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EXPANSION and SENSING TOOL 

FIELD OF THE INVE~TION 

[0001] '::'h:..s ir.ven:. ion re.:.at es t o an int egrated expansion and 

sens i ng tool that .:.s c apable of en.:.argi~1g and measuring borehole 

and tubular diameters, especially wellbo~:es in the oil and gas 

i ndustry. The tool =inds particular 1.:.se as an under reamer capable 

of sensing vibrat.ior. , but can also oe configured witi'1 other 

sensor s such as ca.:.l ipers to rr.easure wellbore diameter . 

(0002] Whe~ construc:.:..ng an explora:.ion or prod~ction well, 

numerous downhole operations are conducted to drill and measure a 

borehole so :.hat it mee ts the desired well - plan . Dri .:.ling itself 

may utilise a reamer to ensure tr..at the hole diameter that has 

been drilled by the bit is maintaine d within the given tolerance . 

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

a r e substantially t::-ie same as :.he maximurr. cut-:: .:. ng diameter of a 

rearner , which i s fixed anci is suost.a~1tially the same as the bit 

diameter . This max.:.mum cutting ci..:.ar'.leter is <i.ef.:.ned by the pass­

through dia.rr.e:,er of a:,y restriction ir_ the borehole above the 

operating location . 

(0003] In cor_trast to a reamer , an underreamer is used to enlarge 

a borehole beyond its orig·ina.l drilled size . Enlargement is 

typically done be .:. ow a restriction i n the boreho.:.e , a nd the 

c utting diameter of ar.. ur_derreamer is alw2-ys greater than t hat of 

the pass-through diamete:::: of the restriction . Additionally , an 

underrearner is provided with activation and cieact.:..vation modes and 

mechanisms for exter..di:,q ano. retracting cut:.ing e l er'.lents to ensure 

effective underreami~1g once i t has passed below the restriction . 

[0004] Meas~.:::-emen:. may inv olv e the acquisitior. and communication 

to surface of various typ es of we .:.lbore data such as drilling 

dynamics, resistivity , porosity , permeability , azimuth , 

i nclination and borehole dia:neter or rugosi ty , formation dips or 

bedding a::J.gles . 
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[0005] Meas urement i :.se:_f occurs in two n odes, either wire l ine or 

logging-while-d:::- i l ling . W:'.. rel ine is by far the nos t common 

measuremen t :.ech n :'..qu e and is performed as a separate and 

consecutive act ivit y to drilling :'..nvolving the conveyance of 

measurement -::;oo :_ s 0:1 a wire or cabl e . Wireline calipers use a 

plurality of fingers to take :Oore:"lole diarr.e:.er measurements . 

However , wirel:'..ne cal i pers can on:_y take measureme:its i n an axial 

d i rection . Due to t ~1is limitation , they can on:_y b e used after 

drilling otherwise the :::-otati onal a n d impac t forces of drill i ng 

would c2.use :.hem t o break . Hence a separate cal iper run is 

requir ed after ciri:_ling to :neasure :Oo~:ehole diameter . 

[0006] Logging- while - drilling or measurement-while - drilling tools 

may acquire variou s data fro:n the we llbore . For dri lling dynamics , 

measurement-while-dril:_in g are the preferred neans of acquiring 

dr i l ling cia:.a suer. as vibration . Aco·Jstic calipers rnay be 

incorporated wit:1i :1 l ogging t oo l s . As they can :Oe rotated, 

acoustic ca.lipers may be used wh:'..le drilling to acquire 

measureme nt data . '--!oweve r , a lmo s t a ll l ogging tools are configured 

as complet e systems ar..d are onl y available at very high cost . 

Furthe r they also s·Jffe:::- frorr. limitatior.s in app:_icat i ons wi th 

s l ide di::il ling , where a downho l e motor rota:-_es the bit and drags 

the drill.string and bottom-hole assembly , or BHA . Or i n Rotary 

steerable appl icatio~1s where they a:·e configured ne ar to the b i t . 

Therefore , t he location of :.he sensor is wi :.hin the BHA below the 

underreamer . It can only give read:'..ngs a::ter the sect i on has been 

underreamed . 

[0007] Pre se:itly, boreho:_e measur e me nts do not provide for 

drilling dynamics data s9ecif.:.cal:.y acting on t h e u nderrearner . It 

is r outine for dr:..l :_ ing dynamics d ata to be taken below the 

underre arner but t:"lis does not in a ny way characterize the forces 

acting on the underreamer . 

[0008] F·Jrt her , wellbore dianeter measuremen ts are often not tak en 

a nd the tirr.e-:_ ag assoc i atec. wi th t r_e separated operations of 

en l argement and measi;:::·ernen:. l ead s to u::1certainty and u nnecessary 
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cost . I n t he case o:: 'Jr:derreaming, wellbore measurements are taken 

a f t er underreaming, whi c h rr.eans a separate caliper r u n a nd a t 

t imes f u r ther correct ive runs t o att air: t he c.es:'..red we llbo re 

d iameter . 

[0009] Further , as driLing has already b een cor~plet ed and no 

vibration data was acquired direct l y a b ove the underreamer , there 

are no means of neasuring ::he actu a l ::or ces acting on t he 

underreamer or :..ts b e haviour in r eal-time . The present invention 

is di::ferentiated in this aspect as it p:::ovides real-time drilling 

dynamics cia::a of tr_e ·Jr:derreaming op e ration whicr:. would e n a b le a 

driller to ident:'..fy a vib:·ation mode a nd change drilling 

conditions to e:..ir:1inate the vibratior:. This would r·educe harmfu l 

vibr at i on s which a r e a ma. j o r cause of downho l e tool failures as 

wel l as the lower rates of penetration relat ed t o underreaming in 

medium t o hard fornations or in::erbedded formati o n s . 

BACKGROUND OF THE INVENTION 

[001 0] Oil a:1d gas accumu:..ations are found at depth in different 

geological bas :'.. n s worldwide . Exploratio n and production of s u ch 

accunulations rely or_ the constru ctio:1 of a we ll according to a 

well plan . 

[0011] Variou s well types e xi s t and are defined according to u sage 

s u ch as wildcats o r L, ose use d in explorat i on; cielin eation ; a n d 

production and injection . Variations i n well profile exist also 

according to vertical , slant, d irectio:1al and horizontal 

trajectories . Eac:1 di::fers a ccord:'..ng to the oil company ' s 

objectives and the challenges L,at a given basin :9::::-esent:s from the 

s u rface of the ear t h or the ocean t o t :ie h ydrocarbon res ervoir at 

a given underground depth. 

