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well showing surface structures and the underground wellbore, with
a tool 1in accordance with the invention as part of a bottomhole

assembly;

[0064] Figure 2a is a side elevation, part cut away to show the
expansion elements in a deactivated state, of the tool of Figure

1;

[0065] Figure 2b is a side elewvation corresponding to Figure 2a

showing the expansion elements in an activated state;

[0066] Figure 3 is a diagrammatic c¢ross section through an
underreaming and sensing tool in accordance with the invention
similar to that shown in the previous Figures, but having an

additional stabiliser section at the trailing uphole end;

[0067] Figure 4 is an exemplary logic circuit showing the
reduction of uncertainty and automated diagnostics that the tool

provides

DETAILED DESCRIPTION OF THE INVENTION

[0068] As shown in Figure 1, an exemplary exploration or

production rig comprises a surface structure 10 at the wellhead, a
wellbore 20, and a drill string 30 in the wellbore with a bottom-
hole assembly 40 at its lower end. The bottom-hole assembly
includes an underreamer and calliper tool 50 in accordance with

the invention, and a drill-bit (not shown) .

[0069] The integrated expansion and sensing tool 50 is illustrated
in Figures 2a and 2b, and comprises a tubular steel body 52
provided with a drilling collar 54 at its downhole end and a mud-
pulser 56 at its other end, which 1is adapted to be engaged by a
further drill collar (not shown) to connect it other elements of

the bottom-hole assembly 40, and then to the drill string 30.

[0070] The tool body also carries a calliper 76 and an expansion
element assembly 60 between the calliper and the drill collar 54.
The expansion element assembly 60 comprises a number of expansion
blocks 62 disposed symmetrically, radially around the tool body

52, and in the deactivated condition shown in Figure 2a the Dblocks
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are withdrawn into the tool body, but in the activated condition
shown in Figure 2b the blocks are extended beyond the tool body

against the wellbore 20.

[0070A] The
expansion e
drill collar 54.

[0071] Figure 3 illustrates diagrammatically the aforementioned
elements of the tool 50, together with a stabiliser section 61. As
will become apparent the tool sections can be connected directly
or indirectly to each other according to reguirement. In this way,
a plurality of embodiments may be outlined within the scope of the
invention including wvariations such as the stabiliser section
connected to the underreamer or the stabiliser may simply house a
caliper means with or without a mud-pulser means or the stabiliser

section may house underreaming blocks.

[0072] As the sensor means 76 indicated in Figure 3, further

sensors may be incorporated in 64 or 66. Data 1is processed using a

micro-processor 68, shown in two alternative locations, that
correlates data from the sensor 66 to detect a critical condition
or simply store data for further analysis. The tool 1is also
programmed and automated to conduct diagnostics according to a
logic circuit or diagnostic program stored in processor 68 in
order to ensure the underreamer 1is functioning correctly. Once
corrective steps have been taken, and if drilling dynamics are
still not optimised, an alert signal is sent via the mud-pulser 56
to the rig-surface 10 or to a remote operator so that further
remedial action such as the replacement of the BHA 40 can be
considered. A memory module associated with processor 68 may store
sensor information that can be downloaded at surface when the tool
is retrieved, or sent to the surface by telemetry through mud-

pulser 56.

[0073] The tool is provided with a built-in link to a data
transfer system 56 which may also serve to monitor real-time
wellbore diameter. One or more callipers are placed in 76, 64 or
66 are spaced within the tool body 52 in order to measure wellbore

diameter in real-time or memory.
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[0074] s further shown in Figure 3, a keyway 74 provides a
channel for wiring from the sensors 66 to the processor 68, and
also to a transponder 72. The wiring is used to transmit data
retrieved by the sensors to the processor and transponder. The
keyway may be sealed and filled with a means to absorb wvibration

and maintain wires in position such as silicon gel or grease.

o~
a

within the

0

drilling caused by

[0075] The transponder 72 converts data from microprocessor 68 so
that it can be transmitted to surface 10 and is linked to the mud-
pulser 56 which transmits the data to surface using a series of
binary codes at a given frequency using drilling fluid as means of
mud pulsation. Other means of data transfer may be used such as
wireless transmission, short hop using radio frequency or electro-

magnetic pulses.

