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(57) Abrégée/Abstract:
One method of monitoring a formation core during coring operations can include measuring resistivities of a formation internal and
external to a core barrel assembly, comparing the resistivities of the formation internal and external to the core barrel assembly, and
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(57) Abrege(suite)/Abstract(continued):
determining a displacement of the core into the core barrel assembly, based at least in part on the comparing, while the core Is

being cut. A formation core analysis system can Include multiple longitudinally spaced apart sets of transmitters and recelivers
which measure resistivity of a core while the core displaces into a core barrel assembly, and multiple longitudinally spaced apart
sets of transmitters and receivers which measure resistivity of a formation external to the core barrel assembly while a coring bit
penetrates the formation. A speed of displacement of the core may be Indicated by differences In time between measurements

taken via the different sets as the core displaces.
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APPARATUS AND METHODS FOR MONITORING A CORE DURING
CORING OPERATIONS

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed i1in conjunction with a subterranean
well and, 1n one example described below, more particularly
provides an apparatus and method for monitoring a core while

the core 1s belng cut.

BACKGROUND

The sampling of earth formations by coring operations
can provide valuable 1nsights 1nto the characteristics of
those formations. However, 1t 1s sometimes difficult to
determine whether or how fast a core 1s being cut, whether
the core 1s displacing properly 1nto a core barrel assembly,
the exact depth at which the core was cut, etc. It will,
therefore, be readily appreciated that i1mprovements are
continually needed i1n the art of monitoring core cutting

operations.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

principles of this disclosure.

FIG. 2 1s a representative cross-sectional view of a
formation core analysls system which can embody principles
of this disclosure, and which may be used 1n the well system

of FIG. 1.

FIG. 3 1s a representative cross-sectional view of

another configuration of the formation core analysis system.

FIG. 4 1s a representative cross-sectional view of

another configuration of the formation core analysils system.

FIG. 5 1s a representative graph of core resistivity
over time for spaced apart receivers 1n the formation core

analysis system.

FIG. 6 1s a representative graph of internal and
external resistivity over time measured by receilivers 1n the

formation core analyslis system.

DETAILED DESCRIPTION

Representatively 1llustrated 1n FIG. 1 1s an example of
a well system 10 and assoclated method which can embody
principles of this disclosure. However, 1t should be
understood that the scope of this disclosure 1s 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 varliety of different well systems and methods can

incorporate the principles of this disclosure.
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In the FIG. 1 example, a drilling derrick 12 1s 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 i1nto a borehole 20 that 1s being drilled
through an earth formation 22. In other examples, the
derrick 12 may not be used, the surface 14 could be a sea

floor or mudline, etc.

The dri1ill string 16 may 1nclude a kelly 24 at 1ts upper
end, with drill pipe 26 coupled to the kelly 24. In other
examples, a top drive or colled tubing drilling rig could be
used. Thus, 1t will be appreciated that the scope of this
disclosure 1s not limited to any particular type of drilling
equlipment, or to any particular location of the drilling

equlpment.

A bottom hole assembly 28 (BHA) 1s coupled to a distal
end of the drill pipe 26. The BHA 28 may 1nclude drill
collars 30, a telemetry module 32 and a formation core
analysis system 34. The core analyslis system 34 can 1nclude

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 1nto the core barrel assembly 36. The core 40 1is
stored 1n the receptacle 36, and may be retrieved from the

borehole 20 for 1nspection 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
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drilling fluid flows through a standpipe 48, the kelly 24,
through drill string 16, and to the coring bit 38. The
drilling fluid 42 1s discharged from the coring bit 38 and
functions to cool and lubricate coring bit, and to carry

away earth cuttings made by the bit.

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 1s returned to the mud pit 44 for

filtering and conditionilng.

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
carrylng 1nformation from telemetry module tool 32 to the
surface 14. A pressure signal 52 travelling 1n the column of
drilling fluid 42 may be detected at the surface 14 by a

signal detector 54 employlng a sultable 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 1ncorporated 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, 1n the wellbore 20, as part of the BHA
28, or at any other location. The scope of this disclosure
1s not limited to any particular location of elements of the

system 34.
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Alternatively, other telemetry techniques, such as
electromagnetic and/or acoustic techniques, may be utilized.
In one example, hard wired drill pipe (e.g., the drill pipe
26 having lines extending 1n a wall thereof) may be used to
communlicate between the surface 14 and the BHA 28. In other
examples, combinations of various communication techniques
may be used (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 1s representatively
1llustrated. In this example, the core barrel assembly 36
includes an outer barrel 60 and a 1nner barrel 62 mounted

substantially concentrically i1nside the outer barrel.

