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57 Abstract

A heading transfer unit may be used to transfer a
heading from a surface base to a MWD tool. The
surface base may have a master north finder to
determine a heading. The heading may be
transferred to the heading transfer unit, which is
in turn transferred to the MWD unit. The heading
on the heading transfer unit is transferred to the
MWD tool. L
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SYSTEM AND METHOD FOR SURVEYING BOREHOLES OR ORIENTING
DOWNHOLE ASSEMBLIES

Technical Field/Field of the Disclosure

[0001] The present disclosure relates to establishment of orientation of a downhole tool.

Background of the Disclosure

[0002] Current measurement while drilling (MWD) and gyroMWD techniques include a variety
of sensors which are deployed into a borehole with a drilling assembly. These systems are designed
to acquire headings on demand, and transmit these headings to surface via MWD telemetry
(typically Mud Pulse or Electromagnetic). Standard MWD tools typically acquire headings using
magnetic field sensors and acceleration sensors and, along with models of the Earth's magnetic
and gravity fields, compute an instrument heading. Current gyroMWD techniques replace the
magnetometers with a gyrocompass assembly, which uses a rate gyroscope to measure the
direction of the Earth's rotation vector relative to the tool, and combine these with acceleration
sensors (as in standard MWD tools) to compute an instrument heading. When using either method,
the instrument must generally be kept still during the sampling period, to eliminate effects from
movement and isolate acceleration due to gravity, and in the case of the gyroMWD method, to
isolate Earth's rotation. Additionally, when using a standard MWD tool, the instrument can only
be used when spaced sufficiently from external sources of magnetic interference (e.g. offset

wellbores) to ensure that the modeled Earth's magnetic field is undisturbed.

[0003] US 2009090555 Al describes a method for drilling to a target location. During drilling a
projected location of the bottom hole assembly is determined and compared to a planned drilling

path. A master north finder is provided and used to determine a heading with respect to true north
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and gravity. The heading is stored on a non-transitory computer readable memory media. US
4141153 A describes a bottom hole survey apparatus that may be lowered down through the drill
string by wireline or by being pumped down through the drill string and to the bottom hole
assembly. The bottom hole assembly and the survey apparatus both have alignments such that they
may engage and connect. US 2008156485 Al describes a deployable wellbore survey tool that
may be deployed in a tubular string by being pumped down or lowered on a wireline. US
2010295703 Al describes a method for initialization of a wellbore survey tool. A master north
finder is positioned at the surface while determining heading with respect to true north, the heading

is then transferred to the MWD tool.

Summary

[0004] The present invention relates to a method according to present claim 1 and a method
according to present claim 9. The method may include providing a master north finder. The master
north finder may be positioned at the surface and coupled to a surface base. The method may
include determining a heading with respect to true north and gravity with the master north finder.
The method may include transferring the heading to a heading transfer unit. The heading transfer
unit may include a non-transitory, tangible, computer readable memory media adapted to store the
heading and a base alignment feature. The base alignment feature may be coupleable to the surface
base. The method may include transferring the heading transfer unit to a MWD tool. The MWD
tool may include a MWD interface having a MWD interface alignment feature, such that the base
alignment feature engages the MWD interface alignment feature. The method may include

transferring the heading from the heading transfer unit to the MWD tool.

[0005] The present invention also relates to a system according to present claim 10 and a system

according to present claim 15. The system may include a surface base. The system may include a
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master north finder positioned at the surface and coupled to the surface base. The system may
include a MWD tool including a MWD interface including a MWD interface alignment feature.
The system may include a heading transfer unit. The heading transfer unit may include a non-
transitory, tangible, computer readable memory media adapted to store a heading and a base
alignment feature coupleable to the surface base and the MWD interface alignment feature. Further

advantageous features of the present invention are defined in the dependent claims.

Brief Description of the Drawings

[0006] The present disclosure is best understood from the following detailed description when
read with the accompanying figures. It is emphasized that, in accordance with the standard practice
in the industry, various features are not drawn to scale. In fact, the dimensions of the various

features may be arbitrarily increased or reduced for clarity of discussion.

[0007] FIG. 1 depicts a schematic view of a heading transfer unit and base consistent with at least

one embodiment of the present disclosure.

[0008] FIG. 2 depicts a heading transfer operation consistent with at least one embodiment of the

present disclosure.

