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INSTRUMENTED CORE BARRELS AND METHODS OF MONITORING
A CORE WHILE THE CORE IS BEING CUT

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in one example described below, more particularly
provides an instrumented core barrel and a method of

monitoring a core while it is being cut.

BACKGROUND

The sampling of earth formations by coring operations
can provide valuable insights into the characteristics of
those formations. However, it is sometimes difficult to
determine whether or how fast a core is being cut, whether
the core is displacing properly into a core barrel assembly,
the exact depth at which the core was cut, etc. It will,
therefore, be readily appreciated that improvements are
continually needed in the art of monitoring core cutting

operations.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative cross-sectional view of a
well system and associated method which can embody

principles of this disclosure.

FIG. 2 is a representative cross-sectional view of a
formation core analysis system which can embody principles
of this disclosure, and which may be used in the well system

of FIG. 1.

FIG. 3 is a representative cross-sectional view of

another configuration of the formation core analysis system.

FIG. 4 is a representative graph of core resistivity
over time for spaced apart electrodes in the formation core

analysis system.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is an example of
a well system 10 and associated method which can embody
principles of this disclosure. However, it should be
understood that the scope of this disclosure is not limited
at all to the details of the well system 10 and method
described herein and/or depicted in the drawings, since a
wide variety of different well systems and methods can

incorporate the principles of this disclosure.

In the FIG. 1 example, a drilling derrick 12 is located
at or near the earth’s surface 14, for supporting a drill
string 16. The drill string 16 extends through a rotary
table 18 and into a borehole 20 that is being drilled

through an earth formation 22. In other examples, the
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derrick 12 may not be used, the surface 14 could be a sea

floor or mudline, etc.

The drill string 16 may include a kelly 24 at its upper
end, with drill pipe 26 coupled to the kelly 24. In other
examples, a top drive or coiled tubing drilling rig could be
used. Thus, it will be appreciated that the scope of this
disclosure is not limited to any particular type of drilling
equipment, or to any particular location of the drilling

equipment.

A bottom hole assembly 28 (BHA) is coupled to a distal
end of the drill pipe 26. The BHA 28 may include drill
collars 30, a telemetry module 32 and a formation core
analysis system 34. The core analysis system 34 can include

a core barrel assembly 36 and a coring bit 38.

In operation, the kelly 24, the drill pipe 26 and the
BHA 28 may be rotated by the rotary table 18. In other
examples, a downhole motor (such as a positive displacement

motor or a turbine) may be used to rotate the bit 38.

Weight applied through the drill collars 30 to the
coring bit 38 causes the bit to drill through the formation
22 while generating a formation core 40 (see FIG. 2) that
enters into the core barrel assembly 36. The core 40 is
stored in the core barrel assembly 36, and may be retrieved

from the borehole 20 for inspection at the surface 14.

During this coring operation, drilling fluid 42
(commonly referred to as "drilling mud") may be pumped from
a mud pit 44 at the surface 14 by a pump 46, so that the
drilling fluid flows through a standpipe 48, the kelly 24,
through drill string 16, and to the coring bit 38. The
drilling fluid 42 is discharged from the coring bit 38 and
functions to cool and lubricate coring bit, and to carry

away earth cuttings made by the bit.
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After flowing through the coring bit 38, the drilling
fluid 42 flows back to the surface 14 through an annulus 50
between the drill string 16 and the borehole 20. The
drilling fluid 42 is returned to the mud pit 44 for

filtering and conditioning.

In this example, the circulating column of drilling
fluid 42 flowing through the drill string 16 may also
function as a medium for transmitting pressure signals 52
carrying information from telemetry module tool 32 to the
surface 14. A pressure signal 52 travelling in the column of
drilling fluid 42 may be detected at the surface 14 by a

signal detector 54 employing a suitable pressure sensor 56.

The pressure signals 52 may be encoded binary
representations of measurement data indicative of downhole
coring parameters discussed more fully below. The detected

signals 52 may be decoded by a surface controller 58.

The surface controller 58 may be located proximate to
or remote from the derrick 12. In one example, the

controller 58 may be incorporated as part of a logging unit.

