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CORE BARREL HEAD ASSEMBLY WITH AN INTEGRATED SAMPLE
ORIENTATION TOOL AND SYSTEM FOR USING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to down hole surveying in drilling operations.
More particularly, to a core barrel assembly having at least one electronic instrument
that is configured for use in a core sample down hole surveying and sample orientation
system. In one example, the at least one electronic instrument is configured to provide
an indication of the orientation of a core sample relative to a body of material from which
the core has been extracted, and also to a method of core sample orientation

identification.

BACKGROUND

[0002] Conventionally, core samples are obtained through the use of core drilling
systems that comprise outer and inner tube assemblies. In operation, a cutting head is
attached to the outer tube assembly so that rotational torque applied to the outer tube
assembly can be transmitted to the cutting head. A core is generated during the drilling
operation, with the core progressively extending along the elongate axis of the inner
tube assembly as drilling progresses. Typically, when a core sample is acquired, the
core within the inner tube assembly is fractured and the inner tube assembly and the
fractured core sample contained therein are then retrieved from within the drill hole,
typically by way of a retrieval cable lowered down the drill hole. Once the inner tube
assembly has been brought to ground surface, the core sample can be removed and
subjected to the desired analysis.

[0003] It is desirable for analysis purposes to have an indication of the orientation
of the core sample relative to the ground from which it was extracted. This is
complicated in that it is common to drill at an angle relative to the vertical. For efficiency
and accuracy of the mineralogical record, it is desirable to determine the orientation and
survey position of each core's position underground before being drilled out and
extracted. Such orientation and survey positions allow for the subsequent production of

a three dimensional map of underground mineral/rock content.
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[0004] One common way of obtaining an indication of the orientation of a core
sample is through use of an orientation spear comprising a marker (such as a crayon)
projecting from one end of a thin steel shank, the other end of which is attached to a
wire line. The orientation spear is lowered down the drill hole, prior to the inner tube
assembly being introduced. The marker on the orientation spear strikes the facing
surface of material from which the core is to be generated, leaving a mark thereon.
Because of gravity, the mark is on the lower side of the drill hole. The inner tube
assembly is then introduced into the outer tube assembly in the drill hole. As drilling
proceeds, a core sample is generated within the inner tube assembly. The core sample
so generated carries the mark which was previously applied. Upon completion of the
core drilling run and retrieval of the core sample, the mark provides an indication of the
orientation of the core sample at the time it was in the ground.

[0005] Other conventional technologies use core orientation units attached to core
inner tubes and back-end assemblies to determine the correct orientation of the drilled
out core sample after a preferred predetermined drilling distance intervals during drilling.
These core orientation units typically measure rotational direction of the core sample
before extraction. On retrieval at the surface of the hole, the rotational direction can be
determined by electronic means and the upper or lower side of the core material
physically 'marked' for later identification by geologists.

[0006] Coupled with the core orientation system, a survey instrument is
conventionally used. In this technique, at periodic depths, the survey instrument is
lowered down the drill hole to determine azimuth (angular measurement relative to a
reference point or direction), dip (or inclination) and any other required survey
parameters. These periodic depth survey readings are used to approximate the drill-
path at different depths. Together with the rotational position of the extracted core (from
the core orientation device), the three dimensional subsurface material content map can
be determined.

[0007] It has been found desirable to provide an improved core barrel assembly
having an integrated sample orientation subassembly and method for using same that is

configured for use in a core sample down hole surveying and sample orientation that
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minimizes the need to add additional drill string elements, which allows for increased

efficiency and speed of drilling.
SUMMARY

[0008] In one aspect, the present invention provides a core barrel head assembly
having an elongate body that defines a selectively sealed interior cavity. The core
barrel head assembly can have at least one electronic instrument positioned in the
interior cavity that is configured to obtain core orientation data of a core sample and a
power source positioned in the interior cavity and in electrical communication with the at
least one electronic instrument. The core barrel head assembly can also have a
communication means that is configured to receive and/or transmit orientation data for
use in a core sample down hole surveying and sample orientation system. The derived
core orientation data provides an indication of the orientation of the core sample relative
to a body of material from which the core has been extracted, and also to a method of
using same.

[0009] The core barrel head assembly is configured for connection to tube portions
of a drill string via respective connection means. In another aspect, the at least one
electronic instrument of the core barrel head assembly can be mounted, for example
and without limitation, within the interior cavity defined the body, within an interior cavity
that is defined therein a side wall of the body of the core barrel head assembly, or
potted or in sealed contact with a portion of a side wall of the core barrel assembly (on
either an exterior surface or an interior surface of a cavity defined therein the body). As
one skilled in the art will contemplate, the core barrel head assembly can comprise at
least one electronic instrument that is configured to obtain orientation data, an
electrically coupled power source and communication means to receive and/or transmit
orientation data.

