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ELECTRONICALLY ACTIVATED UNDERREAMER AND CALLIPER TOOL 

FIELD OF THE I~VENTION 

[0001) Tr_is ir_ven-::ion relates to an e:_ectronically activated 

expansion tool that is capable of e:1larging and measuring borehole 

and tubular oiameters , especially those driL.ed to construct 

wellbores in the o il ar_d gas industry . The expansion operation is 

veri.:ied by data provided by the tool and this :..s used to optimise 

underreaming -::.o meet cerr.enting or casing tolerances . Such data may 

b e the measurement o.: the underreained wellbore diameter using an 

acoustic call.:..per o::: a mecl1a nical callipe~: , or .:..t may be the 

expandable cutter block position . Tr_e tool finds particular use as 

an undec::earr.i ng and callipe r tool , b·..1t. can a lso be configured 

without cu-::.ting elements to prov.:..de downhole centralization, 

d irectional stabL. isation, or· as a nea~1s fo ~· expanding t ubulars . 

[0002) It is to be understood tr_at the -::.erm ' e xpansion ' as used 

herein refers to tr_e capacity of -::he tool to expand outwardly 

towards anci against t :-1e interior wall or walls o f a passage, such 

as a borehole, especial l y a we l:_bore, or a tubular , and then to 

apply :9:::-essure or a cutting ac-::.ion against the wa:..l or walls . It 

is not always essential t hat the passage itself be expanded, since 

t he tool can be ·_ised for centrali satio:1 or sta:Oilisation or l ike 

purposes without necessarily expanding the 9assage. 

(0003) When construc-::.:..ng a:1 exoloration or production well , 

numerou s downhol e ope::::at i ons are conducted to drill and measure a 

borehole so -::hat i t neets the des ired well-plan . :Jr illing i tself 

may utilise a reamer to e:-isure t hat t he hole diamet er that has 

been dr i lled by tr_e :Oit is maintained within ::.he given toleran ce . 

The hole diameters drilled by the bit and perfected by the reamer 

are substant i a lly t :1e same as t h e n axinum cutting diameter of a 

reamer , which is fixed 2-nd is sub stantial ly ::.he same as the bit 

diameter . This max:..mum cutting diameter is defined by t he pass

t h rough dia'Ueter o:' a ny restrict i on in t he boreho::.e above the 
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operating location . 

[0004] In contrast to a reamer, an underreamer is used to enl a r ge 

a borehole beyond its original drilled s ize . Enlargement i s 

typically done bel ow a restrict i on i n t he borehole, a nd the 

c u tting d i ameter of an underreamer is always greater t han that of 

the pass- t hrough diameter o f the restriction . Addit i on a l ly, a n 

underreamer is provided with activation and deact ivat i on modes and 

mechanisms for extending and retracting cutting elements to ensure 

effective unde rreaming once it has passed below the restriction . 

[0005] Measure ment may i nvo l v e the acquisit ion and communication 

to surface of vari ous types of we llbore data such as d rilling 

dynamics , resistivity, porosity, permeability, azimuth , 

inclination and b orehole dia meter or rugosity , formation dips or 

bedding angles . 

[0006] Measurement i t se l f occurs in two modes , either wireline o r 

logging-while-drilling. Wire line is by f a r t h e most common 

measurement technique and is performed as a separate and 

consecutive activity to dri lling i nvolving the conveyance of 

me a s urement tools o n a wire or cable . Wireline call ipers use a 

plurality of f ingers to take boreh o l e diameter measurements . 

However , wireline callipers can only take measureme n ts in an axial 

direct i on . Due to this limitation , they can onl y be used after 

drilling o therwise t he rotat i o nal and impact forces of drill ing 

would cause them to break . He n ce a separate calliper run is 

r equired after drilling to measure borehole diameter . 

[0007] Logging- while- drilling or measurement - while- drilling tools 

may acquire various data from the wellbore . For drilling dynamics 

measuremen t-while-dril l ing i s the p referred means of acqu iring 

dri ll i ng data s uch as vibration . Acoustic callipers may be 

incorporated withi n loggi ng tools . As t hey can be rot ated, 

acoustic callipers may be u sed while drill i ng t o acqu ire 

measurement data. However , a l most a ll logging too l s a re configured 

as complete systems and are only available at very high cost and 

are not used i n a l l wells worldwide . Further they a l s o suffer from 

limit a t ions in applicat ions wi t h slide dri lling, where a downho l e 
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motor rota::.es t he bit and <irags L--ie drillstring and bottom-hole 

assembly , or BHA . Or in Rotary steerable applications where t h ey 

are car.figured near to the b i t . Ther e::ore , ::.he location of the 

sensor is wi thin t :--ie S HA below t he ·Jnde :-reame r . It can only give 

readings af::.er the section has been u:1.derreamed . 

[00 08] In the case of underreami:-ig , :neas uremer.ts are taken a 

posteriori i.e. after underreaning, which :neans a separate 

ca l liper run and at tines fur::her cor:::ective runs to attain the 

desired wellbore diameter . 

( 0009] Presently, activatior. of uncierr·eamers is limit.ed to 

hydraulic or mechanical means :oased on interna:.. flow restrictions 

configu re as venturis o r ' ball-drop ' or 'shear p:'..ns '. In the case 

of f l ow , pumps are brought up to a pre-determined l eve l which 

cau ses internal pressure to bui:..d-up ar..d exceed the a nnular 

pressure . This causes a mechanical corn:9onent to move and activate 

the tool . In the case o.: weight , L--ie me t.hod relies on the use of 

s h ear pins whic:i are ratec. ::o a g:..ven weight bearing and s h eared 

wi th a mechan:'..cal force . Due to L.uctuations in stand pipe 

pressure and. the subsequen:-. downhole pressures, pressure 

restr i ctions are not always the ideal means for activation . 

Further , drop-bal:..s restrict a ny ::ishing or retrieva :.. of 

components below the underreame~: which rr.eans that highly 

sophisticat ed logging-while-drilling equipnent such as nuclear 

sources may be :..ost i:-i the hole. Sr.ea::: pins are load bearing and 

therefore can prese~1t problems due to the progress i ve weakening 

the shear pin undergoes each ti:ne its bearing surface is subject 

to vibration or moveme:1.t . Thi s occurs until the true s h ear value 

is reduced and result s i :i :9rematu re activation of the underreainer 

i n t he casing and dar:1age t o the wellbore as well as increased cost 

a nd delay . 

[0010] The :o:::-esen:. invention allows for e:..ectronic activation of 

t h e expansion and ca:.. l iper tool as well the ability to commu n i cate 

commands and. rece:'..ve data from the tool dt:.~ing dr:'..lling. Th is 

provides an advantageous , independer:t anc. rel:..able means of 
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activation which is not dependent on hydra- :nechanical forces a nd 

allows the unci.erreamer stat us to be cor_trolled on command . 

[0010A] further, ,;1_::; drilli:ic;- l':.io.B a:..rc:ady been c:onpL:tcC:. a:1:::0. no 

vlbra:. .:.on dal.a aco1.lren n.:.recl.lv above l . .:1e L:'lder=earrer, I.here is .:1c 

ncans o~ ~r_dc:eta::iC:ir_q tr:.c actual load::; or_ tjc c::iC:crrcaxcr in rcal -

1.lne. ·_·:,e p..'.e:0;e:1l. i.:,ver:l.ior: is dlf.'..:erenl.lal..ed .ir: :.~'l.i.s 2.:,pe:·:.I. as ii. 

prov.'..:ci.cs rcal - tirr.c dr' 1 · i::ia o.yna:r' c.,:, data of Lie c.:10.crro-:i.:n' n,J 

Ofera ·.. .:.on ·,.,, :,ict ·,..-,,,.,1.1:·~ P..'la::;le 2. dr.:.1.:.er l. o .i.der:l.ifv a v.:.hra 1,.i.c :1 :ncde 

a nd c:hangc drilli::tg cor_ditior_s to c:..ininatc tr:.c vi~ra~:_on. It.is 

would r e>d .i:-:.,;s :lR..'.·n·.f1. l v i~·;ra·.. .:.0.:1 <, \•1hl :~h a.c,;s a :nR j C.'." ea u:=: e o.'..: a 

downho:..o tcol failc:cs as wc:l:.. as ~ h o l o wc : :ates o= pcnctratic:1 

=e.:.a t.ed t.o .1r:de=rea~i.:10 i.:1 ~P.diux :.o tard .'..:c=~a 1 . .ic.:1s or .:. n1.e>rnedded 

for:rc1:: :_on::; . 