In other examples, the controller 58 (and/or any other
elements of the core analysis system 34) may be positioned
at a subsea location, in the wellbore 20, as part of the BHA
28, or at any other location. The scope of this disclosure
is not limited to any particular location of elements of the

system 34.

Alternatively, other telemetry techniques, such as
electromagnetic and/or acoustic techniques, or any other
suitable technique, may be utilized. In one example, hard
wired drill pipe (e.g., the drill pipe 26 having lines
extending in a wall thereof) may be used to communicate
between the surface 14 and the BHA 28. In other examples,

combinations of various communication techniques may be used
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(e.g., short hop acoustic or electromagnetic telemetry with

long hop electrical or optical communication, etc.).

Referring additionally now to FIG. 2, a more detailed
example of the core analysis system 34 is representatively
illustrated. In this example, the core barrel assembly 36
includes an outer barrel 60 and an inner barrel 62 mounted

substantially concentrically inside the outer barrel.

The coring bit 38 is attached to the distal end of the
outer barrel 60. Bearings and seals (not shown) can be
provided to allow the outer barrel 60 to rotate relative to
the formation 22 during the coring operation, while the
inner barrel 62 remains substantially non-rotating with
respect to the formation. Such bearing and seal arrangements

are known in the art, and so are not further described here.

The inner barrel 62 may be substantially comprised of a
conductive metallic material. The instrumented section 64
cah be attached at a distal end of the inner barrel 62

(e.g., by welding or threading, etc.).

In the example depicted in FIG. 2, the instrumented
section 64 has an enlarged outer diameter as compared to an
adjacent section of the inner barrel 62. The instrumented
section 64 comprises a toroidal electromagnetic antenna 66
and longitudinally spaced apart sets of electrodes 68a,b to
measure characteristics (e.g., voltage, current) indicative

of resistivity of the core 40.

The antenna 66 is mounted circumferentially around an
inner bore 70 of the assembly 62 in which the core 40 is
received. Electrodes 68a,b are longitudinally spaced apart

to detect core 40 resistivity at the spaced apart locations.

Each set of electrodes 68a,b preferably includes

multiple electrodes circumferentially spaced apart about the
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bore 70. For example, there could be six or eight electrodes
in each set, equally (or unequally) spaced apart encircling
the bore 70. Only one electrode could be used, or any other
number of electrodes may be used, in keeping with the scope

of this disclosure.

In one example, the electrodes 68a,b may be insulated
from the instrumented section 64 by insulators (not shown).
Alternatively, the instrumented section 64 could be
substantially made of nonconductive material. The scope of
this disclosure is not limited to any particular materials

used for elements of the core analysis system 34.

The antenna 66 transmits electromagnetic signals into
the core 40 as it is being cut by the bit 38, thereby
inducing current i in the core. The amount of current i
induced in the core 40 is related to the resistivity of the
core between a particular electrode 68a,b and the antenna
66. The current i may be detected, for example, with a
toroid electromagnetic signal detector (not shown)

surrounding the electrode.

An electronics module 72 is mounted in the instrumented
section 64, and electronic circuitry therein is electrically
coupled to the antenna 66 using known techniques. The
electronics module 72 may comprise circuits, components and
processors for powering, interfacing with, and controlling
the antenna and receivers associated with instrumented
section 64. The electronics module 72 may comprise hybrids
and/or multi-chip modules to minimize space requirements and

power consumption, and to improve reliability.

In the example of FIG. 2, the electronics module 72
also comprises a communications transmitter to transmit the
measurement data to a separate controller 74 for

retransmission of the data to the telemetry module 32. In
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the depicted example, an inductive coupling 76 enables
communication between the electronics module 72 and the
controller 74. Alternatively, the electronics module 72 may
communicate with the controller 74 via radio frequency,

acoustic, or any other suitable technique.

In one example, the electronics module 72 and
controller 74 are each powered by batteries included
therewith. Alternatively, the controller 74 may provide
power to the electronics module 72 via the inductive
coupling 76, electrical power could be generated downhole,

etc.

The multiple measurements taken circumferentially about
the core 40 by each set of electrodes 68a,b may disclose
circumferential variations in the core resistivity. An
average of the measurements may provide a bulk resistivity

of the core 40 at that location.

