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PUMP-IN SEAL

BACKGROUND
Field of the Invention
[0001] This application relates generally to drilling methods and systems.
Background Technology
[0002] Exploration drilling often includes retrieving a sample from a formation. The
retrieved sample may then be evaluated to determine its contents.
[0003] In a conventional exploration drilling process, a drill string may be used to
retrieve a sample from a formation. The drill string may include an open-faced drill bit, a
core barrel, and a series of connected drill rods, which may be assembled section-by-
section as the drill bit and the core barrel move deeper into the formation. The core barrel
may be connected to the drill bit and the series of drill rods. In particular, the core barrel
may include an outer portion and an inner portion, and a lower or leading portion of the
outer portion may be connected to the drill bit, while an upper or trailing portion of the
outer portion may be connected to the series of drill rods. The drill bit, the core barrel
and the drill rods may be rotated and/or pushed into the formation to allow the sample
(often called a “core sample”) to be collected within the inner portion of the core barrel.
After the core sample is collected within the inner portion of the core barrel, the core
sample is retrieved by removing (“tripping out”) the drill string out of the hole that was
drilled (“the borehole”). In particular, each drill rod is sequentially removed from the
borehole, followed by the core barrel. The core sample can then be removed from the
core barrel.
[0004] In a wireline exploration drilling process, a drill string may also be used to
retrieve a sample from a formation. The drill string may include an open-faced drill bit,
an outer tube of a core barrel assembly, and a series of connected drill rods, which may be
assembled section-by-section as the drill bit and the core barrel assembly move deeper
into the formation. The outer tube of the core barrel assembly may be connected to the
drill bit and the series of drill rods. The core barrel assembly may also include an inner
tube assembly, which may be releasably locked to the outer tube. With the inner tube
assembly locked to the outer tube, the drill bit, the core barrel assembly and the drill rods
may be rotated and/or pushed into the formation to allow a core sample to be collected
within the inner tube assembly.  After the core sample is collected, the inner tube
assembly may be unlocked from the outer tube. The inner tube assembly may then be

retrieved using a retrieval system, while portions of the drill string remain within the
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borehole. The core sample may be removed from the retrieved inner tube assembly, and
after the core sample is removed, the inner tube assembly may be sent back and locked to
the outer tube. With the inner tube assembly once again locked to the outer tube, the drill
bit, the core barrel assembly and the drill rods may again be rotated and/or pushed further
into the formation to allow another core sample to be collected within the inner tube
assembly. Desirably, the inner tube assembly may be repeatedly retrieved and sent back
in this manner to obtain several core samples, while portions of the drill string remain
within the borehole. This may advantageously reduce the time necessary to obtain core
samples because the drill string need not be tripped out of the borehole for each core
sample.

[0005] In some situations, as part of a wireline exploration drilling process, the inner
tube assembly may be pumped into place using hydraulic pressure. In particular, the
inner tube assembly may include a pump-in lip seal, and hydraulic pressure behind the
pump-in lip seal may pump or advance the inner tube assembly along the drill string. The
pump-in lip seal may be constructed from polyurethane and may include an annular lip
that is configured to form a seal with drill rods having a constant inner diameter.

SUMMARY

[0006] One aspect is a drill string may include a drill bit, an outer tube of a core barrel
assembly, and a series of connected drill rods. The outer tube of the core barrel assembly
may be connected to the drill bit and the series of drill rods. The core barrel assembly
may also include an inner tube assembly, which may be releasably locked to the outer
tube. With the inner tube assembly locked to the outer tube, the drill bit, the core barrel
assembly and the drill rods may be rotated and/or pushed into a formation to allow a core
sample to be collected within the inner tube assembly. After the core sample is collected,
the inner tube assembly may be unlocked from the outer tube. The inner tube assembly
may then be retrieved, for instance using a wireline retrieval system, while portions of the
drill string remain within the borehole. The core sample may be removed from the
retrieved inner tube assembly, and after the core sample is removed, the inner tube
assembly may be sent back and locked to the outer tube. With the inner tube assembly
once again locked to the outer tube, the drill bit, the core barrel assembly and the drill
rods may again be rotated and/or pushed further into the formation to allow another core
sample to be collected within the inner tube assembly. The inner tube assembly may be
repeatedly retrieved and sent back in this manner to obtain several core samples, while

the drill bit, the outer tube, one or more of the drill rods and/or other portions of the drill
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string remain within the borehole.