The coring bit 38 1s 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 remalns substantially non-rotating with
respect to the formation. Such bearing and seal arrangements

are known 1n the art, and so are not further described here.

In the FIG. 2 example, the 1nner barrel 62 1s
constructed of a non-metallic material, for example, a fiber
reinforced resin material (e.g., fiber glass, etc.). This
construction allows electromagnhetic waves 64 to propagate
through the i1nner barrel 62. In other examples, the 1nner
barrel 62 could be made of other types or combinations of

materials.

Electromagnetic wave receilvers 66, 68 are located at
external and i1nternal surfaces, respectively, of the coring
bit 38. Recelver 66 recelves electromagnetic waves

transmitted from an electromagnetic wave transmitter 70, and
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recelver 68 recelves electromagnetic waves 74 transmitted
from an electromagnetic wave transmitter 72. The receilivers
66, 68 measure characteristics (e.g., voltage, current)

indicative of resistivity of the formation 22 and the core

40, respectively.

The transmitters 70 and 72 can each comprise a wire
loop antenna transmitting signals 1n, for example, a range
of approximately 0.1 MHz to 5MHz. Other ranges and other

types of antennas may be used, as desired.

Electronics and software and/or firmware in a
controller 76 can process the signals received by each
recelver 66, 68 to determine an amplitude and phase of each
recelved electromagnetic signal relative to each respective
transmitted electromagnetic signal. The amplitude and phase
may be related to the resistivity of the respective

formation 22 and core 40 section that each signal traversed.

In one example, the receilivers 66, 68 can each comprise
a loop antenna similar to that of the transmitters 70 and
72. Such loop antenna recelvers cah measure a bulk
resistivity of material traversed by the signals. However,
other types of antennas or receivers may be used 1n Kkeeplng

with the scope of this disclosure.

In another example, more localized resistivity may be
detected with the use of recelvers comprising a maghetic
core surrounded by a wire coll. An axis of the magnetic core
and wire coll can be oriented 1n different directions to

measure different components of the electromagnetic signal.

Multiple recelvers may be located around the i1nner and
outer circumferences of the coring bit 38. As the coring bit
38 rotates relative to the formation 22 and the core 40, the
transmitters 70, 72 and recelivers 66, 68 also rotate, and

finer detall may be observed of the resistivities 1n the
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formation and the core. The rotational data may provide for
the generation of a resistivity map, or three-dimensional

1mage, of the core 40 and surrounding formation 22.

In one method, the movement of the core 40 into the
5 1nner barrel 62 may be confirmed by comparing the measured
resistivity of the core to the measured resistivity of the
formation 22 over time. Assumling the formation 22
resistivity 1s substantially the same over the lateral
distance from i1nside the 1nner barrel 62 to the formation
10 wall external to the core barrel assembly 36, the
resistivity measured at both locations should be

approximately the same.

Fluid 1n the 1nner barrel 62, prior to entry of the

core 40, will typically have a different resistivity than

15 that of the formation 22. When the controller 76 senses
substantially the same resistivity measurements by the
recelvers 66, 68, 1t may be programmed to transmit a signal,
for example, a short-hop signal may be transmitted from a
telemetry transmitter 78 to the telemetry module 32 (see

20 FIG. 1) for retransmission to the surface 14, indicating

that the core 40 has displaced into the 1nner barrel 62.

The short-hop signal may be an RF signal, an acoustic
signal, or any other suitable type of signal. Alternatively,
signals can be transmitted directly to the surface via hard

25 wired drill pipe 26, etc. Any manner of transmitting signals

may be used 1n keeping with the scope of this disclosure.

The transmitted data may contaln raw resistivity
measurements, measurements of parameters from which
resistivity 1s derived, and data from other sensors (not

30 shown) that may be connected to the controller 76. For

example, the controller 76 may 1nclude or otherwise be
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connected to a temperature sensor and/or accelerometers to

measure downhole temperature and drilling dynamics.