[0076] Figure 3 also shows an alternative location for a sensor, in
housing 66 or 64 connected to wiring in keyway 74 and further
wiring 78 to alternative processor location 68 Figure 3 also shows
a central axial through passage 90 for the flow of drilling fluid
through the whole bottom-hole assembly 40.

[0077] The sensor means 76, 58, or 64, 66, 1is typically housed
within the tool body 52 above the underreamer 60, but in a

variation a calliper 76, 122 may be located within the tool.

[0078] The tool body 52 is a cylindrical high grade steel housing
adapted to form part of a bottom-hole assembly (BHA) 40. Figure 3
shows an internal connection 82 joining two parts of tool body 52.
At the leading downhole end of the tool is a section housing the
cutter blocks 62. Connection 82 joins this to a central section
housing measurement and control functions. A further section 61 at
the uphole end, djoined by connection 65, houses stabiliser Dblocks
63 which are constructed and housed substantially identically to
the underreamer components generally designated 60, except that in
place of cutter elements on cutter blocks there is at least one
surface which is hard faced or coated with a hard abrasion-
resistant material. A similar construction can be used to expand a

deformable bore, such as a steel tubular. The means for attaching
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the tool body to a drill string or coiled tubing comprises a screw
thread (not shown) provided on the tool body which 1is engageable

with a drill collar (not shown) .

[0079] In this alternative configuration the tool is configured,
in addition to underreaming capacity, with the underreaming tool
body incorporating hard facing cutter blocks to act as a
stabiliser. The hard facing acts to prevent cutter abrasion while
reaming or stabilising the underreamed hole. This eliminates some
of the problems associated with loss of directional control due to

the undergauge stabiliser above the underreamer.

[0080] In yet another configuration the tool is provided with a

stabilizer directly or indirectly connected to the underreamer
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housing where the stabiliser housing may also be provided with
electronic activation means and may be linked to a calliper means
so that the stabilizer and calliper is used to perform
essentially the same function as the integrated underreamer and
calliper

except that the stabiliser 1is stabilising the tool and BHA.

[0081] The stabiliser may be directly or indirectly connected

to the underreamer and hard-wired accordingly so as to ensure
the

mud-pulser may transmit data to surface. The tool may be
provided with a mud-pulser as a standalone tool or the mud
pulser itself may be provided by a third party as would be the
case when a measurement while drilling or logging while drilling
suite of tools is located in the BHA below the present invention.
The hard wiring configuration of the tool may be changed to suit

such an application.

[0082] The tool normally comprises a plurality of such cutter
blocks 62, arranged symmetrically around the tool. Two cutter
blocks are on opposite sides of the tool, three blocks are
separated by 120 degrees, four by ninety degrees, and six by
sixty degrees. In operation, the underreaming tool 50 is
typically rotated on the drill string as well as being moved

axially along the wellbore.

[0083] As noted above, the invention provides a methed of
operating an underreaming tool to enlarge a borehole to a target
dimension below a restriction, which comprises locating a tool
as claimed in any one of the preceding c¢laims in a borehole on a
drill string below a restriction, activating the tool
electronically, extending the set of cutters to an underreaming
diameter greater than the restriction, rotating the tool and
moving it axially along the borehole on the drill string,
measuring wellbore diameter by the calliper means, and
continuing the underreaming operation until the target depth is

achieved.

[0084] In addition to the above, the tool may be provided with a
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calliper means and cutter extension control means responsive to

dimension data received from the calliper means.

