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BACKGROUND OF THE INVENTION

The present invention relates to a system using a non-metallic string attached to a
25  downhole tool for performing a downhole operation in a well and more particularly includes
a bottom hole assembly disposed on composite coiled tubing. In using the well system for
drilling the well, the bottom hole assembly includes a power section for rotating a bit and a
motive means for placing weight on the bit. One motive means is a propulsion system for

moving the bottom hole assembly within the well.
30 Many existing wells include hydrocarbon pay zones which were bypassed during
drilling and completion because such bypassed zones were not economical to complete and
produce. Offshore drilling rigs cost approximately $40 million to build and may cost as

much as $250,000 a day to lease. Such costs preclude the use of such expensive rigs to drill
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and conpl ete these bypassed hydrocarbon pay zones. Presently, there is no
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end of tagehoRRAll AbisisBlg-prdgelied.cycl e is repeated to continuously nove the
bottom hol e assenbly within the borehole. The tractor can propel 3 WD
03/ 067018 PCTIngsurh aelf-pgopelled tractor is manufactured by Western Well Tool for propelling
a near conventional bottom hole assembly in the borehole. See U.S. Patent 6,003,606, hereby
incorporated herein by reference. The propulsion system includes an upper and lower
25  housing with a packerfoot mounted on each end. Each housing has a hydraulic cylinder and
ram for moving the propulsion system within the borehole. The propulsion system operates
by the lower packerfoot expanding into engagement with the wall of the borehole with the
ram in the lower housing extending in the cylinder to force the bit downhole.
Simultaneously, the upper packerfoot contracts and moves to the other end of the upper
30 housing. Once the ram in the lower housing completes its stroke, then the hydraulic ram in
the upper housing is actuated to propel the bit and motor further downhole as the lower
packerfoot contracts and resets at the other end of the lower housing. This cycle is repeated

to continuously move the bottom hole assembly within the borehole. The tractor can propel
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the bottom hole assenbly in either direction in the borehole. Flow passages
are provided between the packerfeet and housings to allow the passage of
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The bottom hole assembly may also include an orienting tool such as a bent sub or
housing for directing the trajectory of the borehole. Some types of orienting tools may be

25  adjusted from the surface. Often, prior art orienting tools require a 360° rotation to ratchet to
a new direction of inclination.

The bottom hole assembly may include various sensors such as a gamma ray and
inclinometer instrument package adjacent the bit and a multiple depth dual frequency
borehole compensated resistivity tool. These tools produce data indicating the inclination

30 and azimuth of the bit and the position of the bottom hole assembly with respect to the
formation. The bottom hole assembly may also include other sensors for providing other
information, such as gyroscopic survey data, resistivity measurements, downhole
temperatures, downhole pressures, flow rates, velocity of the power section, gamma ray
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measurenents, fluid identification, formation sanples, and pressure, shock,
vi bration, weight on bit, torque at bit, and other sensor data. Prior art
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t he jopdownhol erfeefB&f R 8mpbitaitss P thebolth@ hdlk asfImbipeare! ¢4 Nighied in the
conponents. Thus, not only are the electronic conponents expensive, but
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t he bottom hol ssenblies to be very..expensive rti a or .1 0ggi ng
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real time responses fromthe surface to downhaole conditions. Oten,
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to downhole conditions. Often, particularly in existing wells, a well plan is designed with a
geometric well path to the target hydrocarbon formation. Thus, it is beneficial to have real

25 time information concerning directional drilling, geo-steering, formation evaluation, fluid
evaluation, drilling dynamics, propulsion, and intervention, among others. The preferred
information and data will vary depending upon the well plan. For example, real time data
and information on all of the parameters and characteristics that are determined with logging
while drilling and pay zone steering while drilling are beneficial.

30 Real time information relating to formation evaluation includes information from
acoustic caliper tools, thermal neutron tools, azimuthal density tools, and sonic tools.
Resistivity will identify the formation properties immediately surrounding the bottom hole
assembly. Real time information relating to fluid evaluation includes information from
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i ncl udes shock, vibration, weight on bit, torque at bit, rate of

penet r atimproveRRRr SeeptS; Patgnt §.84%M% al pressure across the notor, and ot her
datg.and i nfqrmation,r.el atin o drillin f r Se.dt 1S
qiSCm arly VAI0US real time 1 foxgnatu%n.da g claka tdlgﬁgffﬁ% %g%{ﬁ&@ R ATBRE R Stcs

part tageous to provi rear - ¢S ‘anal ysi's such as

the pressbéRfitial inbRidaRMOwiholf teinperahgése bpdrating @uipdrdtires, kiptnholeressures,
assenbly. Hi gh value wells require a downhol e pressure sensor ile
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real - ti nreimuteagusseopiotsarveguhd, tesist siedmeasurangnty abagneticiesendnet (MBDdeorset y
' . pressur ezlroduri n

(ECD). nonitoring, preventjng . excessive swab-surge g
trigPi ndreuEARdetY rHeRsiRy ﬂmf? IR ITCATPRRYTPSTORIG &P‘fvgwﬁ,g’ PYPELs (1P HESS B Bment
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other data relating to direction and formation characteristics. Other data relating to drilling
includes shock, vibration, weight on bit, torque at bit, rate of penetration, motor rpms,
differential pressure across the motor, and other data and information relating to drilling

25  performance parameters.

It is particularly advantageous to provide real-time hydraulics analysis such as the
pressure in the annulus of the borehole around the bottomhole assembly. High value wells
require a downhole pressure sensor while shallow wells may not require downhole pressure
sensors. Bottom hole pressure measurements are particularly beneficial during operating

30 modes including drilling, tripping, circulating, and static modes. These real-time
measurements could be used for equivalent circulating density (ECD) monitoring, preventing
excessive swab-surge pressures during tripping, and optimizing hole cleaning. In addition,

pressure measurement could be used for performing leak off tests, detecting flow in/or kick

6



during drilling, and optimzing drilling practices. Downhol e pressure while
drilling real-tinme would be extrenely valuable to the operator. Downhol e
pressure wWe 0a0&km®ys paraneter in drilling. Know ng downhol epprassiox7s al | ows
for the adjustnment of the well bore pressure. If wellbore pressure is
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a high datb tran msgitor]((%nqi e the 20 surface, elimnate nost of the
el ect r oMl &58F SBFT &2 HFE“ Yot 0¥ hol e assenblies, and to enhance the

reliability ontd amsii} Sspetiond sédkerod@diéniife fhenasioh fpaeureTuams meaturageithe
data back to the surface can be acconpli Shedﬁg%e one of several telenetry
A

met hods . Whil§edrilipg SMWBY jtephnigues. 1 Slngrdsficiengpofdie Paonad MW angthodsmisttht

. L iet . . . Y
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not work when fluids are not being circulated or are bein circulated at a
sl ow r at§utrathggnspisy end dRRguetETs. E’ﬁﬂ?@ﬁij Oaerdorteh‘@F@f‘Fﬁnée"é?Sa%ﬂﬂ’H“‘?\%Cgool s

have very yld §L%at%% YE b kildey PRRNENReWR bedwes Brlssir® d@RthdindthottSd BRY be as

circul at1 ng. ough MAD tool's can not transmt data via nud pul Se

t el emet myuohies 2 mhmitase It wpeld lBGidmarttageions td providg ,a higingathvi@nsoiskion catn te thst i nue
to ke neasurenents and_store the call.ect data.in nmepory. The data can
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assenbl yhd siiRuilibyesk bmakioh b€ Hetlats tolihe §lbfasemaNNer, the operators can Iearn
whet her 7 WD 03/067018 PCT/ US03/ 02778 they have been swabbing the well,

i .e. pullingTrhnsmdgingnthe datsebiskr whibleesurfaee sam ieragcemplisher| by one of several
telemetry methods. One typical prior art telemetry method is mud pulse telemetry. A signal
is transmitted by a series of pressure pulses through the drilling fluid. These small pressure

25  variances are received and processed into useful information by equipment at the surface.
Mud pulse telemetry does not work when fluids are not being circulated or are being
circulated at a slow rate. Therefore, mud pulse telemetry and therefore standard MWD tools
have very little utility when the well is shut in and fluid is not circulating.