Referring additionally now to FIG. 3, another
configuration of the core analysis system 34 1s
representatively 1llustrated. In this configuration,
multiple longitudinally spaced apart sets 80, 82 of
transmitters 70, 72 and recelvers 66, 68 are positioned 1n

an i1nstrumented section 84 of the outer barrel 60.

The sets 80 each comprise one of the receivers 68 and
one of the transmitters 72 for measuring the resistivity of
the core 40 at longitudinally spaced apart locations, and
the sets 82 each comprise one of the receivers 66 and one of
the transmitters 70 for measuring the resistivity of the
formation 22 surrounding the core. In other examples, other
numbers of transmitters and/or receivers may be used in the
sets 80, 82, other numbers of sets may be used 1n the
instrumented section 84, other numbers of instrumented
sections may be used 1n the outer barrel 60, etc. The scope
of this disclosure 1s not limited to any particular numbers

of elements of the core analyslis system 34.

The controller 76, 1n this example, has electronic
clrcultry, a processor, memory and instructions stored
therein to acquire the resistivity measurements. The
controller 76 may have suiltable i1nstructions for analyzing
the resistivity measurements and producing raw data and/or
status flags. As mentioned above, comparisons of the
resistivity measurements from the formation 22 and the core
40 may be used as an 1ndicator for whether the core 1is
moving 1nhto the 1nner barrel 62 as the coring bit 38 1s

penetrating the formation.

ITn the example depicted i1in FIG. 3, a single controller

76 1s connected to all of the sets 80, 82 of receivers 66,
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68 and transmitters 70, 72. However, 1n other examples,
multiple controllers 76 and/or multiple transmitters 78 may
be used. The scope of this disclosure 1s not limited to any
particular number or arrangement of elements of the core

analysilis system 34.

By providing longitudinally spaced apart resistivity
measurements of the core 40, the progress of the core during
the coring operation can be confirmed, i1including whether the
core 1s displacing 1nto the core analyslis system 34, the
speed of the displacement, whether the core 1s collapsing 1n
the 1nner barrel 62 (i1indicated, for example, by more
displacement at a lower set 80 as compared to at an upper
set 80 of resistivity measurements), whether the core 1is
jammed or otherwlise not displacing 1n the 1nner barrel
(lndicated, for example, by an absence of change 1n the

reslistivity measurements), etc.

By providing longitudinally spaced apart resistivity
measurements of the formation 22 external to the core
analysis system 34, the rate of penetration of the coring
bit 38 1nto the formation can be determined, the speed of
displacement of the coring bit into the formation can be
compared to the speed of displacement of the core 40 into
the 1nner barrel 62, etc. It will be appreciated that, 1if
the core 40 1s properly displacing i1nto the 1nner barrel 62,
the speed of such displacement will be substantially the
same as the speed of displacement of the coring bit 38
through the formation 22. Any significant difference between
these speeds can be flagged, made the subject of an alert

transmitted to an operator, etc.

Referring additionally now to FIG. 4, another
configuration of the core analysis system 34 1s

representatively 1llustrated. In this configuration,
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multiple 1nstrumented sections 84 are 1nterconnected

longitudinally spaced apart 1n the outer barrel 62 assembly.

Each 1nstrumented section 84 could i1nclude multiple
sets 80, 82 of receivers 66, 68 and transmitters 70, 72
(e.g., as 1n the FIG. 3 example). Alternatively, each
instrumented section 84 could i1nclude one set of receilivers
66, 68 and transmitters 70, 72 (e.g., as 1n the FIG. 2

example).

Although two 1nstrumented sections 84 are depicted 1n
FIG. 4, with one located near the coring bit 38 and another
located near the drill string 16, other numbers of
instrumented sections and other locations for the
instrumented sections may be used, 1n keeplng with the scope

of this disclosure.

Each i1nstrumented section 84 may 1nclude 1ts own
controller 76 and/or transmitter 78 to transmit data to the
telemetry module 32. Alternatively, multiple i1nstrumented

sections 84 may share a controller 76 and/or transmitter 78.