[0007] A further aspect is the inner tube assembly may include a first seal that may be
configured to form a seal with different inner diameters of a variable-diameter drill rod of
the drill string. Hydraulic pressure may be used to move the inner tube assembly from a
first position within the drill string to a second position within the drill string. When the
inner tube assembly is at the first position within the drill string, a projection of the first
seal may form a seal with a larger inner diameter of the variable-diameter drill rod and
may be disposed in an expanded configuration in which the projection is radially-
extended and axially-retracted. When the inner tube assembly is at the second position
within the drill string, the projection of the first seal may form a seal with a smaller inner
diameter of the variable-diameter drill rod and may be disposed in a compressed
configuration in which the projection is radially-retracted and axially-extended.

[0008] Another aspect is an apparatus that may include a first seal. The first seal may
include a central core and a lip spaced apart from the central core. The lip may include a
projection that may be configured to form a seal with different inner diameters of a
variable-diameter drill rod.

[0009] Yet another aspect is a method that may include disposing an inner tube
assembly within a drill string. The drill string may include a variable-diameter drill rod.
The inner tube assembly may include a head assembly and a first seal. The first seal may
include a central core and a lip. The lip may be spaced apart from the central core. The
central core may include a passageway. The passageway may receive at least a portion of
the head assembly. The lip may include a projection. The projection may be configured
to form a seal with different inner diameters of the variable-diameter drill rod.

[0010] Still another aspect is a method that may include disposing a first seal within a
drill string. The drill string may include a variable-diameter drill rod. The first seal may
include a first seal including a projection. The projection may be configured to form a
seal with different inner diameters of the variable-diameter drill rod. The method may
also include using hydraulic pressure to move the first seal from a first position within the
drill string to a second position within the drill string.

[0011] For purposes of summarizing, some aspects, advantages and features of a few
of the embodiments of the invention have been described in this summary. Some
embodiments of the invention may include some or all of these summarized aspects,
advantages and features. However, not necessarily all of (or any of) these summarized

aspects, advantages or features will be embodied in any particular embodiment of the
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invention. Thus, none of these summarized aspects, advantages and features are essential.
Some of these summarized aspects, advantages and features and other aspects, advantages
and features may become more fully apparent from the following detailed description and
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] To further clarify the above and other advantages and features of the present
invention, a more particular description of the invention will be rendered by reference to
specific embodiments thereof which are illustrated in the appended drawings. It is
appreciated that these drawings depict only illustrated embodiments of the invention and
are therefore not to be considered limiting of its scope. The invention will be described
and explained with additional specificity and detail through the use of the accompanying
drawings in which:
[0013] Figure 1 illustrates an exemplary drilling system;
[0014] Figure 2 is a rear perspective view of an exemplary seal;
[0015] Figure 3 is a side view of the seal shown in Figure 2;
[0016] Figure 4 is a cross-sectional view of the seal shown in Figure 3;
[0017] Figure 5 is a rear view of the seal shown in Figure 3;
[0018] Figure 6 is a cross-sectional view of another exemplary seal;
[0019] Figure 7 is a cross-sectional view of yet another exemplary seal, illustrating an
insert within a recess of the seal,
[0020] Figure 8 is a cross-sectional view of still another exemplary seal; and
[0021] Figure 9 is a cross-sectional view of a portion of an exemplary drilling system.

DETAILED DESCRIPTION

[0022] As shown in Figure 1, a drilling system 100 may be used to retrieve a sample
from a formation 102. The drilling system 100 may include a drill string 104 that may
include a drill bit 106 (for example, an open-faced drill bit or other type of drill bit)
and/or one or more drill rods 108.
[0023] The drilling system 100 may also include an in-hole assembly, such as a core
barrel assembly 110, and the drill string 104 may include an outer portion of the in-hole
assembly. For example, the drill string 104 may include an outer tube 112 of the core
barrel assembly 110, which may be connected to the drill bit 106 and a set of one or more
drill rods 108. In particular, the drill string 104 may include a reaming shell (which may
interconnect the drill bit 106 and a leading portion of the outer tube 112) and an adapter

coupling (which may interconnect a trailing portion of the outer tube 112 and the drill
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rods 108). It will be appreciated, however, that the outer tube 112 and/or other portions
of the core barrel assembly 110 may be connected to the drill bit 106, the drill rods 108
and/or other portions of the drill string 104 using any other suitable components.