Although MWD tools can not transmit data via mud pulse telemetry when the well is

30 not circulating, many MWD tools can continue to take measurements and store the collected
data in memory. The data can then be retrieved from memory at a later time when the entire

drilling assembly is pulled out of the hole. In this manner, the operators can learn whether
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el ect r omrayo@Boeroiel enmetry. A |l ow frequency radi o wave i sPCramsssna7red
through the formation to a receiver at the surface. 5 Electromagnetic

telenetry is depth limte and the si | ,att enuat ickly.in :
Ther of ortey BAvERRESMERE iy BT 1epdPirtd s e B Do tfibf pev e
propagatg inaiehdivg WRl welltolty sregiird, Aethe ANt mblesihiough aie welpagat e t hr ough
t he deep water. gi’hus, a subsea receiver would have to be installed at the

nud |ine, whiAtothrayelpmetrhmephodef sending daie & the gurfeceris gleriiemagnsdedelfMethe art
for methods and apparatu r .01 - ady I I
pr essar & b BENRE B Ve R GhRlel Qleieh Bk orb i Flo sl 0o O pe
vel | 5 ThRsgfopignethelanbindinriept hnitdeampd elserignanugetuags quieklgi inevhed t o
met hods and apparatus for using real-tine pressur? %@fa t o aut

t

; , ! , te
pr essur d herafereoWith webly bewg dmillgd Wedrer M3ty Biec e Ipfc?ﬂa'ggf‘iéﬁ 8l he
prior ar P if i r hiel TRLES: hRcqitéror
oo Saha R BRSO ORRLATRR b Be Nl ST Aol
i nvent i evoutdhme)ts ba insediled aptha matdisne, whichwedy nated practickludes a bott om hol e
assenbly attached downhole to a.cqgnposite cpiled  tubing. Th downhol
system uses tﬂ’é‘s’lfﬁ?rﬁdémﬁl%ﬁé‘refgé%aﬁfar? ,F‘Pé g si}"fleap%‘iaﬁléofof ﬁ%tflﬂ’ém{n@ arﬁovi de
realg t!aﬂﬁlsgﬁé’WQ%@reqﬁésﬁu@%sédﬂBQ"r@&i‘n@p&&hr&ﬂﬁﬁ?&%Néﬁ fBdm thebstsrh@g@ and,
when using a 20 propudl sion systemin the bottonhole assenbly, to extend the

reach ofwdbot Thaehot.etheseabdsliments dfrihe pdesgntainyvantiond argodirgcsed 0 matkadsr4gnean
boreholes to o

er twice and as nman s 51t0. 10 ti h iQusly
accompl EmaR s R fRE ERTE Hirrd Bishirapahhe il frds BB MYk
syst em it§ oldrabih€ Fhealiflitshe of MEPAGE althan that of other prior art systems
including existing tubulars and ri &“seéi The conpl exity and cost of noving,
€

lifting and iThetpa¢sentrigvantion 2seigonah fgiencies offbe pPAQ @pace and structural
strepgth required to deploy i I\ o prior art oil and
‘?S Ep‘gpﬁﬂf‘bﬁ%ﬁﬁ%ﬁﬁél\f

gas rotary drilling rigs or ne c coile bing units. The system of the
present i nvertheatdowaheleslstbmyofithe pireskas inveanomposivees £ oiellagparatuis iy a wedlvamdg a

inner fluid inpernmeable liner, nmultiple | gad carrying ] ayers nd an_outer
wear | ay@gludesThboftomghele assemity jatipeied &@%ﬁ%f%?a‘fﬂ@%ﬁ@% icAiled e Hicded
around t | i n y j i t

Fr anom SoFph BB St s (bR, By B M TR RESHI P R BloyR 2l
carryi ngined elotvhhelecdats entl mfaintatiansfor tprocegsioi@tan thetsnef@oe tand, wdiehowsinglae
assenbly and the surface. Alsao, a pluralit f. sensor re disposed.in the
Dot EBnh TSGR NG Hride DB N0 OIS (per el R S DORAP 15U PtPLE on
one or. %%&Faéé(ﬁ"&ncﬂﬁé&ohfﬂ@ﬁﬂ?eﬁ%éﬁﬁ BoRsHMist i VePBdick Nd! Rnahdy 8f stbelo

conposite coi t ubi ng.

times the reach previously accomplished by prior art systems. The apparatus used in the
downhole system is lighter and more compact than that of other prior art systems including
existing tubulars and rigs. The complexity and cost of moving, lifting and installing the
25  downhole system and the space and structural strength required to deploy it are minimal

compared to prior art oil and gas rotary drilling rigs or metallic coiled tubing units.
The system of the present invention preferably includes a composite coiled tubing
having a inner fluid impermeable liner, multiple load carrying layers, and an outer wear layer.
The load carrying layers are preferably resin fibers braided around the inner liner. Multiple
30 electrical conductors and/or data transmission conductors are embedded in the load carrying
layers for carrying electric current and transmitting data between the bottom hole assembly

and the surface. Also, a plurality of sensors are disposed in the bottomhole assembly and



I n one enbodi mrent the downhol e systemis used for drilling a wellbore. The
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bot t om hdight@adkarbity up and down the borehole. In operation, one of the

tracgtion nodule X : b il.e e uli c,ram
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adj ust a%c?du?eog% iano%WntsEeeam section with a traction module. The traction modules are each
connected to a ram mounted in a cylinder within one of the housing sections for propelling

25  the bottom hole assembly up and down the borehole. In operation, one of the traction
modules expands to engage the borehole while the hydraulic ram forces the bit downhole and
pulls the coiled tubing forward and the other traction module moves to the other end of its
housing section in preparation for actuating its ram to move the bit further downhole. The
housing of the propulsion system includes a flow bore through which may extend an output

30 shaft operatively connected to the power section on one end and to the bit on the other end.
The steerable assembly may be of various types for changing the trajectory of the well such

as an adjustable coupling between the two housing sections, a three dimensional, adjustable

diameter blade stabilizer mounted on the housing of the propulsion system, or two multi-
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out put shaft through the propul sion systemhas an articulated joint at the
mati ng of the two housing sections. 5 One enbodi nent of the steerable
assenbl y woobnewss a body having a nose connected to the botgsho2arg§ oi nt ed
connection with the nose operatively connected to the bit. An actuator is
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the present invention is the siqgnificant, reductjon of the punber of crew
requi r edN% PG IRISAFN L 1r§ygqsgfﬁnqﬂ_ﬂﬁiﬁf€ﬂ{é4 PR AifethF iR @&[el’%&rhoge and
non- et ahdy feef el Jositiohd Wile HeGs@Ul adrIRAg of steel 25 work strings
enables tHe elimnation of a drilling rig otherwi se required to handle

met al pi pe. Thefdnlkitgesysteiv also agpdudss atthethdd and apppraiys fapebingtpipe 1o e agw

metal pipe. Theidrilimsy s atn Py s i
pot 16m AOLOl e et d v R el e Br LB b g

provi desygnhanced pressure control at the surface since naking and

breaki ng of steel tool joints are elimnated. A so, there is a.
subst anti al | Yoneeatlyee@esof therdsilingsysiam ef theqpresenkinyvenggsisttbe dallingftwdlisng as
conpared .t.o steel drill pip I 1 t.0 gh
the. bl onBlLeprETear i lihe g cOA TP 3Wisn by B B30Ty ORI SE
bor ehol gubgeaidfiglirgxteplatd) OHoWHIet, rndl, tidukrup, br flsatéis tdypirede Thoystingysystem
downhol e coiled 10 WD 03/067018 PCT/ US03/ 02778 tubing pt{eﬁgul gi on sgst em
The 28omeb &he Rresea! invENHQRS Agigless calef ubme;dsiliire pterpd 7 bertsed EMob ene
coi |l ed | 3 r f ot her advantage of the
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Another advantage of the drilling system of the present invention is the significant

reduction of the number of crew required to operate the system.
A further advantage is the use of a non-metallic drill string. The elimination of steel
25  work strings enables the elimination of a drilling rig otherwise required to handle metal pipe.
A further advantage of the drilling system of the present invention is the use of a
composite coiled tubing which extends from the bottom hole assembly to the surface. The
use of composite coiled tubing provides enhanced pressure control at the surface since
making and breaking of steel tool joints are eliminated. Also, there is a substantially reduced
30  number of upsets on the composite coiled tubing as compared to steel drill pipe which would
otherwise have to pass through the blowout preventer. The composite coiled tubing is reeled

into the borehole to the extent possible and then it is further deployed by a downhole coiled
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mul tiple | engths of pipe do not have to be connected and di sconnected at

the surface to the 5 sane extent as required for jointed steel drill pipe
usi ng ri g80 04o0é10ns her advant age of conposite coil ed tubi ngCcrasohierability
to drill and conplete the well at near bal ance or under bal anced. By

drilling and conpleting the well at near. bal ance ith the f]luid.colum
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conpeneRrhfe kxtefitkRequid eobbiRed stddd dANPifrarsimdygnt age of the present
invention is the use of electrical conductors extendi n% through the
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conponenigh tiR fluidt bslamadpessuag apprioxinteelyrthe esainei a @t f@matisn tiressuse less dat a
transm ssion conduits, 20 such_ as copper wire, fiber optic cable or

coaxi al demBeRis causedito fretnipGisyIe FOHBaY | of the conposite coiled tubing.