In some examples, the resistivity measurements from a
single 1nstrumented section 84 may be sufficient to i1ndicate
whether there 1s continuous movement of the core 40 i1nto the
core analysis system 34 during the coring operation.
Assumling some varlations 1n the resistivity measurements
along the core 40, by cross correlating the measurements
from two longitudinal locations, the speed of the core i1nto
the 1nner barrel 62 can be continuously determined (velocity
= displacement/time) in real time. Using multiple
instrumented sections 84 (e.g., as in the configuration of
FIG. 4), the displacement of the core 40 in the i1nner barrel
62 can be monitored at separate locations along the core

barrel assembly 36.
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In other examples, monitoring of the coring operation
can be enhanced by cross correlating the longitudinally
spaced apart formation 22 resistivity measurements, as well.
In this manner, the speed of the core 40 displacement into
the core analysis system 34 can be compared to the speed of

penetration of the coring bit 38 i1nto the formation 22.

In another method, measurements from the axially spaced
apart transmitters 70, 72 and receilvers 66, 68 may be used
to evaluate the 1nvasion characteristics of the formation
22. For example, when the formation 22 1is drilled into, it
1s exposed to the drilling fluid 42 i1n the borehole 20. The
drilling fluid 42 1n the borehole 20 1s typically at a
higher pressure than fluid 1n the formation 22 for purposes
of well control. The drilling fluid 42 permeates 1nto the
formation 22 and causes subsequent logging measurements to
be corrected for the i1nvasion of the drilling fluid i1nto the
formation (which causes a change 1n resistivity, density,

etc.).

However, during coring operations, the core 40 1s
substantially i1solated from the drilling fluid 42 as the
core travels up the 1nner barrel 62. By comparing the core
40 resistivity (as measured using the receiver(s) 68 and
transmitter(s) 72) to the formation 22 resistivity external
to the core analyslis system 34 (as measured using the
receliver(s) 66 and transmitter(s) 70), the i1nvasion
properties of the formation (e.g., the extent of
infiltration of the drilling fluid 42 into the formation,

etc.) can be determined.

Referring additionally now to FIG. 5, an example of how
measurements made by the receivers 68 and transmitters 72
can be used to determine a speed of displacement of the core

40 i1nto the 1nner barrel 62 while the core 1s belng cut 1s
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representatively 1llustrated. In this example, graphs 86, 88
are deplicted of resistivity measurements over time
(resistivity along the vertical axis, and time along the

horizontal axis).

The graph 86 measurements are taken by a lower recelver
68, and the graph 80 measurements are taken by an upper
recelver 68. Note that the graphs 86, 88 are correlated by a
delay time dt between the two graphs. The speed of the
displacement of the core 40 into the i1nner barrel 62 1in this
example 1s equal to the longitudinal distance L between the

recelvers 68 (see FIGS. 3 & 4) divided by the delay time dt.

Although the graphs 86, 88 are for resistivity over
time, 1t 1s not necessary for the measurement data
transmitted from the receivers 68 to 1nclude resistivity
measurements. In some examples, the measurement data may
include measurements of parameters (such as voltage,
current, phase, etc.) from which the resistivity of the core

40 can be derived.

Similarly, using the measurements made by the receivers
66, the speed of the coring bit’s 38 penetration into the
formation 22 can be determined. As discussed above, valuable
insights 1nto the coring operation (such as, whether the
core 40 1s jammed 1n the 1nner barrel 62, whether the core
1s being continuously recelved 1nto the core analyslis system
34, etc.) can be obtained from comparing the speeds of the

core and of the coring bit 38.

Referring additionally now to FIG. 6, an example of how
measurements taken by the receivers 66, 68 can be compared,
1n order to provide for monitoring of the coring operation,
1s representatively 1llustrated. In this example, graphs 90,

92 are depicted of resistivity measurements taken by the
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respective recelivers 66, 68 over time (resistivity along the

vertical axis, and time along the horizontal axis).

Note that, as depicted in FIG. 6, the graphs 90, 92 are
substantially correlated 1n time (accounting for any
longitudinal offset between the receivers 66, 68). In the
FIG. 2 example, the receilivers 66, 68 are longitudinally
offset, but the receivers are not longitudinally offset 1n

the FIG. 3 example.

Since the graphs 90, 92 do not vary from each other
significantly over time 1n the FIG. 6 example, 1t can be
concluded that the core 40 1s displacing i1nto the i1nner
barrel 62 of the core barrel assembly 36 at substantially
the same speed as the coring bit 38 1s cutting i1nto the
formation 22. If the core 40 resistivity measurements were
lagging behind the formation 22 resistivity measurements,
this would be an i1ndication that the core 1s beginning to
jam 1n the core barrel assembly 36 or coring bit 38, or the
core 1s beglnning to compact or collapse 1n the 1nner barrel
62. The resistivity measurements from the spaced apart sets
80 of receivers 68 and transmitters 72 can be used to
determine whether such compaction or collapsing 1s occurrihg
(which would be i1ndicated by a greater speed at a lower set
than at an upper set), or whether the core 40 1s not
properly displacing i1nto the i1nner barrel 62 (which would be
indicated by the same, reduced speed at the upper and lower

sets).

