instance, oil and natural gas are used for fuel  in a
wide variety of vehicles, such as cars, airplanes,
boats, and the like. Further, oil  and natural gas are
frequently used to heat homes during winter, to
generate electricity, and to manufacture an
astonishing array of everyday products.  [0005] In
order to meet the demand for these resources,
companies often  spend a significant amount of time
and money searching for and extracting oil, natural
gas, and other subterranean resources from the earth.
Particularly, once a desired  resource is discovered
below the surface of the earth, a fluid production
system is  



often employed to access and extract the resource.
These production systems may  be located onshore or
offshore depending on the location of a desired
resource. I WO 2009/102601 PCT/US2009/033113  Further,
such systems include a wide array of components, such
as valves and casing  suspension devices, that control
drilling or extraction operations. [0006] In certain
instances, resource extraction may be improved through
the  use of a device located in the production bore
(i.e., a downhole device). For  example, an operator
may employ a submergible or submersible pump, which is
an  artificial-lift system that advances fluid from
the subterranean reservoir to the surface.
Submersible pumps generally require a motivation
source, such as hydraulically- operated or
electrically-operated motor, that drives the pumping
mechanism. These  motors are connected to a power
source (e.g., hydraulic accumulators or electrical
generators) located on the surface via a cabling
system. [0007] To access the downhole device, the
cabling system may extend through  or penetrate
various wellhead components. For example, the cabling
system is  typically run through an auxiliary bore of
a tubing hanger, and the auxiliary bore is  parallel
to the primary or production bore of the tubing
hanger. As a result, the mouth  of the production
casing, which must accommodate both the production
tubing and  cabling system, is oversized. Indeed, when
the production tubing and cabling system  exit the
tubing hanger parallel to one another, much of the
real estate in the mouth the  production casing (or
casing hanger) is unused. Oversized casing strings
are, of  course, heavier and require more robust
equipment for suspension, thus adding cost  and
installation time. Indeed, cost-related issues are of
particular sensitivity for land- based low-pressure
wells. [0008] Various refinements of the features
noted above may exist in relation to  various aspects
of the present invention. Further features may also be
incorporated in  these various aspects as well. These
refinements and additional features may exist  



individually or in any combination. For instance,
various features discussed below in  relation to one
or more of the illustrated embodiments may be
incorporated into any of  the above-described aspects
of the present invention alone or in any combination.
Again, the brief summary presented above is intended
only to familiarize the reader  with certain aspects
and contexts of the present invention without
limitation to the  claimed subject matter. 2 WO
2009/102601 PCT/US2009/033113  BRIEF DESCRIPTION OF
THE DRAWINGS [0009] These and other features, aspects,
and advantages of the present  invention will become
better understood when the following detailed
description is  read with reference to the
accompanying drawings in which like characters
represent  like parts throughout the drawings,
wherein: [0010] FIG. 1 is a schematic representation
of a resource extraction system in  accordance with
one embodiment of the present invention; and [0011]
FIG. 2 is schematic and cross-sectional illustration
of a wellhead  assembly in accordance with one
embodiment of the present invention, wherein the  left
portion illustrates an emergency casing suspension
configuration and the right  portion illustrates a
standard suspension configuration. DETAILED
DESCRIPTION OF SPECIFIC EMBODIMENTS [0012] One or more
specific embodiments of the present invention will be
described below. In an effort to provide a concise
description of these embodiments,  all features of an
actual implementation may not be described in the
specification. It  should be appreciated that in the
development of any such actual implementation, as  in
any engineering or design project, numerous
implementation-specific decisions  must be made to
achieve the developers' specific goals, such as
compliance with  system-related and business-related
constraints, which may vary from one  implementation
to another. Moreover, it should be appreciated that
such a  



development effort might be complex and time
consuming, but would nevertheless be  a routine
undertaking of design, fabrication, and manufacture
for those of ordinary skill  having the benefit of
this disclosure. [0013] When introducing elements of
various embodiments of the present  invention, the
articles "a," "an," "the," and "said" are intended to
mean that there are  one or more of the elements. The
terms "comprising," "including," and "having" are
intended to be inclusive and mean that there may be
additional elements other than  the listed elements.
Moreover, the use of "top," "bottom," "above,"
"below," and  variations of these terms is made for
convenience, but does not require any particular
orientation of the components. 3 WO 2009/102601
PCT/US2009/033113  [0014] Turning now to the present
figures, FIG. 1 schematically illustrates a  resource
extraction system 10 for producing a resource, such as
a hydrocarbon, from  an underground reservoir 12. The
system 10 includes a series of tubular members  that
are suspended by a wellhead assembly 14. Specifically,
the outer-most tubular  member is known as the
conductor 16, and this conductor 16 defines the
wellbore 18.  The inner-most tubular member is known
as the production tubing 20. This tubing 20  receives
and routes the subterranean resource from the
reservoir 12 to the surface.  Additionally, the system
may include one or more tubular members disposed
between  the conductor 16 and the production tubing
20. As illustrated, the present system 10  includes a
production casing 22 and a surface casing 24. One or
more packers 26  may be provided to isolate the
annular regions between the tubular members from
reservoir 12, for instance. [0015] To aid in the
extraction or production of the resource, the
exemplary  system 10 includes a submersible or
submergible pump 28, and such pumps are fully
understood by those of ordinary skill in the art. A
typical submergible pump 28  includes an intake 30, a
pump mechanism 32, and a motor 34 that drives the pump