[0012] Enginee ring c ha:..lenges a:::-e relat ed to t h e l ocation of the 

well-si t e such as onshore or offshore, seawater depths , format ion 

pressures and t empe=at u:::e gradients , fo:::~a ~ i on s t resses and 

movements and re se:::-voi:::- t ypes sue'., as c a:::-bona.~e or sandstone . To 
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overcome these c :,a llenges , 2. high :.. y detailed we :..1 plan is 

developed which con tai::1s the well objective , coord:.. nates, legal , 

geological, technical , wel l engi neerir.g and dr:..l:..ing data a n d 

ca l cu l ations . 

[0013] The data is used t o plot a well profile using precise 

bearings which i s designed in consecu tive te l escopic sections 

s urface , i ntermed:..ate a nd reservoir . To deliver t:ie well objective 

a nd ma intain the i:-i teq.::::ity of we ll over its lifecyc_:__e , a given 

wel l bore with m·.1ltiple sec::: ions and diameters is drilled from 

surface. Al:-.h ough t h ere are many variar_ts , a simple vertical well 

d esign could inc l ·.1de a s urface or t op <,o l e diameter of 1 7 " 

( 445mm) , intermediate sections of :..3 5/8 " (360.:nm) a nd 9 5 / 8 " 

( 245mm) n a rrowing down t o tr.e botto:n- h o l e d i ameter of 8 " ( 2 1 6mm ) 

in the r eservoir section . 

[0014] Each consecutive sectio r. is ' c 2. sed ' wi tr. t h e s p ecified 

diameter a nd a nur'.lber o.: metal tubes placed into the wellbore 

according t o the l e:19·th of ::.h e sect i on. Ea.eh rr.ust b e connected to 

each other 2.fter which they are ceriented into the appropriately 

sized h o le with a give:-i t o l erance . In t h is way , a well is 

constructed in s t aged sect i on s , eacr_ section o.epende nt on the 

comp l etion of tr_e previous sect..:..on until t he wel:.. is isolated from 

the formation along the e ntire d i sta:-ice frorr. surface to the 

reservoir . 

[0015 ] Scarcity of oi l and gas is driving o.:.. l a nd gas companies to 

explore 2.nd develop reserves in :nore challenging basins such as 

t h ose in water-depths exceeding 6 , 000 ft (1830m) or below massive 

salt sect.ions . These wel l s have r..iq:ily complex directional 

tra j ectories witr_ casing des i gn s :..nc lud ing 6 or :nor e wel l 

sect i o :1s . Known i n the art as ' designer ' or ' c l ose to lera n c e 

casing ' we l l s , t h ese wel l s have na.'::row ea.sing d iameters with tigh t 

tol erances and have c~e2.teo. a need to e::1lE.rge the we l lbore t o 

avoid very narrow d i a met er r e servoi r sect i ons and lower prod uction 

r ate s . 
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[0016) '::'here:::ore , the bot tom-hole assem:Olies that are needed to 

drill t hese well s routinely include devices to u nderream the well­

bore below a g.:.ven casing diameter or other res::.riction . I n this 

way, ur.derreamed hole size has becone an integral part of wel l 

construction and t:1e:::e is now an inc:::eased ci.ependence on 

underrearning :.o mee t plc>,nned well:Ocre diameters. 

[0017) To those s k illed in tr.e a::::t , i~ is know::i that underreaming 

activities generate ·.1r.certain~y as to drilling dynamics a nd 

enlarged wellbore diameter. This .:.s because the prior art does not 

provide for cirL.l.:.ng dynamics data acting on the underreamer _ If 

any drilling data is provided, .:.t is in the pilot hole or where 

drilling has already taken place. Consequently, L'1e lack of 

underr eaming dynar:iics and vibration data resu:..ts in a limited 

understanding of tr.e actual l oads and forces acting on t h e 

underreamer in real-time . 

[0018) The present invention is differentiated in this aspect as 

it provides real-t.:.me drilling dynar:iics data of the underreaming 

operation which would enable a dr.:.ller to identify a vibration 

rnode and change drilling cono.i :..:.ons to eliminate the v ibration . 

This woulci reduce r.armful vibrations which are a major cause of 

downhole tool faih.:::::es as well as L'1e lower rates of penetr at i on 

re l ated to underreami ~1g in rnediu:n to ~1a:·d :orrnations or 

interbedded formations . 

[0019) '::'he data maybe transr~itted in real-tiine by means of data 

transfer (mud pu :.. se tele:netry , fibre-optic or other) or maybe 

stored in merr.ory and dowr.loacieci at a late:· tiir.e . The present 

invention would make ·Jr..derreamed dr.:.lling data available and 

optimize underreaning 09era:. ions t hereby reducing :ailures and 

improving drilling efficiency . 

[0020) Tr..e present invention provides for a novel approach that 

measures underreaming d::: i l ling dynamics a.nd p.:.lot hole drilling 

dynamics considering t he two as separate but inter- related with 

each subjec~ to different levels of v i bration, weight , torque , 
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bending momen::.s , accelerat i ons etc . Typical ly , an underreaming run 

has no means of .:..nvestiga ting dril l ir:g d ynamics at the 1.rnderreamer 

a n d t he r e fore c o r rective 2.ctions a r e l i mited ::.o red uci ng the r ate 

of p e netra::.i on, reducing t he rotary s p eed, reo.uc :..ng t h e weight on 

b it . 

[0021 ] Drillir.g vibration occt:.::::s in two nodes which are classed as 

resonant i . e . torsior.al , axial , late::::al and non-resonant 

vibration, i . e . eccen::.ric , sudden rr.oci.es re l easir:g stored torq ue 

known as backward rotat i on ano. wl:irl . Each mode maybe defi ned 

separately but .:..n reality all rrodes a:·e expet·ienced during 

drill i ng , the severity of each l evel depends on the drilling BHA 

design , drilling driamics and geo l ogical forir.a::..:..ons . /:1.xial 

vibrations are often mani f ested as a stick-slip cond.:..tion wl1ere 

weight appl i ed at s·--1rface cau ses comp::::ess i on of t:ie drill-string . 

Due to the geometry of t h e wellbore ar.d be nding moments , the 

weight is concentrated at the wides t d i a meters o f the dri l l - string 

which i s the unaerr eame r, st abilize r s , :::-ot a r y steerables and t h e 

drill-bit . 