It may now be fully appreciated that this disclosure
provides significant benefits to the art of monitoring core
cutting operations. In examples described above,
displacement of the core 40 i1nto the core barrel assembly 36

can be convenlently monitored, and the displacement of the
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core can be readily compared to displacement of the coring

bit 38 i1nto the formation 22.

A method of monitoring a formation core 40 during
coring operations 1s provided to the art by this disclosure.
In one example, the method can i1nclude measuring
resistivities of a formation 22 internal and external to a
core barrel assembly 36; comparing the resistivities of the
formation 22 internal and external to the core barrel
assembly 36; and determining a displacement of the core 40
1nto the core barrel assembly 36, based at least 1n part on

the comparing, while the core 40 1s beling cut.

Determining the displacement of the core 40 can 1include
determining a speed of the core 40 displacement i1nto the
core barrel assembly 36, determining that the core 40 1s not
displacing into the core barrel assembly 36, and/or
determining that the core 40 1s collapsing 1n the core

barrel assembly 36.

The measuring step can 1nclude transmitting
electromagnetic waves 64, 74 into the formation 22 and/or

into the core 40.

The transmitting step can 1nclude transmitting the
electromagnetic waves 74 from an electromagnetic wave
transmitter 70 positioned 1n a coring bit 38, transmitting
the electromagnetic waves 64 through a material of an i1nner
barrel 62 of the core barrel assembly 36, rotating at least
one electromagnetic wave transmitter 70 relative to the
formation 22, and/or rotating at least one electromagnetic
wave transmitter 72 relative to an 1nner barrel 62 of the

core barrel assembly 36.

The measuring step can also 1nclude receiving the
electromagnetic waves 64, 74 at an electromagnetic wave

recelver 66, 68 positioned 1n a coring bit 38.
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The measuring step can 1nclude measuring the
resistivities with longitudinally spaced apart sets 80, 82
of transmitters 70, 72 and recelvers 66, 68. The determiniling
step can include determining relative displacements of the
coring bit 38 and the core 40, respectively, based on
comparing the resistivities measured by the longitudinally
spaced apart sets 80, 82 of transmitters 70, 72 and
recelvers 66, 68. A velocity of the displacement of the core
40 i1nto the core barrel assembly 36 1s 1ndicated by
differences between measurements taken via the
longitudinally spaced apart sets 80, 82 of transmitters 70,
72 and recelvers 66, 68 as the core 40 displaces 1nto the

core barrel assembly 36.

The method can 1nclude determining displacement of a
coring bit 38 i1nto the formation 22 based at least 1n part

on the comparing.

The method can i1nclude comparing a speed of the
displacement of the core 40 to a speed of the displacement

of the coring bit 38.

The method can i1nclude providing an alert 1n response
to a significant difference between a speed of the
displacement of the core 40 and a speed of the displacement

of the coring bit 38.

Also described above 1s a formation core 40 analysis
method. The method can, 1n one example, 1nclude measuring
resistivity of a formation core 40 while the core 40
displaces 1nto a core barrel assembly 36, the measuring
being performed with multiple longitudinally spaced apart
first sets 80 of transmitters 72 and recelvers 68; measuring
resistivity of a formation 22 external to the core barrel
assembly 36 while a coring bit 38 penetrates the formation

22, the measuring beiling performed with multiple
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longitudinally spaced apart second sets 82 of transmitters
70 and recelvers 66; and determining a speed of displacement
of the core 40 i1nto the core barrel assembly 36, based at
least 1n part on differences between measurements taken via
the first and second sets 80, 82 of transmitters 70, 72 and
recelvers 66, 68 as the core 40 displaces 1nto the core

barrel assembly 36.

A speed of displacement of the coring bit 38 1into the
formation 22 may be 1ndicated by differences between
measurements taken via the second sets 82 of transmitters 70
and recelvers 66 as the coring bit 38 penetrates the

formation 22.