[0011] The :9:esen ~ inve ntion may be activated by mean s of 

electronic signal se::it by a built-in rri".1d-puls e t e l emetry means or 

a third party te :.. e r1etry mea n s . It may also b e act ivate d using 

other means such as fib:·e-op:::.c o r wi :·eless transmission. 

As will becoll'.e a pparer.t the tool a nd :::e l ated apparatus may be 

configured in a ny number of ways so t hat ob:ect of the invention 

which is to reduce uncertainty and downtime i s achieved . 

BACKGROUND OF THE I::-TVENTION 

[0012) Oil and gas accumu :..ations are found at depth in different 

geologi cal bas :_ns worldwide . Exploration a nd production of such 

accumulations rely or- the constr-Jctior. of a well according to a 

we l l plan . 

[0013] Various well -;::ypes ex i st anc. are defi::ted according t o u sage 

such as wildca::s or Lwse used :_n expl oration; de:..ineation ; and 

production a nd i njection . Variatio:1s i:1 well profi:i.e e x is t a lso 

according to vertical , s l ant , d irectio:1al 2.nd horizontal 

tra jectories . Each d iffers accordi ::ig to the oi:.. company ' s 

objectives and t he challenges t hat a given :Oasi.:1 presents from the 

sur face of ::he eart h o r t he ocean to the hydrocarbon reservoir a t 
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a given underground de~th . 

[0014) Engineering chaL.enges are rel ated to the location of the 

well - site such as ons:'1o::-e or offshore , seawater d ept hs , formation 

pressures and temperat ure gradients, fo~rra=ion stresses a nd 

movements and reservoir types s·.ic:'1 as carbonate or sandstone . To 

overcome these c:'1aller.ges , a h igh::.y detailed we ::.l plan is 

developed which contains the well objective, coordinates , legal , 

geological , -:echn::..cal, well engineering and drilling data and 

calculations . 

[0015] The data is used to plot a well profile using precise 

b earings which is designed in consecutive telescopic sections 

s urface , intermed::..ate and reservoir . To deliver tr..e well objective 

and maintain the i:iteq~ity of well ove~ its lifecycle, a given 

wel l bore with m·..1 l tiple sec:.ions and diameters .:.s drilled from 

surface. Al--:hough there are rr.any varia:its , a simp::. e vertical well 

d es i gn could incl·.ide a su~·face or top- h ole ciiameter of 17 " 

(445=), intermed::..ate sections of 13 5/8 " (360m.-u) and 9 5/8 " 

(245mm) narrowing down to L '1e bottom-hole diameter of 8 " ( 216mm) 

in the reservoir section . 

[0016) Each consecutive sectio~1 is ' cased ' wit 0·1 the specified 

diameter and a number o= metal tubes placed into the wellbore 

according to the ler..gth of =h e sect::..on. Each rr.ust b e conn ected to 

each other· af:.er wr.ich they are ceme ~1ted in:.o the appropriately 

sized hole witr_ a giver_ tolerance . In this way, a wel l is 

constructed in staged sections , eacJ-: section dependent on the 

completion of L'1e p::::evious sect::..on until the well is isolated from 

the formation along the entire dista:ice frorr. surface to the 

reservoir . 

[0017) Scarcity of oi l and gas is driving oil a:id gas compan i es to 

e xplore a.nd deve l op reserves in :nore c:iallenging basins such as 

t hose in water-depth s exceeding 6 , 000 ft (1830m) or below massive 

salt sections . These wel l s have '.'1ighly co:nplex directional 

trajectories wi t:i cas i :iq designs ::..ncludir..g 6 or more wel l 

sectio::1s . Known in the art as ' designer ' or ' close toleran ce 

casing ' wel l s , t hese wel l s have narrow casing d i ameters with tight 

tolerances and have created a need to e:ilarge the we l lbore to 

avoid very narrow diamete~ reservoir sections and lower product i o n 

http:sect::..on
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rates . 

[0018) T:-ie.::efo.::e, the botton-hole assem:Olies that a re needed to 

drill t hese well s r OL;ti:ie l y include dev ices t o underream t he wel l 

bore below a given c asing dia:neter or other res tr:..c t i on . In t h i s 

way, ur.derreamed hole size has :Oecome an inte gra l part o f well 

construction and tr_ere is now an increased dependence on 

underreaming ::.o meet planned well:Oor e diameters. 

[0019) After underrea:ning , t h e underreamer is tripped out from the 

b orehol e a nd rep:..a:::ed b),:' a cal liper , which is an instrument for 

measuring the inte.:: r..al dirr.ensio n s o= the bore either mechanical ly , 

typically by rr.eans of e xtending fingers that con tact the inside of 

the bore , or by aco·-1stic or other ech o-based soundi ng techniques . 

[0020) Previously, ::.he underreamer a.nd callioer have been 

con sidered as t wo sepa::::ate tools , eac:'l involved in d istin ct 

f unc tions. Typica:..ly , an unc.erreaming .::un cou:..o. take 24 h ours, 

after which a furt"ie:· 2 4 h ours wo·-1ld be reguir·ed for preparation 

of the cal l iper run . A further 24 hours coul ci be taken in t h e 

cal l iper run before kr_owledge could be gaineci o f ac t ual wel l bore 

d i ameters . The time-lag between underrearning and cal l i p er 

mea s uremen t s , tr_e refore could easily exceed 48 r.ours d epending on 

the depths involved . If the actual :1ole dia:neter did not match 

the pla:-ined. diameter , c a s ing tolera:-ices would not :Oe met and 

therefore a corrective r·un would b e regu L·ed and t :-1e whole cycl e 

of under.::ea.rr.ing and callip e r measureme::-its would need to be 

repeated . 

[0021) In other applicat:..ons such as :.ubular e xpansion casing or 

increased ce:nenting thicknesses , t h e tol erances between the 

en l arged well-bore and the expanded ti..:.bular are very close . 

Variat i ons of l " ( 25mr'.l) diamet e r can lead to ::.he failure of the 

we l l co:-istruction activity . 

[0022] Notwi thstand ing, U :e limitat ions o f t he p :dor- art a re 

overcome with tr_e present invent:..on, t he wellbore co:-istruct i o n 

process will cont inue to depend on given wel l bore d i ar:ieters for 

t he placemen:. of casir:g i n a wel l bore with a. given tolerance whi ch 

is determined b y t he reqL; ir-ec c e:nent ir:g t hickness . 
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[0023] Consequently , w~ere a~ undergauge (be l ow tol era~ce) 

diameter goes undetectec ~his woul d potential l y jeopardize the 

wellbore construct i o~ a c t i v i t y . :he p resent invent ion avoids t his by 

measuring and verifyir.g wel lbore diar.ieter and under r e amer status and 

if eithe r wer e insJfficient , the t ool performs autonated diagnostics 

and may a ler t t te J Se r as requ :..red . 

[0024] To t:'1ose skil l ed in t:'1e a rt , it i s k nown that u nderreaming 

generates uncertai:-ity as to tlle act:..vation status of the 

underreamer . This is because underreame:::s cio no-:: provide for clear 

activation status as d esc::::ibed in Paten t GB 2460096 which is 

incorporated here:.. n as a reference . 