[0010] In another aspect, the communication means can comprise a wireless
communication means that is configured to wirelessly receive and/or transmit survey
data. Optionally, the communication means can be configured to communicate one

way or two ways with each other, when drilling has ceased or during drilling.
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[0011] In one aspect, the at least one electronic instrument of the core barrel head
assembly advantageously enables obtaining drill hole survey readings without the need
to insert unwieldy extension drill rods and/or a survey probe to measure azimuth and
inclination/dip of the drill hole path. This results in a reduction of equipment handling
and usage of equipment, a reduction of operations by not needing to periodically
withdraw the drill bit a certain distance in order to advance a survey probe ahead of,
and therefore distanced from, the drill bit, with a resultant increase in operational
efficiency.

[0012] Another aspect of the present invention provides a method of conducting a
down hole survey of drilling, the method including: a) drilling the core from a subsurface
body of material; b) recording data relating to orientation of the core to be retrieved, the
data recorded using the at least one electronic instrument of the core barrel head
assembly, c) separating the core from the subsurface body, and d) obtaining an
indication of the orientation of the core based on the recorded core orientation data
obtained before the core was separated from the subsurface body.

[0013] Optionally, the method can comprise: determining that drilling has ceased
for a period of time, using the at least one electronic instrument of the core barrel head
assembly to record data relating to orientation of the core to be retrieved, separating the
core from the subsurface body, retrieving the core to the surface, and obtaining an
indication of the orientation of the core based on the recorded core orientation data
obtained once the drilling had ceased and before the core was separated from the
subsurface body.

[0014] Advantages are that there is more time available for drilling due to less time
required for surveying and manipulating additional pieces of equipment and mechanical

extensions during the survey process.
BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1 shows a perspective view of a core barrel head assembly being
operatively coupled to a head assembly.

[0016] Figure 2 shows a longitudinal cross-sectional view of Figure 1.
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[0017] Figure 3 shows an expanded view of a portion of Figure 2, showing the core
barrel head assembly.

[0018] Figure 4 shows a perspective exploded view of the core barrel head
assembly of Figure 1.

[0019] Figure 5 shows a longitudinal cross-sectional view of the core barrel head
assembly, showing an at least one electronic instrument and an electrically coupled
power source disposed therein an interior cavity of a body of the core barrel head
assembly.

[0020] Figure 6 shows a longitudinal cross-sectional view of another aspect of the
core barrel head assembly, showing an at least one electronic instrument and an
electrically coupled power source disposed therein an interior cavity of a body of the
core barrel head assembly.

[0021] Figure 7 shows a longitudinal cross-sectional view of the body of the core
barrel head assembly.

[0022] Figure 8 shows and exemplary flowchart relating to a method of using the

present invention.

[0023] Figure 9 shows an schematic view of an exemplary at least one electronic
instrument.
[0024] Figure 10 shows an exemplary prior art hand held device for wirelessly

interrogating the core barrel head assembly of the present invention.

DETAILED DESCRIPTION
[0025] The present invention can be understood more readily by reference to the
following detailed description, examples, drawings, and claims, and their previous and
following description. However, before the present devices, systems, and/or methods
are disclosed and described, it is to be understood that this invention is not limited to the
specific devices, systems, and/or methods disclosed unless otherwise specified, as
such can, of course, vary. It is also to be understood that the terminology used herein is

for the purpose of describing particular aspects only and is not intended to be limiting.

[0026] The following description of the invention is provided as an enabling

teaching of the invention in its best, currently known embodiment. To this end, those
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skilled in the relevant art will recognize and appreciate that many changes can be made
to the various aspects of the invention described herein, while still obtaining the
beneficial results of the present invention. It will also be apparent that some of the
desired benefits of the present invention can be obtained by selecting some of the
features of the present invention without utilizing other features. Accordingly, those who
work in the art will recognize that many modifications and adaptations to the present
invention are possible and can even be desirable in certain circumstances and are a
part of the present invention. Thus, the following description is provided as illustrative of

the principles of the present invention and not in limitation thereof.

”

[0027] As used throughout, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to

“a port” can include two or more such ports unless the context indicates otherwise.

[0028] Ranges can be expressed herein as from “about” one particular value,
and/or to “about” another particular value. When such a range is expressed, another
aspect includes from the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by use of the antecedent
“about,” it will be understood that the particular value forms another aspect. It will be
further understood that the endpoints of each of the ranges are significant both in
relation to the other endpoint, and independently of the other endpoint.

[0029] As used herein, the terms “optional” or “optionally” mean that the
subsequently described event or circumstance may or may not occur, and that the
description includes instances where said event or circumstance occurs and instances

where it does not.

[0030] The word “or” as used herein means any one member of a particular list and

also includes any combination of members of that list.

[0031] As will be appreciated by one skilled in the art, the methods and systems
may take the form of an entirely hardware embodiment, an entirely software
embodiment, or an embodiment combining software and hardware aspects.
Furthermore, the methods and systems may take the form of a computer program

product on a computer-readable storage medium having computer-readable program

6
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instructions (e.g., computer software) embodied in the storage medium. More
particularly, the present methods and systems may take the form of web-implemented
computer software. Any suitable computer-readable storage medium may be utilized
including, without limitation, hard disks, CD-ROMSs, optical storage devices, magnetic

storage devices, or solid-state electronic storage devices.

