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transmitted to a sensor and calculated as d i stance by multiplying 

time by speed. The processor corre late s the boreho le data fr om the 

distance a llowing for var i ations in fluid or formation caverns. 

The processor uses this data to corre l ate whether the pre­

programmed wel l bore d i ameter i s actually being underreamed and 

measured. The underre amed we llbore d i ameter cal liper s are 

gener a lly l ocated above the under reamer b u t in an a lternat ive 

conf i gurat i on may be p l aced wi thin t he cutter b l ock itself 

among t he most radially extended c u tting elements. 

[0060A] 

[0061] The ski lled man wil l readily appreciate that other 

procedures may be implemented by t he l og i c c ircuit withi n the 

processor, which can be programmed to cover other scenarios . 

BRIEF DESCRIPTION OF THE DRAWINGS 

.il 

[0062] Embodiment s o f the invention are illustrated by way of non­

limiting examples i n the accompanying drawings, in wh i ch: 

[0063] Figure 1 is a general d i agrammatic view of an o il or gas 
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well showing surface structures and the underground wellbore, with 

a tool in accordance with the invention as part of a bottomhole 

assemb l y; 

[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] F i gure 2b is a side elevation corresponding to Figure 2a 

showing the expansion e l ements in an activated state; 

[0066] Figure 3 is a diagrammatic cross section through an 

underreaming and sensing tool in accordance with the invention 

similar to that shown in the previous Figures, but having an 

additiona l 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 

provi des 

DETAILED DESCRIPTION OF THE INVENTION 

[0068] As shown in Figure 1, an exemp l ary explorat i on or 

production rig comprises a surface structure 10 at the wellhead, a 

wel l bore 20, and a dri ll str ing 30 in the we llbore with a bottom-

hole assemb l y 40 at its l ower end. The bottom-hole assembly 

inc l udes an underreamer and calliper tool 50 in accordance with 

the i nvent i on, and a dr ill-bit (not shown). 

[0069] The integrated expansion and sensing tool 50 is illustrated 

in Figures 2a and 2b, and compr i ses a tubu l ar steel body 52 

provided wi th a d rilling collar 54 at its downhole end and a mud­

pulser 56 at its other end, which is 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 too l body a l so carries a call iper 76 and an expansion 

element assemb l y 60 between the calliper and the drill collar 54. 

The expansion element assemb l y 60 compr i ses a number of expans i on 

blocks 62 d i sposed symmetr i cally, radiall y around the too l body 

52, and in the deactivated condition shown in Figure 2a the b l ocks 
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are withdrawn into the tool body, but in the activated conditi on 

shown in Figure 2b the blocks are extended beyond the tool body 

against the wellbore 20. 

[0070A] 

[0071] Figure 3 illustrates d i agrammatically the aforement i oned 

elements o f the tool 50, together with a stabili ser sect i on 6 1 . As 

will become apparent the tool sect i ons can be connected directly 

o r i ndirect l y to each other 

a plurality o f embodiments 

accor d i ng to requirement. In this way, 

may be out li ned within the scope of the 

invention including variations such as the stabiliser sect i on 

connected to the underreamer or the stabi li ser may simp l y house a 

caliper means with or without a mud-pulser means or the stabiliser 

section may house underreaming b locks. 

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

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

micro-processor 68, shown in two alternative locations, that 

corre l ates data from the sensor 66 to detect a critical condit i on 

or s imp l y store data for fur ther analysis. The tool is also 

programmed and automated to conduct diagnostics according to a 

l og i c circuit o r diagnostic program stored in processor 68 i n 

o r der to ensure the under reamer i s fun ct i on ing correct ly . Once 

corrective steps have been taken, and if dr illing dynamics are 

st ill not opt imi sed, an a ler t signa l is sent v ia 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 

cons i dered. A memory module associated with processor 68 may store 

sensor information that can be downloaded at sur f ace when the tool 

is retrieved, or sent to the s urface 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 

wel l bore diameter. One or more callipers are placed in 76, 6 4 or 

66 are spaced within the t oo l body 52 in order to measure wellbore 

diameter in real-time or memory. 
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[ 007 4] As further shown in Figure 3, a keyway 7 4 provides a 

channe l for wiring from the sensors 66 to the processor 

also to a transponder 72. The wiring i s used to transmit 

68, and 

data 

retrieved by the sensors to the processor and transponder. The 

keyway may be sealed and filled with a means to absorb v ibrati on 

and maintain wires in position s u ch as sil i con gel or grease. 