[0024] As part of a drilling process, the drill bit 106, the core barrel assembly 110, the
drill rods 108 and/or other portions of the drill string 104 may be rotated and/or pushed
into the formation 102 to form a borehole. During this process, a series of interconnected
drill rods 108 may be assembled section-by-section.

[0025] The drilling system 100 may include a drill rig 114 that may rotate and/or push
the drill bit 106, the core barrel assembly 110, the drill rods 108 and/or other portions of
the drill string 104 into the formation 102. The drill rig 114 may include, for example, a
drill head 116, a sled assembly 118, a slide frame 120 and/or a drive assembly 122. The
drill head 116 may couple one or more of the drill rods 108, which may allow the drill
head 116 to rotate the drill bit 106, the core barrel assembly 110, the drill rods 108 and/or
other portions of the drill string 104. If desired, the drill head 116 may be configured to
vary the speed and/or direction that it rotates these components. The drive assembly 122
may be configured to move the sled assembly 118 relative to the slide frame 120. As the
sled assembly 118 moves relative to the slide frame 120, the sled assembly 118 may
provide a force against the drill head 116, which may push the drill bit 106, the core
barrel assembly 110, the drill rods 108 and/or other portions of the drill string 104 further
into the formation 102, for example, while they are being rotated. It will be appreciated,
however, that the drill rig 114 does not require a drill head, a sled assembly, a slide frame
or a drive assembly and that the drill rig 114 may include other suitable components. It
will also be appreciated that the drilling system 100 does not require a drill rig and that
the drilling system 100 may include other suitable components that may rotate and/or
push the drill bit 106, the core barrel assembly 110, the drill rods 108 and/or other
portions of the drill string 104 into the formation 102.

[0026] The core barrel assembly 110 may include an inner tube assembly 124, which
may include a receptacle (such as an inner tube 126) and a seal 128. The inner tube
assembly 124 may be disposed within the drill string 104 and releasably locked to the
outer tube 112. With the inner tube assembly 124 locked to the outer tube 112, the drill
bit 106, the core barrel assembly 110, the drill rods 108 and/or other portions of the drill
string 104 may be rotated and/or pushed into the formation 102 to allow a core sample to
be collected within the inner tube 126. After the core sample is collected, the inner tube

assembly 124 may be unlocked from the outer tube 112. The inner tube assembly 124
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may then be retrieved, for instance using a wireline retrieval system, while the drill bit
106, the outer tube 112, one or more of the drill rods 108 and/or other portions of the drill
string 104 remain within the borehole. The core sample may be removed from the inner
tube 126 of the retrieved inner tube assembly 124, and after the core sample is removed,
the inner tube assembly 124 may be sent back and locked to the outer tube 112. With the
inner tube assembly 124 once again locked to the outer tube 112, the drill bit 106, the
core barrel assembly 110, the drill rods 108 and/or other portions of the drill string 104
may be rotated and/or pushed further into the formation 102 to allow another core sample
to be collected within the inner tube 126. Significantly, the inner tube assembly 124 may
be repeatedly retrieved and sent back in this manner to obtain several core samples, while
the drill bit 106, the outer tube 112, one or more of the drill rods 108 and/or other portions
of the drill string 104 remain within the borehole. This may advantageously reduce the
time necessary to obtain core samples because the drill string 104 need not be tripped out
of the borehole for each core sample.