The data from the instrumented section 64 may be used
to indicate continuous movement of the core 40 into the
inner barrel 62. Assuming some variations in the resistivity
measurements along the core 40, and by cross correlating the
measurements from the two longitudinally spaced apart sets
of electrodes 68a,b, the velocity of the core into the inner
barrel 62 can be continuously determined (velocity =

displacement/time) in real time.

Since the progress of the coring bit 38 through the
formation 22 can be readily measured (for example, by
measuring the advancement of the drill string 16 through the
rotary table 18 at the surface 14, by use of downhole
logging while drilling (LWD) or measurement while drilling
(MWD) sensors, etc.), this can be compared to the velocity
of the core 40 into the coring bit 38. If the core 40 is not

advancing into the coring bit 38, but the coring bit is
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advancing through the formation 22, this is an indication
that the core is jammed, stuck or otherwise prevented from
being received further into the inner barrel 62. If the core
40 is not advancing into the coring bit 38, and the coring
bit is not advancing through the formation 22, this is an
indication that the bottom hole assembly 28 is not drilling

into the formation.

In another operational method, downhole depth (true
vertical depth, or depth along the wellbore 20) may be
tracked. As described, the measurements from the lower
electrodes 68b may be computationally compared to the
measurements made at the upper electrodes 68a as a function

of a delay time.

When the measurements correlate, the upper electrodes
68a have moved a distance D between the electrodes 68a,b in
the delay time. By tying these measurements to a previously
determined benchmark position in the well, the depth of the
core analysis system 34 past the benchmark can be
determined. In substantially inclined boreholes, this may be

a more accurate measurement than those presently used.

Referring additionally now to FIG. 3, another
configuration of the core analysis system 34 is
representatively illustrated. In this configuration,
multiple instrumented sections 64 are interconnected in the

inner barrel 62 at longitudinally spaced apart locations.

In the example depicted in FIG. 3, a single controller
74 is connected to the instrumented sections 64 via multiple
inductive couplings 76. However, in other examples, a single
inductive coupling 76 could be used, multiple controllers 74
could be used, etc. The scope of this disclosure is not
limited to any particular number or arrangement of elements

of the core analysis system 34.
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Referring additionally now to FIG. 4, an example of how
measurements made by the electrodes 68a,b can be used to
determine a speed of displacement of the core 40 into the
inner barrel 62 while the core is being cut is
representatively illustrated. In this example, graphs 78, 80
are depicted of resistivity measurements over time
(resistivity along the vertical axis, and time along the

horizontal axis).

The graph 78 measurements are taken by an electrode
68a, and the graph 80 measurements are taken by an electrode
68b. Note that the graphs 78, 80 are correlated by a delay
time dt between the two graphs. The speed of the
displacement of the core 40 into the bore 70 in this example
is equal to the longitudinal distance L between the

electrodes 68a,b divided by the delay time dt.

Although the graphs 78, 80 are for resistivity over
time, it is not necessary for the measurement data
transmitted from the electrodes 68a,b to include resistivity
measurements. In some examples, the measurement data may
include measurements of parameters (such as voltage,
current, etc.) from which the resistivity of the core 40 can

be derived.

It may now be fully appreciated that this disclosure
provides significant benefits to the art of monitoring core
cutting operations. In examples described above, resistivity
of the core 40 can be monitored at longitudinally spaced
apart locations as the core is being cut. In some examples,
the toroidal antenna 66 can be used to induce a current in

the core 40 as it is being received in the inner barrel 62.

A formation core analysis system 34 for use in a
subterranean well is provided to the art by this disclosure.

In one example, the system 34 includes an inner barrel 62,
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and a toroidal electromagnetic antenna 66 which transmits
electromagnetic signals into a formation core 40 when the

core 40 is received in the inner barrel 62.

The system 34 can include at least one electrode 68a,b
which electrically contacts the core 40 when the core 40 is
received in the inner barrel 62. Current i induced in the
core 40 by the antenna 66 may flow between the core 40 and

the electrode 68a,b.

The system 34 can include an inductive coupling 76

which transmits measurements taken via the electrode 68a,b.

The antenna 66 and the electrode 68a,b can be included
in an instrumented section 64 of the inner barrel 62. A
coring bit 38 which cuts the core 40 may rotate relative to
the inner barrel 62. The inner barrel 62 can include
multiple longitudinally spaced apart instrumented sections
64.