Suchgdata tr %ﬂﬁ%ﬂé%@%&ﬁ%ﬁ?g&&k l n}i@x‘? i HRNSEE 56L O8O W assdhBly

recerved by the sensors ottom hole assenbly for real tine
t r ansmi seiignisdarcketetytotthe bblebokuthis cenimiting uhudxplbtienygbtatien wingeunigie¢ ycoul d

t hen be damaged. The data thep.can,be . processed at the surface rather than
downhol €OBYf@Foml bofom g%@séﬁWBB?faW'g&t‘Pgnﬁl%ﬁo_Blcﬁsn‘igg%c 1§, verg Fantastl gtgi ng
the dat gog{entiBRal SBYt{oAF Bole! HsERbLHANSdTRRRiCSIARD! thE Ifert@ficabsnp@Rhts AXARASI Ve
conput er processing systens nmay be used for anal yzing the data. Further,

the el estemdiess required in conventional bottom hole assenblies for

ing the dat hol be el iminated th )G t
010X pons ve SRS SHLARAES 1 4FT Bt hbrioR Rty Bl Y ARHAL Mnbiof D),

anot her eagyvambageud tHéSdontporitd doiledatiiiy S Bydnaaniigi diectiical pbeeSbetwoerptei t e
coiled tubingis the ability to transmt the data directly to the surface
faster andacemndrhe betsenahotecdssemblyi tliernaters apd hederes rano pergseieguyed guthgi ng

o oc AR or T LGl e, 2 € Lot B0
use of conned Qurthef advanoige et thengreseangiviastiaf isaberpasoft date oahsadssyarbeangluits,
R DN R A IR TR DN
reliabl %o%gsikee&ﬁled tubing. Such data transmission conductors allow the transmission of raw
data received by the sensors in the bottom hole assembly for real time transmission directly to
the surface without exposing the wire which could then be damaged. The data then can be
processed at the surface rather than downhole such as in a conventional bottom hole
25 assembly. By processing the data at the surface, larger and more sophisticated and less
expensive computer processing systems may be used for analyzing the data. Further, the
electronics required in conventional bottom hole assemblies for processing the data downhole
may be eliminated thereby reducing the cost of expensive and somewhat fragile downhole
electronic components. A still another advantage of using data transmission conduits in the
30 composite coiled tubing is the ability to transmit the data directly to the surface faster and
with greater reliability. The conventional process of pulsing the data through the mud

column to the surface is eliminated.
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5 expensi ve downhol e propul sion system and survey system for accurate
directional drilling. Oher objects and advant ages of the present

i nventi orweioBlesmppear fromthe followi ng description. BRPEFUSESCQRI$TI ON OF
THE DRAW NGS For a detail ed description of a preferred enbodi nent of the

invention, reference wll now be. made to th ceaonpanyi ng. draw

wher ei n:  Fi gUtOtER aﬁ@‘&f‘%‘f’c?’é%ﬁtﬁrﬁse{)f BTl téﬁgjrsrfglog c&ﬁrrelc;or?:?cgucrogn %g%s an
enl ar gedengigWoPicompBsite b@itred)iubmcﬁ_immﬁgtth@ cehndctighréf the slBayitdlgaichdata
surface appar at us fpor the well; Figure 1Cis a schematic of an el evation

vi ew of tranemussiohcprdyisyst em of the present 15 invention in a typical
drilling appl,f*gugltf{eggﬁi\;ag{aggo [é:lpges%htgnm/&ti%n'iétrl]l?iugén 8?%}' é@?%hgq?l}sla'bgev\"m%flestshe

conposite coi ng resent i nve

Cross-s %&Eérﬁ;ﬂ@ dovinBvletpégansion sytenn andBsudvéysykiegLiioe a@ uedte tirectvaaipbysling

coil ed tubi ng@ﬂavi ng el ectrical conductors and data trans&n’ SSi 0

conduct or s; e Qpugcds and advgniagessyf the presgl dnveprian, ot 2P W&E}G;}OEBWW@M i ng

two | eaneﬁa_i efpconposite tubing; Figure 4Ais a cross sectional view of
the mal e hous| ng of the connector; Figure 4B is a cross-sectional view of
the femal e housi ng of t BRIEBDESCIRIPTION QF EHE DRASINGS ar ged vi ew of the

bott om hol e senpl own, in Figure |A 2 onnected .to t.he d t d
of the conpoj:lsofér%fﬂkﬁieaglef‘imnﬁb;Ofgipéfffa’é(e%ﬂn?g&glepbﬁ g‘ﬁdm{ﬁn@\ﬂp’oﬁﬁ?ﬁt\wﬂ%erﬁﬁm o
st eqpabl @SR b 1 adcb@hyiRg dGEeyRrdif: @ Cf 0ss-Sectional view of the

propul sion systemw th resistivity antennas and a steerable assenbly;
Figure 7 is Figmeds-isestheontit vieweal angkemplatveli ane 7-7 in Figure 6 show ng

one of the tract.ion dul.es; Figures 8 B r .
cross-sect i oﬁ:g@r?/iq@v{fs ay egﬁégegtvéée“f 8%?8@828@%‘?%“%‘ ‘%8%% ?fﬁ@gﬂlﬁi l\q/s‘eghsogfm% et to
t he el ECshffh@‘ed’p"pﬁ@{ug fdrdhdWe3/ 067018 PCT/ US03/ 02778 Figure 9 is a schematic
of a systemfor installing and renoving steel Fi pe in a new bhorehol e;

Fi gure 10 i s Fagurexfsl sdeechematic of ag ckaxafion VieahPt Bie ddbnggyHemaaidhe SFePRivi ng
T Bl GRS AR R 5 1 e 11 19 @ araph comaring
Figure 2 is a cross-section view of the composite coiled tubing of the present
invention;
Figure 3 is a cross-sectional view taken of plane 3-3 in Figure 2 of the composite
coiled tubing having electrical conductors and data transmission conductors;
20 Figure 4 is a cross-sectional view of a connector connecting two lengths of composite
tubing;
Figure 4A is a cross sectional view of the male housing of the connector;
Figure 4B is a cross-sectional view of the female housing of the connector;
Figure 5 is an enlarged view of the bottom hole assembly shown in Figure 1A
25  connected to the downstream end of the composite coiled tubing;
Figure 5A is a top end view of the steerable assembly of Figure 5;
Figure 6 is a cross-sectional view of the propulsion system with resistivity antennas
and a steerable assembly;
Figure 7 is a cross-sectional view taken at plane 7-7 in Figure 6 showing one of the
30 traction modules;