[0009] FIG. 3 depicts a heading transfer operation consistent with at least one embodiment of the

present disclosure.

[0010] FIG. 4 depicts a heading transfer operation consistent with at least one embodiment of the

present disclosure.

[0011] FIG. 5 depicts a heading transfer operation consistent with at least one embodiment of the

present disclosure.
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[0012] FIG. 6 depicts a heading transfer operation consistent with at least one embodiment of the

present disclosure.

Detailed Description

[0013] It is to be understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of various embodiments. Specific examples of
components and arrangements are described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limiting. In addition, the present disclosure
may repeat reference numerals and/or letters in the various examples. This repetition is for the
purpose of simplicity and clarity and does not in itself dictate a relationship between the various

embodiments and/or configurations discussed.

[0014] With reference to FIG. 1, heading transfer unit 13 may be configured as a dart or other
device deployable into a wellbore. In some embodiments, heading transfer unit 13 may include a
pressure vessel. Heading transfer unit 13 may include a MEMS-based AHRS navigation unit.
Heading transfer unit 13 may include non-transitory, tangible, computer readable memory media
adapted to store one or more pieces of data such as a heading or inclination as discussed below. In
some embodiments, heading transfer unit 13 may include a processor, such as a microprocessor,
microcontroller, FPGA, ASIC, or otherwise. In some embodiments, heading transfer unit 13 may
include one or more sensors including, for example and without limitation, one or more
magnetometers, accelerometers, or gyro sensors. In some embodiments, heading transfer unit 13
may include a power supply including, for example and without limitation, a battery. In some
embodiments, heading transfer unit 13 may include one or more defined orientation features
including, for example and without limitation, one or more scribes, keyways, or other interfaces

used to align heading transfer unit 13 with other tools.
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[0015] Heading transfer unit 13 may include base alignment feature 14. Base alignment feature 14
may, for example and without limitation, allow for positioning and alignment of heading transfer
unit 13 on other tools as discussed below. Base alignment feature 14 may be a pin, scribe, keyway,
hole, slot, groove, key seat, or other mechanical feature used to align heading transfer unit 13 with
other tools. The other tools may contain a mating mechanical feature such as a pin, scribe, keyway,
hole, slot, groove, or key seat. In some embodiments base alignment feature 14 may also contain
electronics and sensors that enable heading transfer unit 13 to determine its orientation with respect
to the mated tool. In some embodiments, base alignment feature 14 may allow for data transfer
between heading transfer unit 13 and other tools as discussed below. In some embodiments,
heading transfer unit 13 may communicate by central hub, over wireline, or via other electrical or

wireless methods known in the art.

[0016] In some embodiments, heading transfer unit 13 may be used to transfer a known heading
to downhole MWD tool 20 as shown in FIGS. 2-5 positioned within drill string 16 within wellbore
17 from the surface. Drill string 16 may be a drill string, tool string, casing string, component
thereof, or other downhole tool. In other embodiments, sensors in heading transfer unit 13 may be
used by downhole MWD tool 20. In some embodiments, MWD tool 20 may include a continuous
gyro survey instrument. A continuous gyro survey instrument may include one or more gyroscope
sensors and one or more accelerometer sensors, which may be continuously used to measure
changes in azimuth relative to an initial azimuth, with the initial azimuth or heading obtained from
heading transfer unit 13. In some embodiments, MWD tool 20 may include MWD interface 21.
MWD interface 21 may include alignment feature 22 positioned to receive base alignment feature
14 when heading transfer unit 13 is engaged to MWD tool 20. MWD interface 21 may provide an

electromechanical interface for communication between MWD tool 20 and heading transfer unit
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13. MWD interface 21 may be positioned at a known alignment relative to MWD tool 20. In some
embodiments, alignment feature 22 of MWD interface 21 may provide for a known alignment
between heading transfer unit 13 and MWD tool 20. In some embodiments MWD interface
alignment feature 22 may be a pin, scribe, keyway, hole, slot, groove, or key seat. In some
embodiments MWD interface alignment feature 22 may also include electronics and sensors that
enable MWD tool 20 to determine its orientation with respect to heading transfer unit 13 and its
base alignment feature 14. In some embodiments, MWD tool 20 may be capable of sending data
to the surface by, for example and without limitation, electromagnetic signals or mud pulse

telemetry.