A collapse of the core 40 may be 1ndicated by a
difference between the speed of displacement of the core 40

and the speed of displacement of the coring bit 38.

The transmitters 72 of the first sets 80 may transmit
electromagnetic waves 64 1nto the core 40. The transmitters
70 of the second sets 82 may transmit electromagnetic waves
74 1nto the formation 22 external to the core barrel

assembly 36.

A formation core analysis system 34 described above
can, 1lnh one example, 1nclude multiple longitudinally spaced
apart first sets 80 of transmitters 72 and receivers 68
which measure resistivity of a core 40 while the core 40
displaces 1nto a core barrel assembly 36, multiple
longitudinally spaced apart second sets 82 of transmitters
70 and receivers 66 which measure resistivity of a formation
22 external to the core barrel assembly 36 while a coring
bit 38 penetrates the formation 22, and wherein a speed of
displacement of the core 40 i1nto the core barrel assembly 36
1s lndicated by differences 1n time between measurements

taken via the first and second sets 80, 82 of transmitters
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70, 72 and recelvers 66, 68 as the core 40 displaces 1nto

the core barrel assembly 36.

A method of determining a speed of displacement of a
formation core 40 1nto a core barrel assembly 36 as the core
40 1s beiling cut can i1nclude measuring resistivity of the
core 40 by transmitting electromagnetic waves 64 1into the
core 40 as the core 40 1s belng cut; measuring resistivity
of a formation 22 external to the core barrel assembly 36 by
transmitting electromagnetic waves 74 1nto the formation 22
as the formation 22 1s being cut by a coring bit 38; and
determining the speed of displacement of the core 40 1into
the core barrel assembly 36 relative to a speed of
displacement of the coring bit 38 into the formation 22,
based at least 1n part on differences between the measured

resistivities of the core 40 and the formation 22.

Transmitting the electromagnetic waves 64 1nto the core
40 can 1nclude transmitting the electromagnetic waves 64
from an electromagnetic wave transmitter 72 positioned 1n
the coring bit 38. Measuring the resistivity of the core 40
can 1nclude receiving the electromagnetic waves 64 by an
electromagnetic wave receilver 68 positioned 1n the coring

bit 38.

Measurling the resistivity of the core 40 may 1nclude
measuring the resistivity with longitudinally spaced apart
sets 80 of transmitters 72 and receivers 68. Each set 80 can
comprise at least one of the transmitters 72 and at least

one of the receivers 68.

The determining step can 1nclude determining relative
displacements of the coring bit 38 and the core 40,
respectively, based at least 1n part on comparing the
resistivities measured by the longitudinally spaced apart

sets 80 of transmitters 72 and receivers 68.
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The speed of the displacement of the core 40 may be
indicated by differences between measurements taken via the
longitudinally spaced apart sets 80 of transmitters 72 and
recelvers 68 as the core 40 displaces 1nto the core barrel

assembly 36.

Although various examples have been described above,
with each example having certain features, 1t should be
understood that 1t 1s 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
1n the drawlings can be combined with any of the examples, 1n
addition to or 1n 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 1ncludes a
certaln combination of features, 1t should be understood
that 1t 1s 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.

Tt should be understood that the various embodiments
described herein may be utilized in various orilientations,
such as 1nclined, 1nverted, horizontal, vertical, etc., and
1n 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 1s not limited to any specific

detalls of these embodiments.

In the above description of the representative

examples, directional terms (such as “above,” “below,”
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“upper,” “lower,” etc.) are used for convenlience 1n
referring to the accompanying drawlings. However, 1t should
be clearly understood that the scope of this disclosure 1s

not limited to any particular directions described hereiln.

The terms “1including,” “includes,” “comprising,”
“comprises,” and simillar terms are used 1n a non-limiting
sense 1n this specification. For example, 1f a system,
method, apparatus, device, etc., 1s described as “including”
a certailn feature or element, the system, method, apparatus,
device, etc., can 1nclude that feature or element, and can
also 1nclude other features or elements. Similarly, the term
“comprises” 1s conslidered to mean “comprises, but 1s not

limited to.”