Figures 8A, B, C, D, and E are a cross-sectional view of the steerable assembly from

the universal joint to the electric motor;
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coil tubing. Figure 12 is a schematic view of an exanple well for a gravity
based drilling assenbly; Figure 13 is an enlarged view of the bottom hole

assenbl y wbeaneioms Fi gure 12 connected to the downstream eqd/usb3/ee778

non- conduct or corrposi te coiled tubing; 10 Figure 14 is a schematic view of

I | 1 d f |
ubsea wel 1 SFigh Sris MahpEig oA E R oL R TR iy B TR e Bty |

shown i mofdhgler € 14 connected to the downstream end of non-conductor
conposite coiled tubing; and Figure 16 is an enlarged view of anot her
bott om hol e dégwseiiDys amexpleded; view 1o akesing ram ferdspoying #dyigieeving ipint of

connected .to.the downst end of conductor conposite coiled tubing.
DESCRI Pfflw&%o%glél V\QEEEH%]D EMBODI MENTS The present invention is
suscepti bl e tRigeeleds agndph copdiifg pulfidrcéoversus mbemeigit en cohpasitd m $thel

drawi ngs, and herein will be described in detail, specific enbodi nents of
the 20 CpH&RIRE. i nvention with the understandi ng t hat the present

di scl osure i SF fe b8 1sCa0§3ﬁéIH§tgze\ge\?Bf %Té&ﬁlﬂls{]\'wglﬂdr% Nlt%tﬂﬁﬁ'ed)c[dmﬁg pkgaogf the

i nvention, 'S not 1 nten elnve that il lusfrated
and descri bedﬁgme didnis dhenlagetieviewf oft the potesehblei assemblyoshawnc inudiegirer 12

conposite coiled tubing havin bottom hol e assenbly attached. Various
enbodi mERBRECEd 1P he %’r"@%&rﬁﬁmﬂ‘?@ﬁ” ‘a}f@]e‘i"a&ofapo% Cﬂﬂ%ﬂ)‘é’&) & different
congpruct i OnsFl%Ure e P%Eﬁ%@@ile@/ A3H R RhYle RACHr @ fgravity BasddSdriIB@tladsehbig
downhol e operation in one of many different types of wells including a new

wel |, andapsd fondgtingeuledsa wells;, ext endi ng an existing well, a sidetracked

mell, a devi ed rehol e oth y o 0 S

appr eci at ed bl% Bpdt ¢ Blﬁ{%? I\ge‘ﬁs% %I lgoeit?(r)erﬂ/ féés%%@ﬁ@ Shé)l\’&n f{g eéu?ool f or
per for mcagne@ﬂ:dqa@tﬁeaddvﬂmxemh@bﬁndmcddmacmebdmp@he eﬂlléchebd@y\ﬁmiol e 30
operation relates to the drilling and conpleting of a pay_zone in the well

but the presdiigure jlviersniantprges wisw ofi aothed bogomulidle agsematy fpisuse faghe well
erbadl MAbTn 3 Hife Fiﬁ%%%”éonh@e‘f%d‘&d e ARLRVCAHR ehPbHEIduE bt QbmfgBLiROLStIkO"

usi ng the sys t he presen |nven I on. ecogni zed
t hat theumhgferent teachlngs of the enbodinents di scussed belom/nay be 13

Conbi nat i on to pr odbbs CReHIQN e CE PSRRI FXBPRsRRYS. on ™
Gownhol o opey S gRT HOPARYT %‘gﬁ?%ﬁpf*?is“ﬁ%ié’?‘%‘m‘p‘.“‘é‘ﬁ? R
exenpl arspiowpén altd digwengsj arshherin wil bfode&ctlbeqmeé@mi spasifintemhodin®yits etitheubi ng
oper28t | %?esgx S;[n%ggt}o% \Imr%ﬁ lttlljedgr?de?st nod\{\rllegr thsat % greSSe%% ’dis%losure is to be considered an
exemplification of the principles of the invention, and is not intended to limit the invention to
that illustrated and described herein.
The system of the present invention includes a composite coiled tubing having a
bottom hole assembly attached. Various embodiments of the present invention provide a
25 number of different constructions of the bottom hole assembly, each of which is used for a
downhole operation in one of many different types of wells including a new well, an
extended reach well, extending an existing well, a sidetracked well, a deviated borehole, and
other types of boreholes. It should be appreciated that the bottom hole assembly may be only
a downhole tool for performing an operation downhole in the well. Often the downhole
30 operation relates to the drilling and completing of a pay zone in the well but the present
invention is not limited to such operations. The embodiments of the present invention
provide a plurality of methods for using the system of the present invention. It is to be fully

recognized that the different teachings of the embodiments discussed below may be

13



surface processor 514, and a coiled tubing spool 516. An injector head unit
518 feeds and directs a work string or coiled tubing 20 fromthe spool 516
i nto the woeloB/o&®@28 A bottom hole assenbly 30 is shown attrathmsd3w78 he

| ower end of conposite coiled tubing 20 and extending into a deviated or

hori zontal borehole 12. It should be appreciated that. this.enbodj ment,is 10
foser | DEmRIREISaRr SR 5l 2Bt Pt PR o Bhaclst A8tk Ry TR R e WPbi,
lim teddperaliBe 1PB4kiLAW @E pb@e&fsgis@nﬁhﬁy lbe$esl ini ﬁraélﬁ:ialllg aRPPypRCdfalosdihbleat

the present invention may be used for Vvarious well plans. Exanples of
drillingpetagenare found in U S. Patent Application 09/739,072 filed

Decenber 15, 0Q: an X . Pat gnt pli I I : filed
Decenber 12,1%3?}8&‘%51 lgalgynEolSJ[:IIg% ]gl‘]e’l tP %rlééﬁﬁ%gﬁeﬁﬁ%ﬁy h&!ﬁéarte yeqﬁ%ﬁgngrrﬁ%rgr at ed
heresn lgyr thefpeéseGiavention FiCilee nidEng bpetstidnadyesnci inebhdesibippgetsippl b2, a
utilizing spool 516 for feeding conposite tubing. 20 %er é]g.ui dg 5?2% %gd

t hr ough SHHpGECPI@Fessarsd n and g cop g fubsa spoph 8160 Auidjector lispd agit g de is

forced tdﬁregqg%h%%%}’@&L(ir@bﬁé/@&tbﬁgyﬁﬁﬁoﬁrfﬁ]e kepgiog )5/ Y@{nlto arAwvdlY 5221 £66m RSR-

Power supp ectrica connect el ectrical conduits 538, 540
t o el ectassendtly 60 mdthotv dttachedite thaloweotnd ofqrmspdsie cailddadbingZ0rapd2a@ tending

yst om 180+ Gpitted,ar Booa PPEReleol: sBreaniirs, etsr e 3908 PERS B ier
22, 1800 L4es¥e@bR6r ie?ﬁ%ﬁﬁ&g’g%)%ogﬁr Sid by theTpRELAC Rivemidd Mot TiRGtedUiSf afee

processor 514 includes a transm ssion conduits 542, 544 connected to
dat a t r pagivubsiboreholerdisclassd cik being lapprseidtedrihattibe prgbdnt dnvestapowyths used ferd

tubing 20.. It shoul d be apprecjated.that .power uj. t dat a
tr anew sarigp iR Btine EewaeLs AT ne b AHSD 1S A beBBiom R e
extend & jahDetdifbceNb] 2080 SROUNS Fatéi® fl@gﬁ&d@n&hhﬂdol 10202053 2Cfilad Deagraber
connected to the supervisory nodul e 0, hereinafter described, disposed

i n bot t di B leandotited §elBBrecingRig bpdy hesehydnsarporated hgeaim by sriergnecs

preferably c ri an nom - [,St j such
as randed co lfor r%%vx}li,l}1 %tsa? ecgmfﬁglm%ﬁ P({EYFIF 5’@5%%@?@%&0@?\ g&é‘?&aﬁdﬁgg‘é B@B?%&l 961
filed MaybidQ201H88gaide 5e@tahd ltiedugk inj¢dteros 18yaidesmippeo\ W3Rl TheRairgobitdcdbd, 066,
and 30 U.S. Provisional %P%l ication Serial No. 60/ 8 %26,_ fil f Cﬁt ober
27, 199tubing 28n% fareegddhrougp blawa pesysnighp34 #st Rt we §2i Hd‘@ﬂFﬁB’Fg &P REFei n
by refer . I, n i . .0 o ; hiee .01
u%ing t REPET: PR EL AL el o it lcm cREER o8, S e R Y o
an exi stthawgalbelf torhgosit€heilett fubirigr2f). shist mnted QubidglunNd DBMAB 2B08nACTY 480802778

extends from.the fl 16 of i sti | at f 1 iaus| d, t
OrT D CUNBR dRsBECtan BT aSRed o Pa T prieonsena g o2k ey DeSGhugre
di spos edzg{itzob*ﬂeh&%t’é& @ rtatdnepdint §yP raterbBce. f Qurth8E SthY | Sefadd PR i NK1 4

si gnal s "downhol e. Such controls are well known in the art. It should be
appr eci atddddshdata bhosngsstiorprenduits 48, Sé conriseiedrie (flatasfransmysi@t Yordyifs rado

equi prent, 22 & yeul &y b o spesed. a0y oLy 96 1 RBlio 18 Lot A0G

conduits 538, 540 and data transmission conduits 542, 544 housed within the composite

25  tubing wall extend along the entire length of composite coiled tubing 20 and are connected to

the supervisory module 580, hereinafter described, disposed in bottom hole assembly 30. The

power conduits and data conduits preferably comprise an economical, low-resistance

conductive material such as stranded copper wire. See U.S. Patent application Serial No.