mechanism 32. The motor 34 may be a hydraulic motor or
an electrical motor, for  example. In either case, the
motor 34 is coupled to a surface-located power source
via a cabling system 36. (The cabling system 36 may
extend downhole to power any  type of electrical or
hydraulic device, such as a pump or downhole safety
valve, for  example.) [0016] FIG. 2 is a more detailed
representation of a wellhead assembly 14 in
accordance with an embodiment of the present
invention. As illustrated, the wellhead  assembly 14
includes annular components that cooperate with the
production tubing  to define a production bore 38,
through which the resource is produced. Specifically,
the wellhead assembly 14 includes an extended-neck
tubing hanger 40 that is  supported by a tubing head
42, an adapter flange 44 fastened above and to the
tubing  head 42, and a production tree 46 (i.e.,
production valve) that controls egress of the
produced resource. As illustrated, production tree
46(a) provides for vertical  production, while
production tree 46(b) provides for horizontal
production via a branch  bore extending from the
production bore 38. 4 WO 2009/102601 PCT/US2009/033113
[0017] As discussed above, the exemplary wellhead
assembly 14 includes  features that allow the cabling
assembly 36 to couple a submersible pump 32 (FIG. 1)
located downhole to a power source 48 located on the
surface. For example, the  illustrated tubing hanger
40 and adapter flange 44 include angled cabling or
auxiliary  bores 50 and 52, respectively. And each
angled bore 50 and 52 is concentric or  coaxial with
the other and is designed to accept a penetrator 54 of
the cabling system  36. As will be appreciated by
those of ordinary skill in the art, the penetrator 54
protects the internal cabling of the cabling system
36. The upper portion of the  penetrator 54 is coupled
to an elbow, while the lower portion of the penetrator
54 is  coupled to cabling disposed within
semi-flexible and protective sheathing 56. This
sheathing 56 extends father downhole to the
submersible pump 32. Moreover, the  



penetrator may be sealed against the bores 50 and 52
with bushing seals, or other  suitable arrangements.
[0018] By tilting or angling the bores 50 and 52, the
lower end of the penetrator  54 is located radially
closer to the production tubing 20 than in comparison
to  traditional tubing hangers, which have a cabling
bore that is parallel with production  tubing 20. In
other words, the bores 50 and 52 are not parallel with
a longitudinal axis  of the production tubing 20, but
rather the bores 50 and 52 have an acute angle of
less than 90 degrees (i.e., not perpendicular) and
greater than 0 degrees (i.e., not  parallel). For
example, in certain embodiments, the bores 50 and 52
may have an  angle of approximately 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, or  85
degrees relative to the longitudinal axis of the
production tubing 20. In certain  embodiments, the
angle (not parallel) of the bores 50 and 52 may be
characterized as  at least less than about any of the
foregoing angles, e.g., less than approximately 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, or 85. As a result, less space  is required at
the mouth of the casing hanger or production casing,
and a smaller- diameter production casing (or casing
hanger) may be used. For example, the angled  bores 50
and 52 facilitate the use of a 7-5/8 inch diameter
production casing 22, while  a comparable tubing
hanger with a straight cabling bore benefits from the
use of a 9- 5/8 inch diameter production casing 22,
for example. As will be appreciated by those  of
ordinary skill in the art, 7-5/8 inch casing is nearly
twenty pounds-per-foot lighter  than 9-5/8 inch
casing, and it is also less expensive. Resultantly,
the casing hanger 5 WO 2009/102601 PCT/OS2009/033113
60 supporting the production casing 22 suspends less
weight, can be less robust and  can be less expensive,
for instance. [0019] As further illustrated in FIG. 2,
the bores 50 and 52 do not extend  through outer
circumferential walls of the tubing hanger 40 and the
adapter flange 44,  respectively. Instead, the
illustrated bores 50 and 52 extend through outer axial
walls  