[0032] Embodiments of the methods and systems are described below with
reference to block diagrams and flowchart illustrations of methods, systems,
apparatuses and computer program products. It will be understood that each block of
the block diagrams and flowchart illustrations, and combinations of blocks in the block
diagrams and flowchart illustrations, respectively, can be implemented by computer
program instructions. These computer program instructions may be loaded onto a
general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions which execute
on the computer or other programmable data processing apparatus create a means for

implementing the functions specified in the flowchart block or blocks.

[0033] These computer program instructions may also be stored in a computer-
readable memory that can direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufacture including computer-
readable instructions for implementing the function specified in the flowchart block or
blocks. The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps
to be performed on the computer or other programmable apparatus to produce a
computer-implemented process such that the instructions that execute on the computer
or other programmable apparatus provide steps for implementing the functions specified
in the flowchart block or blocks.

[0034] Accordingly, blocks of the block diagrams and flowchart illustrations support
combinations of means for performing the specified functions, combinations of steps for
performing the specified functions and program instruction means for performing the

specified functions. It will also be understood that each block of the block diagrams and
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flowchart illustrations, and combinations of blocks in the block diagrams and flowchart
illustrations, can be implemented by special purpose hardware-based computer
systems that perform the specified functions or steps, or combinations of special

purpose hardware and computer instructions.

[0035] In one aspect, a drill assembly for drilling into a subsurface body of material
can comprise a drill string 10 comprising a drill bit, an outer tube formed of linearly
connected tube sections, and an inner tube for receiving the core drilled from the
subsurface body. In one aspect, the core barrel head assembly 30 is integrated into the
drill string 10 to form a portion of the drill string, such as shown in Figure 1, where the

core barrel head assembly is operably coupled to a conventional head assembly 20.

[0036] The core barrel head assembly is configured for connection to tube portions
of a drill string via respective connection means. In another aspect, the at least one
electronic instrument of the core barrel head assembly can be mounted, for example
and without limitation, within the interior cavity defined the body, within an interior cavity
that is defined therein a side wall of the body of the core barrel head assembly, or
potted or in sealed contact with a portion of a side wall of the core barrel assembly (on
either an exterior surface or an interior surface of a cavity defined therein the body). As
one skilled in the art will contemplate, the core barrel head assembly can comprise at
least one electronic instrument that is configured to obtain orientation data, an
electrically coupled power source and communication means to receive and/or transmit
orientation data.

[0037] In one aspect, and referring to Figures 1-7, the core barrel head assembly
30 can comprise at least one electronic instrument 40 that is configured to obtain
orientation data, a operatively electrically coupled power source 50 and communication
means to receive and/or transmit orientation data. In one aspect, at least one electronic
instrument 40 can comprise at least one digital and/or electro-mechanical sensors,
and/or one or more pressure Sensors in a core orientation data recording tool that can
be configured to determine the core orientation just prior to or after the core break, and,

optionally, to detect the signal of the break of the core from the body of material. In
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various aspects, it is contemplated that the recorded data can optionally include “dip”

angle to increase the reliability of the core orientation results as described below.

[0038] In this aspect, one or more pressure sensors 42 in operative communication
with the at least one electronic instrument 40 of the core barrel assembly can be
provided to detect pressure data. In one exemplary aspect, once a desired pressure
value is detected, drilling can cease and the core barrel head assembly can record data
relating to the orientation of the core, such as gravitational field strength and direction,

and/or magnetic field strength and direction.

[0039] The core barrel head assembly 30 has a proximal end 32, that is operatively
oriented toward the drill bit end of the drill string and a opposed distal end 34. As
shown in Figures 1 and 5-6, the core barrel head assembly 30 has an elongate tube
body 60 that has a threaded proximal end 62 that is conventionally threaded to be
conventionally joined to a conventional wire line retrieval portion of a head assembly 10.
Thus, the head assembly of the drill string is complete without the necessity for the use

of an unwieldy extension tube as required in the prior art designs.

[0040] The threaded proximal end 62 of the elongate tube body 60 is in
communication with a first interior cavity 64 that extends distally to a base portion 65.
Proximate the base portion of the second interior cavity, a port 66 is defined that
extends from the exterior surface of the elongate tube body into fluid communication
with the first interior cavity. Optionally, in this aspect, it is contemplated that a pressure
fitting 68 can be mounted in the port 66 to allow for selective passage of water and/or
drilling mud from the exterior of the core sample orientation subassembly into

communication with the first interior cavity and vice versa.

[0041] A second interior cavity 70 is defined therein the elongate tube body 60 that
is spaced from and extends distally from the first interior cavity. The second interior
cavity 70 can be sized to hermetically enclose at least one of the least one electronic
instrument 40 that is configured to obtain orientation data, the power source 50 and the
communication means to receive and/or transmit orientation data. In another aspect,
the second interior cavity 70 can be sized to hermetically enclose the least one
electronic instrument 40 that is configured to obtain orientation data and the power

9
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source 50. In one aspect, the at least one electronic instrument 40 can comprise the
electronic instrument discussed above and schematically shown in Figure X. The at
least one electronic instrument 40 is operatively electrically coupled to the power source
50, which can comprise any conventional power source, such as, for example and

without limitation, a battery, a rechargeable battery, and the like.