[0025 ] The present i nvent :..on is differentiated i n this aspect as 

i t provides for act:..vation electronically as we:..l as real-tiine 

veri::" i cation o f activation status oy mear.s of e l ect r onic signal 

which woulci e nable a driller to activate a too l with certainty and 

eliminate reliance on hydra - mechanical activation . This would 

reduce time s pent on act i v a. t i on as we:..l as :s:,ermit the e xchange o f 

data with the t ool and surface . 

[0025A] U.r.'..l.'...in~, v i.Drcd.i.c:1 ,)cc1. ..:"s i.:-i l.·,10 r,0d~s ,1:1i.cJ-: ;;i..:·P. c las:c:eci as 

resonant .:. . e . tc=s i o~a:.. , axi~l , :..atera:.. a~d ~o~-reson~nt vibrati o~, 

. t . ct· . l . t d t .i . e . ccccn ric, SL.~cr ~occs r e easinq sore- oraLc ~nown 

.ro:.2:. .'.. on a~d w~i.~1. ~act ~ode navhe deL.ined seoa.ra:.elv bu l . .'.. n ~eali.l. v 

a:..l xodcs arc cxpc= i crccd dL=i~q dr i:..l.:.nq, ttc scvc=ity of c a c ~ l eve l 

condition wtcrc wciqj: ap~:..icd at sur~acc cacscs conpress:..on c~ ttc 

cir .i..'.. l :., l..c .:. :1-:; . _)1.e l.c :.:'1e oeonP. l..rv o::. 1•• te ,,,.;ell.cc..:· P. c.1nc.i be nd.in~, :nc:ne:1 1. : , 0; 

: he wc iq~t is co~ccrtr~:cd at the widest ar.d bc ~riirq nonents , t t c 

which is t~e L~der=e~~er, s:~b:..l.:.zers, rcta=y steerib:..es and t~e ci=ill

b' :.. 

[0025B] :n :he aspects of i=i:..l:..rg dy~anics, t~e ability :o icqu:..re 

accurate data or. vib=atior, s:.:.c~-sl.:.p, :..cads a~ri other accclc=a t iors 

~rior art. P=ior a=: L~ier=e~~ers do net provi~e fo= :..n-s :..tu data 
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::: o a.notr_,:::r. 

[0026] Tr_e data may be transr.iit t ed in real-time by weans of d ata 

t ransfer (:nud p u l se telerr.e :::r y, f:..bre - optic or o t l':er) o r maybe 

stored in memory and dov,-r. l o aci.eci. at a l ate::: t i rr.e . The p resent 

i nve n t ion would make underreamer stat·_1s known :._n a clear manner 

and optimize underreami:1g operations thereby red ucing failures and 

improving drilling ef::iciency and wellbore construction . 

[002 7) :t :..s unsatisfactory to depend on indirect indicators such 

as whether cutter blocks a~·e open or closed or whether fluid 

pathways are open a:1d a 9:::-essure spike i s s een at t:ie rig floor to 

indicate activation . Such indica t ors do no::: provide actual 

mea s urements of the ·Jr..de:::-reamed we ll-bo:::-e underreamed nor do they 

provide ver i ficat i or_ of underreaming pe:::formance ; they simply give 

information on t:1e mechanical or hydra\:lic stat·Js of an aspect of 

the tool which may or may no:: l ead to t he desired well d i ameter . 

[0028] To L'lose skilled in L'le art , i t is known that the industry 

rel i es on even :nore :::-c.dimen:::ary a nd tine-consuming i ndicators of 

ver i f ication suer as a n inc rease in drilling torq~e as cutters 

i nteract with tl':e f o:::-mat ion or even pulling up tl':e dr:._11-string and 

underreamer to t:1e p:::evious h o:e s ize in order to see whether the 

t op- drive stalls as t he bot:-_om- h o l e assembly gets stu ck due to t h e 

expanded tool . Or by d=il ling a pilot hole s ect i on with the 

underreamer deactivat ed a nd pu: l ~ng back into t~e p:..lot h ole . 

[0029) The r e fore , the prior a rt does no t l end itse lf to a 

rel i able or certa:._n mear_s of measuring ano. verifying u n derreamed 

wellbore diame t ers i n real-tirne or memory mode . 

[0030] Furt'.,e::: t he pr i o r art perpetuates dr i lling i n e fficiencies 

due to the uncert aint y of the act·..1al status of the underreamer . 

[0031] Fur t:'le::: t he prior a rt g·ene ra:::es tine-cons uming cycles of 

e ntry and exit :._nto the well-bore . 

[0032] F·..1rther the prior a rt relies on pre.'3 s-"ire re s tric tions or 

weight for activation . 
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[0033] Further the prior a:::-t does not detect variations in well

bore i~ real-time . 

[0034] Further the prior art does no-;; autonatically troubl eshoot 

undergauge ho:_e or malfunction . 

[0035] ?urL1e~: the prior art has limited practical application of 

a mechanical ca:_l ::.per outside the cutter block . 

SUMMARY OF THE INVENTION 

[0036] Tie present invent::.on has for a principal objec-:: to provide 

an improve :r1ent on L1e prior art wherein the actua l d i ame ter o f the 

underreamed hole ::.s measured directly i~ real time, t h at is to say 

simultaneously wi t:i , or irrmediate ly after , an expansion operation. 

;:;r0,_, .i.dP. an .i.:n9.::·cvf':nf':1:. 0.'.l l.J-te pr.:.or a.rl. ,11 :1e.::·e.ir: :.:tf' at~.'.. u a.:. d.c.i.11.ir:g 

loada a nd vibr~tic~ cxpc=ic~cca ::.n =he ~ndc =rca~cd ho :_c is n caaL=cd 

c.i.:.rec l.ly .:..:1 .::·e2. l : . .iff.e , :.:ia l . .:.s ·.. o say s .i.n..1ll..a.:1f>,) 1. ,':ly w.i.l.h, er 

ir:ne,:i:,:;1 t.e ~y ,,ifte ·:·, c.1:1 expr.; :10:'.o:1 or;erat.:on. 

uncierTe,nr':1t0 o:id r.:·:· i -. 7 '. r:q n ode·.c: bv u~;'nt1 r·eol-ti:11e or· nenor·v :11c.:de :.:,,;-:;_ ;_-; 

baseti o n =-~-s itL vib:::-at i oc l evels r~the r tta~ t~e p=edic=ed valLes. Tte 

;:;rP.SP.n l.. .i. nve:1 I. .i C:l DC- I . .i.:n.i. L P. .c: dr.:.1.:. .i.nq P. L .'.: .:..c:.i. r?.r:cy h v .:.c.ie n I. .i. Ly.:.. IlG l. :lP. 

op-::::.~al opcratic~al pa:::- anctc:::-s -::o ensure ~i:ii~izcd vibra=::.on tic=c~y 

increils::.ng toc l life a~i ~::.c::.~::.2::.ng the n eed to:::- co=rective 

1.rn-:.lerTecJ·11~:1s; r·Jr:.:; ;·_:y -:.,:·0v idi :19 rei:l ~-tine Jrilli :1,:; r.:vn ;;;:r~c::; w·:1id·. ollu·,,,.:; 

:be ci.rL.ler tc respo:'18. e:::.r:..ier :bereby ,silvi:-1g· tirr.e '"'nd Doney. It i.s 

·.. rH.1s a.n ob j ec l. er 1.i-:e p.ce~-;er:1. .'..n1JP.n'.. .'..on 1.0 pcY-1.it·:e sP.n:.~o.cs .:.. nl. P.g-.::·;;i 1. f'c:i 

w:.. :h an ·,mdc=rca~c:::- , c:1a:::;l:..r.q the ::.ntcgr,:i.tcd device :,,.;i qiv c ir:rncdi i.tc 

~easurel'.lent of t~e v::.b:::-atio~ levels sustai~ed ~~ri~q the we:_lbore

',;,',:5e11'n9 qJe ·:·otLw c.1:1'._:, '.= -::.he::;e i:lr·e =-:.:Jnd tc bi:' cr'.-::.'cdl'.y ·:ii::il·., tc 

au:oTat:..cally :::-ecc:if::.g~re dr::.l:_ing para~ete:::-s to or~ng vibratior. levels 

.o sal..is~a.c:l.Dry lf've_s .i..'.l .:P.al . .:.re. 