of the tubing hanger 40 and the adapter flange 44,
respectively. Thus, the bores 50  and 52 allow entry
of the penetrator 54 of the cabling system 36 in a
more axial  direction from the top, rather than a
radial direction from the side. In other words, the
bores 50 and 52 may be oriented to enable insertion of
the penetrator 54 through one  ore more axial walls
generally transverse to an axis of the production
tubing 20.  However, in other embodiments, the bores
50 and/or 52 may extend through the outer
circumferential walls instead of outer axial walls. In
either arrangement, the bores 50  and 52 may be angled
at an acute angle selected to simplify the insertion
of the  penetrator 54 of the cabling system 36 into
the production tubing 20, the production  casing 22,
or other tubing. [0020] The present technique of
angling the cabling bores can be expanded  and applied
to any auxiliary bore that provides a surface resource
to a downhole  component within a wellhead system. For
example, the angled cabling bore may be  provided in
other wellhead members or components, such as support
flanges, casing  hangers or heads, to name just a few.
[0021] While the invention may be susceptible to
various modifications and  alternative forms, specific
embodiments have been shown by way of example in the
drawings and have been described in detail herein.
However, it should be understood  that the invention
is not intended to be limited to the particular forms
disclosed.  Rather, the invention is to cover all
modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as
defined by the following appended  claims. 6 WO
2009/102601 PCT/US2009/033113  CLAIMS: 1. A wellhead
member comprising:  a wellhead member body; a first
bore extending axially through the body from a first
end of the body to a  



second end; and a second bore extending through the
body from the first end to the second end,  wherein
the first bore and second bore are non-parallel. 2.
The wellhead member of claim 1, wherein the wellhead
member body  comprises a tubing hanger. 3. The
wellhead member of claim 1, wherein the first and
second bores are  oriented at an acute angle relative
to one another. 4. The wellhead member of claim 3,
wherein the acute angle is less than  approximately 45
degrees. 5. The wellhead member of claim 3, wherein
the acute angle is less than  approximately 30
degrees. 6. The wellhead member of claim 3, wherein
the acute angle is less than  approximately 15
degrees. 7. The wellhead member of claim 1, wherein
the first bore is aligned along  a production flow
path of a wellhead, and the second bore is
non-parallel and non- perpendicular to the production
flow path. 8. The wellhead member of claim 1, wherein
the second bore is configured  to receive a cabling
insert to route one or more cables to a device within
the first bore.  7 WO 2009/102601 PCT/US2009/033113 9.
The wellhead member of claim 8, comprising the cabling
insert disposed  in the second bore and a submergible
pump disposed in the first bore, wherein the  cabling
insert includes at least one cable coupled to the
submergible pump. 10. The wellhead member of claim 1,
wherein the wellhead member body  comprises a tubing
hanger having both the first and second bores, wherein
the first  bore is aligned along a production flow
path, and the second bore is angled at least  less
than approximately 45 degrees relative to the
production flow path. 11. A wellhead assembly,
comprising: 



a tubing hanger having a first production bore
extending axially therethrough;  an adapter flange
disposed above the tubing head having a second
production  bore extending therethrough; a first
auxiliary bore extending through the adapter flange; a
second auxiliary bore extending through the tubing
hanger; and wherein the first and second production
bores are concentric with one another,  the first and
second auxiliary bores are concentric with one
another, the first and  second auxiliary bores are
disposed at an angle in relation to the first and
second  production bores, and the angle is greater
than 0 degrees and less than 90 degrees. 12. The
wellhead assembly of claim 11, comprising a
submersible pump  disposed downhole. 13. The wellhead
assembly of claim 12, comprising a cabling system that
extends through the first and second auxiliary bores
and couples a power source to  the submersible pump.
14. The wellhead assembly of claim 11, wherein the
angle is less than  approximately 45 degrees. 15. The
wellhead assembly of claim 11, wherein the angle is
less than  approximately 30 degrees. 8 WO 2009/102601
PCT/US2009/033113  16. The wellhead assembly of claim
11, wherein the angle is less than  approximately 15
degrees. 17. The wellhead assembly of claim 11,
wherein the first and second  auxiliary bores do not
extend through outer circumferential walls of the
adapter flange  and the tubing hanger, respectively.
18. The wellhead assembly of claim 11, wherein the
first and second  auxiliary bores extend through outer
axial walls of the adapter flange and the tubing
hanger, respectively. 



19. A method, comprising: routing a cable at an acute
angle through an auxiliary bore into a production
bore of a mineral extraction system, wherein the acute
angle is at least greater than 0  degrees and less
than 90 degrees. 20. The method of claim 19,
comprising coupling the cable to a power  source
external to the mineral extraction system, and
coupling the cable to a  submergible pump inside the
production bore. 21. The method of claim 19, wherein
routing comprises inserting the cable  into the
auxiliary bore through an axial wall generally
transverse to an axis of the  production bore. 22. The
method of claim 19, wherein the acute angle is at
least greater than  0 degrees and less than 45
degrees. 23. A method, comprising: driving a device
located within a first bore of a tubular via a line
routed through  a second bore to the first bore,
wherein the second bore is oriented at angle that is
neither parallel nor perpendicular relative to the
first bore. 9 WO 2009/102601 PCT/US2009/033113  24.
The method of claim 23, wherein driving the device
comprises transmitting electrical power through the
line from a power source to a pump located  within the
first bore. 25. The method of claim 23, wherein the
angle is at least greater than 0  degrees and less
than 45 degrees. 26. The method of claim 23,
comprising flowing a mineral from a well  through the
first bore. 10 