[0074A] 

[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 u sing a series o f 

b inary codes at a given frequency using dr illing fluid as means of 

mud pu l sat i on. Other means o f data transfer may be used such as 

wire le ss transmission, 

magnetic pu l ses. 

short hop using radio frequency or electro-

[0076] Figure 3 a l so 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 l ocation 68 Figure 3 a l so s h ows 

a centra l axia l through passage 90 for the fl ow of drilling fluid 

through the whole bottom-hole assembly 40. 

[0077] The sensor means 76, 58, or 64, 66, is typically housed 

within the too l body 52 above the under reamer 6 0, but i n a 

var i ation a ca lliper 76, 122 may be l ocated within t he tool. 

[0078] The tool body 52 is a cylindr i ca l high grade steel housing 

adapted to form part of a bottom-hole assembly (BHA) 40. Figure 3 

shows an internal connecti on 8 2 j oin i ng two parts of tool body 52. 

At the leading downhole end o f the tool i s a section housing the 

cutter b l ocks 62. Connection 82 joins this to a central sect i on 

housing measurement and contro l functions. A further section 6 1 at 

the uphole end, j oined by connection 65, houses stabi li ser b l ocks 

63 which are constructed and housed substant i a ll y identically to 

t he underreamer components generally designated 60, except that in 

place o f cutter elements on cutter blocks there is at least one 

surface which is hard faced or coated with a hard abrasion­

resistant material. A simi lar construction can be used to expand a 

deformable bore, such as a stee l tubular. The means for attaching 
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the tool body to a d rill s tring or co iled tubing compr i ses a screw 

thread (not shown) provided on the tool body which is engageable 

with a dri ll collar (not shown). 

[0079] In this a lternative configuration the tool is configured, 

in addition to underreaming capacity, with the under reaming tool 

body incorporating hard facing cutter b l ocks to act as a 

stabi li ser. The hard facing acts to prevent cutter abrasion whi le 

reaming o r stabi li s i ng the underreamed hole. Thi s eliminates some 

o f the problems assoc i ated with loss of direct i ona l contro l due t o 

the undergauge stabi li ser above the underreamer. 

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

s t abilizer d irectly or ind ire c tly connected to the underreamer 
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housing where the stabiliser housing may a l so be provided with 

electronic activat i on means and may be linked to a ca lliper means 

so that the stabilizer and calliper is used to perform 

essential l y the same function as the integrated underreamer and 

ca lliper 

except that the stabili ser i s stabi li sing the tool and BHA. 

[0081] The stabiliser may be directly or indirectly connected 

to the underreamer and hard-wired accord i ng l y 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 dri lling or logging whi le drilling 

suite o f tools i s l ocated in the BHA below the present invention. 

The hard wiring configuration of the tool may be changed to suit 

such an appl i cation. 

[0082] The tool normally comprises 

blocks 62, 

blocks are 

arranged symmetricall y 

a plurality of such cutter 

around the tool. Two cutter 

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 SO is 

typically rotated on the drill string as well as being moved 

axia lly a l ong the we llbore. 

[0083] As noted above, the invention provides a method of 

operat ing an underreaming tool to enlarge a boreho le to a target 

dimension below a restriction, which comprises locating a tool 

as claimed in any one of the preceding claims in a borehole on a 

dri ll string below a restriction, activating the tool 

electronically, extending the set of cutters to an underreaming 

diameter greater than the restriction, rotat ing 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 too l may be provided with a 
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calliper means and cutter extension contro l means responsive to 

dimension data received from the calliper means. 

[0085] Those ski lled 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. The se 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 amb i t of the invention. 



CLAIMS 

1 An---------~------- integrated expansion and 
calliper tool that permits simult aneous underreaming and 
measurement of the diameter of a wellbore as dri lled by an oi l 
and gas rig, comprising at least, one radially extendable cutter 
block to underream, 
--------""--------~' and at least, one calliper to measure 
wel lbore diameter housed within a tool body 

2 The tool of Claim 1 wh i ch i s inter-linked by a means o f 
communication using sensors and a microprocessor to de liver a 
desired wellbore diameter 

3 The tool of Cl aim 1 which i s act i vated electronically by 
using wires, wire le ss telemetry or electro-magnetic pu l ses or 
hard-wiring or a short -hop or combinati on thereof to built-in mud­
p ul se telemetry, or using wires, wirele ss 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 
dr ill-pipe 