[0022] By detailing t h e e x act nature of v.:..bration a:. the 

underreamer , :.he present invention woul d be able to alert tl1e 

driller when vibratior. ::::eaches a certain level , therefore 

highlighting a cr.ange in dri l ling parameters or geological 

conditions ::.hat : iave causeci such a change . Previous l y , t his would 

not be p ossible and d::::illing delays could occur . 

[ 0023 ] Previously, ~o overcor:ie the lack of ·.1r:de::::rearning drilling 

data the i ndustt·y h as relied on rnodels of the b .:..t and u nderreamer 

wear in varying formatio::-is to investigate the effects that 

formation loading r.as o n bot h . However , t he mode 2.s are based o n 

p r edicted val ues r aL7e:::: tha n act·--1a l mea s ur e me nts . In t h i s way , the 

present invention wot:.ld not onl y op timise dril l ing during 

underreaming operat i o :-is but also provi d e for accu rate input data 

for modelling ciri.:.ling dyn amics . 
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[0024) '::'he p:::-esen:, invention wou l d characterize underreamer 

dynamics during drilling anci. would h .:'..g:1ligh:. wear and avoid 

premature failures due to tool ci.es.:'..gn weak spots or u sage related 

to sur=ace or downhole par a:net ers as well as to opt .:'..mise t he rat e 

of pen etra:.ion and hole cleaning . 

[0025] Prior a r t patent specifica.tion W02006/083738 our. l ines an 

apparatus and method for mechanical calliper rr.easurements duri n g 

drilling a nd logging-while-d:=illing . The s pecification outli nes 

gener i c configurations of ~ec h anical callipers-while-drill ing as 

an improv e:nent on neas ure rrent s taken after ciri.:.1.:'..ng or wireline 

measure me nts. Tc tr.os e s kill e d in the a:::-t it i s c l ear that these 

measure ments are u,1relateci :.o drilli ,1g dy,1arnics . 

[0026] \1\10 2006/083 738 does not solve the problem of providing 

unde rreaming dr .:'.. l ::. ing dynami cs , nor does it address t h e 

integration of a vibration sensor i::1 2-.n underreaner , nor does it 

disc l ose a n under reaming t oo l . The disclosure of a ' cutting tool ' 

i s f urther specified as a ' cut:..'.ng oit ' or ' r·earr.ing bit ' which to 

those skilleci .:..n tbe art signify ' dr.:..lling ' and ' :naintaining h ole 

diameter ' respectively . Both are distinct from underreaming which 

is con cerned w:..th inc reasing ho l e diameter be.:.ow a restriction . 

[0027) In Pater..t Sp ecification US2000/6419033 ar. apparaLus and 

method for drilling a wellbore .:..s outlin ed wherein a pilot 

wel l bore sect i o n i s d-::illeo. by a bit a nd i s e nlarged by a tra i ling 

underreamer to the desi:·ed size . One or more steering sections 

between the underrean er a nd drill :Oit are u:.il.:..zed for maintaining 

and changing t he drilli:-ig dfrect.:'..on . The specification out l i nes 

generic configuration s of direct.:..onal drilling using a plur ali ty 

of ad justa ble force application in a non-rotating s ~eeve and 

control rr.eans t:'lereof . There is no teaching of con t r ol or 

measurement of under rearning d i amete rs . 

[0028] To t h ose sk i l led in tr.e a:::t 2-.nd a.s can be seen from the 

well c o:--istruction process , US2C 0 C/64 1 9033 focuses on directional 

dr.'.lling 2-.nd the me a r..s of contro l li:--ig ::orce applied to t he 
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wellbore , and cioes :10t adciress t:'le same ::,::roblems as t he present 

inv e ntion whicr. .:.. n t egrates anci a utonat es t he u nderreamer and 

callip er . 

[0029] Moreov er , t he d i sc l o sure c on c erns a specific t ype of 

bottom-hole asser:1b:..y fo~· a plurality of for·ce app:..ication members 

in directional ciri:..ling and underreamir.g . This prec:..udes all other 

systems of directional drilling s ·Jc:'l as those that are rotating o;c· 

those that do n ot ·Jse inde p e ndent force applied to the wellbore . 

[ 0 030] Moreover , US2000/6419033 focu ses on the specific liner 

dr i lling appl i cation probl e:n whic:'l , which is not an aspect of t l1e 

present i nvention w:-ii c h is to e:..ir.iinate the uncertainty associated 

wi th the prior art in all underreami ~ig applications . 

[ 0 031] : n the aspects of a se~isir.g underreamer tool capabl e of 

measuring dr i l l ing dynamics and e:..ir.iinat.ing downtine a nd premature 

failures , the prese:-it invention is diffe::en-:iated f rom the prior 

a rt underreamers exem9lifieci by CA261 7699 anci GB241 7267 . These are 

unsatisfactory as they t h e r e are :10 actual underreaming dr i lling 

dynamics measurenents whe ther direct o::: i:,fe rrecj . 

[0032] It is unsatisfactory to d epend on ind.:.rect indicators such 

as whether cutter blocks c:.re open or c lose<i or whether f l uid 

pathways ar·e open a~id a pressure spike is seen at the rig floor to 

indicate activation . Si..:.ch indicators do n ot provide actu a l 

measurements of t.r.e underrearned wel:.. -bore underreame d nor do they 

provide verificatior. of underrea1:iing p e:::-formance ; they simply give 

i n formation on t:'le r:1echanical or h ydraulic s:.atus of an aspect of 

the tool which may or may not lead to the desired wel l diameter . 

[0033 ] ':'o t'.'lose skilled in t h e art , it is knowr. that the i ndust ry 

re l ies on even more :::-i..:.d imen:.ary and time-consuming ind icators of 

verification such as an increase i r. dr illing torqu e as cutters 

interact wi th t r.e for mation or even pul l ing up tJ-:.e drill-string 

and underreamer to t he previous ho l e s ize in order to see whether 

the top- dr ive s tal :..s as t he bottom-r.ole asse:nbly gets stuck due t o 
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the expanded tool. Or by dri l ling a pLot hol e sect ion with t he 

u nderreamer deact i v a t e d and p u lling b ack i n t o t he pi l ot hole . 

[0034] I n the specific aspe ct of drilling dynamics a n d 

underreami:19 :Oe:'1avio u r , t he a bil ity t o acquire accurate data o n 

vibration, stick-slip, loacis a nd other accelerations by means of 

the pr·esenc. inventio:1 optirr.a L .y d.:..::ferentiates it from prior art . 

Prior art underreamers do not p rovide ::or in-sit·J data 

measurements on drilling dynamics o r l oads a nd tr.erefore their 

performance , desig,1 or configurat:..on cannot be opt.inized f rom one 

j ob to a n other . 