[0017] In some embodiments, heading transfer unit 13 may be connected to surface base 10.
Surface base 10 may include master north finder 11. Master north finder 11 may measure and
report its heading with respect to true north and gravity independently. In some embodiments,
master north finder 11 may measure and report its heading at least partially in response to a
measurement made by heading transfer unit 13. In some embodiments, master north finder 11 may
measure, estimate, or obtain its heading with respect to true north and gravity by, for example and
without limitation, inertial navigation or gyrocompassing, GPS, visual sighting, optics, or land
surveying. Surface base 10 may include one or more electromechanical connections or antennae
to allow communication between tools such as master north finder 11 and heading transfer unit
13, charging of heading transfer unit 13, or powering of master north finder 11. In some
embodiments the heading and inclination of master north finder 11 may be transferred to heading

transfer unit 13 wirelessly.

[0018] In some embodiments, in operation, heading transfer unit 13 may be connected to surface

base 10. A north-finding exercise may be undertaken using master north finder 11 to establish the
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heading of master north finder 11 and, because master north finder 11 is mechanically connected
to surface base 10, the heading of surface base 10. The heading may be transferred to heading
transfer unit 13 through surface base 10 as heading transfer unit 13 is connected to surface base 10
at a known orientation. In some embodiments, while connected to surface base 10, heading transfer
unit 13 may be in a “slave” mode, wherein the heading from master north finder 11 is used as the
heading reference of heading transfer unit 13. In some embodiments, when in slave mode, the
heading reference from the master north finder may be continuously transferred to heading transfer

unit 13.

[0019] Heading transfer unit 13 may then be switched or commanded into a “navigation” mode,
wherein heading transfer unit 13 computes an updated heading reference based on the initial
heading received from master north finder 11 and the motion sensed by the internal sensors of

heading transfer unit 13.

[0020] In some embodiments, heading transfer unit 13 may then be moved through drill string 16
or other casing to mechanically engage MWD tool 20. As heading transfer unit 13 is moved, the

internal sensors may measure and continuously track the heading of heading transfer unit 13.

[0021] In some embodiments, as depicted in FIG. 2, heading transfer unit 13 may be transferred
through drill string 16 by wireline or slickline 19. In other embodiments, as depicted in FIG. 3,
heading transfer unit 13 may be dropped or pumped through drill string 16 through fluid 18 within
drill string 16. In some embodiments, heading transfer unit 13 may contain fins or other mechanical
features to control or constrain the physical movement that heading transfer unit 13 is subjected to

as heading transfer unit 13 moves through drilling string 16.
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[0022] Once heading transfer unit 13 reaches MWD tool 20, base alignment feature 14 may engage
with alignment feature 22 of MWD interface 21 as depicted in FIG. 4. Heading transfer unit 13
may be at a known alignment relative to MWD tool 20 as discussed above. Heading transfer unit
13 may communicate the measured heading of heading transfer unit 13 to MWD tool 20. In some
embodiments, MWD tool 20 may update or calibrate internally-measured heading to that of
heading transfer unit 13, and may continue operations. In some embodiments, MWD tool 20 may

communicate the heading to the surface using normal telemetry.

[0023] In some embodiments, heading transfer unit 13 may be retrieved from drill string 16. In
some embodiments, heading transfer unit 13 may remain connected to MWD tool 20. In such an
embodiment, the sensors of heading transfer unit 13 may be used by MWD tool 20 to, for example
and without limitation, provide real-time axial rate data to MWD tool 20. The real-time axial rate
data may be used, for example and without limitation, to perform a modified zero-velocity drift

check, potentially improving measurement capabilities of MWD tool 20.