Also described above is a formation core analysis
system 34 which can include an inner barrel 62 and multiple
longitudinally spaced apart electrodes 68a,b which
electrically contact a formation core 40 when the core 40 is
received in the inner barrel 62. A speed of displacement of
the core 40 into the inner barrel 62 can be indicated by
differences between measurements taken via the electrodes

68a,b as the core 40 displaces into the inner barrel 62.

The system 34 can include a toroidal electromagnetic
antenna 66 which transmits electromagnetic signals into the

core 40 when the core 40 is received in the inner barrel 62.

The antenna 66 and the electrodes 68a,b may be included
in an instrumented section 64 of the inner barrel 62. The
electrodes 68a,b can contact the core 40 as the core 40

displaces into the inner barrel 62.
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A method of measuring resistivity of a formation core
40 as the core 40 is being cut in a subterranean well is
also described above. In one example, the method can include
transmitting electromagnetic signals into the core 40 from a
toroidal electromagnetic antenna 66 as the core 40 is being

cut by a coring bit 38.

The coring bit 38 may rotate relative to the toroidal

antenna 66 as the core 40 is being cut.

The toroidal antenna 66 may be included in an inner
barrel 62 which receives the core 40 as it is being cut. The

coring bit 38 may rotate relative to the inner barrel 62.

The method can include at least one electrode 68a,b
electrically contacting the core 40 as the core 40 is being

cut.

The method can include current i induced in the core 40
by the antenna 66 flowing between the core 40 and the

electrode 68a,b.

The method can include an inductive coupling 76

transmitting measurements taken via the electrode 68a,b.

The antenna 66 and the electrode 68a,b can be included
in an instrumented section 64 of an inner barrel 62, and the
inner barrel 62 can include multiple longitudinally spaced

apart instrumented sections 64.

The method may include multiple longitudinally spaced
apart electrodes 68a,b electrically contacting the core 40

as the core 40 is being cut.

The method can include current i induced in the core 40
by the antenna 66 flowing between the core 40 and each of

the electrodes 68a,b.
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The method may include comparing the speed of
displacement of the core 40 into the inner barrel 62 to a
speed of displacement of the coring bit 38 through an earth
formation 22. The method can also include determining

whether the core 40 is jammed based on the comparing step.

A method of determining a speed of displacement of a
formation core 40 into an inner barrel 62 as the core 40 is
being cut can, in one example, include the steps of
transmitting electromagnetic signals into the core 40 as the
core 40 is being cut, thereby inducing current i in the core
40; electrically contacting the core 40 with longitudinally
spaced apart electrodes 68a,b; and determining the speed of
displacement of the core 40 into the inner barrel 62, based
on differences between measurements taken via the electrodes

68a,b as the core 40 is being cut.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.
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It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. Accordingly, the
foregoing detailed description is to be clearly understood

as being given by way of illustration and example only, the
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spirit and scope of the invention being limited solely by

the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A formation core analysis system for use in a

subterranean well, the system comprising:
an inner barrel; and

a toroidal electromagnetic antenna which transmits
electromagnetic signals into a formation core when the core

is received in the inner barrel.

2. The system of claim 1, further comprising at least
one electrode which electrically contacts the core when the

core is received in the inner barrel.

3. The system of claim 2, wherein current induced in
the core by the antenna flows between the core and the

electrode.

4. The system of claim 2, further comprising an
inductive coupling which transmits measurements taken via

the electrode.

5. The system of claim 2, wherein the antenna and the
electrode are included in an instrumented section of the
inner barrel, and wherein a coring bit which cuts the core

rotates relative to the inner barrel.

6. The system of claim 5, wherein the inner barrel
includes multiple longitudinally spaced apart instrumented

sections.
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7. The system of claim 1, further comprising multiple
longitudinally spaced apart electrodes which electrically
contact the core when the core is received in the inner

barrel.

8. The system of claim 7, wherein current induced in
the core by the antenna flows between the core and each of

the electrodes.

9. The system of claim 7, wherein the electrodes
contact the core as the core displaces into the inner

barrel.