[0027] If desired, hydraulic pressure may be used to pump and/or advance the inner
tube assembly 124 within the drill string 104 to the outer tube 112. In further detail, the
seal 128 of the inner tube assembly 124 may be configured to form a seal with one or
more portions of the drill string 104, such as, inner walls of the drill rods 108, an inner
wall of the outer tube 112 and/or inner walls of other portions of the drill string 104. The
seal 128 may be further configured as a pump-in seal, such that pressurized fluid pumped
into the drill string 104 behind the seal 128 may cause hydraulic pressure behind the seal
128 to pump and/or advance the inner tube assembly 124 within and along the drill string
104 until the inner tube assembly 124 reaches a desired position (for instance, a position
at which the inner tube assembly 124 can be connected to the outer tube 112 as discussed
above). Significantly, when the drilling system 100 is used to drill a horizontal borehole
or an inclined borehole, the hydraulic pressure behind the seal 128 may pump and/or
advance the inner tube assembly 124 along a horizontally-oriented or upwardly-oriented
drill string 104 to the desired position. Thus, the hydraulic pressure may advantageously
be used in an up-hole drilling process in which the borehole is drilled at an upward angle,
but also may be used in other drilling processes, if desired. The seal 128 may be further
configured as a pump-in lip seal. For example, as shown in Figure 1, the inner tube
assembly 124 may further include a head assembly 130 that may be connected to the
inner tube 126, and the seal 128 may be configured as a lip seal that may be connected to
the head assembly 130. It will be appreciated, however, that the seal 128 need not be
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configured as a pump-in seal, a lip seal or a pump-in lip seal and that the seal 128 may
have other suitable configurations, if desired.

[0028] As shown in Figures 2-5, an exemplary embodiment of the seal 128 (e.g., seal
128a) may include a lip 132. The seal 128a may also include a central core 134 that may
be connected to the lip 132. As shown in Figures 2-5, the lip 132 may have an annular
configuration. It will be appreciated, however, that the lip 132 does not require an
annular configuration and may have a variety of other shapes and configurations. It will
also be appreciated that the central core 134 need not be connected to the lip 132.

[0029] The central core 134 may be configured to receive and/or retain at least a
portion of the head assembly 130 shown in Figure 1 and/or other portions of the inner
tube assembly 124. For example, the central core 134 may include a passageway 136 that
may be configured to receive and/or retain at least a portion of the head assembly 130.
The central core 134 may be configured to form a seal with the portion of the head
assembly 130 that is received and/or retained by the passageway 136.

[0030] As shown in Figure 4, The lip 132 may be spaced apart from the central core
134, which may form a recess 138. The recess 138 may be disposed between portions of
the lip 132 and the central core 134.

[0031] As shown in Figures 2-5, the lip 132 may include a projection 140. As shown
in Figure 4, the projection 140 may extend outwardly in a radial direction away from the
central core 134 and may include a hollow interior portion 142 that may form at least a
portion of the recess 138. The projection 140 may have an annular configuration. The
projection 140 may also have a rounded section or profile when in an unloaded or
uncompressed state. It will be appreciated, however, that the projection 140 does not
require an annular configuration, a hollow interior portion, or a rounded section or profile
and that the projection 140 may have a variety of other shapes, configurations and/or
features.

[0032] The seal 128a may include an extension 144. The extension 144 may contact,
abut, engage and/or be connected to the projection 140 and/or other portions of the lip
132. For example, the extension 144 may contact, abut, engage and/or be connected to a
rear portion of the projection 140, and the extension 144 may extend rearward and/or
axially from the projection 140. If desired, the extension 144 may have an annular
configuration, which may contact, abut, engage and/or be connected to an annular section
of the projection 140 and/or lip 132.

[0033] As shown in Figure 2, the extension 144 may include integrally formed
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reinforcements, such as ribs 146, which may be axially oriented. The ribs 146 may be
disposed on an interior portion of the extension 144. The ribs 146 may be spaced apart,
which may advantageously help the extension 144 to compress and/or expand as the seal
128 moves within and along the drill string 104. The ribs 146, however, may be disposed
in other suitable locations and may have other suitable shapes and/or orientations.
Desirably, the extension 144 and/or the ribs 146 may help strengthen, reinforce and/or
stiffen the seal 128 and the lip 132. It will be appreciated, however, that the extension
144 does not require any ribs or other integrally formed reinforcements.