[0024] In some embodiments, while heading transfer unit 13 is connected to MWD tool 20, a
second heading transfer unit 13’ may be transferred through drill string 16 above heading transfer
unit 13 as depicted in FIG. 5. Heading transfer unit 13 may include upper alignment pin 15. Upper
alignment pin 15 may positioned to receive base alignment feature 14’ of second heading transfer
unit 13’. Upper alignment pin 15 may provide an electromechanical interface for communication
between heading transfer unit 13 and second heading transfer unit 13°. Upper alignment pin 15
may be positioned at aknown alignment relative to heading transfer unit 13. In some embodiments,
upper alignment pin 15 may provide for a known alignment between heading transfer unit 13 and

second heading transfer unit 13°.
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[0025] Once second heading transfer unit 13’ reaches heading transfer unit 13, base alignment
feature 14’ may engage with upper alignment pin 15 of heading transfer unit 13. Second heading
transfer unit 13 may be at a known alignment relative to heading transfer unit 13 and MWD tool
20 as discussed above. Second heading transfer unit 13’ may communicate the measured heading
of second heading transfer unit 13’ to MWD tool 20 through heading transfer unit 13. In some
embodiments, MWD tool 20 may update or calibrate internally-measured heading to that of second
heading transfer unit 13’, and may continue operations. Additional heading transfer units 13, such
as third heading transfer unit 13°’, may be further transferred through drill string 16 to engage with
previous heading transfer units 13, such as second heading transfer unit 13’. Third heading transfer
unit 13’ may include base alignment feature 14’ positioned to contact upper alignment pin 15’

of second heading transfer unit 13’.

[0026] In some embodiments, MWD tool 20 may include two or more sections that may be
physically separated within the downhole tool in which MWD tool 20 is positioned. In some
embodiments, for example and without limitation, MWD tool 20 may include main MWD tool 26
and auxiliary MWD tool 24 as shown in FIG 6. In some embodiments, main MWD tool 26 and
auxiliary MWD tool 24 may have a known relative orientation with respect to each other. In some
embodiments, auxiliary MWD tool 24 may contain electronics and mechanical features that enable
auxiliary MWD tool 24 to obtain the alignment from heading transfer unit 13, then transfer that
heading to main MWD tool 26 through a wired or wireless connection such as, for example and

without limitation antennae 25 positioned on auxiliary MWD tool 24 and main MWD tool 26.
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Claims

1. A method comprising:

providing a master north finder (11), the master north finder positioned at the surface and
coupled to a surface base (10);

determining a heading with respect to true north and gravity with the master north finder;
transferring the heading to a heading transfer unit (13), the heading transfer unit
including:

a non-transitory, tangible, computer readable memory media adapted to store the
heading; and

a base alignment feature (14), the base alignment feature coupleable to the surface base;
transferring the heading transfer unit to a measurement while drilling (MWD) tool (20)
by lowering the heading transfer unit through a tubular string (16) by wireline or slickline
(19), the MWD tool including a MWD interface (21) having a MWD interface alignment
feature (22), such that the base alignment feature engages the MWD interface alignment
feature; and

transferring the heading from the heading transfer unit to the MWD tool.

2. The method of claim 1, wherein the heading transfer unit further comprises one or
more sensors, and wherein the operation further comprises measuring the change in
heading of the heading transfer unit as the heading transfer unit is transferred to the
MWD tool.

3. The method of claim 2, further comprising using the sensors of the heading transfer
unit by the MWD tool.

4. The method of claim 1, wherein transferring the heading to a heading transfer unit
comprises coupling the heading transfer unit to the surface base.

5. The method of claim 1, wherein transferring the heading from the heading transfer unit
to the MWD tool comprises coupling the base alignment feature to the MWD interface
alignment feature.

6. The method of claim 1, wherein the MWD tool comprises a main MWD tool and an
auxiliary MWD tool, wherein the MWD interface alignment feature is positioned on the
auxiliary MWD tool, the method further comprising transferring the heading from the
heading transfer unit to the auxiliary MWD tool.

7. The method of claim 6, further comprising transferring the heading from the auxiliary
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MWD tool to the main MWD tool.

8. The method of claim 1, further comprising:

determining a second heading with respect to true north and gravity with the master north
finder, transferring the second heading to a second heading transfer unit;

transferring the second heading transfer unit to the MWD tool; and

transferring the second heading from the second heading transfer unit to the MWD tool
through the first heading transfer unit.

9. A method comprising:

providing a master north finder (11), the master north finder positioned at the surface and
coupled to a surface base (10);

determining a heading with respect to true north and gravity with the master north finder;
transferring the heading to a heading transfer unit (13), the heading transfer unit
including:

a non-transitory, tangible, computer readable memory media adapted to store the
heading; and

a base alignment feature (14), the base alignment feature coupleable to the surface base;
transferring the heading transfer unit to a MWD tool by dropping or pumping the heading
transfer unit through a tubular string (16), the MWD tool including a MWD interface (21)
having a MWD interface alignment feature (22), such that the base alignment feature
engages the MWD interface alignment feature; and

transferring the heading from the heading transfer unit to the MWD tool.