[0037] T:ie invention seeks to r:ieet t he need fo::::- a:i int egra t ed 

underrearner anci. calliper equipped with we l lbore diameter 

measurement ~eans a r.d electronic act i vat i on , wl:ic:-i provides real 

time performance verification and a·..itoMated troubl esho oting . This 
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has not been forthcomi::'H:r in the pr.:_or art due to design 

limitations inhere:it ir. the hydrau :.. ic or weight activation and t he 

prior art cu::ter block ::::eten-::ion nechanisms or prior art 

mechanical call i per designs. 

[0038] Usage o:': the electronic activation mear.s may further be 

provided as a means o= cornmunicatic:i with the t ool wherein 

commands or data nay be sen::: or received fro:n the tool . 

[0039) The present i nvent:.on seek s to ::.ntegrate and automate 

underreaming and calliper :neasuremer:t offering performance 

veri::ication and e:..imir.ates the need fo:::: separate calliper runs 

and minimizes the nee d for corrective underrea:ning runs by 

providing real-time data which allows the driller to respond 

earlier thereby saving time and money. This wou :..ci al l ow 

measurement of required diameters fo~.- casing and cementing 

tolerances and tr.ereby reo.uce uncertainty and .:.mprove wellbore 

construction . 

[0040) It is thus an ob:ect of tl1e present ::.nvention to provide 

cal l ipers i ntegrated with an nnderrearner , enabl:.ng the integrated 

device to give :.m11ediate rreasurement o-: the accuracy of the 

wel l bore-widening ope::::-ation and, if it is found insufficient or 

undergauge, to automatically detect and diagnose the faults , and 

to repeat underreami:1g until a satisfactory re.su:..t is achiev€d i n 

real - time . 

[0041) Although underreami:1g is c. principa:.. route to wellbore 

enlargement , the .:_nve:1tion envisages alternative e:1largement means 

similarly integrated with calliper measurement o:: the enlarged 

bore . These alternative rr.eans could include bicentre bits, fixed 

wing bits, eccentric ur.derrearners and expanci2-b:.. e bits . 

[0042) =t .:. s a further o:oject to !)::::ovide a tool capable of 

simultaneously conducting wel:..-bore e:1la rgement , ta:dng calliper 

measurements preferabl y by an acoust ic echo- pulser and sensor , and 

verifying performar.ce th::::-ough a processor arrangement that uses 

sensor data to detect u ndergau ge r.ole and conducts diagnostics 

according to a log:.c circuit in order to ensure the u:1derreamer is 

functioning correctly . If the corrective steps have been taken a nd 

t he cal l iper indicates that the p:..anned hole diameter is s ti l l not 

b eing d elivereci. an alert signa:.. may oe sent to the rig -surface o r 
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to the location of t he operating engineer so ::.hat further remedial 

action can be taken, s·_1ch as tool replacerr.ent. A memory mode may 

store sensor information t hat can be downloaded at surface when 

the tool is ret r:.eved , or sent t o the surface by t elemetry. 

[0043] T:-ie tool rr.a.y also be con::igured as a star_dalone tool with a 

built-in link to a mi:d-pulse telemet:::y sys-;::err. or alternatively the 

tool may be linked to a thirci party r:1ud- p--1lse:::.· in the case of 

measurement while d:::·illing or loggir.g whil e drilling usage to 

allow real-ti:ne mor_itoring of the under-rea:ning operation (cutter-

block position and acoustic ca=..l_:_per data si:nultaneously). One or 

more echo-pu=..sers may be optima=..ly spaced in order to emit a 

number of sound waves during a g_:_ven time period which are 

reflected back by the near wellbore or by the far formation in the 

case of a cavernous fo:::rr.ation a nd picked up by the sensor . The 

distance :nay b e ca l cul ated us:..ng the t:::.·avel time a!"ld speed of 

return . 

[0044] ::::n a preferred em:Oodimecit. the integrated t ool or separate 

housings of t he too l may inco rporate electronic activation means 

from the surface to ctcwrJwl e where a:1 e leetriea=.. signal is used in 

part ar.d converted to binary cocie ar.d pi.:lseci as pressure pulses 

through a f l uici. medium in the drill-pipe or a nnulus or to a 

transducer in tr.e drill - pipe or ann·Jlus containing a decoder that 

converts t he pressu:::.·e pulses back into e l ectr i cal signals. 

[0045] : n a fi::::-ther embodimecit the electronic signal is 

transmitted from s·Jrface to the tool downhole via a hard wire or 

fibre optic cable . 

[0046] In yet a f u r·-;::her e:nbodiiner.t the electronic signal is 

transmitted from s·.irface and converted to radio waves and 

transmitted by a s hort hop to a transponder where it i s received 

and converted back into e l ectron.:..c signal . 

[0047] A keyway may provide a channel for wiri:1g from t he sensors 

to the processor and transponder. The wiring can be used to 

transmit acoustic data ret rieved by the acous-;:: _:_ c sensors , as wel l 

as positional data from t he :necr..anica.l blocks, to t:'1e processor 

and t :::-ansponci.er . Tr_e keyway rr.a.y be sealed and. filled with a means 

to a bsorb vibrat i on si:ch as silicon gel or grease and to maintain 

wires in position . 
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[ 0 0 48) Tt:e transponder converts data so that it can be transmitted 

and is linked to t:1e in-built or Jrc1 party mud-pulser wh ich 

transmits the data to su::::face us i ng a series of binary codes a t a 

given f.::·equency using dr i lling f l ·Jid as rr.eans of mud p u lsing . 

Other mear_s of data transfe:::: may be used such as wireless 

transmission short hop using radio frequency or other electro

magnetic pulses . T:1is allows up and downlink of ::.he tool i n order 

to receive and transmit data and commands . At surface a transducer 

may be incorporated within a c.ecoder to~sing which decodes the 

binary code and may link to the dri.:_ler ' s ter:ninal or may be yet 

f urther transrr..:..tted :oy satellite or oL'le:::: ::neans to a remote 

operations centre . 

[0049] The preferred e:nbodimer_t o f the inver_tion provides for an 

electronically activated we:lbore ~nderrearr.:..ng tool (50 ), which i s 

particularly applicable in oil and gas wells, comprising a too l 

body , cutter· bloc:,s and cal liper wit::-1 r1eans for attachment to a 

drilling support and rotation so as to permit the s i multaneou s 

underreaming and measurement of tr_e diameter of an we l lbore 

characterized by at l east o ne radia lly ex::_endable cutter block 

( 62) at leas:-. one calliper means ( 76 or 66 , 64 ) to measure wellbore 

d iameter anci. at :east one radially exteno.able stabiliser block 

(63), an electronic me ans of act.:..vatior. , all of whi c h are 

interlinked by a means of corrmunication t:sing receivers , sensors 

and microprocessors ; a syste::n ::.hat delivers a desired wellbore 

d iameter ( 22) :Oy simi.:.l taneous:y com9aring and corre l ating measured 

wellbore diameter a;1d activated cutter block position (62) ; inter-

linked by rr.eans of sensors and. microprocessors . 

[0050) In f:..irther err.bodiments L ie invention provides for the 

incorpoi:·ation of positional sensors adapted to measure the 

relative posi::..:..on of the cu::.ter block to the tool, or to measure 

the relative positior. of t he r adially extendable stabiliser block 

relative to the tool . 