[0085] Those skilled in the art will appreciate that the examples
of the invention given by the specific illustrated and described
embodiments show a novel underreaming tool and system and method
for underreaming using electronic activation, with numerous
variations being possible. These embodiments are not intended to
be limiting with respect to the scope of the invention.
Substitutions, alterations and modifications not limited to the
variations suggested herein may be made to the disclosed

embodiments while remaining within the ambit of the invention.
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CLAIMS

1 An e ectronically activated integrated expansion and
calliper tool that permits simultaneous underreaming and
measurement of the diameter of a wellbore as drilled by an oil
and gas rig, comprising at leasts one radially extendable cutter
block to underream, at least one vibration sensor to detect a

stick-slip condition, and at least+ one calllper to measure
wellbore diameter housed within a tool body

2 The tool of Claim 1 which is inter-linked by a means of
communication using sensors and a microprocessor to deliver a
desired wellbore diameter

3 The tool of Claim 1 which is activated electronically by
using wires, wireless telemetry or electro-magnetic pulses or
hard-wiring or a short-hop or combination thereof to built-in mud-
pulse telemetry, or using wires, wireless telemetry or electro-
magnetic pulses or hard-wiring or a short-hop or combination
thereof via a third party mud-pulser either using the annular or
drill-pipe

4 The tool of any of the preceding claims where measurements
are processed by a downhole microprocessor that compares the
measured diameter with a minimum programmed diameter and
communication to surface 1is made via a built-in mud-pulser linked
by a short hop or a hard wire or combination thereof which is also
used to communicate commands, and receive data from the
underreamer or calliper or processor in real-time or memory either
using the annular or drill-pipe

5 The tool of any of the preceding claims where communication
to surface is made via a third party mud-pulser incorporating a
short hop or hard wiring or combination thereof which is also used
to communicate commands, and receive data from the underreamer or
calliper or processor in real-time or memory either using the
annular or drill-pipe

6 The tool of any of the preceding claims where measurements
are taken downhole and stored in memory for processing at surface
or downhole

7 The tool of any of the preceding claims where the wellbore
diameter measurement is used in real-time or memory to deliver or
determine the wellbore diameter for a required cementing thickness
or a minimum tolerance for casing

8 The tool of any of the preceding claims where the cementing
thickness and casing tolerance is reqguired to isolate a well
section from the formation or isolate an entire well from the
surface formation to the reservoir

S The tool of any of the preceding claims where the
measurement is used to deliver or to calculate the cementing
thickness or casing tolerance for an expandable tubular and to
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isolate the surface from the reservoir

10 The tool of any of the preceding claims using fibre-optics
or wireless transmission for surface communication which is also
used to communicate commands, and receive data from the
underreamer or calliper or processor during drilling in real-time
or memory

11 The tool of Claim 1 where an alert signal is sent to a
surface controller in the event of the processor detecting a
condition

12 The tool of Claim 11 where the condition detected is
related to a minimum or undergauge wellbore diameter or a maximum
desired wellbore diameter or a tool fault or tool failure or tool
wear or other user defined logic in accordance with Figure 5

13 An apparatus comprising the tool of any one of the
preceding claims wherein expansion and calliper means are housed
in separate elongate sections or separate tool bodies connected to
each other directly or indirectly by means of a connection, (Fig
3) with at least one of said expansion element and at least one
calliper located at longitudinally separated positions each
connected to a tool body, a first said housing being adapted to
underream the wellbore or being adapted to stabilise the tool
within the walls of the wellbore during expansion or non-expansion
and a second said housing to measure wellbore diameter

14 The apparatus of Claim 13 inter-linked by a means of
communication using sensors and a microprocessor to deliver a
desired wellbore diameter

15 The apparatus of Claim 13, wherein said housings, sections
or bodies include a stabiliser element coupled by means of a
connection and where the stabiliser module includes at least one
radially extendable stabilising block

16 The apparatus of Claim 15, wherein the calliper 1is housed
within a stabiliser housing, section or body and the calliper
measures wellbore diameter and the stabiliser stabilises the tool
during expansion or non-expansion

17 The apparatus of any of the preceding claims wherein the
cutter blocks are provided with high abrasion and impact resistant
cutter inserts and where the stabiliser blocks are provided with
smooth resistant surfaces and where the tool body is provided with
a through passage for the flow of drilling fluid from the support
(90) which exits the tool within a nozzle situated next to or
within the cutters

18 The apparatus of any of the preceding claims activated using
an electronic signal sent via wireless telemetry or electro-
magnetic pulses or hard-wiring or a short-hop or combination
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thereof to built-in mud-pulse telemetry, or using wireless
telemetry or electro-magnetic pulses or hard-wiring or a short-hop
or combination thereof to a third party mud-pulser either using
the annular or drill-pipe