10. A system comprising:

a surface base;

a master north finder (11), the master north finder positioned at the surface and coupled
to the surface base (10);

a MWD tool, the MWD tool including a MWD interface (21), the MWD interface
including a MWD interface alignment feature (22);

a heading transfer unit (13), the heading transfer unit including:

a non-transitory, tangible, computer readable memory media adapted to store a heading;
and

a base alignment feature, the base alignment feature coupleable to the surface base and
the MWD interface alignment feature, wherein the base alignment feature is a pin, scribe,
keyway, hole, slot, groove, or key seat.

11. The system of claim 10, wherein the master north finder having a heading with

respect to true north and gravity, wherein the master north finder determines the heading
by inertial navigation, gyrocompassing, GPS, or by visual sighting, optics, or land
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surveying.

12. The system of claim 10, wherein the MWD tool comprises a main MWD tool and an
auxiliary MWD tool.

13. The system of claim 12, wherein the auxiliary MWD tool comprises the MWD
interface.

14. The system of claim 13, wherein the main MWD tool and auxiliary MWD tool are
spaced apart.

15. A system comprising:

a surface base;

a master north finder (11), the master north finder positioned at the surface and coupled
to the surface base (10);

a MWD tool, the MWD tool including a MWD interface, the MWD interface including a
MWD interface alignment feature (22) wherein the MWD interface alignment feature is a
pin, scribe, keyway, hole, slot, groove, or key seat;

a heading transfer unit, the heading transfer unit including:

a non-transitory, tangible, computer readable memory media adapted to store a heading;
and

a base alignment feature (14), the base alignment feature coupleable to the surface base
and the MWD interface alignment feature (22).

12
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Patentkrav

En fremgangsmate omfattende:

a tilveiebringe en mesternordfinner (11), mesternordfinneren er posisjonert ved
overflaten og er koplet til en overflatebase (10);

a bestemme en retning i forhold til geografisk nord og gravitasjonsretningen
med mesternordfinneren;

a overfgre retningen til en retningsoverfgringsenhet (13),
retningsoverfgringsenheten inkluderer:

et ikke-forbigaende, folelig, datamaskinlesbart minnemedium tilpasset
for a lagre retningen; og

et grunnopprettelseselement (14), grunnopprettelseselementet er
koplebar til overflatebasen;

a overfgre retningsoverfgringsenheten til et maling under boring (MWD)-
verktgy (20), ved a senke retningsoverfgringsenheten gjennom en
rgrformet streng (16) ved hjelp av brgnnkabel eller glatt snor (19),
MWD-verktgyet inkluderer et MWD-grensesnitt (21) som har et
MWD-grensesnittopprettelseselement (22), slik at
grunnopprettelseselementet griper an MWD-
grensesnittopprettelseselementet; og

a overfgre retningen fra retningsoverfgringsenheten til MWD-verktgyet.

Fremgangsmaten ifglge krav 1, der retningsoverfgringsenheten videre omfatter én eller
flere sensorer, og der operasjonen videre omfatter a male forandringen i retning av
retningsoverfgringsenheten nar retningsoverfgringsenheten overfgres til MWD-verktgyet.

Fremgangsmaten ifglge krav 2, videre omfattende a bruke sensorene til
retningsoverfgringsenheten av MWD-verktgyet.

Fremgangsmaten ifglge krav 1, der a overfgre retningen til en retningsoverfgringsenhet
omfatter a kople retningsoverfgringsenheten til overflatebasen.

Fremgangsmaten ifglge krav 1, der a overfgre retningen fra retningsoverfgringsenheten til
MWD-verktgyet omfatter a kople grunnopprettelseselementet til MWD-
grensesnittopprettelseselementet.

Fremgangsmaten ifglge krav 1, der MWD-verktgyet omfatter et hoved-MWD-verktgy og
et reserve-MWD-verktgy, der MWD-grensesnittopprettelseselementet er posisjonert pa
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reserve-MWD-verktgyet, fremgangsmaten omfatter videre a overfgre retningen fra
retningsoverfgringsenheten til reserve-MWD-verktgyet.