[0034] As shown in Figure 4, the extension 144 may be integrally formed with the
projection 140 as part of a unitary, one-piece structure. For example, the extension 144
may be integrally formed with the projection 140 as part of a unitary, one-piece lip 132,
which may help further strengthen, reinforce and/or stiffen the seal 128 and the lip 132.
This may advantageously help prevent the seal 128 and the lip 132 from inverting,
flipping or failing during use, for instance, when hydraulic pressure behind the seal 128
pumps and/or advances the inner tube assembly 124 along the drill string 104 to a desired
position, as discussed above. This may be particularly advantageous when the drilling
system 100 is used in shallow down-angle, horizontal, and inclined drilling processes
and/or in other drilling processes.

[0035] In addition, the lip 132, the central core 134, the projection 140 and/or the
extension 144 may be integrally formed as part of a unitary, one-piece structure. For
example, the lip 132, the central core 134, the projection 140 and/or the extension 144
may be integrally formed as part of a unitary, one-piece structure using a material that has
sufficient elasticity to form a seal with one or more portions of the drill string 104, as
discussed above. In particular, the lip 132, the central core 134, the projection 140 and/or
the extension 144 may be integrally formed as part of a unitary, one-piece structure using
plastic (e.g., polyurethane or other plastic), an elastomer (e.g., rubber or other elastomer)
and/or other suitable material.

[0036] The lip 132 and the central core 134, however, need not be integrally formed
as part of a unitary, one-piece structure, as illustrated by exemplary embodiments of the
seal 128 shown in Figures 6-7. As shown in Figures 6-7, a seal 128b, 128c may include a
lip 132, a projection 140 and an extension 144 that may be integrally formed as part of a
first unitary, one-piece structure, but the seal 128b, 128c may also include a central core
134 that may be integrally formed as part of a second unitary, one-piece structure. The

first and second structures of the seal 128b, 128¢c may be formed from the same or
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different materials and then subsequently assembled to form the seal 128b, 128c. In
further detail, the lip 132, the projection 140 and the extension 144 may be integrally
formed as part of a unitary, one-piece structure using a material that has sufficient
elasticity to form a seal with one or more portions of the drill string 104, such as plastic
(e.g., polyurethane or other plastic) or an elastomer (e.g., rubber or other elastomer). In
addition, the central core 134 may be integrally formed as part of a unitary, one-piece
structure using metal. It will be appreciated, however, that the lip 132, the projection 140,
the extension 144, and the central core 134 may be constructed from other materials
having other characteristics. If desired, the seals 128b, 128¢c may include some or all of
the components and functionality of the seal 128a and/or other components and
functionality.

[0037] Moreover, the projection 140 and the extension 144 need not be integrally
formed as part of a unitary, one-piece structure, as illustrated by exemplary embodiments
of the seal 128 shown in Figure 8. As shown in Figure 8, a seal 128d may include a first
member 148 and a second member 150. The first member 148 may be constructed from
plastic (e.g., polyurcthane or other plastic) and may include the lip 132, the projection
140, at least a portion of the central core 134, and at least a portion of the passageway
136. The second member 150 may be constructed from an elastomer (e.g., rubber or
other elastomer) and may include the extension 144, at least a portion of the central core
134, and at least a portion of the passageway 136. Thus, the first member 148 may be
constructed from a first material having a first elasticity, and the second member 150 may
be constructed from a second material having an eclasticity different from the first
elasticity. It will be appreciated, however, that the first and second members 148, 150
may include other components and/or may be constructed from other materials having
other characteristics. If desired, the seal 128d may include some or all of the components
and functionality of the seals 128a, 128b, 128c and/or other components and
functionality.

[0038] As discussed above, the seal 128 may be configured to form a seal with one or
more portions of the drill string 104 as the inner tube assembly 124 moves along and
within the drill string 104. For example, the projection 140 of the seal 128 may be
configured to form a seal with inner walls of the drill rods 108, an inner wall of the outer
tube 112 and/or inner walls of other portions of the drill string 104.

[0039] In some instances, as shown in Figure 9, the drill string 104 may include one

or more sections that have varying inner diameters, such as one or more variable-diameter
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drill rods 108a. Significantly, the variable-diameter drill rods 108a may have a reduced
weight, which may provide advantages such as increased drilling productivity.