Of course, a person skilled i1n the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreclate 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
foregolng detailled description 1s to be clearly understood
as being given by way of 1llustration and example only, the
splrit and scope of the i1nvention being limited solely by

the appended claims and thelr equivalents.
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AMENDED CLAIMS
received by the International Bureau on 3 October 2012 (03.10.2012)

WHAT IS CLAIMED IS5:

1. A method of monitoring a formation core during

coring operations, the method comprising:

measuringresistivities of a formation internal and

external to a core barrel assempbly;

comparing the resistivities of the formation internal

and external to the core barrel assembly; and

determining a dilisplacement of the core into the core

parrel assembly, based at least in part on the comparing,

while the core 1s pbeling cut.

2. The method of claim 1, wherein determining the

displacement of the core further comprises determining a

J—

speed of the core displacement into the core barrel

assembly.

3. The method of claim 1, wherein determining the

displacement of the core further comprises determining that

the core 1s not displacing into the core barrel assembly.

4. The method of claim 1, wherein determining the

displacement of the core further comprises determining that

the core 1s collapsing in the core barrel assembly.

0. The method of claim 1, wherein measuring comprises

transmitting electromagnetic waves into the formation.

AMENDED SHEET (ARTICLE 19)
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J——

0. The method of claim 5, wherein measuring comprises

transmitting electromagnetic waves into the core.

7. The method of claim 5, wherein transmitting

further comprises transmitting the electromagnetic waves

from an electromagnetic wave transmitter positioned 1n a

coring bit.

3 . The method of claim 5, wherein measuring further
comprises recelving the electromagnetic waves at an

electromagnetic wave recelver positioned in a coring bit.

9. The method of claim 5, wherein transmitting

further comprises transmitting the electromagnetic waves

—

through a material of an 1nner barrel of the core barrel

assembly.

10, The method of claim 5, wherein transmitting

further comprises rotating at least one electromagnetic wave

transmitter relative to the formation.

11. The method of claim 5, wherein transmitting

further comprises rotating at least one electromagnetic wave
transmitter relative to an inner barrel of the core barrel

assembly.

12. The method of claim 1, wherein measuring comprises

measuring the resistivities with longitudinally.spaced‘apart

p—

sets of transmitters and receilivers.

AMENDED SHEET (ARTICLE 19)
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13. The method of claim 12, wherein determining

further comprises determining relative displacements of the

coring bit and the core, respectively, based on comparing

the resistivities measured by the longitudinally spaced

apart sets of transmitters and receivers.

14. The method of claim 12, wherein a velocity of the
displacement of the core into the core barrel assenmbly is
1ndicated by differences between measurements taken via the

longitudinally spaced apart sets of transmitters and

recelvers as the core displaces into the core barrel

assembly.

15. The method of claim 1, further comprising

determining displacement ¢of a coring bit into the formation

pased at least in part on the comparing.

lo. The method of claim 15, further comprising

comparing a speed of the displacement of the core to a speed

g—

of the displacement of the coring bit.

1/7. The method of claim 15, further comprising

Ap—

providing an alert 1n response to a significant difference

petween a speed of the displacement of the core and a speed

s

of the displacement of the coring bit.

AMENDED SHEET (ARTICLE 19)
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A formation core analysis method, comprising:

measuring resistivity of a formation core while the

core displaces into a core barrel assembly, the measuring

reling performed

first sets of transmitters and

measuring resistivity of a

receivers;

with multiple longitudinally spaced apart

formation external to the

core pbarrel assembly while a coring bit penetrates the

formation, the measuring

- belng performed with multiple

J—

longitudinally spaced apart second sets of transmitters and

recelvers;

and

—

determining a speed of displacement of the core into

the core barrel assembly, based at least 1n part on

dlifferences between measurements taken via the first and

g

second sets ot

transmitters and receilvers as the core

displaces into the core barrel assembly.

19,

The

method of claim 18, wherelin a speed of

F

f—
p—

displacement of the coring bit into the formation 1is

1ndicated by di:

prr—

second sets of

.

"ferences between measurements taken via the

transmitters and receivers as the coring bit

penetrates the formatlon.

20.

The methodof claim 19, wherein a collapse of the

core 1s indicated by a difference between the speed of

A

displacement of the core and the speed of displacement of

the coring

21.

pit.

The

methodot claim 18, whereln the transmitters of

the first sets transmit electromagnetic waves into the core.

AMENDED SHEET (ARTICLE 19)
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22. The methodof claim 21, wherein the transmitters of

the second sets transmit electromagnetic waves 1nto the

formation external to the core pbarrel assembly.