09/081,961 filed May 20, 1998 and entitled Drilling System, now U.S. Patent 6,296,066, and

30 U.S. Provisional Application Serial No. 60/063,326, filed October 27, 1997 and entitled
"Drilling System", both hereby incorporated herein by reference.

Referring now to Figure 1C, there is shown a schematic for using the drilling system

10 in a sidetracked well 13 which deviates from an existing well 14. The drilling system 10
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appreci ated that the sidetracked well 13 is nerely exenplary for describing
the drilling system 10 and its operation in a typical application of the
present iwoesvé@m and should in no way be consi dered as IPcmiusosige7rhe
present invention to sidetracked wells. A conposite coiled tubing 20 serves

as the work string and has _various o 10 characteri CS | Iudlng
t ensi | e c¥EpdhgPR e oot Hgtogﬁﬁ CKiSHeg BE“HBFHCI@CP%WOP B g %‘l flog}p &AMai n

toallo 5&211@ %k‘i@ﬂl WEH 18e \aRRa! 8shtrotd £1 Qre%ﬁilﬁféé:d at th@ surfeQ@Q)H thd b@&‘érmtlg
wi t hst and ? ere pressures, and weight to allow the tubing to be

subst antfmatelcgavmguandaiidnyimlgmgm*ﬂ dOWmhfg Supipgontoes aed aeBsknoyntinethe entsi fte
strength, of ‘ not exact Thus

hi gher lsh%u@b rgaﬁ'ﬁﬂg]?“\ﬁgpq“&m Pyt Efﬁiaﬁﬁ%tﬂeﬁéeqﬁfsgﬁé?{eﬁh S glnesclullpemé'}qr éngt h.
15 15 i SydulPes didpdsell BatpldHRmRIBS 16 Corsdr 1 BRPARY mplétengoiv@e 1 Delikhildiakehes 0
that a predetermned tension force may be pplled to pull on the work
string. appreeieed, that Sher Eiﬁ@frftctlim neglli §3 ds eeralysexentplany biop glesqribing thie delingr y

t hat th%ﬁ%&g'lr&gang its f) b E%Sl(éaht%h% ctalniﬁ 85%1’%%?4«3& AN RO ARbEd 1] 1S

coiled t nmust b ass over the goosenec It

nmust al say Qﬁd@ﬂﬂda’eﬂes limitthgore prebent thvanrebdeto si@eutabmd welld. s spool abl e 20 such

that the c0| | ed tubi.ng may be transported on spool s and be unspool ed
gaééf IE‘B'B*E}I us

and then spvoICEH‘PPﬁEeoC%iWS Bhinso40 seraenat (the Wesk sirdieeandh BasyyamgHss©
for bhet hMQJ:tIQHst 3 1591?1‘;!‘Thgdte§s‘?le LRkt J&ewﬁtHQE&Q térﬁloggﬁlg@é?ll &n 3 rh gyﬁ@l%t

enough as su clent streéngth to be pul The standar anet er
of a sp(strhmusetlovamhie sipo| th ibg spérded; grapdstkdse, icoi Hoep stresi togwitlsstar@l differsntial

However, the real tat on . is what dianeter 00 an really be handl ed.
The | i niPfesgyres 38d t"‘f‘?eg ‘HY thgdytipg jobes té@t“il@:?ﬂeu}rf‘%' Fuoé'ia et ual 1y novi ng

the reel. O‘%uh?? rﬁ&ﬁlusC}blﬁf@Ert@ﬂlegﬁkﬁe §9&:ﬁ$ﬁ gethk %e h&h(ﬁ%ﬂ ndPéxdefly a 1 to
transported, that is the practical |imt he spool for a drilling vessel

rrust be 1| Iatlg,eTlmsod@Hngl@r$1pﬁ)¥bungﬁempdlﬂum§3rfth©mbu¢& thpoligherathe fensile Reengtibi ng
e ool ed d 0 XiJum

Feud S CrileRrifsinapt HRE wBPlstengm™, RoPf e STBEH olféret oo

to aI | overdsha fbfcgq{ga}%wap?pg@{o Pudl HS wakk sepglgr neat h bri dges and the Ii ke

The spool with flanges for a truck may have a maxi num dianeter of

appr oxi mat el yHOL’@VﬁEe% strqngr whEe iagliohe spifpabimganktie megrseay upat thadubingmst er
of the ffeRibte tcl]alé{] 1?555&%8%1%&% sp% ¢, e E&ikar tgﬁiﬂfgmp% Ger@f g@ g\lllllihllt &hring
e ubi ng- - spoof i’ng e °S. “Patent

conposi t'e cor eV|ce can ound in

Appl i catpagyovee theadoobhecl Ot Dhlist MIBbé beetdbleabrawartyin didmtér .Qﬁthﬁkﬁ?m@oolable
PCT/ US03/ 02778 10, .2000 herebé i ncor porated herein by refereq@e qgﬁ
exarfl e sbeh thag 8iq exiledusbing Manhe fraBsPosid CBNReal 40d MaYNE YrPagles ap them

Appl i ca E&n%er e%%lld D& ofYR¢ wRA: Prleferbie tﬁg YFO%H Y@ obud for %@Q&)mné‘%"\felﬂhéd sgat ent

6, 352, 2 y 1 ncorporated herein by re erence. The operative salient
propert itkes theef tubing i< benulablietaed yeti graad ehodghrthatdt kasasutfong sireregth toblee pBledavi ng an

?glngla Corrpone[nté S?Jndgr%edlgrggtgg gF a spooﬁa usaeséltflo? Isé%lmg tl!;'e gorr\l(;c))osng cmlerH) tulflnnugsisllg the

feet. However, the real limitation is what diameter spool can really be handled. The limit of
25  the reel diameter is a practical limit of actually moving the reel. Once the reel diameter gets
so large that it can not be transported, that is the practical limit. The spool for a drilling
vessel must be large enough to spool the tubing from the dock so that the tubing may be
spooled directly onto the ship. The maximum diameter may be 40 feet. The highway
regulations for trucks limit the diameter of the spool to allow the truck and spool to pass
30 underneath bridges and the like. The spool with flanges for a truck may have a maximum
diameter of approximately 13 feet. Further as the pipe diameter goes up, the diameter of the
core of the spool must also increase. An example of a multi-string composite coiled tubing
spooling device can be found in U.S. Patent Application Serial No. 09/501,913 filed February
15



of 500,000 to 5,000,000 psi. The preferred range of Young's nmodulus is from
500,000 to 2,000,000 psi. The conposite tube is non-isotropic and the
nodul us oloeBastiLity is not the sanme in all axes nor i sPCH/UShIIeArs

Enbodi ments of the pipe nmay be constructed of fibers such as nonnetallic

fibers, lic fibers, ur opnetal Iic .and l.] | Lhers.
e 10" odionbfieby ferominsted Refisb L sfisbhost oAt ek ahie L ol y ik i e

br ai deds{di&ifreah Qienfogﬁﬁ ef{»ﬂ U ShPﬁtﬁﬂpAﬁﬁﬁdaﬁo@ SefikbNo. 09502017 ciled Fesromset 1,i ng
pol ymer or epoxy. e non- metallic or petallic or a mxture

of et ak0P@ namdUSo il?alifmlt @Bﬂ %mréf«l‘éb}’ gicerporaied hspindwi tRf§T4n$ea conpari son of

ctoel Dubi ng: ey BHanre gisr P Ried SEPE s ik GtRlape actliRR S s

strakn Exvmg @M/aﬁlawta@hporﬁnt of thb eno‘doumfalawmy with af Ydung’ snabdéduliain the Sangee
Esteei = psi, then, (steel = 80 00/ 300000 Q=0 005&%6 /in In
t he samef ﬁﬁﬂﬂ@@ tq’ ér0096}99d§l t gh? eFiferged pageRbiquas=s npo ““3(‘31%‘6m 0

typi cal 2{9(98%)6%6“)8?%%@1}1{)%/1%@99918%‘] 1@&@9"@ hed HeCmodMLE BMPASICES)is Tiot the