[0035] A l'.lajor o.rawbac:< of p~i or art underreal'.lers is their c u tting 

performance in t e rr:'IS o:: rr.a in:.aining similar rat es of penetration 

t o the bit . To on e skilled in :.he art, it i s known that the bit 

has optimized cies :.. gns due to the well characterized drilling 

dynami cs whi c h is we ll i.:::-iders:.ood by mea::-is of meas ureme n t-while­

dri l l ing da:.a acquired in the p i :..ot-hole . Further c utter e l eme nt. 

placements and nozzle locations are o:9timized :.. n the drill - bit and 

n ot necessarily so :..n the underreamer and t hi s often leads to the 

bit outperfor~ing the underreamer . 

[0036] Con sequ e ntly , th.:..s leads to eiL'ler a separate under reaming 

run a::ter driL.. i ng the section , or· leads to :.he tmderreaming­

while-drilling itself taking several atterr.p:.s before a compl ete 

section is uncierrearned se.tisfactor :..ly . In terms of drilling 

dynamics , the optimise d drill-:oit drills a t a faster rate of 

penetration ::..han t r.e unde r reamer ·,.('1i c h has ::.roub:..e maintainin g 

similar ra::es of p e net~ation . Due to tr..e distances between the bit 

and underrearr.er which maybe 1 2C ' or More , t he b i t may have exited 

a hard fo:-::rr.a:.ion or :..ayer while ::.he underrea:ner may just be 

entering the e a r l ier hard forrr.at.:..on or hard layer as it is may n ot 

be connected d irect ly to the bit . '::'he prior art ·,.mderreamers do 

not p~ovide for measi.:~emen:.s of the dr i lling dynami cs con cen trated 

a t the underreamer . 
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[0037] The::::efo::::e, :.he prior art does not :_end itself to a reliable 

or certain means of measuring under:::-ei'!ming dril:_ing dynamics in 

real -time or rr.emory mode. 

[0038] f ·Jrther the prior art perpet uates dril ling i n eff i c iencies 

due to the uncertair_ty of actual vib::::ations at :.he underreamer . 

[003 9] F'.irther the prior art does not provide for accurate input 

into ur.der·reaming and drilling models . 

[0040] Further the prior a:·t does not a:_1ow fo :· the tiinely 

identification of vibration modes or their correction in real ­

time . 

SUMMARY OF THE INVENTION 

[0041] Tie present invent.:.on has for a pri:icipal object to provide 

an improvement on tr_e prior art wr_erein the actual drilling l oads 

and vibration experiences in --:he underreamed hole is measured 

directly in rea:.. time, that is to say sirr.ultaneously with, or 

immediately after , an expansi on operation. 

[0042] The invention seeks to mee:. :.he need for a n integrated 

underrearner a nd drillir.g dyna:nics sensor , which pr·ovides for· real 

time drilling dynamics p erformance ve::::i::ication and automated 

troubl eshooting in the underrea:ned '.'lole . This has not been 

forthcoming .:.n the prio:- art . 

[0043 ] T~1e p:i:·esent invent.:.on seeks :.o provide accura:.e input into 

underreaming and dri lling models by using real-tine or memory mode 

d ata based on i n-siti_:_ vibrati on levels ::::ather than the predicted 

values . 
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[0044] Tr.e present invention opti:nizes dr illi:1g efficiency by 

i d e nt ifying t he optir:ial opera-:.:.onal para:neters to ensure minimized 

vibration thereby increasing -:oo:_ life anci :ninimizing the need for 

corrective underreami:1g runs by providing real-time drilling 

dynamics data which a llows :-.he dr.:.ller to respond ear l ier thereby 

saving ti:ne a nd money . 

[0045] :t .:.s thus a n object of the present .:.nvention to provide 

sensors in-:egrated within an underreamer , enabl:._ng the i ntegrated 

d evice to give .:.1111:iediate 1reasu rement of the vibration levels 

s ustained dur.:.ng t:ie wellbore-w:._dening operation and , if these are 

found to be cr.:.t:..cally high, to automatica l ly reconfigure drilling 

parameters to bring vib.:::ation l eve l s to satisfactor y levels in 

real-time or to perforn such a.nalys:._s in rr.err.ory rr.ode and provide 

i nput for dri:_l:._ng dynamics models . 

[0046] A:. t hough underreaming i s a princ ipa:. route to we l lbore 

e n largement, the .:.nve:1tion env:._sages alternative en l a r gement means 

simi l arly integrated with sen sor measure me nts of t h e en l arged 

bore . These alternative means co·..1ld i:1clude b:._centre bits , fixed 

wing bits , eccentric ·..1r.dec-reamers a:1d e xpandable bits . 

[0047] It is a fr..::::ther o:oject to lJ::::ovide a tool capable of 

simultaneously conducting well - ~ore e:1largement , measuring 

v i bration or stick/slip levels witr.ir. the enlarged we l lbore , 

taking calliper meast:::::emen-:s preferably by an acoustic echo-pulser 

and sensor , ano verifying performance through a processor 

arrangement -:hat ·..1ses sens or data to detect und.ergauge hole a nd 

conducts diagnost :._ cs accordi ng to a l ogic circuit in order to 

ensure the underrean e r is functioni:1g co.:::-rect l y . If the corrective 

steps have been taken and the c a :_liper inciica-:es that the p l anned 

h ole diameter i s st i l l :1ot being de :_ivered a s i g nal may be sent to 

the rig- s u rface or t o t he loc a -: .:.on of the opera-: ing engineer so 

t hat fu.:::-ther re:nedial act ion can be taker. , such as too l 

replacement . A memory mode ma y sto.:::-e sensor i nforn at i on that can 
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be downloaded at surface when :.he tool is retr_:_eved , or sent to 

the surface b y t elemetry. 

[0048] n ·_e tool may a lso h ave a built-in lL1k to a mud-pulse 

te l emetry system tc a l low real - time mor:itoring of L 1e u nder­

reaming opera-::_:_on . One or :uore sensors r:iay be optimal ly spaced in 

order to detect a number of conditions during a given time period 

within the enlarged wellbore . 

[0049] A keyway may provide a channe l for wirir:g from the sensors 

to the processor and t~an spona.er . ':'h e wiring can :Oe used to 

transmit ci.a-::a retrieved by the vi:oratio:1 sensors , as well as 

positional data from the mechanical blocks, to :.he processor and 

transponder . The keyway may be seal ed a:-id filled with a means to 

absorb vibrat i on such as silicon gel or grease and to maintain 

wires in 9osition . 