[0042] In one aspect, as shown, a plurality of windows 74 can be defined in the
elongate body that extend from the exterior surface 61 of the elongate body into the
second interior chamber 70 proximate the closed proximal end 72 of the second interior
chamber. In a further aspect, an orientation indicator module 80 can be provided that
comprises a plurality of light emitters 82. The orientation indicator module 80 can be
sized and shaped to sealingly close the second interior chamber from any intrusion of
pressurized fluid into the second interior chamber 70 via the defined plurality of windows
74.

[0043] In another aspect, it is contemplated that the second interior chamber can
comprised at least one orienting slot defined therein. In this aspect, the orientation
indicator module can be oriented manually and the desired position can be maintained
to the at least one O-ring seal 84 described below. Optionally, in a further aspect, the
orientation indicator module 82 is configured to orient or otherwise position a plurality of

light emitters 88 so that each light emitter underlies one window.

[0044] In one aspect, the orientation indicator module 80 can further comprise a
sealing means for preventing any pressurized fluid from entering the second interior
cavity 70 from the defined windows 74. In one aspect, the sealing means can comprise
at least one O-ring seal 84 that is mounted on an exterior portion of the orientation
indicator module and that is configured to seal between the exterior portion of the
orientation indicator module and a portion of the interior surface of the second interior
cavity.

[0045] In one exemplary aspect, light from the plurality of light emitters 88 (e.g.
LEDs, and the like) passes through or can be observed through the plurality of windows
74. Reference arrow A refers to the drill bit end direction, and reference arrow B refers

to the head assembly direction. Further, as described above, the process of obtaining

10
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core orientation is made easier by only requiring two color lights, such as, for example
and without limitation, green and red, to indicate one or other direction of rotation to
establish correct core orientation prior to marking. The indicators form part of the
sealed device and can be low power consumption LED lights.

[0046] Alternatively, flashing lights may be used, such as, for example and without
limitation, a certain frequency or number of flashes for one direction and another
frequency or number of flashes for the other direction of rotation. A steady light could
be given when correct orientation is achieved. Thus, advantageously, when the core
barrel head assembly 30 and the core sample are recovered from down the hole, the
core barrel head assembly 30 need not be separated from the drill string in order to
determine a required orientation of the core sample. Wireless communication to a
remote device, such as a hand held device, to transfer data between the core barrel
head assembly and the remote device, can also be effected by transmitting through the

at least one aperture.

[0047] In another aspect, the second interior cavity 70 extends distally to the open
distal end 73 of the elongate tube body 60. To further effect a hermetical enclosure of
the least one electronic instrument 40 that is configured to obtain orientation data, the
power source 50 and, optionally, the communication means to receive and/or transmit
orientation data, a seal coupler 90 can be provided that is configured to be sealingly
received in the open threaded distal end 73 of the elongate tube body 60. As noted, a
sealing means can be provided to prevent any pressurized fluid from entering the
second interior cavity. In one aspect, the sealing means can comprise at least one O-
ring seal 95 that is mounted on a portion of the seal coupler and that is configured to
seal between a portion of the seal coupler and a portion of the interior surface of the
open distal end of the elongate body.

[0048] In a further aspect, to further effect a hermetical seal of the second interior
cavity and to provide fluid control for the wire line operation, a check valve assembly
100 is provided. In one aspect, the check valve assembly 100 comprises a coupled
proximal end assembly and a distally tapered seat that defines an interior chamber 110
for operative receipt of a check ball 120.

11
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[0049] In one aspect, the proximal end assembly102 of the check valve assembly
can define a female threaded coupling that is configured to be threadably coupled to the
male threads defined on the exterior surface of the distal end 73 of the elongate body
60. As one skilled in the art will appreciate, as the proximal end assembly of the check
valve assembly 100 is threadably coupled to the distal end 73 of the elongate body, the
seal coupler 90 is driven into a sealed position therein the second interior cavity 70 to

affect complete hermeticity.

[0050] Further, as one skilled in the art will appreciate, because the orientation
indicator module 90 is sealingly disposed in the proximal end of the second interior
chamber 70, the least one electronic instrument 40, the power source 50 and,
optionally, the communication means to receive and/or transmit orientation data is
disposed in operative contact with the orientation indicator module, and the seal coupler
90 is disposed in contact with the least one electronic instrument 40, the power source
50 and, optionally, the communication means to receive and/or transmit orientation
data, as the proximal end assembly of the check valve assembly is threadably coupled
to the distal 73 end of the elongate body, both the sealing means on the respective
orientation indicator module 80 and the seal coupler 90 are driven into a sealed position
therein the second interior cavity to affect complete hermeticity of the second interior

cavity.

[0051] In another aspect, the interior chamber 110 of the check valve assembly
extends to a distal end 104 of the check valve assembly. In this aspect, at least one
port 106 is provided that extends from the exterior surface of the check valve assembly
and is in fluid communication with the interior chamber of the check valve assembly. In
one aspect, the at least one port 106 can comprise a plurality of ports. In this aspect, it
is contemplated that the plurality of ports can be angularly spaced an equal or an
unequal number of degrees apart.