[0040] In such instances, when the inner tube assembly 124 moves along and within
the drill string 104, the projection 140 may move among sections with larger inner
diameters and sections with smaller inner diameters. Desirably, the projection 140 may
be configured to form a seal with the smallest and the largest inner diameters of the
various sections of the drill string 104. The projection 140 may have a diameter that is
slightly larger than the largest inner diameter of the various sections of the drill string
104.

[0041] The projection 140— when it moves from a section with a larger diameter to a
section with a smaller diameter—may move from an expanded configuration towards a
compressed configuration. For example, when the projection 140 moves from an
expanded configuration towards a compressed configuration, the projection 140 may
flatten or retract radially and may extend axially.

[0042] The projection 140—when it moves from a section with a smaller diameter to
a section with a larger diameter—may move from the compressed configuration towards
the expanded configuration. For example, when the projection 140 moves from the
compressed configuration towards the expanded configuration, the projection 140 may
extend radially and may retract axially.

[0043] In some embodiments, the lip 132 and/or the projection 140 may be
constructed from a material that has sufficient elasticity to bias the projection 140 from
the compressed configuration towards the expanded configuration, such as plastic (e.g., as
polyurethane or other plastic) or an elastomer (e.g., rubber or other elastomer).

[0044] In addition, the seal 128 may include means for biasing the projection 140
from the compressed configuration towards the expanded configuration. By biasing the
projection 140 from the compressed configuration towards the expanded configuration,
the means for biasing may help prevent the seal 128 and the lip 132 from inverting,
flipping or failing during use—which may advantageously help maintain the seal formed
between the projection 140 and the drill string 104.

[0045] One exemplary means for biasing the projection 140 from the compressed
configuration towards the expanded configuration may include an insert 152 shown in
Figures 7 and 9. At least a portion of the insert 152 may be disposed within a recess of
the seal 128. For instance, at least a portion of the insert 152 may be disposed within the

recess 138 and/or the hollow interior portion 142 and may exert a force against an inner
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wall of the projection 140 to bias the projection 140 from the compressed configuration
towards the expanded configuration. The insert 152 may include, for example, a coil
spring and/or may have a generally U or C shape.

[0046] Another exemplary means for biasing the projection 140 from the compressed
configuration towards the expanded configuration may include pressurized fluid. For
example, as discussed above, pressurized fluid pumped into the drill string 104 behind the
seal 128 may cause hydraulic pressure behind the seal 128 to pump and/or advance the
inner tube assembly 124 within and along the drill string 104 until the inner tube
assembly 124 reaches a desired position. At least a portion of the pressurized fluid
pumped into the drill string 104 may be disposed within the recess 138 and/or the hollow
interior portion 142 and may exert a force against an inner wall of the projection 140 to
bias the projection 140 from the compressed configuration towards the expanded
configuration.

[0047] Another exemplary means for biasing the projection 140 from the compressed
configuration towards the expanded configuration may include the member 150 shown in
Figure 8. As shown in Figure 8, the extension 144 of the member 150 may contact, abut
and/or engage the lip 132 and/or the projection 140 of the member 148. By contacting,
abutting and/or engaging the lip 132 and/or the projection 140, the extension 144 may
exert an axial force against the lip 132 and/or the projection 140 that biases the projection
140 from the compressed configuration towards the expanded configuration. In some
embodiments, pressurized fluid may be used to cause the extension 144 of the member
150 to exert this axial force against the lip 132 and/or the projection 140 of the member
148. For example, as discussed above, pressurized fluid pumped into the drill string 104
behind the seal 128 may cause hydraulic pressure behind the seal 128 to pump and/or
advance the inner tube assembly 124 within and along the drill string 104 until the inner
tube assembly 124 reaches a desired position. At least a portion of the pressurized fluid
pumped into the drill string 104 may be disposed within one or more recesses 154, which
may urge the member 150 towards the member 148 and thus cause the extension 144 of
the member 150 to exert an axial force against the lip 132 and/or the projection 140 of the
member 148. In some embodiments, the member 150 may include a front portion 152
that may be disposed within a recess in the member 148. For example, the front portion
152 may be disposed within a recess formed by the lip 132 and/or the projection 140.
This may allow the front portion 152 to contact, abut and/or engage the inner core 134 of

the member 148, which may help control the axial force that the extension 144 exerts
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against the lip 132 and/or the projection 140.