[0051] T::ie support to the tool may typically be a drill string o r 

an ext ended length o:: coiled ::ub.:.. ng , as i.:.sed in dow::-ihole 

operations in oil and gas fields . 

[0052) n.e too l body is typically a cy:inct:rical high grade steel 

housing adapted to ::orr.1 par t of a bottom- hole assembly (BHA ) . 

Thus the means for a ttaching the tool body ::,o t:--ie support , whether 
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it is a d~il l string or coiled tubing , may comprise a screw t hread 

provided on :.he tool body which :_s engageab le with a dril l collar . 

The attachment to t:1e drill string need r:ot be direct , but may be 

indirect , as t here will typica:..ly be many different f unctional 

elements to be included in the long and narrow BHA, and the 

a rrangement of tr.e successive e l eme:-its rr.ay vary. T:-ie lower end of 

the SHA rr.ay be tr.e d:::·i l l bit, or· a :Oull nose, and .::.n b etween t here 

may or may not :oe a mear:s fo:.c c.irectional control such as a rotary 

steerabl e system. 

[0053] The wellbore underreaming· is achieved by rr.eans of a cut t er 

b lock or a plurality of cu:.ter blocks. The se:. of c·Jtters may 

comprise a c utte r bloc k carrying a pl·Jrality of c utter elements 

directed ou:.war·d :..y of the too l b ody . The cu:.ter· block may be 

r eceived within the tool body in a cutter block c hamber having an 

op e n mouth, a nd the Cl:tter may b e e xte ndable from the chamb e:r:· 

through the cham:Oer mouth wi :.h the cutte:.c e lements projecting 

from the t ool bo<iy, and r etrac table back ir.to t h e c h amber . The 

cutter elen e nt s rr.a y be polydiamondcrystal line inserts , o r othe r 

inserts according t o req·Jireme ~its. The tool b ody rra y be provided 

with an inte:.cr.al duct (90) :.ceceiving a source of dril l ing f l u id 

flowing t o an extecial nozzle adjace~1t the set of cutters . 

[0054] T::1e t ool a l so has a h ou s ing f or e xpandable stabilising 

e l ements whi c h can :oe co:-inected .oy mear:s of a connection to the 

body . Th is can act to stabilize the tool agai nst tr.e wellbore wall 

duri ng t:nderrearn.:.ng ar:d rneasure:nent a nd if so requ ired, increase 

or expand the <i.:.al'."leter of a tubular or casing . 

[0055) Other e mbodiments of the tool may provide for separate 

housings a nd sections for caL .. i per n ean s , rr.uci.- i_::ulser means and 

stabilis ing rr.eans so that t he separate housings a nd sections may 

be conr.ected by means of a connect:_on and inter-linked by means of 

sensors and processors .::or use in o.'.l and gas wellbore 

underreami:tg , dr:_lling or expans:_on operations. 

[0056] It is to be noted that the d escription herein of t he 

structure a nd operat i o 1: of cu-:: t er o r expansion :olocks is 

applicable generally, i:.crespect:.ve of function , except to t h e 

extent t hat cutter i:-iserts may be providec. specifical l y for 

underreaming p urposes a:-ici rerr.oved fo r expansion p·Jrp oses of 
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expandable casing . 

[0057] The microprocessor May prov .:..cie a n eans of control (68) and 

is programmed t o receive dat a from the calliper means on the 

underreamed weL.bore diamet e r as well as t he cutter b l o ck 

positional d ata from the sensor whi c l: is placed on eac h cutter 

b l ock and its housing . The microprocesso::- :nay the refore control 

the e xtension and r e traction posi t. iors of the cutter b l ock based 

on a logic circu:'..t programme d w:'..thin the :nicroprocessor . In this 

way , an in:.egrated tool which i s capable of diagnos i ng under-

performance anci. correcting it may be realised . :'he dimension 

data may prompt for tests and check s on tl:e effec:-.ive depl oyment 

of the expan s i on e l e me nts , may trigger a repeated cycle of 

expansion , and n a y provide data to a s urface rr.on:'..tor to signal a n 

opportunity for ope~ato ::- intervention . 

[0058] The tool norrr.ally c omprises a p:..ura :.. ity of such cutter 

b locks , arra nged s ymme t::ically a r oc:.:-id the tool . Two cut ter blocks 

would be on oppos:'..te sides of the tool , three block s would be 

separated by 120 degrees , f our by nir.ety degrees , and six by sixty 

d egrees . In operation , the underreamir.g tool is typical ly rot ated 

on the drill str:'.. ng as we ll as being r:ioved axially alon g the 

wellbore . 

[0059) I n accordance w.:.th a :9articularly preferred aspect of the 

i nve ntion , the too l body i s provided with an internal duct for 

directing drilling ::luid from a so·,irce to an external nozz l e 

adjacent t l1e cutter e l ements . The sot:.'::ce of dr:'.. l .:.ing fl u id may be 

the drill - s :.ring or otr.er support for t:ie tool , and t l1e 

aforementioned t:1rol;gh passage for t :1e flow of dri l l i ng fluid from 

t h e drill string to L'le dri l l b:'..t . Ir. each case , the nozzle 

provides a flu id :::..ow t hat can help to keep the cutters clean and 

p reven t the bu.:. ld- u:9 o': clogging d e b::::is f:::om the reaming 

operat i on , remove si..:.ch material altogether from the underreami n g 

zone , anci prov .:.de a cooling and l ·Jbricat ing f unct ion for t he 

c utt e r s . I n one prefe::-red aspect tr.e present invent ::.o n 

inc orporates a n on- r:.echanical me ans o :: measurerr.en t which is 

practically appli c a :Ole anc. :nay be an acoustic calliper . 

[0060] Thus , in the case of an underreaming t oo l with acoustic 

calliper means , a coustic reflect:.ons f:::-om a.n echo-pulser may be 
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t r ansmitted t o a se:-isor anci ce.lcu:_ate d a s distance b y mu l tipl ying 

time b y speed . The proces s or correlates the boreJ-:.ole dat a f rom t he 

d ist a nce a l low:_ng for variations ir_ fluid or formatio n cav erns . 

Th e processor uses this data to corr e l ate whet her t h e pre

progra mmed wel:_bore diameter :_ s actual ly being underreamed and 

measured . The underreamed we l lbore diameter cal:_ipers are 

generally located above the underreane:::: but in an alternative 

conf i gurat i on ::nay be 9laced withi n t he cutter block itself 

amon g t h e most radi a l:_y extende d c utting e l e ments . 

r:1e:.:l1c·rn 'cci l ccil l i~>i:' T" is µr :.,v'.c:eci ..,.;' : .hin t·:1e c·Jt t.e·:· ·:.:7-:_;c:< wh 'd·. c:°"fey·_c; 

~ robus t lccatio~. Tt~s t~s ~a: b een possible witt previou s 

undcrccancr blcckG d~c t o :~c~r inheren t dcsic:-i li::nitatio n s wjict 

2.c l ..i.vr.1 l..i. c n 1.. L :: c .1c:1 rJr .:. 1 _ .i._10 .'.:_ u .:.c.i pn=es :.,1H , ~. 