26000/ 1 .e. 1.8% The maxi mum bendi ng Strain before
yi el di ngameipal$ akes mirpeitilmesr. %nbo%snmloghaplphamyfhgrconsnmd OfFfdrerfbsmljl ng

cal cul ation "Mark's ard Handbook f.or ani c | Deer s,

Baunei s@émonmﬁ@ﬁtfofﬁ/@fs AU%I%‘BEQDCTSE%QHEIX re Oéélﬁpr@ie & a"d%%gﬁ% eoq | O"El ght h
Edi 0N e mplYg &Y\ﬁk@ludesap%e%mamyed fsMy l¥é?fcl§ll 1R08d R Draided4ibet RMopRIat ed
herein by reference. 25 The yield strain is calculated by dividing the

yi el d sthemophyticroufigersrehdkd shermbnstieg pelymiet of lspoxy- ell4e Sibeesapydie pore
tubing is 000 then. in ng by the n nodul us range, one
can det & ﬁ%o’fﬂlg éfn‘bré‘WtVFé’? @?C%ﬁir&? THER %Y(e%\l%xéé{%%%%l abl e tubing. The
range is di ctiakgdldWinkhe aoeRiphison 6ff reNeingrstaposdtween freelumddofrpositdieoitedbi ng.
The yield stress is related to the engineering of fiber used in the

conposi tebiegi | ed t ubi ng. In determning the 30 yield strain range it is

pr ef rred tongﬁ%I{g%l bu}ﬁ é?ptrlléagﬁ%l‘?%}gesw gl(bﬂg s modulus is lowered and

it il not pr rength divi d&d by different Young's

modul us i n t AgerefdR YR yidliauhat Q= OfE bRt iehg touags Mdualusd teusatfisl. r ai sed
and | owered toget her ¥I ow ng the * 16 WD 03/ 067018 PCT/ US03/ 02778 range of

the yield stSinoe B 580snEIpst, theWhBgseei=t 80090{3006@000e0 O&Wothﬂnt he yield
strain constant allow ng the orgtlrrumto be%ln t he %d ﬁ 6 Of. th range as
the stiffnesdnithf saqee F@BF‘HngF SONBPYIEubRRe Epwwie TdEur 40i 8 8? VYRt

strain with ield.s spf 26,000 psi and a Young's nodul us of
1, 430, 000 ps;% %5‘%‘”'? géﬁ%the yield stress of 26,000 psi were constant, a

lowgp 5 Yourlglefef@@dlﬂ%(&§pogi)—%OO@WQ@QO-Fﬁ'@ml@&ﬁ/lra,lyl BB®.strain of 1.3% and
a hi gher Young's modul us of 2,000,000 psi provides a %I eld strain of 5. 2%
A 2% yi dihg ma¥iaium bendingestelin bgforg yielding composite pipe is 631 times higher than for

steel. For bending calculation, see "Mark's Standard Handbook for Mechanical Engineers,"
Baumeister, Theodore, Avallone, Eugene A., Baumeister, Theodore III, Eighth Edition,
McGraw-Hill Book Company, New York, 1978, pg. 5-54, incorporated herein by reference.
25 The yield strain is calculated by dividing the yield stress by Young's Modulus.
Therefore if the yield stress of the tubing is 26,000 psi, then in dividing by the Young's
modulus range, one can determine the range of yield strain to achieve spoolable tubing. The
range is dictated by the smallest diameter spool to be used for the tubing. The yield stress is
related to the engineering of fiber used in the composite coiled tubing. In determining the
30 yield strain range it is preferred to lower the yield stress and the Young's modulus is lowered
and it is not preferred to maintain one strength divided by different Young's modulus in the

range. The ratio of the strength and the modulus are raised and lowered together allowing the
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conposite coiled tubing being spooled on standard reels having a core

di aneter of 13 feet. If the dianeter of the spool is tripled, the yield
strai n womba3beroappr oxi mately 0.5% which is the approxi neCce/usose2778 i mt of
the yield strain of the tubing. If the conposite coiled tubing has a 10

2, 000, 000 Yo dul.u t he €9 | ed t I

st rengt A2 ggﬁ# t@%é’ﬁﬁt}%‘b%‘b%“ﬁ%"“ 5\}lisldl|t Ff‘gprg egqg\ﬁgwr% ﬁﬁ&@?&%ﬁ ?% %s%%t he
tubi ng C&'ll@Wﬁ{g]Q Q?tﬂﬁumo bt etheR@atle @ bR rahgOasi the btiftdeaftte hetatiseatib®:
conposite coi bing preferably has 2% strain as it is c0|Ied onto the

spoo: Thus dhegbowe paeyatan Qfs)éqll;ltiﬁaﬁewﬁblaé'l%lé sessaoft Hu0QWPs! 3d & ¥R St he
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1/2%to yl e strain is approximately 2%
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stress and stren an eId ress cul.at ed

usi ng tH‘BprrOé g? EB%UF %Ttra"gP%@F Btst%ﬁéglﬁlp%%% Cﬁgﬁfglr?ﬂlgzhaﬁ(ﬁlo 000
and jphe ¥ (mg:ﬂ)oofroﬁhgi InSdul @, Nthert -tRe ,coh&%thtsan$ PBhldap@ferBly ehfeeh esurhpy t he
preferred yrel d strain of approxi mately 2% The inportant forces on 25 the

t ubi ng approaelring &@LO%QSIW@\II@ng@D’e@é Strﬂlh@fﬂé% -owi ng provides a conparison of
the forces reﬁlglreeglfqulag %?etgrl L h eﬁ: ?]%aet ﬁ&gol goquzﬁﬁd 15 18816%18%9 E&Qﬁs%g{he

illustrating a downho propul sron system and
conposi te@npekiteeebiledhubigg tpocfoRYBE lﬁh%emrstramt& it ImacdﬁWdedsmd) eheaﬁpibol orthe a 2%
retrieved fromthe borehole. 30 The force needed to pull either st or

conposi tstrainols| useq 59 g able &y Berchihe whing) asounyd thei sigot rIf the sainds regyce lh

| Cstige TR b B RO BB Mgy PR s e OB OF et on
of well bore (Bﬁsuppar Q0inG) oftheagield smmgdﬁpcpdx upootmapifasteslg capdbﬂiBy | Bf fat

(2-7/8" OD x_5/16" wall) Kbst = buoya fact r for steel
2 800 bk plaiia eherarsciingds P b Sbmednn e sgoateie anckentRIBre " he

force r QAL ieis kiR rPHakd higROBRsEity, He WppeShratiial 1€ 8pproxikdatcdg 4 %. Bhus the
range of yield strain is from approximately 2% to 3.0%. Most preferably the yield strain is
20  approximately 2%.

Using the above formula having the parameters modulus elasticity, yield stress and
yield strength, the range of yield stress may be calculated using the range of the modulus of
elasticity between 500,000 and 2,000,000 and the range of yield strain, i.e., 2% to 3.0%, and
more preferably the preferred yield strain of approximately 2%.  The important forces on

25  the tubing are tension and yield stress.

The following provides a comparison of the forces required to pull either steel or
composite coiled tubing illustrating the ability of a system with a downhole propulsion
system and composite coiled tubing to move deeper into the borehole and to be retrieved
from the borehole.

30 The force needed to pull either steel or composite coil tubing to overcome simple
sliding friction is:

The pull force required for steel tubing (Fyeel):

Fateet = W* Witeel * Kiteer ™ Listeel
17



In the same manner for conposite; = coefficient of friction of wellbore
(assunme 0.5) Wonpositei = weight per foot of conposite = 1.7 Ib/ft (2-7/8"
0D x 5/16v003067ed | ) Kbconposite = buoyancy factor for compogisbzoams 12.5
ppg mud = 0.0 157 Lconposite = length of pipe in horizontal = 10000 ft.
Therefore, the force required to pull 10000 ft. of 5Sorrposite iS:

Fconposi te = Whee,| Bs coticiens of Frctionof sellberg (RsuMEI%)10000 ft. of steel pipe
is 138 tines great t han.. r ui 4 _Plgh nount of
conposite pipe. Fo?vsﬁ“t‘ T?&l%ﬂ%%gﬁggﬁfa{ti&gﬁ,4'§§ejlg/fi %ﬁ?}k& ?lﬁsggé a?galﬁl—landbook
for Mechani cal EngiKigest bydyaRaufietios fersicellinel@dopres mAd = (.80%e, Eugene A.,

Baunei ster, Theodore |11, Eighth Editjon, H || Book Conpany, New
York, 1978, pg. 3_-12r4elFAC@EQ?FPIP%&?%%%%%}Q@?% by reference. 20