4 The tool of any of the preceding c laims where measurements 
a re processed by a downho le microprocessor that compares the 
measured diameter with a minimum programmed diameter and 
communi cation to surface i s made via a built-in mud-pulser linked 
by a short hop or a hard wire or combination thereof which is a l so 
used to communi cate commands, and receive data from the 
underreamer or calliper or processor in real-time or memory either 
using the annu lar or dr ill-p i pe 

5 The tool of any of the preceding c l aims where commun i cat i on 
to surface i s made via a third party mud-pulser incorporating a 
short hop or hard wiring or combination thereof which is a l so used 
to commun i cate commands, and receive data from the underreamer or 
calliper or processor in rea l-time or memory either using the 
annular or dr ill-pipe 

6 The tool o f any o f the preceding c l a i ms where measurements 
a re taken downho le and stored in memory f or processing at surface 
or downhole 

7 The tool of any of the preceding c l aims where the wel l bore 
d i ameter measurement i s used in real-time or memory to de liver or 
determine the we llbor e diameter f or a required cement ing thickness 
or a minimum tolerance f or casing 

8 The tool of any o f the preceding c laims whe r e the cementing 
thickness and casing tolerance is required to i solate a we ll 
sect i on fr om the formation or i solate an entire we ll fr om the 
s urface formation t o the r eservo ir 

9 The t oo l o f any o f the preceding c l a i ms where the 
measurement i s u sed to deliver or to ca l cu late the cement ing 
thickness or cas ing tolerance f or an expandable tubular and to 



isolate the surface from the reservoir 

10 The tool of any of the preceding c l aims using fibre-optics 
or wireless transmission for surfa ce commun i cat i on which i s a l so 
used to commun i cate commands, and receive data fr om the 
underreamer o r calliper or processor during dr illing in real-time 
or memory 

11 The tool o f Claim 1 where an alert s i gna l i s sent to a 
surface controller in the event of the processor detecting a 
condit i on 

12 The tool of Claim 11 where the condition detected i s 
related to a minimum or undergauge wellbore diameter or a maximum 
desired we llbore 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 c laims wherein expansion and call iper means are housed 
in separate elongate sections or separate tool bodies connected to 
each other direct ly or indirectly by means of a connection, (Fig 
3) with at least one of sa i d expansion element and at least one 
calliper l ocated at l ongitud inally separated pos itions each 
connected to a tool body, a first said 11~1u,J~11~ being adapted to 
underream the we llbore or being adapted to stabili se the tool 
within the wall s of the we llbore dur ing expans i on or non-expansion 
and a second sa i d housing to measure we llbore diameter 

14 The apparatus of Cl a im 1 3 inter-linked by a means o f 
communi cat i on using sensors and a microprocessor to de live r a 
desired we llbore diameter 

15 The apparatus of Cl a im 13, where in sa i d housings, sections 
or bodies include a stabi li ser element coup led by means of a 
connect i on and where the stabili ser modu le inc ludes at l east one 
radially extendable stabili s ing block 

16 The apparatus of Claim 15, wherein the ca lliper is housed 
within a stabili ser housing, sect i on or body and the calliper 
me asure s we llbore d i amete r and the stabiliser stabili ses the tool 
dur ing expansion or non-expansion 

17 The apparatus o f any of the preceding cla ims where in the 
cutter blocks are provided with high abrasion and impact resistant 
cutter inserts and where the stabil iser blocks are provided with 
smooth re s i stant surfaces and where the tool body is provided with 
a through passage for the flow of dr illing fluid from the support 
(90) which exits the tool within a nozzle situated next to or 
within the c u tters 

1 8 The apparatus of any of the preceding cla ims activated using 
an electronic signal sent via wireless telemetry or electro­
magnetic pulses or hard-wiring or a short -hop or combination 



thereof to bui lt-in mud - pulse telemetry, or using wireless 
telemetry or electro- magnetic pu l ses or hard- wiring or a short - hop 
or combination thereof to a third party mud- pulser either using 
the annular or dri l l - p i pe 

1 9 The apparatus o f any of the preceding c l aims whe r e 
me asur e ments are processed by a downho l e mi croprocessor that 
compares the measured d iameter with a minimum programmed d iameter 
and commun i cation to s urface i s made v i a a built-in mud- pulser 
linked by a shor t hop or a hard wi re or combination thereof which 
is a l so used to communi cate commands, and receive data from the 
underreamer or ca lliper o r processor in real - time or memory either 
u s i ng t he annu l ar or drill - pipe 

20 The appa r atus o f any of the preceding c l aims where 
commun i cat i on to s urf ace i s made v i a a third par t y mud- pu l se r 
i nco r porat i ng a s h ort hop or h a r d wir ing or combina ti on thereof 
which is also used to communi cate commands, and rece i ve data fr om 
the underreamer or calliper or processor in real -time or memory 
e ithe r u s ing the annu l ar or d rill-p i pe 

21 The apparatu s o f Cl a ims 13, 15 and 1 6 to meas ure and record 
we llbore d iameter i n memory mode by at l east one section o f t he 
too l and permit transfer o f the diameter measur ement s when the 
t oo l i s br ought t o surface. 