(0061] Tr_e skilled man w:_11 readily apprec iate that o t h e r 

p rocedures ll'.a y be im9le me n:-.e d. by the logic c i r cni t with i n t l1e 

processor , whi c::-1 ca~1 be progra:nmed t o cove r othe r scena r ios . 

o p e ra::_nq a:-i cxpa:-is i o:-i t ool :o c n :_arqc a bor ctol c or : ubular or tjc 

.:.o~a l . .i. nq r.1 I.col accorrl.i.~g :.a I.he .:. n venr. .:. o~ .i.~ a bc~eho:_e on a SJ Opc~:. 

be:ow a r estrictio~, ext e~ti:_ ~g the expansio~ ele~e:1: :o an expa:1sic:1 

diare:cr grcatc:::: tta~ :ic rcstr:_ct i on , :_n a prcfcr=cd erbodinc~t ~ 

sel. o.'.: cu l. l.?.r 1. ,) a r: 1.:1~·.ter; ··e;;.rr . .:. ng d.i.a:nel.er greal.e;· l.h2.n ·..he 

=es:rict:_o~, =ctat i:1g : ie :oo: ~nd noving it axi il ll y ~:ong tte 

borcho:_c or. t:10 6::: ill s tr :_ r_q or other c;upport, rr.ca~;uring o.ri:_li:F, 

d v nor·I i '..:s ·ov t ·:1 e v i ly· i:l t. i '..J r: '.,er: .'.;o ,· r:Iec, 11 ::; , :ne,'"j ::;·J ,,. i r·.q t. h e I.lo r· e d' ar·Ietel'· 

by ·.. r,e call.i.o?..c n-.ea:1::;, ;;.r:d t:0.:1·.. _nu.Lnq 1..1':?. ?.xpa:1s.lc:1 opera1.. .:.on t.:ll..il 

the tarqct di::nc:-is io:-i :_ s act:_ c vcd. 

BRI EF DESCRIPTION OF THE DRAWI NGS 

[0062] Embodiments of t he i nvent i on are i:_lustrat ed b y way of non

limiting e xamp :_es i r_ t he accompanying dra.wi ngs , in which : 

[0063] F ig1.;=e 1 i s a gene ral d iagr amma ti c v i e w of a n o i l o r gas 
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well s h owing surface stri.:ctures anci. t h e u:1derground wel l bore , with 

a too l in accordanc e with t he inve:1tio:1 as p ar-: of a bottomhole 

assemb l y ; 

[0064) Fig·Jre 2a is a s i de e:_evation, part C"Jt away t.o show t h e 

expansion elements in a dec.ctivated state , of the t ool of F igure 

l. 

[0065) Figure 2b is a s i de e:..evat i on correspor_di:-ig to Figure 2a 

s howing the expansio n element s in an activated state ; 

[0066] Figu:::-e 3 is a ciiagralllf'.latic c:::-oss sectior. through an 

undei:reaming and ser.si~1g tool in accorda~ice with the i nvention 

simi l a r to -:hat s:iown in the p rev.:..ou s Figures, but having an 

additional stabiliser section at t :-1e trailing upr:ole end ; 

[0067) Figl::·e 4 is an exemp.:.ary logic circuit s h owing the 

reduct i on of uncertai :-ity a nc. a uton ated diagnostics t h at the tool 

provides 

DETAILED DE SCRIPT:ON OF THE INVENTION 

[0068) As s h own in Figure 1 , a n exemplary exp l oration or 

production rig comp rises a surface stru cture 10 at the wellhead , o 

we l lbore 20 , and a drill s:-.ring 30 .:..n t he wellbore with a bottom-

hol e assembly 4 0 at it s lower end . T:ie botto~-hol e assembly 

i ncludes an un<i.erreamer a n ci. cal:..iper tool 50 in accordance with 

t h e invention , and a drill-bit ( not shown ) . 

[ 0069 ] T:ie integrated expan s i o n a nd sensi:-ig tool 50 is illustrated 

in Figures 2a a nd 2b , and co:nprises a tt:bular steel body 52 

provided with a dr.:..lling collar 54 at its downhole end and a mud

pulser 56 at its other end , which i s adapted to be engaged by a 

f u r t her dril l collar (no t sho wn) to connect i t ot:ier elements of 

the bottom-ho:..e assenbly 40 , a.nd t hen to the drill string 30 . 

[0070] Th e tool boci.y a l s o car r ies a cal:..iper 76 a 1:d an expansion 

element asse:nbly 60 between :.he cal lip er 2.-nd :.he dr i l l collar 54 . 

The expansion element as se~nbl y 6 C comprises a number of expansion 

blocks 62 disposed s ymmetrica:_1y, :::-adiio.l ly around the tool body 

52 , and in the deactivated condition shown in Fig:ire 2a the block s 
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are withdrawn into the tool body, but in the activated condition 

shown in Figure 2b the b l ocks are extended beyond the tool body 

against the we2.lbore 20. 

[0070A] Tie ~oo_ jody a:.so ~arr::.es a vib:::atior.. ser..so::: with tte 

expans:_on ele:ne.:-1t asseIT.:cly GC be~,,,een tl:e vi:orectic:'.1 sensor and tte 

[007 1] Figu:::e 3 illus-:rates diagra:nmatica2.ly the aforementioned 

e l ements of :-.he tool 50 , toge:-.her ·,:ith a stabL.iser section 61 . As 

will become apparent the tool sectior.s can be connected directly 

or indirectly to eacr.. other accordin g to r equirement . In this way , 

a plt:rality of em:Oodiments rr.ay be outlir..ed wi:-.hin the scope of the 

i nvention including· variations s·Jc:-i as the stabi2. iser section 

connected to the unde:::reamer or tl-_e stabiliser may simply house a 

caliper rr.eans with or witl1out a mud-pulser rr.eans or the stabiliser 

section rr,ay house ·Jr..de:::reaming blocks . 

[ 0072] As the sensor rr.eans 76 i'.'l(lica:-.eci ::. n Figure 3, further 

sensors may be incorporated ir. 64 or 65 . Data is 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 fur:-.her analysis . The tool is also 

programmed and automated to conduct diagnostics according to a 

logic circuit or diagr..ostic program storeo. in processor 68 in 

order to ensure t:ie ll'.'lder:::earr.er is f·Jnctioning correctly . Once 

corrective steps have bee n taken , a:id if dril2.ing dynamics are 

still not opti:nised, ar: alert signal is sent via the mud-pulser 56 

to the rig-surface :. 0 or to a remote operator so that further 

remedial action s uch as the replaceme:it of ::.he BHA 40 can be 

considered . A memory module associated with processor 68 may store 

sensor information L-iat can be downloaded a::. surface when the tool 

is retrieved, or ser..t to the surface by te le:netry t:'lrough mud

pulser 56. 

[0073] The tool is prov:.ded with a buil ::.- in lir.k to a data 

trans::er sys::.em 56 which rr.ay also serve to monitor real-time 

we l l bore diarr.eter . One or :nore callipers are placed in 76 , 64 or 

66 are spaced witl:in the tool body 52 in order -:o measure wel lbore 

diameter in rea:..-tine or memory . 
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[0074] As further shown in F igure 3, a keyway 74 provides a 

channel for wiring from the sensors 66 to the processor 68 , and 

also to a transponder 72. The w:__r::_ ng is -c.sed to transmit data 

retrieved by t he ser.so::·s to the processor anci transponder . The 

keyway may be sealed and fi llea wit:1 a means to absorb vibrat i o n 

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

body 5? ~n orde·~- t.<., :.ie-::.ect v ibrd-:-.~o n s duri·H:: :_l-~·illing :_:,:,used ·oy 

[orxA·.~on i~ 1.te ~ear wel_hore 28 . 

[0075] The transponder 72 cor.ve:·ts data from micropr·ocessor 68 so 

that it can be transmitted to surface 10 ar.d is linke d to the mlid

pulser 56 whicr. transmits the data to su:::face using a series of 

binary codes at a giver. ::requency ·-.1sir.g drilling fluid as means of 

mud pi:lsat.ion. Ot:ier mea ns of data transfer may be used such as 

wi reless transmission, short hop using radio frequency or electro-

magnetic pulses. 

[0076] ?igl::·e 3 also shows ar. alternative .:.ocation f or a sensor , i n 

housing 66 or 64 connected to wiring ::_n keyway 74 and further 

wiring 78 t o alternative processo r l ocation 68 F.:.gure 3 also shows 

a central axial through 9assage 90 for the flow of drilling fluid 

through the whole bottom-hole assembly 40. 