Ref egring nog‘h%féfc!:r’egt}lf?or&é-re Lied & putl RJ0OWMR. Bf SiEARY conparing the pul |
forces neede todrill a 5(9, 000 foot lateral well using either conposite

or steel coil tubiFag uh8824thsfferent buoyancy conditions, i.e. the nornal

mud wei ght range of bet ween agﬁr oxggmatel y 8 to 13 pounds. The nud wei ght
coul d possi bl Q%éﬁn’ﬁé‘&%“g? FHEWPPHSt i ndicated on Figure 11 and could be

regul ated €0 g0 up, L GockAcRAUTRCidHS eiibotEiagliinas) d not get |ighter than
|

that 25 shown in gure 11. Water is about pounds and oil nmud is

approxi matel y 7.9 Vocamptsite; Fivepight ped focg oflicompositt £d. Al BBkt @DcuiY K
tubi ng hayjing a length of 50,000 feet with an assuned friction factor for
t hat'0] er’(b‘%{ of tubing in a 50,000 foot |ateral well bore. Figure 11 shows

the difference i ngorce bejupaityTIHOBE Esnpdit @d12.8bbaan(det a0ksBquar es) and
the force on steel pipe (cirtrcles). The steel tubing Is al nost an order of

nmagni t ude gr eat er LednbostelTelengtivedf ipgon hetzoatali=f f09PRfce in scales, the two
charts coul d nat .b n.th i .the axial force
18 0 T PER, OB G pplt,

applied to th < r-a > break strength of
the tubing rel at eg {0 lRelI3dbsi | e strength of the conposite coiled tubing.
Figure 11 shows a range of tensile strength required for the conposite

coi I18d {Tsifagge requiredyty psll J60QA & pcstealoirs/ 19179 gimep pseatetpaR fed Orsi TP ubi ng
prefera { 1 al.: [N - i it PREHE ity
P the Ryl SheTBffe gnofn B il Bile gt EMG) bHlcHlin AE RS Subum
cent i metlemdbosi €6s Methaned] oEmgnesirs'e, Bauneeister, nTbeonioos | Aealdaie, eBugenbi Ag as

eqmont dHRANFGoHdeEh T ey EGTPe e GR R PR Ph U RmE R SP1E 528,
forth ahpve,gls 39001k drpBeadPREERIRLEMdBat the conposite coiled tubing may
be j oi nt'€d conposite pipe having conductors in the wall of that pipe. The
20 Referring now to Figure 11, there is shown a graph comparing the pull forces needed
to drill a 50,000 foot lateral well using either composite or steel coil tubing under different
buoyancy conditions, i.e. the normal mud weight range of between approximately 8 to 13
pounds. The mud weight could possibly get heavier than that indicated on Figure 11 and
could be regulated to go up to 18 pounds. The mud weight would not get lighter than that
25 shown in Figure 11. Water is about 8 pounds and oil mud is approximately 7.9 pounds.
Figure 11 is directed to a composite coiled tubing having a length of 50,000 feet with an
assumed friction factor for that length of tubing in a 50,000 foot lateral well bore. Figure 11
shows the difference in force between composite coiled tubing (black squares) and the force
on steel pipe (circles). The steel tubing is almost an order of magnitude greater. If there were
30 not a difference in scales, the two charts could not be on the same page. Figure 11 shows the
axial force applied to the tubing for a particular mud weight.

The break strength of the tubing relates to the tensile strength of the composite coiled

tubing. Figure 11 shows a range of tensile strength required for the composite coiled tubing.
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advant age of having jointed conposite tubing is that it is easier to nove
the pipe onto location rather than using very |arge spools. Al so the

j oi nted twbiosgeroeyy be rotated. It should be appreciated trhatusat/iotiosigh t he
pi pe descri bed above for the present invention does 10 not include coiled

t ubi ng, t f th t t o] dapt.ed f
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tubi B89 fHaGIMLGRE LhdRectOibtich Set BRI bovel it dhotild Bedp g&@\md ﬂ‘ﬁdtﬂe&fbnﬁfo@l‘t’é dsirda
very low drag when the coiled tubing is forced around short radius bends
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and liftin uoyanc be Tn the we re can J ust ed
by 20 usmragoﬁtrrata&pt}marusaigeb@rnggmpedlsnudlsorthbyommdcuubingaﬂnhy bengiateler itng

the tube, A 12.9 pound per gallon nud achje es a buo ang f the
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Of tlbe ot bl JchlEH‘i’t?b@%l\%%uf‘ rmrlfy éfrehe QB md&ﬁﬂm ﬁag¥ bhadbaceha! e

due fo gravity as e col b|n s in and out t he borehol e.
Th| s is upamuhcmllai tu&nmgcpe&ntu:]aaybowsh Bhwnream yelﬂﬂgarmirw@ Wlmpma@tprsn syst em as

th ti 25 f t.he bgtto h I
| angtn corr odFofORRRYBnfalta ABHOAOLSUER T RURSOR e Baes 1MBROELITAY 1 s

found i RabhmeageRat Bt 10APRbEGIAS 'oP@la@@éltyaberNQts a6%§e6&1.b889 tRN@eled ofto Rahemt
Application %erl al No. 10/071,279 filed February 8, 2002 and entitled

Lengt h Girmaet smol Sythostryisiding Rist hetesial bbthe priledbiybingcd} pdihattabe Weesenot by

f f d bi
o S50 P SR 5 R R RO 5P Sl 1

descr i beghiap @wen cMPOSs tHe&p6dl | Reithey lmenmw%f)moanm prakdes ahasy Bw dmgertvanabl e
fluid liner 32, a plurality of load carrying |ayers 34, and a wear |ayer

36. As ke goiladomhingrs orged arognd short wadins ?’défa“écfﬁﬂii‘&r%? i e borehodsietised in
the 19 cg‘?ecgg.(b?ggqieg il ch{ (3‘@%% lQeZ\Z/Zﬁ; Thg?(gv P@r{sﬁt a'ﬂg L 3B Bbe EE 5\9 %ht

conduct or's ductors such as el ect |ca con uctors
t ransmi tfbt tghspbEig ahd aftutgowoaso tharhdbparncgz ofidiectube $n memﬂ]barmmtwlaﬂgjstﬂ:atbg{

such as data transm ssion condu tors 42. One or, nore of the co ctors 40
y 2Pnclusidg an apprapraiely yetﬁht@etﬁgépg y specificlly gngiceryi: Beituice lﬁg‘fp?tmé‘

SOt 97 T B arpaaes SUTILTAS L SHE, 8 0 AL St
conduct davifga btoyansytlbsd taghe weigheofsthe tiemgtfhedskdloays a minimum frictional drag
on the borehole wall due to gravity as the coiled tubing moves in and out of the borehole.
This is particularly advantageous when relying on a propulsion system as the motive means
25  for the bottom hole assembly and bit.
An example of a length correction system and method used with composite coiled
tubing is found in U.S. Patent Application Serial No. 60/269,280 and U. S. Patent Application
Serial No. 10/071,279 filed February 8, 2002 and entitled Length Correction System and
Methods, both hereby incoiporated herein by reference.
30 Referring now to Figures 2 and 3, the tube for coiled tubing 20 is preferably of a
composite material having the characteristics described above. Composite coiled tubing 20
preferably has an impermeable fluid liner 32, a plurality of load carrying layers 34, and a

wear layer 36. As best shown in Figure 3, a plurality of conductors 40 are embedded in the
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and informati on neasured and col |l ected by downhol e sensors. The data
transm ssion conductors 42 may be electrical wres, fiber optics,

hydr aul i cwoes/oeer type data conductors. |t should be apprasiae2Ed® t hat
t he conductors 42 include electrical, fiber optics, coaxial cable, 10 and

any o ans. whi c ormatiqn or instru nds n be. .
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devi ces pir@srs@[‘ég bnd heansMNAUOEO MeasPReeksSto HAd Q;ﬁlifaceﬁ ,r8257t113132forhe/reﬂbyontrol

i ncorporated herein by reference. Types of conposjite tubing are shown and

descri bemarpwalisSarepalse rable %0 gpgtrglgyarious, poyerveirofluids 106l z@eps. 5 Axgiiqnaly,

>, 2§ 203?'1’1art§\'eﬁ3g%§19;tion %\% ]?I%%Tatg&]%@ee %I g'%)gﬁl&vel%dot(lbl ? SlSn ?ﬁtnﬁngt S