[0048] The methods and systems described above require no particular component or
function. Thus, any described component or function -- despite its advantages -- is
optional. Also, some or all of the described components and functions described above
may be used in connection with any number of other suitable components and functions.
[0049] One skilled in the art will also appreciate that although the exemplary
embodiments discussed above have been described with respect to drilling systems, these
aspects and features may also be used in connection with many different processes where
devices and tools are inserted into a hole or tubular member, such as well testing, oil and
gas drilling operations, pipe cleaning and/or other processes.

[0050] Although this invention has been described in terms of certain preferred
embodiments, other embodiments apparent to those of ordinary skill in the art are also
within the scope of this invention. Accordingly, the scope of the invention is intended to

be defined only by the claims which follow.
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CLAIMS
What is claimed is:
1. An apparatus comprising:
a first seal including:
a central core; and
a lip spaced apart from the central core, the lip including:
a projection configured to form a seal with different inner
diameters of a variable-diameter drill rod.
2. The apparatus as in Claim 1, further comprising the variable-diameter drill
rod, wherein the first seal is disposed within the variable-diameter drill rod.
3. The apparatus as in Claim 2, further comprising:
an inner tube assembly including:
a head assembly; and
the first seal;
wherein the central core of the first seal includes a passageway receiving at least a
portion of the head assembly.
4. The apparatus as in Claim 2, wherein the variable-diameter drill rod
includes:
a first portion having a first, larger inner diameter; and
a second portion having a second, smaller inner diameter;
wherein the projection of the first seal is configured to form a seal with the larger
and smaller inner diameters of the variable-diameter drill rod;
wherein the projection of the first seal is configured to, when forming a seal with
the larger inner diameter of the variable-diameter drill rod, be disposed in an expanded
configuration in which the projection is radially-extended and axially-retracted; and
wherein the projection of the first seal is configured to, when forming a seal with
the smaller inner diameter of the variable-diameter drill rod, be disposed in a compressed
configuration in which the projection is radially-retracted and axially-extended.
5. The apparatus as in Claim 4, wherein the projection of the first seal has a

hollow interior portion.

6. The apparatus as in Claim 5, wherein the projection of the first seal has a
rounded profile.
7. The apparatus as in Claim 6, wherein the projection of the first seal has an

annular configuration.
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8. The apparatus as in Claim 4, wherein the first seal further includes:

a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure that includes an annular extension, the
annular extension being configured to exert an axial force against the lip of the first
unitary, one-piece structure to bias the projection from the compressed configuration
towards the expanded configuration.

9. The apparatus as in Claim 4, wherein the first seal further includes:

a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure configured to, in response to pressurized
fluid being pumped into a drill string that includes the variable-diameter drill rod, exert an
axial force against the lip of the first unitary, one-piece structure to bias the projection
from the compressed configuration towards the expanded configuration.

10.  The apparatus as in Claim 9, wherein the first unitary, one-piece structure
is constructed from a first material having a first elasticity; and wherein the second
unitary, one-piece structure is constructed from a second material having an elasticity
different from the first elasticity.

11.  The apparatus as in Claim 4, wherein the first seal further includes means
for biasing the projection from the compressed configuration towards the expanded
configuration.

12.  The apparatus as in Claim 1, wherein the first seal further includes:

a unitary, one-piece structure that includes the central core, the lip, and an annular
extension, wherein the annular extension of the unitary, one-piece structure extends
rearward and axially from the projection of the lip.

13.  The apparatus as in Claim 1, wherein the first seal further includes:

a first unitary, one-piece structure that includes the lip and an annular extension,
wherein the annular extension of the first unitary, one-piece structure extends rearward
and axially from the projection of the lip; and

a second unitary, one-piece structure that includes the central core.

14. A method comprising:

disposing an inner tube assembly within a drill string, the drill string
including a variable-diameter drill rod, the inner tube assembly including:
a head assembly; and
a first seal including:

a central core including a passageway receiving at least a
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portion of the head assembly; and

a lip spaced apart from the central core, the lip including a
projection configured to form a seal with different inner diameters
of the variable-diameter drill rod.