[0077] Tr..e sensor means 76 , 58, or 6 4 , 66 , is typically housed 

within the t oo l body 52 above the underr eamer 60 , but in a 

variation a cal .:.iper 76, 122 may :Oe lo:::ated with.:.n t h e tool. 

[0078] T:ie tool boci.y 52 .:..s a cylbdrical hig1: grade s teel housing 

adapted to for:n part of a bo:.tom-ho.:.e assembly (BHA) 40 . Figure 3 

shows a n internal co:1r.ection 82 jo.'.ning two parts of tool body 52 . 

At the leading down1:ole end of the tool is a section housing the 

cutter blocks 62 . Connect ion 82 joins L'lis to a central section 

housing measurement and control f·-.1nctions . A further section 61 at 

the uphole end, joined by connect .:. on 65, houses stabiliser blocks 

63 which are constri.;cted and housed substantial .:. y i dentically to 

t he underrea:ner components generally designated 60, except that in 

p lace of cut-::er elements on cu-::ter blocks there is at least one 

surface which is r.ard faced or coated with a hard abrasion

resistant rr.a:.er.:..a.:. . P.. similar construction can be used to expand a 

deformable bore , such as a steel tubular . The 11;eans for attaching 
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t he t oo l body to a drill str i ng or coiled tub i ng c o r:ipri ses a screw 

thread (not shown) provided on the t ool body ,.,hid:. is engagea ble 

wi t h a drill co .:.lar (::10t shown) . 

[0079) =n this a l ternative cor_figuration Lie tool is con figured , 

in a d dition -:o underreaming· capacity , with the underrear.iing tool 

body i n corporating :'1a:::-d facing cutt er b l ocks to act as a 

stabiliser . The hard facing a.cts to prevent cutter abrasion while 

reamin g o r s t a bi:..i s ing t he uncierreamed h ole. Thi s e liminat es some 

of the problems associ ateci wit h l oss of direction al contr o l due t o 

t h e undergau ge stabiliser a b ov e t h e underreamer . 

[0080) In y e t a n other c onfigura tio n the too:.. i s p r ovi ded with a 

s t abilizer cii r ectly o r indirec t:..y connec t e d to the u n derreamer 
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hous i ng where the stabi l iser housing may a l so be provided with 

electronic act ivatior.. means and nay be l inked to a calliper means 

so t hat t he s:.ab:'.. l :'.. zer anc. caL .. i per is i.;.sed to per f orm 

es s ent ially tr.e same func:. :'.. on as t he i n t egrated underreamer and 

c a l liper 

except that t he stabiliser is stabi l ising t he tool and BHA . 

[ 0 081] Tl':e stabiliser may be directly or i:id irectly connected 

to t h e un derreamer a nd ':la~d-wired a ccordingly so as to ensure 

the 

mud-pulser may tra:ismit data to sur::ace . The tool may be 

provided wit'-1 a mud-pulser as a s tandalone t oo l or the mud 

pulser itself may be provided by a third ?arty as would be the 

case when a neasurerr.ent wh:'.. le drilling or .:. ogg:'..n g whi l e dril l ing 

s uite of tools is l ocated in the BHA below t h e :9~:esenr. invention . 

The hard wirir..g configuration of the tool r.1ay be c hanged to suit 

such an a pplicati on . 

[ 008 2 ] T':le tool normally conprises a plurality of such cutter 

b locks 62 , arranged s yrnmet.rically around the tool . Two cut t er 

b lock s are on oppos :'..te sides of the too l , three block s are 

separated by 1 20 d eg:·ees , four by ni ~1ety d egrees , and six b y 

sixty degrees . In operatio:i , the unci.erreamir..g tool 50 i s 

typically rotated o n the dr :'..L string as well as bein g moved 

axia l ly a l ong tl':e wellbor e . 

[0083] 'P.s noted above , the inve ntio n prov:..des a method of 

operating an underreilming tool to enl arge a borehole to a target 

d imension below a restriction , wr.. ic':1 comprises l ocatin g a tool 

as claimed i n any one of the p receding claims in a b orehol e on a 

drill st::-ing below a restriction, activating :.he tool 

e lectronically, extending the set of cutters to a n u nderreaming 

d i ameter grea:.er t han t he restr:'..ction , rotating t he too l and 

moving it axially alo::19· the bore'.'lole 01:. the ci.ri .:.l string, 

measuring wellbore diamet er b y L'le c alliper means , and 

continuing tl':e i.;.:id errearr.:..ng operation u n :. :'..l t he target depth i s 

achieved.. 

[0084] I n addi t ion -::o :.he above , t he tool may be provided wit h a 
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calliper :neans and cutter extensio:1 control means responsive to 

dimension data received frorr. -:.he calliper means . 

[0085] Those skilled in t i1e art wil l appreciate that the examples 

of t he inven tion give:1 by t he specific illustrated and described 

embodiments show a novel underreamir..g tool anci system and method 

fo r underrea:ning ·.1sir..g electroni c act i vation, w.:.. t h numerous 

variations being possibl e . These embodirr.ents are not intended to 

be limiting with respect to the scope of the invention. 

Substitutions , alterations and rnod.:..::ications not limited to the 

variations suggested herein may :Oe made to the disclosed 

embodiments whi:..e remaining wi L'1in the ambit of the invention . 



CLAIMS 

1 An elec:Lronical :_~ 2,_cLiv2_Led i:,tegrated expansion and 
calliper tool that permits simul taneous underreaming a nd 
measur ement of the d i arr.eter of a we l lbore as drilled by an o il 
a nd gas rig, comprisi:,g at leastT one raciially extendable cutte r 
b lock to u nderream, a t l eas t o~e v~ br ati on se~sor t o d e~ect a 
s~ i c~- sl1p c ond i ~ 1on, a nd at leastT o'.'le calliper to measure 
wellbor e diameter h ou sed wi thin a t oo l body 

2 The t ool of Claim 1 whic h is inter-linked by a means of 
commun ication u sing sensors and a M~croprocessor to del i ver a 
desired wellbore diameter 

3 The tool of Cl aim 1 whic h is activated e l ectronically by 
u s i ng wire s , wireless telemetry or electro-magneti c pu lses or 
h ard- wiring or a s hort - h op or co:nbina tion thereof to built- i n mud
pulse telerretry, or using wires , wireless telemetry o r e l ectro
mag'.'letic pul ses or h a~d - wiring or a short- hop or combination 
thereof via a thi r d party mud-pulse~ either us i ng the annular or 
drill-pipe 

4 The too l of any of the preceding claims where measurements 
are processed by a downhole mic~oprocessor that compares the 
measured diamete r with a mini~um programrred dia~eter and 
communication to surface is rr.ade via a built-in :nud-pulser linked 
by a short hop o~ a ha~d wire or combinat i on thereof wh i c h is also 
used to communicate corrmands, and receive data from the 
u nderreamer or calliper or processor in real-time or me mory e i t h e r 
using t he annular o r drill-pipe 

5 The tool of any of the preceding claims where communi cat i o n 
to surface is rrade via a third party mud- pu: ser i nc orporat i ng a 
short hop or hard wiri'.'lg or c orrbination t hereof which i s also used 
to communicate corr~ands , and receive data ! rom the underreamer o r 
calliper or processor in real - time or memory either u s i ng the 
annu l a r or drill - pipe 

6 The too l of any of the preceding clai~s where mea surements 
are take n downhole and stored i n rre:nory for proce ssi ng a t surf a ce 
or downh o l e 

7 The tool of any of t~e preceding clai:ns where the wellbor e 
diameter ~easure:nent is used in r e al - time o~ memory to deliver or 
determine the wellbore dia~eter for a required cementing t hickness 
o r a minimum tolerance for casing 

8 The tool of any of t he preceding claims where t he cemen t ing 
t hickness and casing tolerance i s re~uired to i sol a t e a well 
sec t ion from t h e formation or isolate an e nt ire well f rom the 
surface formation to t h e r e s e r voir 