[0050) The transponder convert s data so that it can be tra nsmitted 

and is l inked to tr_e m·Jd-:9ulser wr_i c:i tra.nsrr.i :-.s the data to 

surface usir:g a series of binary coci.es at a give:1 frequency using 

drilling fluid as means of mud pulsir:g . Other '1\eans of data 

transfer :nay be used sc;ch as wireless transmission short hop using 

radio frequency or electro-:nagnetic pulses or fibre-optics . This 

al l ows up and down.:.ink of t h e tool ir: orde~ to rece_:_ve and 

transmit data and command s . 

[0051 ] At s·Jrface a transd·Jcer ma.y be incorporated within a 

decoder h cusir.g which decodes the binary code and may link to the 

driller ' s ter:ninal or may b e yet f·Jrther transmitted by satellite 

or other means to a re1:1ote opera:..:..ons ce~1tre . 

[0052] '::'hese a r:d other objects will e:nerge fror:i t he fol l owing 

description ano. the ap9ended c l aims . 

[0053] In one aspect , :.he inv e ntion prov .:..des an expansion and 

sensing tool comprising a tool body , mea.ns for attach i ng the tool 

body directly or indL::·ect l y t o a sup9ort where:Oy it can be rotated 
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and moved axially alo:1q a b orehol e below a restriction , at least 

one expansion e l emen t adapted :-.o be e x tendabl e from t he tool body 

to an expansion d iamete:::- g-rea-:er L-1a:-i the restriction , and sensing 

mean s houseci. with:._n t he t ool body and adapted t o neasu re d ri l ling 

dynamics as expanded by t he expan sic:1 element ciur:..ng o r 

immediately after expa:-ision . The sup:9ort rr.ay typical.:..y be a drill 

string or an extended length of coiled tubing , as used in downhole 

operations in oil and gas fields . 

[0054 ] In p::::efe::::reci. e:nbodimer_ts of -::he inve:-ition , the expansion 

operation is an underreaming applicatior_ , and expansion elements 

comprise a set of cutter blocks optimally configured with c u tter 

inserts and nozzles . Alternatively, the expansion e lements may 

comprise expans:'.on blocks , which may be of simi.:..ar construction to 

the cutter bloc:<s , but having outer s u rfaces where cutter elements 

may be ::::-eplaceci by a hardened :naterial . Such expansion blocks may 

simply bear under pressure against t h e inside of a t ubular wal l, 

with sufficient force to ci.eform it ot:twardly to a .:..arger d iameter . 

In yet another a.:..ternate configuratior_ , the sa:ne blocks may simply 

bear against the u:-ider:::-ea.rr.eci. we llbore in order to stabilize the 

t ool within -::he we.:..lbo::::e without enlarging the bore . The same 

b locks maybe rece:._ved within an additior.al section o:: the tool or 

a sepa r·ate steel body suitably prepared to provide a means of 

stabilization to t':1e expansion operation . Alternatively, t he same 

b locks maybe received within 2.n add:..tio ~ial section of the tool or 

a separate steel body suitably prepared to provide a means of 

stabilization for underreaming applications . 

(0055] :t is to be noted -:hat the description ':1e~ein of the 

structure and operat ior. of cutter or e xpansion blocks is 

appl icable general ly, irrespective of :'unction, except to the 

extent that cutter :._nserts rr.a y be provided spe c :._f .::.cal l y for 

underrearning purp oses and re:noved for e xpansion purposes. 

[ 0056] TJ--.e tool body is typically a cylindrical high grade steel 

housing adapt ed to :'orn part of a bot ton-hole assembly ( BHA ). 

Thus t he rr.eans for at taching ::.he tool body to the support , wheth er 
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i t is a drill string or coi l ed :.ub.:'..ng , may c orr,pr .:'..se a screw t hread 

provided on :.he tool bod y which is er_gageable wit:--i a dril l collar . 

The a t tac hrr,ent to t he drill s t r.:'..ng need no:. be d irect , but may be 

indirect , as there will typica l l y be many different fun ctional 

e lements t o be include d i n t he :.. ong a::1d ::1arrow BHA, and the 

arrangement of the su:::cessive e:..er:1ents may vary . The lower end of 

t h e BHA rr.ay be tr_e drill bit , or a b·Jll n ose , and in between there 

may or rnay not be a mear.s for· cii r ectio nal con:.ro :.. s1.1ch as a rotary 

steerable syste:n. ':'h e too l b ociy :na y be provicieci w.:'..t r_ a through 

passage for -:.h e f l ow o= drilling f:..uid from the dr.:'.. 1 1 string . 

[ 0057 ) The set of cut:-.ers may corr.prise a c ut ter block carrying a 

p l urality of c utter e l ements ci.:'..rected outwarci:..y of the tool body . 

The cutter bloc:-<: may b e received with.:'..n the tool body i n a cutter 

b lock c hamber h av.:'..ng a ~1 open :nout:1 , and the cut:.er rnay b e 

extendable fro:n t:ie chamber through tr_e c h a mber mouth with t h e 

c utter e l e ments pr·ojecting from tr.e tool body, and retractable 

back into t h e c hamber . The cutter e l e me n ts rr.ay be 

polydiamondcrystalline insert s , or o-:.h er ir:s e::::: ts according to 

requirements . 

[ 005 8) Tr.e tool may :.hen oe provided with means for ext ending a nd 

retracting the c utter block from a::id into the cutter block 

c h amber . The :nicroprocessor c ontrol mean s :nay be su i tably adapted 

to receive ciri:.. l.:'..ng dy::iamics data from tr..e sensor means and to 

control the dri:..l.:'.. ng operation or tr_e position of the block in 

r·esponse thereto . 