7. Fremgangsmaten ifglge krav 6, videre omfattende a overfgre retningen fra reserve-MWD-
verktgyet til hoved-MWD-verktgyet.

8. Fremgangsmaten ifglge krav 1, videre omfattende:

a bestemme en andre retning i forhold til geografisk nord og
gravitasjonsretningen med mesternordfinneren,

a overfgre den andre retningen til en andre retningsoverfgringsenhet;
a overfgre den andre retningsoverfgringsenheten til MWD-verktgyet; og

a overfgre den andre retningen fra den andre retningsoverfgringsenheten til
MWD-verktgyet gjennom den fgrste retningsoverfgringsenheten.

9. En fremgangsmate omfattende, a tilveiebringe en mesternordfinner (11),
mesternordfinneren er posisjonert ved overflaten og er koplet til en overflatebase (10);

a bestemme en retning i forhold til geografisk nord og gravitasjonsretningen
med mesternordfinneren;

a overfgre retningen til en retningsoverfgringsenhet (13),
retningsoverfgringsenheten inkluderer:

et ikke-forbigaende, folelig, datamaskinlesbart minnemedium tilpasset
for a lagre retningen; og

et grunnopprettelseselement (14), grunnopprettelseselementet er
koplebar til overflatebasen;

a overfgre retningsoverfgringsenheten til et MWD-verktgy ved a slippe eller
pumpe retningsoverfgringsenheten gjennom en rgrformet streng (16),
MWD-verktgyet inkluderer et MWD-grensesnitt (21) som har et
MWD-grensesnittopprettelseselement (22), slik at
grunnopprettelseselementet griper an MWD-
grensesnittopprettelseselementet; og

a overfgre retningen fra retningsoverfgringsenheten til MWD-verktgyet.

10. Et system omfattende:
en overflatebase;
en mesternordfinner (11), mesternordfinneren er posisjonert ved overflaten og

er koplet til overflatebasen (10);
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et MWD-verktgy, MWD-verktgyet inkluderer et MWD-grensesnitt (21),
MWD-grensesnittet inkluderer et MWD-grensesnittopprettelseselement
(22);

en retningsoverfgringsenhet (13), retningsoverfgringsenheten inkluderer:

et ikke-forbigaende, folelig, datamaskinlesbart minnemedium tilpasset
for a lagre en retning; og

et grunnopprettelseselement, grunnopprettelseselementet er koplebart
til overflatebasen og MWD-grensesnittopprettelseselementet,
der grunnopprettelseselementet er en pinne, skriver, kilespor,
hull, spor, fordypning, eller slitasjefure.

Systemet ifglge krav 10, der mesternordfinneren har en retning 1 forhold til geografisk
nord og gravitasjonsretningen, der mesternordfinneren bestemmer retningen ved hjelp av
inertinavigasjon, gyrokompassnavigasjon, GPS, eller ved visuelt syn, optikk, eller
landmaling.

Systemet ifglge krav 10, der MWD-verktgyet omfatter en hoved-MWD-verktgy og et
reserve-MWD-verktgy.

Systemet ifglge krav 12, der reserve-MWD-verktgyet omfatter MWD-grensesnittet.

Systemet ifglge krav 13, der hoved-MWD-verktgyet og reserve-MWD-verktgyet er
plassert fra hverandre.

Et system omfattende:
en overflatebase;

en mesternordfinner (11), mesternordfinneren er posisjonert ved overflaten og
er koplet til overflatebasen (10);

et MWD-verktgy, MWD-verktgyet inkluderer et MWD-grensesnitt, MWD-
grensesnittet inkluderer et MWD-grensesnittopprettelseselement (22)
der MWD-grensesnittopprettelseselementet er en pinne, skriver,
kilespor, hull, spor, fordypning, eller slitasjefure;

en retningsoverfgringsenhet, retningsoverfgringsenheten inkluderer:

et ikke-forbigaende, folelig, datamaskinlesbart minnemedium tilpasset
for a lagre en retning; og

et grunnopprettelseselement (14), grunnopprettelseselementet er
koplebart til overflatebasen og MWD-
grensesnittopprettelseselementet (22).
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