22 The apparatus o f any o f the precedi ng c l a i ms u s ing fibre-
opt i cs or wire le ss tr ansmi ssion for surface commun i cat i on which i s 
a l so used to communi cate commands, and receive data from the 
u nderreamer o r calliper or processor duri ng dr illing i n real - time 
or memory 

23 The apparatu s o f any o f the preceding c l a i ms where an a l ert 
s i gna l i s sent to a s urf ace controller in the event o f the 
p r ocessor detecting a condit i on 

24 The apparatus of Cl aim 23 where the conditi on detected i s 
re l ated t o a minimum or undergauge we llbore d i ameter or a maximum 
des ired wellbore d i ameter or a tool fault or t oo l fa ilure or t oo l 
wear or other u ser defined l ogic in accordance with Figure 5 

25 The apparatu s o f Cl a ims 13, 15 and 1 6 where the te l emetry 
me ans is hard wired or uses fibre - opt i cs or inc l udes a shor t h op 
o r wire l ess te l emetry means or combinat i on thereo f t o t r ansmi t 
da t a re cor ded by sa i d t oo l t o a telemetr y pulser for furt he r 
transmission to the s urface 

26 The apparatu s of any of the preceding where the wellbore 
d i ameter measurement i s u sed in real-time or memory to de liver or 
determine the wellbore diameter for a requi red cement ing thickness 
or a minimum t o lerance for casing 



27 The apparatus of Cl aim 26 where the cementing thickness and 
tolerance is required to isolate a we ll section from the 

formation or isolate an entire well from the surface f ormation to 
the reservoir 

28 The apparatus of Claim 26 where the measurement is used to 
deliver or to calcu l ate the cementing thickness or cas ing 
tolerance for an expandable tubular and to i solate the surface 
from the reservoir 

29 A tool or apparatus as c l aimed in any one of the preceding 
c l aims furt_her compris ing t_elemetry means (56) for communicat_ing 
sensor data (76), and other contro l s i gna l s between the tool and a 
surfa ce 1 0 decoder (14 ) and user interface (16 or 18) or remote 
user in rea l-time so as to optimize performance 

30 A tool or apparatus as c laimed in any one of the preceding 
c l a ims connected to a dr ill-bit , bullnose or rotary steer ab l e or 
other dr ill-str ing or downhole work - string component 

31 A tool or apparatus as c l aimed in any one of the preceding 
c l a ims where the cal liper is an acoust i c calliper 

32 A tool or apparatu s as c l a i med in any one o f the precedi ng 
c l a ims where the cal liper is a mechanical call i per 

33 A tool or apparatus as c laimed in any one of the preceding 
c l aims wherein at least one positional sensor determines the block 

relative to the too l 

34 A tool or apparatus as c l a imed in any one of the preceding 
c l a ims whe r e meas urements are taken downhole and stored i n memory 
f or process ing at s urface or downho le 

35 A method of operat ing an expansion tool or apparatus to 
enlarge a borehole or tubular or like passage to a target 
dimension beyond a restriction, which comprises locat ing a tool as 
c l a imed in any one of the preceding c l aims 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 
we llbore d iameter by calliper means, and using the processor 
act ing in response to data received from the calliper means to 
opt imize dr illing so as to achieve a target we llbore d i ameter and 
depth and reduce common causes of errors or failures. 

36 A method as c laimed in the preceding c laim wherein the 
surfa ce interface activates the tool or apparatus using electronic 
means or contro l s the dr ill str ing dur i ng the underr eaming 
operation. 

37 Underreaming contro l apparatus compris ing an integrated or 
separate ly housed ca lliper and underreamer tool and a processor in 



data reception contact with the calliper and in control contact 
with the underreamer adapted to contro l the underreamer in 
response to the calliper data measuring we llbore diameter 

38 Underreami ng contro l apparatus according to Cl a i ms 29, 3 1 , 
32 and 33 further inc luding a surface control and communications 
and data exchange means between sa i d surface means and processor 
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