[ 0059 ) T:1e tool rr.a.y comprise me2..n s for monitor ing t he e x tension and 

retraction positior:s of the cutter :olock in t he cutter block 

chamber . The tool nornal l y compri ses a plurality of such cutt er 

blocks , arra nged symmet::::-ical l y aro·Jr_d the tool . Two cutter b l ocks 

would b e on oppos .:'.. te sides of -:.he tool, three block s would be 

separat e d by 12 0 degre es , four- by ni:iety ci.egrees , and six by sixty 

degrees . In operation, the uncierreaming tool .:'..s typically rotated 

on the drill s tr .:'.. ng as we l l as being moved a xial l y a long the 

wellbore . 
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[0060] =n accor dance wi t h a pa:::-ticu l a. r:_ y pref er:::-ed aspect of the 

invent i on , the cutter b l ock i s provi d e d wi th an int ernal duct for 

directing drilli ng fl u id from a sou:::-ce to an external nozzle amon g 

the cutt er ele:nents . The source o f drilling flu i d rnay be the 

drill-string or other s upp ort for t h e tool , and the a forementioned 

through passage fo r t:ie flow of o.ri:_ lir:g fluid from the dri l l 

string to the dril l bit . Alternatively or a.ciditionally, the tool 

b ody may be provided with an internal duct receiving a source of 

drilling fluid flowing to an external r:ozzle ao. j acent t h e set of 

c u tters . In each case , the no zz:..e provides a fl u id flow tha t can 

h e l p to keep the c-..1tte:::-s clean and pre vent the bui :..d-up of 

c logging debris from the rea:ning operation , remove such materia l 

a l together fro:n t::'1e underreaming zone , and provide a cooling and 

l ubr i cating func t :..on for the cutte rs . 

[0061] In a preferred aspect the present inve:1t.io:1 incorporates a 

n on - mechanical mear:s of we llbore diameter :neas·-1rernent whic h is 

practically applicable and rr.a.y be ar_ acoustic calliper . 

[0062] In another preferred as~ect of the present invention 

h ousing for a rnechanica :.. callipe~- is prov.:..d ed within the cutter 

block wt1i c h offers a robust l ocat.:..on . This has not b een possible 

with previ ous underreamer bloc:-cs d·,1e t o their i nJ-:erent design 

limitations whi c h rely on the b:..ock base as a retention mechanism 

or hydra ulic act i vatior_ through drillir_g fluid pressure . 

[0063] T:1e calliper mean s may typically b e h oused within the tool 

body above the underreamer· , bu:: in a variatio n a mechanical 

caliper may be located within the cutter block opt:..mally l ocated 

among t he most radially ex::ended cutter ele:nents or surface _ 

[0064] ':'he underreaming tool may fur::her comprise telemetry means 

for communicating drilling o.ynam:..cs data and control sign a l s 

be tween the tool and a su:-fa c e int e rface , which may, among other 

functions , contra:_ t h e dril l s-::r i ng du:::- i :'.lg the U:'.lderreami ng 

operation . 
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[0065] =n a fi.:.::cther aspect , the invention provides a :nethod of 

operating an expansior. too l t o enlarge a borehole or t ubular or 

the like to a target dime:1sion be l ow a ::::estric.::::_on, which 

comprises locating a t ool according to the invention in a boreho le 

on a support be:_ow a restriction, exte:1ding -:.he expansion e l ement 

to a n expansion di a meter grea:.er t :'la:1 the :·es:.riction , in a 

preferred e mboci.:._ment a set of cutters to ar_ underreami ng diameter 

greater than -:.he restriction, rotatir..g the tool a nd moving it 

a xially along the bo~:ehole on the drill string or other support , 

measuring drilling dynamics by the vibra.tion sensor me a ns, 

measur ing the bore diarr.eter by tr.e calliper :neans, and continuing 

the e x:9a.nsion operation until :.he target dimens:_on is achieved . 

[0066] =n accordance with the method of the inve ntion, t:r1.e tool 

may be provided with expansion eleme:1t extension control means 

responsive -:.o dinensior_ d ata received ::rom the sensor means . In 

this way , an integrated tool wll:._ch is ca:?able of detect ing 

v i brations and correcting it :nay be ::::ealiseo. . The drilling 

dynamics da:.a rnay p :·om:9t a surface mo~1ito :· to signal an 

opportunity for operator intervention. 

[0067] n ·_us , in the case o f an under.reaming tool with vibration 

sensing means , ci.ata frorr. "' sensor may be transrr.i :-.ted to a 

processor which nay ·-1se this data to correlate .-,1:ie the r vibration 

levels exceed acceptable levels . Where the ::,:n:ocessor detect s a 

fault o:::: difference , it autorr.a-:.:_cal :_y troubleshoots t he fault 

using a l og i cal proce dure . 

[ 0068] For e xaMple , ::.h e processo::: may be programmed with a logic 

circuit which can :Oe cor_figured in any number of ways so as to 

optimize performance. An exemp:..ary configuration may involve the 

circuit to first establish vibration levels . If these e xceed giv en 

l imits then i-:. can alert the user by means of :nud pulse t elemetry , 

f i bre opt i cs or other data :.ransr:iiss i on to chec:.< operational 

parameters such as weight or surface rotational speed . The ski lled 

man will readi :.. y appreciate t hat other proce<iures may be 
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implemented by t:'1e :_ogic circuit witr_in the processor , which can 

b e prograrr,med t o cover o t her scenarios . 

[0069] Tr_e exp ansion block neans rr.ay comprise a cutter block 

carryi ng cu-::ter e :.. eme ::-its c.irec ted outwar d l y of the tool body . 

[0070) In a still fuc.her aspect , the inve,1tio:1 provides an 

underreaming tool compr ising a too :.. body and a cutter block 

carrying a plura :_ ity o-: cutt er elerner.ts directed outwa r dly of t.r1 e 

tool body, wherein the cutter block i s received with:..n the tool 

body in c. cutter block ch2.rrber having ar. open :nouth , and rne ans fo r 

extending the c-..1tter block from the c ha rr.ber thro·.1g:1 the chamber 

mouth with the c·.1tter elements projecting from t ~1e tool body , and 

for r etract ing tr_e cutter bloc:< :Oack into :.he chamber , wherein the 

cutter block is provided with an int.err.al duct open to a source of 

dr i l l ing fluici. to an external n ozzle among the cutter elements . 

[0071] Al ternatively , other expansion b :..ock mea ns may replace the 

c utter block with its ct.:tter elements . 