[0052] In this aspect, the interior chamber 110 can have a distally tapered seat 112
that is adapted to selectively receive the ball 120 that is sized to selectively block the
distally tapered seat. One skilled in the art will appreciate that the interior chamber 110

of the check valve assembly 100 can be sized and shaped to allow the ball to

12
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selectively move axially between an open position, in which the ball is spaced
proximally away from the surface of the tapered seat so that pressurized fluid can move
through the distal end of the check valve assembly and subsequently through the
interior chamber to exit out of the at least one port, and a closed position, in which the
ball is pressurized against the surface of the tapered seat so that pressurized fluid

cannot move through the check valve assembly.

[0053] In a further aspect, the exterior surface 61 of the elongate body 60 can
define a plurality of female planar stops 67 proximate the mid-body portion. These
female planar stops aid in grasping and selectively orienting the orientation of the core
barrel head assembly 30. Optionally, additional female planar stops 69 can be defined
proximate the indicator widows defined in the elongate body to aid in ease of selectively
orienting the sample.

[0054] In operation, it is contemplated that, in one non-limiting example, the at least
one electronic instrument 40 of the core barrel head assembly 30 does not take any
orientation measurements while vibrations, such as from the drilling operation, are
present. In this aspect, the combination of mechanical, electromechanical and/or
electronic sensors and software algorithms programmed into the at least one electronic
instrument of the core barrel head assembly are configured to determine that the core
barrel head assembly is in motion while descending down the hole and during drilling
and is therefore not yet needed to detect breaking of the core sample from the body of
material. Similarly, in a further aspect, it is contemplated that the at least one electronic
instrument of the core barrel head assembly can be configured to detect that the core
barrel head assembly is ascending to the surface for core retrieval after core breaking
and subsequently will not take any core orientation measurements during the ascending
operation.

[0055] In one non-limiting example, in operation, when the driller is ready to break
the core, the driller can selectively not rotate the drill string for a first predetermined
delay time period that can range from between about 10 seconds to about 90 seconds.
During the delay time period, it is contemplated that an orientation and dip

measurement can be taken during this non-rotation, i.e., minimal vibration, period.
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Subsequently, after breaking the core, the driller can wait a second predetermined delay
time period that can range from between about 60 seconds to about 120 seconds, or at
least 90 seconds before initiating further rotation.

[0056] Optionally, it is contemplated that pressure created within the borehole by
drilling mud and/or water, which may be pumped down the borehole from the surface
can be detected by that at least one pressure sensor 42. In various non-limiting
examples, the at least one pressure sensor can be mounted on the drill string, such as
on the inner and/or outer drill tube or on the drill bit or on the core barrel head assembly.
The detected pressure, such as, for example and without limitation, pressure within the
inner tube receiving the core, or pressure differential, such as, for example and without
limitation, pressure differential between/across the inner and outer tubes, can be
indicative of the inner tube being nearly or totally full of core material. This can occur
before the core is separated from the subsurface body of material (such as by breaking
the core from the body by a sharp pull back on the core) and hence can provide an
indicator that the core is about to be broken.

[0057] Optionally, it is contemplated that the least one electronic instrument 40 that
is configured to obtain orientation data, the power source 50 and the communication
means to receive and/or transmit orientation data can be sized and shaped to be
integrally mounted therein conventional wire line assemblies. It this aspect, the least
one electronic instrument 40 that is configured to obtain orientation data, the power
source 50 and the communication means to receive and/or transmit orientation data can
be miniaturized and/or flexible to be received within defined cavities therein the
conventional wire line assemblies and can be subsequently hermetically sealed, such
as with, for example and without limitation, an epoxy, therein the defined cavities.
[0058] One skilled in the art will appreciate that the core barrel head assembly 30
does not need to be separated from the head assembly 20 in order to determine core
sample orientation and/or to gather data recorded by the tool means that there is less
risk of equipment failure and drilling downtime, as well as reduced equipment handling
time through not having to separate the sections in order to otherwise obtain core
sample orientation. Known systems require an end-on interrogation of the tool. By

providing a sealed apparatus and the facility to determine orientation of the core sample
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by observing the orientation indications through one or more windows 74 in the side of
the elongate body 60, reliability and efficiency of core sample collection and orientating
is improved. Consequently operational personnel risk injury, as well as additional
downtime of the drilling operation. Without having to separate core barrel head
assembly 30 from the head assembly, the orientation of the core sample can be
determined and the gathered information retrieved with less drilling delay and risk of
equipment damage/failure.

[0059] Further, unlike known systems, the core barrel head assembly 30 provides
for the desired flow of pressurized fluid in the wire-line assemblies to conventionally
operate the fluid control vales that are commonly used in wire-line operations. As
noted, the check valve assembly 100 allows for the selectively passage of fluid
therethrough that assembly and to the exterior surface of the core barrel head assembly
30 an subsequently through the pressure relief valve to exit out of the first interior cavity
of the elongate body.