19 The apparatus of any of the preceding claims where
measurements are processed by a downhole microprocessor that
compares the measured diameter with a minimum programmed diameter
and communication to surface is made via a built-in mud-pulser
linked by a short hop or a hard wire or combination thereof which
is also used to communicate commands, and receive data from the
underreamer or calliper or processor in real-time or memory either
using the annular or drill-pipe

20 The apparatus of any of the preceding claims where
communication to surface is made via a third party mud-pulser
incorporating a short hop or hard wiring or combination thereof
which 1is also used to communicate commands, and receive data from
the underreamer or calliper or processor in real-time or memory
either using the annular or drill-pipe

21 The apparatus of Claims 13, 15 and 16 to measure and record
wellbore diameter in memory mode by at least one section of the
tool and permit transfer of the diameter measurements when the
tool is brought to surface.

22 The apparatus of any of the preceding claims using fibre-
optics or wireless transmission for surface communication which is
also used to communicate commands, and receive data from the
underreamer or calliper or processor during drilling in real-time
or memory

23 The apparatus of any of the preceding claims where an alert
signal is sent to a surface controller in the event of the
processor detecting a condition

24 The apparatus of Claim 23 where the condition detected 1is
related to a minimum or undergauge wellbore diameter or a maximum
desired wellbore diameter or a tool fault or tool failure or tool
wear or other user defined logic in accordance with Figure 5

25 The apparatus of Claims 13, 15 and 16 where the telemetry
means 1is hard wired or uses fibre-optics or includes a short hop
or wireless telemetry means or combination thereof to transmit
data recorded by said tool to a telemetry pulser for further
transmission to the surface

26 The apparatus of any of the preceding where the wellbore
diameter measurement is used in real-time or memory to deliver or
determine the wellbore diameter for a required cementing thickness
or a minimum tolerance for casing
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27 The apparatus of Claim 26 where the cementing thickness and
casing tolerance 1is required to isolate a well section from the
formation or isolate an entire well from the surface formation to
the reservoir

28 The apparatus of Claim 26 where the measurement is used to
deliver or to calculate the cementing thickness or casing
tolerance for an expandable tubular and to isolate the surface
from the reservoir

29 A tool or apparatus as claimed in any one of the preceding
claims furt_her comprising t_elemetry means (56) for communicat_ing
sensor data (76), and other control signals between the tool and a
surface 10 decoder (14) and user interface (16 or 18) or remote
user 1in real-time so as to optimize performance

30 A tool or apparatus as claimed in any one of the preceding
claims connected to a drill-bit, bullnose or rotary steerable or
other drill-string or downhole work-string component

31 A tool or apparatus as claimed in any one of the preceding
claims where the calliper is an acoustic calliper

32 A tool or apparatus as claimed in any one of the preceding
claims where the calliper is a mechanical calliper

33 A tool or apparatus as claimed in any one of the preceding
claims wherein at least one positional sensor determines the block
position relative to the tool

34 A tool or apparatus as claimed in any one of the preceding
claims where measurements are taken downhole and stored in memory
for processing at surface or downhole

85 A method of operating an expansion tool or apparatus to
enlarge a borehole or tubular or like passage to a target
dimension beyond a restriction, which comprises locating a tool as
claimed in any one of the preceding claims in a borehole on a
support below a restriction, extending the expansion element to an
expansion diameter greater than the restriction, rotating the tool
and moving it axially along the borehole on the support, measuring
wellbore diameter by calliper means, and using the processor
acting in response to data received from the calliper means to
optimize drilling so as to achieve a target wellbore diameter and
depth and reduce common causes of errors or failures.

36 A method as claimed in the preceding claim wherein the
surface interface activates the tool or apparatus using electronic
means or controls the drill string during the underreaming
operation.

37 Underreaming control apparatus comprising an integrated or
separately housed calliper and underreamer tool and a processor in
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data reception contact with the calliper and in control contact
with the underreamer adapted to contrel the underreamer in
response to the calliper data measuring wellbore diameter

38 Underreaming control apparatus according to Claims 29, 31,
32 and 33 further including a surface control and communications
and data exchange means between said surface means and processor
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