BRIEF DESCRIPT:ON 0? ':'HE DRA¼'INGS 

[0072] Embodiments of -::h e inve ntion are i:..lustrated by way of non­

limiting e xarr.pl es i::-i the acco:npanyi::-ig drawings , in which : 

[0073) Figt:.::::e l is a genera:_ diagram_11atic v:..ew of an oil or gas 

well showing surface s tr-.1c ti..;.:::-es and the ·.1r..d erground wellbore , with 

a too l in accordance with the :..nvention as part of a bottomhole 

assembl y ; 

[0074) F:..gure 2a i s a s i d e e l e vat i on , part c-.1t av,·ay to show t he 

e xpansion ele:nents in a deactivated state , of the tool of Figure 

l; 

[0075] Figure 2b is a sicie e l e v ation corresponding to Figure 2a 

s howing t he expans :.. on e l ements i n an activated state ; 
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[0076] ~igu:::-e 3 is a ci.iagramnatic cross sectior_ through an 

underr earning and se:1sir..g tool in accordance w:..th the invention 

similar to tha~ sr_own i ::1 the previous Figures, but :'laving an 

additional s t abiliser sect ion a t the trailing uphole end ; 

DETAILED DESCRIPT:ON OF THE INVENTION 

[0077] As shown in Figure - , an exemplary exploration or 

production rig comprises a surface structur·e 1C at t he wellhead , a 

we l lbore 20 , and a drill string 30 i::1 the wellbore with a bottom-

hole assembly 4 0 at its l o we r end. Lie botto:n-hole assembly 

i ncludes an unci.erreamer sensing tool 50 in accorci.ance wi t h the 

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

[0078] T:ie i::1teg-rated expansion and sensing tool 50 is illustrat ed 

in Figures 2a and 2b , and comprises a tubular steel b ody 52 

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

pulser 56 at its other end , which is adapted to be e ngaged by a 

further drill collar ( ~1ot shown) to connect it other elements of 

the bottom- ho:e assembly 40, and tr_er.. to the ci.ri:l string 30 . 

[0079] 'i:he tool body a : so ca:·ries a vibration sensor 76 and an 

expansion e l ement assembly 6C between the vibrat:..on sensor and t h e 

drill collar 54 . The expansion eleme~1t asse:r1bly 60 comprises a 

number of expansion blocks 62 disposed syrr.metrical:y , radially 

around the -:oo:.. body 52, and. in -:he deactivated condition shown in 

Figure 2a the b:ocks a:·e withdrawn i~1to the tool body , but in the 

activated conditior.. shown in Figure 2b the blocks are extended 

beyond the -:oo:.. bod y a9·ai:1st the wellbore 20 . 

[0080] F:..gure 3 il l ustrates diagra:nmatically the aforementioned 

elements of -:he tool 50 , together wit h a stabil:.ser section 6 1 . 

[0081] As t h e sensor rr.eans 76 i::1dica.-::.eci. in Fig·Jre 3 , further 

sensors may be incorporat ed i1: 64 or 66 . Data is p:'.:ocessed us ing a 

micro-processor 68 , shown in two alternative :ocatio:1s , t hat 

correlates o.a~a frcr:1 the sensor 66 to detect a crit i cal condition 
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or simply store data for fur-:her analysis . The tool is also 

programmed and a ·-1 tornateci -:o conduct diagnostics according to a 

logic circuit or d:'..a9·::10stic program stored in processor 68 i n 

order to ensure t:'le underrea:ner is f·-1nctioning correctly . Once 

corrective steps h ave been -:aken , and if dril .:.. ing dynamics are 

still not optimised, ar. a.lert signal is sent via t:ie mud-pulser 

56 to tr.e :::-ig-surface 10 or to a remote operator so that 

further remedial action such as the rep:..acer'.lent of the BHA 40 

can b e co::1sidereo. . A me mory module associated with processor 

68 may store sensor information that can b e downloaded at 

s urface when the t o ol i s ret:::-ieveci , o r se::1t to t he surface by 

telemetry through mud- pulser 56. 

[0082] The tool is provided with c. built-in .:.. ink to a data 

trans fer system 56 which also serves to monitor r eal-time d rilling 

dynamics . One or more sensors p:..aced ir.. 76 , 64 or 66 are spa ced 

within t.he tool body 5 2 in orci.er to detect vibrations duri ng 

drilling causeci :oy formations :'..n the near wellbore 20 . 

[0083] As f·-1rther shown in Figure 3 , a k eyway 74 p:::-ovides a 

channel for wir::..ng ::ron the sensors 66 to the processor 68 , and 

a l so to e. transponder 72. The wiring is useci t o transmit data 

retrieved by the ser..so:::-s to the processor 2.nd transponder . The 

keyway may be sealed a::,d filled witr. a r'.leans to absorb vibra tion 

and maintain wires in position s u c h as silicon gel or grease . 

[0084] The t r ansponde r 72 c or.ve :·ts data from micropr·ocessor 68 so 

that it can be transr'.litted to s urface 10 2.nd i s l:..nked to the mud­

pulse r 56 which trans mits the data to s1.,;:·face using a series of 

binary cod es at a giver. freque ncy usi::,q d:'.."illing flu :..d as means of 

mud pu lsation . Ot:1er me2.ns of data transfer :nay b e used s u ch as 

wireless transmission, short h op using radio frequen cy o r electro-

magne t ic pu l ses . 

[0085] ?ig1.,;:·e 3 also shows a:i alt erna-: :..ve locat i on for a s e nsor , i n 

housing 66 or 64 connected -:o wiring i::1 keywa.y 74 a nd f u rth er 

wi ring 78 to alternat ive processor location 68 F .:.gu re 3 also shows 

a c entral axial through passage 90 for the flow of drilling fl u id 

through t he who .:. e :Oottom- hole assembly ,; o. 
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[0086) '::'he sensor means 76 , 58 , or 64 , 66 , is typica l ly housed 

within the t ool :Oody 52 above the u:iderrearner 60 , but in a 

variat i on a ca l:_per 76 , 1 2 2 may :oe l ocated wi :.hi n the tool . 

[ 0087) Tr_e tool body 52 _:_ s a c y l i ncirica :. :'1igr_ grade steel housing 

adapted to form part of a bo:-.tom-ho:.e asserr.bly (B:-1A) 40 . Figure 3 

shows an in:.erna:. connection 82 joir.ir:g two parts of tool body 52 . 

At the leading down:1ole e nc. of the tool is a section housing t he 

c utter blocks 62 . Connection 82 joins thi s to a central s e ction 

housing rr,easurement and control L.mctions . A furt:1er section 61 at 

t he uphole end, jo::.r..ed by connection 65, houses stabiliser blocks 

63 which are constr-.1cted anci. ho·.1sed subst2.ntial:..y identically to 

the underreamer components genera:.ly designated 60 , except that in 

p l ace of cut:.er elements on cutter blocks there is at least one 

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

resistant rr.a:.er:_a :. . A similar const.::::i..;.ction can be used to expand a 

d eformable bore , such as a s:.ee:. tubu l ar . The ireans for attaching 

the tool body to a drill stri ng or coiled tubing comprises a screw 

t hread (not shown) provi ded on the tool body wh:_ch is engageable 

wi th a drill co:.lar (not show:1 ) . 