[0060] It is contemplated that the core barrel head assembly 30 can be utilized in
asynchronous time operation for core sampling. In this aspect, the data recording
events taken by the core barrel head assembly 30 are not synchronized in time with the
communication device. That is, the core barrel head assembly can be programmed to
not commence timing from a reference time, and can optionally be programmed such
that the core barrel head assembly 30 does not take samples (shots) at specific
predetermined time intervals. For example, and not meant to be limiting, the core barrel
head assembly 30 can be programmed to not take a three second sample every one
minute with that one minute interval synchronized to the remote, which would therefore
know when each sample is about to take place. In this aspect, the communication
means or device is not synchronized to the core orientation unit, i.e. asynchronous
operation, and therefore the communication device does not know if or when a sample
is being taken. Thus, obtaining an indication of core sample orientation is simplified

over known arrangements.

[0061] In one aspect, the one or more pressure sensors 42 can be provided to
detect pressure data, which can comprise pressure readings; changes in pressure
and/or pressure differentials. The pressure data can be operative communication with
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the core barrel head assembly 30 and/or an operator at the surface. In one exemplary
aspect, once a desired pressure value is detected, drilling can cease and the at least
one electronic instrument 40 of the core barrel head assembly 30 can record data
relating to the orientation of the core, such as gravitational field strength and direction,
and/or magnetic field strength and direction.

[0062] In various aspects, it is contemplated that the recorded data can optionally
include “dip” angle to increase the reliability of the core orientation results.
Conventionally, dip is the angle of the inner core tube drill assembly with respect to the
horizontal plane and can be the angle above or below the horizontal plane depending
on drilling direction from above ground level or from underground drilling in any
direction. This provides further confirmation that the progressive drilling of a hole
follows a maximum progressive dip angle which may incrementally change as drilling
progresses, but not to the extent which exceeds a dogleg severity, .i.e., a normalized
estimate (e.g. degrees / 30 meters) of the overall curvature of an actual drill-hole path
between two consecutive directional survey/orientation stations.

[0063] In operation, prior to obtaining an orientation and core sample, a remote
communication device can be set by an operator to a start time. The remote
communication device communicates with the at least one electronic instrument 40 of
the core barrel head assembly 30 before it is tripped into the drill hole. Subsequently,
after a predetermined timed interval has elapsed from the start time, the at least one
electronic instrument 40 can be configured to begin normal operation to detect the
signature of vibration indicating a core break.

[0064] Optionally, in another aspect, pressure changes or levels can be detected to
indicate a pre-break condition or period, such as pressure of mud/water within the inner
tube increasing due to the core filling or nearly filling the inner tube holding the core.
[0065] In one aspect, the at least one electronic instrument 40 of the core barrel
head assembly 30 can be configured to not take any orientation measurements while
vibrations, such as from the drilling operation, are present. In this aspect, the
combination of mechanical, electromechanical and/or electronic sensors and software
algorithms programmed into the at least one electronic instrument 40 of the core barrel
head assembly 30 can be configured to determine that the core barrel head assembly is
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in motion while descending down the hole and during drilling and is therefore not yet
needed to detect breaking of the core sample from the body of material. Similarly, in a
further aspect, it is contemplated that the at least one electronic instrument 40 of the
core barrel head assembly 30 can be configured to detect that the core barrel head
assembly is ascending to the surface for core retrieval after core breaking and
subsequently will not take any core orientation measurements during the ascending
operation.

[0066] Another aspect of the present invention provides a method of conducting a
down hole survey of drilling, the method including: a) drilling the core from a subsurface
body of material; b) recording data relating to orientation of the core to be retrieved, the
data recorded using the at least one electronic instrument of the core barrel head
assembly, c) separating the core from the subsurface body, and d) obtaining an
indication of the orientation of the core based on the recorded core orientation data
obtained before the core was separated from the subsurface body.

[0067] Optionally, the method can comprise: determining that drilling has ceased
for a period of time, using the at least one electronic instrument of the core barrel head
assembly to record data relating to orientation of the core to be retrieved, separating the
core from the subsurface body, retrieving the core to the surface, and obtaining an
indication of the orientation of the core based on the recorded core orientation data
obtained once the drilling had ceased and before the core was separated from the
subsurface body.

[0068] In one exemplary aspect, for the embodiment shown in the flowchart in
Figure 8, the core orientation can be validated when the following events have occurred:

a) Step 200: detecting no vibration above a threshold by the core barrel head
assembly, or is detected to be below a threshold, for the first predetermined delay

time period;

b) Step 220: taking a core orientation measurement during the first predetermined

delay time period;
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c) Step 230: detecting noise from breaking the core from the subsurface body after
the first predetermined delay time period and before the second predetermined
delay time period;

d) Step 240: detecting no vibration above a threshold by the core barrel head
assembly, or is detected to be below a threshold, for the second predetermined
delay time period;

e) Step 250: retaining the orientation measurement obtained in Step 220 only if
Steps 200, 230 and 240 are present;

f) Step 260: disregarding detected signals or to not detect vibration or lack of
vibration if only if Steps 200, 230 and 240 are obtained. If the detected signals are
disregarded, a vibration silence signal in Step 280 must be detected before the core

is broken.