15. The method as in Claim 14, further comprising using hydraulic pressure to
move the inner tube assembly from a first position within the drill string to a second
position within the drill string.

16. The method as in Claim 15, wherein, when the inner tube assembly is at
the first position within the drill string, the projection of the first seal forms a seal with a
larger inner diameter of the variable-diameter drill rod and is disposed in an expanded
configuration in which the projection is radially-extended and axially-retracted; and

wherein, when the inner tube assembly is at the second position within the drill
string, the projection of the first seal forms a seal with a smaller inner diameter of the
variable-diameter drill rod and is disposed in a compressed configuration in which the
projection is radially-retracted and axially-extended.

17. The method as in Claim 16, wherein the first seal further includes:

a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure configured to, in response to the hydraulic
pressure, exert an axial force against the lip of the first unitary, one-piece structure to bias
the projection from the compressed configuration towards the expanded configuration.

18. The method as in Claim 16, wherein the first seal further includes means
for biasing the projection from the compressed configuration towards the expanded
configuration.

19. A method for use in a drilling process, the method comprising:

disposing a first seal within a drill string, the drill string including a
variable-diameter drill rod, the first seal including:
a first seal including a projection configured to form a seal with
different inner diameters of the variable-diameter drill rod; and
using hydraulic pressure to move the first seal from a first position within
the drill string to a second position within the drill string.

20. The method as in Claim 19, wherein, when the first seal is at the first
position within the drill string, the projection of the first seal forms a seal with a larger
inner diameter of the variable-diameter drill rod and is disposed in an expanded

configuration in which the projection is radially-extended and axially-retracted; and
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wherein, when the first seal is at the second position within the drill string, the
projection of the first seal forms a seal with a smaller inner diameter of the variable-
diameter drill rod and is disposed in a compressed configuration in which the projection is
radially-retracted and axially-extended.

21. A seal for a head assembly of a core barrel assembly, the seal comprising:

a central core; and
a lip spaced apart from the central core, the lip including:

a projection configured to form a seal with different inner
diameters of a variable-diameter drill rod.

22. The seal as in Claim 21, further comprising:

a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure that includes an annular extension, the
annular extension being configured to exert an axial force against the lip of the first
unitary, one-piece structure to bias the projection from a compressed configuration in
which the projection is radially-retracted and axially-extended towards an expanded
configuration in which the projection is radially-extended and axially-retracted.

23. The seal as in Claim 21, further comprising:

a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure configured to, in response to pressurized
fluid being pumped into a drill string that includes the variable-diameter drill rod, exert an
axial force against the lip of the first unitary, one-piece structure to bias the projection
from a compressed configuration in which the projection is radially-retracted and axially-
extended towards an expanded configuration in which the projection is radially-extended
and axially-retracted.

24.  The seal as in Claim 23, wherein the first unitary, one-piece structure is
constructed from a first material having a first elasticity; and wherein the second unitary,
one-piece structure is constructed from a second material having an elasticity different
from the first elasticity.

25.  The seal as in Claim 21, further comprising means for biasing the
projection from a compressed configuration towards an expanded configuration.

26. The seal as in Claim 21, further comprising:

a unitary, one-piece structure that includes the central core, the lip, and an annular
extension, wherein the annular extension of the unitary, one-piece structure extends

rearward and axially from the projection of the lip.



WO 2011/041577 -17- PCT/US2010/050952

27. The seal as in Claim 21, further comprising:

a first unitary, one-piece structure that includes the lip and an annular extension,
wherein the annular extension of the first unitary, one-piece structure extends rearward
and axially from the projection of the lip; and

5 a second unitary, one-piece structure that includes the central core.

28. The seal as in Claim 21, further comprising:

a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure that includes an annular extension.

29. The seal as in Claim 21, further comprising:

10 a first unitary, one-piece structure that includes the central core and the lip; and

a second unitary, one-piece structure configured to, in response to pressurized

fluid being pumped into a drill string that includes the variable-diameter drill rod, exert an

axial force against the lip of the first unitary, one-piece structure.

15
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