[0088] In this alternat::.ve cc:,figura::ion t:1e t ool is configured, in 

addition to unci.erreaming capac::. ty , ',li th the uncierreaming tool body 

i ncorporating hard ::acing cutter :olocks to act a.s a stabiliser . 

Th e hard facing acts to prevent cutter abrasion while reaming or 

stabilising ::he underreamed hole . Tr.i s eliminates some of the 

problems associated with l oss of directional control due to the 

undergauge stabiliser above the underreamer . 

[0089] :'he stabiliser may be direct l y or ir:directly connected to 

t h e under reamer and r_ard - wired a c cordingly so as to ensure the 

mud-pulser rr.ay trar..smi t d a t a to sur::"ace . The tool may be provided 

wi th a mud- pu:.ser as a s t andalone tool or the mud pulser i t self 

may be provided by a thi:::-ci party as woe.lei be the case when a 

measur ement wh i:. e dr i l l ing or loggi ng while dr i l ling suite of 

tools is l ocat ed in t he BHA bel ow t:ie present invent i on . The hard 

http:alternat::.ve
http:genera:.ly


GB 2465504B 
Specification with proposed amendments 

wiring configuratio.::1 o:: the ::.oo:_ may be ch2-nged to suit such an 

application . 

[0090] n-..e too l norrcally conpr i ses a plurality of such c u tter 

blocks 62 , arranged symmetr i cally around t he tool. Two cut ter 

blocks are on opposite sides of L ie tool , three blocks are 

separated by 120 deg:·ees , fou r by nir.ety degrees , and six by sixty 

degrees . In operat:..on, the underreaning tool 50 :.s typically 

rotated on the cirL.1 string as weL.. as beir..g moved axial l y along 

the wellbore. 

[0091 ] As noted above , the i:wer..tion p rovides a method of 

operating an underreaming tool to e nlarge a :oore:'1ole to a target 

dimension b e l ow a restriction , w'.'1 icr.. comprises l ocating a tool as 

claimed in any one of the :9receding claims in a borehole on a 

drill st:·i ng below a :·estr·ic::.ion , extending the set of cutters to 

a n under:::-earr.ing diameter g-rea::.er t:'1a:1 the :::-es::.rict:.on, rotating 

the tool and ::noving :.t axially along t::-ie borehole on t he drill 

string, measur!.. ng drilling dynamics by the sen sor :neans , and 

continuing the ·.rnderreaming operat:.on until the target depth is 

achieveci . 

[0092] In addition ::.o ::.h e abov e , t he tool may be provided with a 

caliper mea ns and c u tter exten s i on cor.trol means responsive to 

dimension data received from the calliper means. 

[0093] T:iose skil l eci :.n the art will appreciate thar. the examples 

of the invention give:i by the specific illus::.rated and described 

embodiments show a novel 1Jnderrear:iing tool and system and method 

for underrea:ning , with .::1umerous variations being poss i b le . These 

embodiments are not ir.teno.eo. to be limiting with respect t o the 

scope of the inventio:i . Subst itutions, a l t e r a ::. :. ons and 

modi f ications not l imited ::.o ::.he v a riations suggested here i n may 

be made to t he di sclosed e mbod i :nents while re:naining within the 

ambit of the i:ive:ition . 
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CLAIMS 

1 A tool (50 ) comprising a tool body , cutter blocks and sensors 

with means f o r attach~ent to a d~illing support and rotation so as 

t o permit the s i multaneou s underreaming and ~easu~ement of -e-h-e­

tiri~~~~g tiy~an~cs of vib~aL~on a~d slic~/s~~? in a wellbore 

(es9ecially i~ oil ano gas drilling) characterized by : 

(i) at least one raciially exte~ciable cutter block (62) 

incorporating positional sensors aoapted to measure 

the relative positio~ of the cutter block to the tool, 

at least one :Jenso·r me:r:--.s (7C) to rrc:.~1sure vibrc.t.io:o. or 

v~~ralio~ a~d ~o de~ec~ a s~~ck/s~ip condiLio~, 

and at :east o ne cal :iper to Teasure we:lbore 

d~a~ctcr, all of which are inter-linkeo by a means of 

communication using receivers , sensors and 

microprocessors 

(ii) a system that optimizes drilling ciynamics (22) by 

si~ultaneously comparing a nd correlating vibration or 

stick/slip data (22) and ~nderreaming parameters in real ­

ti~e or in memory 

2 A tool as claimed in c l a im 1 incorporating a microprocessor 

control means (68) adapted to receive driL.ing dynamics data from 

t he sensor ~eans (7 6 ) to detect vibration or stick/slip in real­

time and to achieve a ta~get level of drill~ng dynamics and a 

target wellbore depth. 

3 An apparatus which is elongate (F~g 3 ) and comprises moi:-e than 

one of said expa~sion and sen si~g e lements housed in separate 

bodies and connected at longituciinally separated positions by 

means of a connection , a first said ele~ent being adapted to 

u nderream t he wellbore a no a second said element being adapted t o 

stabilise t he tool within the walls of the wellbore dur ing 

expansion and thi=d said e l e~ent b e ing adapted to measure dril l i ng 

dynamics and a four t h said element proviciing calliper means 

directly or i~directly connected t o the u nderreamer . 

4 A tool or appar a tus as c laimed in a ny of t he preceding c l a i ms 

wherein the cutter blocks are provided wit~ high abrasion and 

impact resistant cutter inserts and where the stabili zer blocks 
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are provided with smooth resistant surfaces and where the tool 

body is provided with a through passage for the flow of dri l ling 

fluid from the support (90) which exits the tool within a nozzle 

situated next to or within the cutters . 

5 A tool as claimed in any one of the preceding claims further 

comprising telemetry means ( 56) for communicating sensor data 

( 76 ), and ot~er control signal s between the tool and a surface 

decoder and user interface in real-time so as to optimize drilling 

performance . 

6 An rrethod of operating a n expansion tool to enlarge a borehol e 

or tubular or like passage to a target dimension beyond a 

restrictio3, which comprises l ocati3g a tool as claimed in any one 

of the preceding claims in a borehole on a support be low a 

restrictio3, extending the expansion eleme3t to an e xpansion 

diameter greater than the restriction, rotating the tool and 

moving it axially along the borehole on the support , measur i n g 

vibration or stick/slip by the sensor means, and using the 

processor acting in response to data received from the sensor 

means to O9timize drilling so as to ac~ieve a target wellbore 

depth and reduce common causes of errors or fai lures . 

7 A method as clairred in the preceding c l aim wherein the surface 

interface controls the drill string during the underreaming 

operation . 
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