AMENDED SHEET (ARTICLE 19)
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23. A formation core analysis system, comprising:

multlple longitudinally spaced apart first sets of
transmitters and receivers whilch measure reslstivity of a

formation core while the core displaces into a core barrel

assembly;

multliple longltudinally spaced apart second sets of

-
ad

transmitters and recelvers which measure resistivity of a

formation external to the core barrel assembly while a

coring bit penetrates the formation, and

wherein a speed of displacement of the core into the

core barrel assempbly is 1ndicated by differences in time
between measurements taken via the first and second sets of

transmitters and receivers as the core displaces into the

core parrel assembly.

t 1)

24. The system of claim 23, whereln a speed oO:

F

displacement of the coring bit into the formation is

indicated by differences in time between measurements taken

F

via the second sets of transmitters and recelvers as the

coring pbit penetrates the formation.

25. The system of claim 24, wherein a collapse of the

-

core 1s 1ndicated by a difference between the speed of

displacement of the core and the speed of displacement of

the coring bit.

206. The system of claim 23, wherein the transmitters
of the first sets transmit electromagnetic waves into the

CcCore.

AMENDED SHEET (ARTICLE 19)
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27. The system of claim 26, wherein the transmitters
of the second sets transmlit electromagnetic waves 1nto the

formation external to the core barrel assembly.

AMENDED SHEET (ARTICLE 19)
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' 28. A method of determining a speed of displacement of

a formation core into a core barrel assembly as the core is

pelng cut, the method comprising:

measuring resistivity of the core by transmitting

electromagnetic waves 1nto the core as the core 1s being

cut;

measuring

p—

resistivity of a formation external to the

core parrel assembly by transmitting electromagnetic waves

into the formation as the formation i1s being cut by a coring

pi1t; and

—

—

determining the speed of displacement of the core into

the core barrel assembly relative to a speed of displacement

of the coring

pbit 1nto the formation, based at least in part

on differences between the measured resistivities of the

core and the formation.

29. The method of claim 28, wherein transmitting

electromagnetic waves 1into the core further comprises

transmitting the electromagnetic waves from an

electromagnetlic wave transmitter positioned in the coring

pit.

30. The method of claim 28, wherein measuring the

p—

resistivity o:

the core further comprises recelving the

electromagnetic waves by an electromagnetic wave recelver

positioned in the coring bit.

e

31. The method of claim 28, whereln measuring the

g—
—

resistivity o:

the core further comprilises measuring the

AMENDED SHEET (ARTICLE 19)
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I

resistivity with longitudinally spaced apart sets of

transmitters and receivers.

32. The method of claim 31, wherein each set comprises

at least one of the transmitters and at least one of the

receilivers.

33. The method of claim 31, wherein determining
further comprises determining relative displacements of the
coring bit and the core, respectively, based at least in
part on comparilng the reslistivities measured by the

J—

longitudinally spaced apart sets of transmitters and

recelvers.

34. The method of claim 31, wherein the speed of the

dlsplacement of the core is indicated by differences between

measurements taken via the longitudinally spaced apart sets

of transmitters and receivers as the core displaces into the

core parrel assembly.

35. The method of claim 28, further comprising

providing an alert in response to a significant difference

petween the speed of the displacement of the core and the

speed of the displacement of the coring bit.

36. The method of claim 28, wherein determining the
speed of displacement of the core further comprises
determining that the core 1s not displacing into the core

analyslis system.

AMENDED SHEET (ARTICLE 19)
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3/7. The method of claim 28, wherein determining the

dlsplacement of the core further comprises determining that

the core 1s collapsing in the core barrel assembly.

38. The method of claim 28, wherein transmitting the

electromagnetic waves into the core further comprises

transmitting the electromagnetic waves through a material of

an inner barrel of the core barrel assembly.

e

39. The method of claim 28, wherein transmitting the

electromagnetic waves into the formatlon further comprises

rotating at least one electromagnetic wave transmitter

relative to the formation.

40, The method of c¢laim 28, wherein transmitting the
electromagnetic waves 1into the core further comprises
rotating at least one electromagnetic wave transmitter

relative to the core.

41, The method of clalim 28, wherein transmitting the

electromagnetic waves into the core further comprises

rotating at least one electromagnetic wave transmitter

relative to an inner barrel of the core barrel assembly.

AMENDED SHEET (ARTICLE 19)
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