9 The tool of any of the p r e ce ding clai~s whe r e t h e 
measurement is use d to deliver or to calculate the cementing 
t h ickness or casing tole~ance fo r an expandable t ubu lar a nd to 



i solate t he surface from t he r eser voir 

10 The too l o f a ny of the p receding claims J s ing fib re- opt ics 
or wi r eless t~ansrnission for su~fac e c ommunication which is a lso 
used t o communicate corrmands , and receive data from t he 
underreamer or calliper or processor during drilling in real - time 
or memory 

11 The tool of Claim 1 where a n alert signal is sent to a 
surface controller in the event of t h e processor detecting a 
condit ion 

12 The tool of Claim 11 where the condi tion detec t e d is 
related to a ~inimurr or undergauge wellbore diameter or a maximum 
desired wellbore diarreter o~ a ~oo l fau l t or ~ool failure or tool 
wear or other use~ defined logic in accordance with Figure 5 

13 An apparatus comprising the tool of any one of the 
preceding c l aims whe r ein ex9ansion and calliper rrean s are housed 
in separate e l ongate sections or separate too l bodies connected to 
each other directly or indire ctly by mean s of a connection , (Fig 
3) with at l east one of said expansion element and at least one 
calliper l ocated 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 t ool 
within t he walls o f tie we llbore during ex9ansion or non-expans i on 
and a second said h ousing to measure wellbore diameter 

1 4 The apparatus of Clairr. 1 3 inter-linked by a means of 
communication using sensors and a microprocessor to deliver a 
desired wellbore diameter 

15 The apparatus of Clairr. 1 3 , wherein said housings , sections 
or bodies include a stabiliser element coupled by ~eans of a 
connect i on and where the stabili ser module includes at least one 
radially extendable stabilising block 

16 The apparatus of Clai~ 15 , wherei~ the calliper is housed 
within a stabili se~ h ousing, section or body and the calliper 
measures wellbore diameter a nd the stabiliser stabilises the tool 
during expansion o~ non-expansion 

1 7 The apparatus of any of t h e pre ceding claims wherein the 
cutter b l ocks are provided with high abrasion and impact resi s tant 
c utter i nser ts and where the stabili ser blocks a re provi ded wi th 
smooth resistant s urfaces and where the tool body i s provided with 
a through passage for the f low of drilling fluid from the s upport 
(90 ) which e xits the tool within a nozzle s itua teo next to o r 
within t he cutters 

18 The apparatus o f any of the p r ecedi ng claims activated using 
an electronic s i gnal s ent via wire l e ss telerretry or e l ectro 
magnetic p ulses or hard - wiring or a short-hop or combinat ion 



t hereof to built-in rrud-pulse tele:netry, or using wire less 
te lemet ry or electr o-mag~etic pulses or hard-wiri~g or a short-hop 
or co:nbina tion the=eof to a third par ty Mud-p~lser either using 
the annular or drill - pipe 

19 The apparatus of any o f t he preceding claims where 
measurements are processed oy a d ownhole microprocessor t hat 
compares the meas ured diameter with a minimum p r ogrammed diameter 
and commu~i catio~ to surface is made via a built-in mud- pul ser 
linked by a short hop or a hard wire or comb~nation thereof wh ich 
is also used to communicate comma~ds , a nd receive data f r om the 
underreamer or calliper or processor in real - t ime or memory either 
using the annular or drill-pipe 

20 The apparatus of any of the preceding claims where 
communi cation to surface i .s :nade via a t hird party mud- pulser 
incorporati~g a s h ort hop or hard wiring or combination t h ereof 
which is a lso used to corr:nunicate comrr.and.s , and r eceive data from 
t he underrearner or calli9er o r processor in =eal-t i me or memory 
either using the annular o r drill-pipe 

21 The apparatus of Claims 13 , 15 a~d 16 to measure and record 
wellbore diameter in memory mode by at l east one section of the 
tool and permit transfer of the diameter measurements when the 
tool i s brought to surface . 

22 The apparatus of any of the preceding claims us ing fibre-
optics or wi re l ess transrr.ission f or surf ace co:nmun i cation 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 apparatu s of a~y of t h e preceding claims where an a l ert 
signal is sent to a surface controller in the event of the 
processor detecti~g a condi t i o n 

24 The apparatus of Cl aim 23 where the condition detected i s 
related to a minimum o r underga~ge wellbore diameter or a maximum 
desired wellbore diameter or a tool fau l t or tool failure or tool 
wear or other use~ defined l ogic i n accordance w:th Figure 5 

25 The apparatus of Claims 13, 15 a~d 16 where t h e telemetry 
means is hard wired or uses fibre - 09tics o r i~c ludes a short hop 
or wireless telemetry rreans or co:nbination the~eof to t ransmit 
data recorded by said tool t o a tel emetry p u ~se~ :or further 
transmiss i o~ t o the surface 

26 The appara tus o f any o f the preceding wI'-ere t he we l lbo re 
diameter measurement i s used i n r eal-ti:ne or memory t o deliver o r 
determine the wellbore d i ameter for a requ ired cement i ng t hickness 
or a minimu:n toler a n ce fo r casing 



27 The apparatus of Clai m 26 where the ce~enting thicknes s and 
casing tolerance i s required t o isolate a well section from the 
formation or isolate an entire well from the surface formation to 
t h e reservoir 

28 The appara tus of Claim 26 where the measurement is used to 
deliver or to calculate the cerrenting thickness or casing 
tolerance for a~ expandable tubular anti to isolate the surface 
from t he reservoir 

29 A tool or apparatus as clairr.ed in any one of the preceding 
claims furt_her com:orising t_eleme::.ry means (56) for communicat_ing 
sensor data (76 ), anti other co~trol signals between the tool and a 
surface 10 decoder (14 ) anci user interface (16 or 18) or remote 
user in real- time so as to optimize performance 

30 A tool or apparatus as clairred in any one of the preceding 
claims connecteci to a a.rill-bit , bull~ose or rotary steerable or 
other drill-string or downhole work-string component 

31 A tool or apparatus as clairred in any one of t h e preceding 
claims where the calliper is an acoustic calliper 

32 A tool o~ apparatus as claimed in any one of t he preceding 
claims where the calliper i s a mechanical calliper 

33 A tool or apparatus as c l airred in any one of t he preceding 
claims wherein at l east one positional sensor d etermines the block 
position relative to the tool 

34 A tool or apparatus as claimed in any o~e of the preceding 
claims where ~easurements are taken downhole and stored in memor y 
for processing at surface or downhole 

35 A method of operating an expansion tool or apparatus to 
enlarge a bo=ehole or tubular or like passage ::.o a target 
dimension beyond a restriction , which comprises locating a tool as 
claimed in any o~e of the preceding clai~s in a borehole on a 
support below a restriction , extending the expansion element to an 
expansion dia~eter greater than the rest~iction , rotating the too l 
a nd moving it axially along the boreho:e on ~he support , measuring 
we llbore oiameter by calliper means, ano using the processor 
acting i n response to data received fro~ the calliper means to 
optimize drilling so as to a chieve a target wellbore diameter and 
depth and reduce common causes of errors or failures. 

36 A method as clai~ed in t he p r eceding claim wherein t he 
surface interface activ a t es the t oo l or apparatus ~sing electroni c 
means or controls t he dril l string during the underreaming 
operat:.on . 

37 Underreaming control apparatus compri sing an integrated or 
separately housed calliper a nti underreamer tool a nd a processor i n 
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data reception contact wi th the calliper and in control contact 
with t he underrea~er ada9te6 to control t~e underreamer i n 
response to the calliper ciata measuring wellbore diameter 

38 Underreaming control a9paratus accoroing to Claims 29 , 31 , 
32 and 33 furtr.er including a sur::ace control and communications 
and data exchange means between said surface means and processor 
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