[0069] Optionally, as shown in Step 270, a dip measurement can be obtained
during the period of no drilling prior to breaking the core (period Y), preferably if dip is
within the set limits.

[0070] In one aspect, once the required core orientation is obtained, the core barrel
head assembly may be shut down or turned to low power standby mode in Step 290 in
preparation to be subsequently placed into an orientation mode. Once the core barrel
head assembly 30 is retrieved to the surface in Step 300, an operator can set the core
barrel head assembly to the orientation mode in Step 310. In one example, and not
meant to be limiting, this can be done via the remote communication means for
communicating with the communication means of the core barrel head assembly in Step
320.

[0071] In a further aspect, it is contemplated that the core barrel head assembly
can comprise an orientation indicator assembly that comprises one or more lights or
other visual indicators, such as, for example and without limitation, one or more display
panels to give an indication of orientation direction and required orientation for marking
the core. In this aspect, once in orientation mode, visual indications, such as flashing of
one or more LEDs, can indicate to the operator which direction to rotate the core to find
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the” correct down side” for marking. In this aspect, the “correct downside” is the part of
the core that was lowermost prior to separating from the subsurface body.

[0072] Once the correct downside is identified in Step 330, the operator can again
effect communication to the communication means of the core barrel head assembly via
the remote communication device. In Step 340, and based on the orientation data
recorded, the remote communication device can be configured to verify that the correct
orientation was achieved. Subsequently, in Step 350, the operator can perform another
orientation operation.

[0073] Optionally, dip angle can be included in determining orientation of the core.
In one aspect, the dip angle of the drill hole can be used to determine whether or not to
use the obtained orientation data. For example, a valid core orientation sample can be
determined from the previously discussed validation steps being acceptable and,
additionally, from the dip angle of the drill hole also being within acceptable limits. In
one aspect, the dip can be sampled as a reference prior to the first run of a new drill
hole. This particular reference is called a setup function. In this aspect, the setup
function can be selected on the remote communications device, which then
communicates to the core barrel head assembly. For clarity, the core sample
orientation subassembly does not orientation the core, rather, it records signals
indicative of the orientation of the core to be retrieved. The core barrel head assembly
can then be lowered down the hole or aligned to the angle of the drill rods in the case of
no hole yet to be drilled. Once the core barrel head assembly is down to a desired
position or to the end of the hole the user can “mark” the “shot,” preferably via use of
the remote communications device.

[0074] Subsequently, the core barrel head assembly is retrieved and the remote
communications device can be used to communicate the dip (angle) of the drill hole to
the communication means of the core barrel head assembly. Optionally, the dip of the
end of the hole can be manually entered into the remote communications device and
this communicated back to the core barrel head assembly.

[0075] In one aspect, a compliant datum is obtained when one or more signals
indicative of the orientation of the core is/are obtained by the core orientation device

during a period of no drilling vibration prior to detecting vibration from breaking the core
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and that being prior to a subsequent period of no drilling vibration. It is contemplated
that one or more embodiments can utilize the final compliant datum instead of the first
obtained compliant datum.

[0076] In one aspect, it is contemplated that the at least one electronic instrument
40 can comprise an LCD display 41 at one end. This can allow for setting up of the
orientation system prior to deployment and to indicate visually alignment of the core
sample when retrieved to the surface. The head assembly can be connected to the
core barrel head assembly which can be operably is connected to a sample tube for
receiving a core sample. In one aspect, the at least one electronic instrument 40 can
comprise at least one accelerometer 43, a memory 45, a timer 47 and the
aforementioned LCD display 41.

[0077] In this aspect, the at least one electronic instrument 40 can be configured to
record orientation data every few seconds during core sampling. The start time can be
synchronized with actual time using a common stop watch. The operably coupled head
assembly and the core barrel head assembly can then be lowered into the drill string
outer casing to commence core sampling. After drilling and capturing a core sample in
the inner core sample tube, the operator, can stop the stop watch and retrieve the core
sample tube back to the surface. At the surface, before removing the core sample from
the inner tube, the operator can views the LCD display, if it is still working, which steps
the operator through instructions to rotate the core tube until the core sample lower
section is at the core tube lower end . The core sample is then marked and stored for
future analysis.

[0078] Referring now to Figure 10, an exemplary known hand held device 400
which receives wirelessly receives data or signals from the communication means of the
core barrel head assembly. In this aspect, communication means of the core barrel
head assembly comprises a transmitter which can use line of sight data transfer through
the window, such as by infra-red data transfer, or a wireless radio transmission. The
communication device 400 can store the signals or data received from the
communication means of the core barrel head assembly. In one aspect, the
communication device 400 can comprise a display 402, navigation buttons 404, 406,

and a data accept confirmation button 408.
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[0079] In one aspect, setting up of the core barrel head assembly 30 can be carried
out before insertion into the drill hole. Data retrieval can be carried out by infrared
communication between the communication means of the core barrel head assembly
and a core orientation data receiver or communication device 400. In this aspect, after
recovering the core sample inner tube back at the surface, and before removing the
core sample from the tube, the operator can optionally removes the head assembly.
The operator can use the remote communication device to obtain orientation data from
the communication means of the core barrel head assembly using a line of sight
wireless infrared communication between the remote device and communication means
of the core barrel head assembly. However, it will be appreciated that communication
of data between the communication means of the core barrel head assembly and the
communication device 400 can be by other wireless means, such as by radio
transmission.