10. The system of claim 9, wherein a speed of
displacement of the core into the inner barrel is indicated
by differences between measurements taken via the electrodes

as the core displaces into the inner barrel.
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11. A formation core analysis system for use in a

subterranean well, the system comprising:
an inner barrel; and

multiple longitudinally spaced apart electrodes which
electrically contact a formation core when the core is
received in the inner barrel, and wherein a speed of

displacement of the core into the inner barrel is indicated

by differences between measurements taken via the electrodes

as the core displaces into the inner barrel.

12. The system of claim 11, further comprising a
toroidal electromagnetic antenna which transmits
electromagnetic signals into the core when the core is

received in the inner barrel.

13. The system of claim 12, wherein the antenna and
the electrodes are included in an instrumented section of
the inner barrel, and wherein a coring bit which cuts the

core rotates relative to the inner barrel.

14. The system of claim 13, wherein the inner barrel
includes multiple longitudinally spaced apart instrumented

sections.

15. The system of claim 12, wherein current induced in

the core by the antenna flows between the core and each of

the electrodes.
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16. The system of claim 11, further comprising an
inductive coupling which transmits measurements taken via

the electrodes.

17. The system of claim 11, wherein the electrodes
contact the core as the core displaces into the inner

barrel.
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18. A method of measuring resistivity of a formation
core as the core is being cut in a subterranean well, the

method comprising:

transmitting electromagnetic signals into the core from
a toroidal electromagnetic antenna as the core is being cut

by a coring bit.

19. The method of claim 18, wherein the coring bit
rotates relative to the toroidal antenna as the core is

being cut.

20. The method of claim 18, wherein the toroidal
antenna is included in an inner barrel which receives the
core as it is being cut, and wherein the coring bit rotates

relative to the inner barrel.

21. The method of claim 18, further comprising at
least one electrode electrically contacting the core as the

core is being cut.

22. The method of claim 21, further comprising current
induced in the core by the antenna flowing between the core

and the electrode.

23. The method of claim 21, further comprising an
inductive coupling transmitting measurements taken via the

electrode.
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24. The method of claim 21, wherein the antenna and
the electrode are included in an instrumented section of an
inner barrel, and wherein the inner barrel includes multiple

longitudinally spaced apart instrumented sections.

25. The method of claim 18, further comprising
multiple longitudinally spaced apart electrodes electrically

contacting the core as the core is being cut.

26. The method of claim 25, further comprising current
induced in the core by the antenna flowing between the core

and each of the electrodes.

27. The method of claim 25, further comprising the
electrodes contacting the core as the core displaces into an

inner barrel.

28. The method of claim 27, further comprising
determining a speed of displacement of the core into the
inner barrel, based on differences between measurements

taken via the electrodes as the core is being cut.

29. The method of claim 18, further comprising
comparing a speed of displacement of the core into the inner
barrel to a speed of displacement of the coring bit through

an earth formation.

30. The method of claim 29, further comprising
determining whether the core is jammed based on the

comparing.
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31. A method of determining a speed of displacement of
a formation core into an inner barrel as the core is being

cut, the method comprising:

transmitting electromagnetic signals into the core as

5 the core is being cut, thereby inducing current in the core;

electrically contacting the core with longitudinally

spaced apart electrodes; and

determining the speed of displacement of the core into
the inner barrel, based on differences between measurements

10 taken via the electrodes as the core is being cut.

32. The method of claim 31, further comprising a
toroidal electromagnetic antenna transmitting
electromagnetic signals into the core as the core is being

15 cut.

33. The method of claim 32, wherein the antenna and
the electrode are included in an instrumented section of the
inner barrel, and further comprising a coring bit cutting

20 the core and rotating relative to the inner barrel.

34. The method of claim 33, wherein the inner barrel
includes multiple longitudinally spaced apart instrumented

sections.
25

35. The method of claim 32, further comprising current
induced in the core by the antenna flowing between the core

and each of the electrodes.
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36. The method of claim 31, further comprising an
inductive coupling transmitting measurements taken via the

electrodes.

5 37. The method of claim 31, further comprising the

electrodes contacting the core as the core is being cut.

38. The method of claim 31, further comprising
comparing the speed of displacement of the core into the
10 inner barrel to a speed of displacement of the coring bit

through an earth formation.

39. The method of claim 38, further comprising
determining whether the core is jammed based on the

15 comparing.
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