[0080] In this prior art aspect, the whole inner tube, core sample, and core barrel
head assembly can be rotated as necessary to determine a required orientation of the
core sample. The indicators on the proximal end of the core barrel head assembly
indicate to the operator which direction, clockwise or anti-clockwise, to rotate the core
sample. One color of indicator can be used to indicate clockwise rotation and another
color can be used to indicate anticlockwise rotation is required. This is carried out until
the core sample is oriented with its lower section at the lower end of the tube. The core
sample is then marked for correct orientation and then used for analysis.

[0081] In one aspect, it is contemplated that the visual and/or audible orientation
indicators, under certain site and/or environmental conditions, may not be sufficiently
visible or audible. Thus, an additional or alternative means and/or method may be
utilized to ensure that the core sample has been correctly oriented. In this embodiment,
the exterior surface 61 of the body of the core barrel head assembly 30 can have
angular degree marks that optionally are scribed/ etched, machined, molded or
otherwise provided, such as by printing or painting, on the exterior surface 61. For
example, dashes can be equally spaced around the outside parameter represent one or
more angular degrees of the full circle or perimeter. Further scribing of a number every
five dashes starting with the number 0 then 5, 10, 15 etc. until 355.
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[0082] When the core is retrieved and the communication means of the core barrel
head assembly communicates with the hand held communicator 400, additional
information can be transmitted from the core barrel head assembly to the communicator
400, such as a number between zero 0 and 359 (inclusive) denoting an angular degree
of rotation of core barrel head assembly and the core sample. When the core is
oriented during one or more embodiments of the method of the present invention, the
numerical scribing the core barrel head assembly should be the same as the number
transmitted, to the communicator 400, which re-confirms correct orientation. Thus, if the
visual or audible means for indicating core orientation are not useful or available, then
the core can be oriented using the angular degree arrangement to match the
transmitted number, and then can be audited using the communicator 400.

[0083] Embodiments of the present invention provide the advantage of a fully
operating down hole core barrel head assembly without having to disconnect or
disassemble any part of the tool/device from the inner tube and/or from the head
assembly or any other part of the drilling assembly that the core barrel head assembly
would need to be assembled within for its normal operation. Disconnecting or
disassembling the core barrel head assembly from the head assembly and/or inner tube
risks failure of seals at those connections and/or risks cross threading of the joining
thread. Also, because those sections are threaded together with high force, it takes
substantial manual force and large equipment to separate the sections. High
surrounding pressure in the drill hole means that the connecting seals between sections
function to prevent water and dirt may ingress into and damage the device.

[0084] Although several embodiments of the invention have been disclosed in the
foregoing specification, it is understood by those skilled in the art that many
modifications and other embodiments of the invention will come to mind to which the
invention pertains, having the benefit of the teaching presented in the foregoing
description and associated drawings. It is thus understood that the invention is not
limited to the specific embodiments disclosed hereinabove, and that many modifications
and other embodiments are intended to be included within the scope of the appended

claims. Moreover, although specific terms are employed herein, as well as in the claims
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which follow, they are used only in a generic and descriptive sense, and not for the

purposes of limiting the described invention, nor the claims which follow.
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What is claimed is:
1. A core barrel head assembly, comprising:
an elongate body defining a selectively sealed interior cavity;

at least one electronic instrument that is configured to obtain orientation data
mounted therein the interior cavity, wherein the at least one electronic instrument
comprises at least one digital and/or electro-mechanical sensors in a core orientation
data recording tool that can be configured to determine a core orientation of a sample

core just prior to the core break;

a power source in operable communication with the at least one electronic

instrument, wherein the power source is mounted therein the interior cavity; and
communication means to receive and/or transmit core orientation data.
2. A core barrel head assembly, comprising:
an elongate body defining a selectively sealed interior cavity;

at least one electronic instrument that is configured to obtain orientation data
mounted therein the interior cavity, wherein the at least one electronic instrument
comprises at least one digital and/or electro-mechanical sensors in a core orientation
data recording tool that can be configured to determine a core orientation of a sample
core just after the core break;

a power source in operable communication with the at least one electronic

instrument, wherein the power source is mounted therein the interior cavity; and

communication means to receive and/or transmit core orientation data.
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ABSTRACT

A core barrel head assembly having at least one electronic instrument that is
configured to obtain orientation data; a power source; and a communication means to
receive and/or transmit orientation data for use in a core sample down hole surveying
and sample orientation system that is configured to provide an indication of the
orientation of a core sample relative to a body of material from which the core has been

extracted, and also to a method of core sample orientation identification..
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