IS i'ncorporat e ereln ence opnen

Coi | ed Tedlitige fe@érv@rldfyha&hld phsdevd ®esitoringyand. mdsagerdenor sky and J. G W liams,
SPE Paper 26536, 1993, incorporated hefrel n by reference, 25 Pat ent s
5,080, 175; 5,donslugtgrs, 42 gnbesided g thesvalbof hgompqgiiascailed hins 204EsBft ERlese

patents tgﬁé g 2 Calﬂﬁ QBf%%thti(ﬁldtohﬁ'é %hga&‘y for2fal :99 s R4 g)r &g‘ﬁng C;ﬁl&c‘:?‘%?h@@ #h§ be

r ef erence, ose conposite rods, elect opt | uct or5 housed
in a cormﬁ"srreda sincelfiber oifﬂmfs ¢ampmrrsﬁatbhmrcf tiatadhztm electrid@ ¢andaciorsnaret rrtauti:e

o * BBt fat 1vone. eR b e g b progb i e ry S eo BN o
el ast On'%gstellnnm% SlRGE bY@ I PRAHIOME! B ah®lofel quO(fl@fIOIfl |1M'oﬁnlat'idhefo 8 %entral
consideration 15 given to the chemcals in the drilling fluids to be used
in drilllocegionheCommands and data transmitted from completion or drilling systems may be
transmitted by acoustic, vibrations, hydraulic, radio frequency, short or broad band, or any
other energy mechanism. For example, based on the data and information of the sensors,

25 completions devices may be opened, closed, adjusted or otherwise manipulated by means of
commands or signals transmitted to the devices through the conductors. See U.S. Patent
6,257,332, hereby incorporated herein by reference.

Types of composite tubing are shown and described in U.S. Patents 5,018,583;
5,097,870; 5,176,180; 5,285,008; 5,285,204; 5,330,807; 5,348,096; and 5,469,916, each of

30 these patents is incorporated herein by reference. See also "Development of Composite
Coiled Tubing for Oilfield Services,” by A. Sas-Jaworsky and J.G. Williams, SPE Paper
26536, 1993, incorporated herein by reference. U.S. Patents 5,080,175; 5,172,765;
5,234,058; 5,437,899; and 5,540,870, each of these patents being incorporated herein by
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sidetracked well 13 and the tenperatures to be encountered downhol e. The
primary purpose for inner liner 32 is as an inpernmeable fluid barrier

si nce carwon3fstoes s are not inpervious to fluid mgratiomcparsos/earrar|y
after they have been bent. The inner liner 32 is inpernmeable to 10 fluids

and there i SO es the Ipad carrying |l a ers 34 rilling fluids
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as a mangdpel for the application of the |load carrying |ayers 34 during the
manuf acturi ng process for the conposite coiled tubing 20. The | oad carrying
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the depth of th |1 h _t hat f st th
and costl %@wlgég%“ﬁa@%ﬁﬁf%@wv e DB BB o 5 et BRF 2 BrmBeTRCebly @
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conposi tthe ﬂowlbecb 46 oblimey 320 Infkh dinero¥Pdal smsarydsreg 2 ragmhr@ fenthgrapplwatipp etithend

br ai ded so as to grovggﬁ the,K 25 c 05| te coi t ubi | ng thb ous
mechani dad ot RYEE 3 ALrmeig g raer g earerec i PRSPl g b ey
strength, fl epehbdd EatryihERiysisBaCLe b&f&@&?tal resih [fibef Bavifi@a shffi¢asit 8lmber of
external hydrostatic pressure, internal fluid (gressure ability to be

stri ppedayent to sustaimdhectrgbised landrafi thy vork stringo2@spspendedain Juid, riskidingaiee and
ot he1 msch%g @b% ﬂ%g{té Eb(g%ﬁ;et 1Qe§§a‘%cﬁb&{o% h&gla bI){},%\esapped and braided to

nHXI conposite col 30 tubing 20

i ncl udi ng addinedriteddst Ratlicalrhingti@yerd 84 atd @ﬂﬁrﬁbly&vdmarmﬂoaa/&ﬂérrﬁzﬁ degting or
preferably brai ded around the outernpst |oad carrying |layer 3 I}]

| ayer 36uiablegresiac Garbay fers argpawelemed ecayse ¢f| theip pigengd. Rd alth*ﬁvéh gass| I%STS t he

it ot ey B Lol Slastiferi o1y ITRRBHF B Ellobi/ BB, B85 RIRRTC, |

t he undemitbpnngd|ghad fibarsritanbe hisederkhulihe Pagicplaeffibersefdr weaoad eyreying fayetsat  of
e B anbonl et L 00 S8BTt el AL b SR
layers o g&ﬁ!sé & stk th%ﬁrﬂ%@ d/l%aefchlcdil GRS ﬁbéxaye%cte”eﬁ Tg%lckﬂ@y hAGhuded

anong t he carrying |l ayers. e advant age of wear | ayer t hat
one can dasbooffibar t&ip‘réferreahbedaudmmf imrsttengih and rakbihity totwitweapdipeessiseer mi ne t he
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tubing 20. The load carrying layers 34 are wrapped and braided so as to provide the
25 composite coiled tubing 20 with various mechanical properties including tensile and
compressive strength, burst strength, flexibility, resistance to caustic fluids, gas invasion,
external hydrostatic pressure, internal fluid pressure, ability to be stripped into the borehole,
density i.e. flotation, fatigue resistance and other mechanical properties. Fibers 34 are
uniquely wrapped and braided to maximize the mechanical properties of composite coiled
30 tubing 20 including adding substantially to its strength.
A wear layer 36 is preferably braided around the outermost load carrying layer 34.
The wear layer 36 is a sacrificial layer since it will engage the inner wall of the borehole 12

and will wear as the composite coiled tubing 20 is tripped into the well 12. Wear layer 36
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the tubing. Wear |ayers 35, 36 are made of glass fibers, such as
fiberglass. It should be appreciated that inner liner 32 and wear |ayer 36
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layer of fi befh%' c%%ﬁspolsli € tu ri]r?g Psrén%?degraeld in accordance with the preferred characteristics

previously described and for the particular application of the tubing. The tubing has a ratio of
25  carbon fiber to the matrix holding the fiber together. There is also the angle to each layer of
fiber. The angle of the fiber varies between layers. The layers of carbon fiber are wrapped
around the pipe in a prescribed angle. Carbon layers 34 can be added or subtracted, and by
adding more or less fiberglass, the weight of the composite coiled tubing can be controlled.
For example fiberglass may be substituted for carbon fiber which is lighter than the
30 fiberglass. The fiberglass includes layers of glass fibers which typically make the composite
coiled tubing heavier. Thus the composite coiled tubing may be made to be substantially

neutrally buoyant allowing the composite coiled tubing to float in the drilling fluids.
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function of fiberglass is to contain the conductors 40. The conductors 40
are enbedded in the fiberglass |ayer 47 to provide a continuous
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el ectri Gibigth fo:afie tudgngsur f ace which will generate heat which nust be

di ssipated. Braided copper wire 43 is preferably di sposed between the two
out er most | odkhecalgeijqah gondugars 4 3 naygpclude ppag gt MOEE BRRECH ¥dres SPeds hiingless
adj geent_ . t ' i (N : i Lhe Blal ged
copgar s Tt ha B gEr Dire BRBASY bEoC 2 cBEMBHIR EPapebia” PR B8
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filed June 22, 00 and entitled Burst wnhol e Tel enetry System now
U. S. Patrediced, rasi8argE63lommdotoposiie oplod itabing @9. 5EBetrical coiductns @1 7allbwethef i | ed

Dec er 7, 2001 and.entitl ed Burst Downhol e Tel enetr st e bpt h
oy OBy b isoE Bt AEPL APt PLiecuah PoVED houh s s LPLSGEH, ok
pref er abls¥enfbly 30AKRuRh ceaiislBda 6RRREIONVLEES . Wath gﬁugﬂexiﬁg]auerarr@aybwiv@ted for

structural reasons, T.e., structural integrity, and are in electrical
cont act wyt boremwhicatidne throughea tsingled serducondilcbawsemithe surface and bottom hole

assembly 30. The conductors 40 provide real time data transmission to the surface.
The principal copper conductor 41 used for power transmission from the power
25  supply at the surface to the bottom hole assembly 30 is preferably braided copper wire 43.
The braided cooper wire 43 may be used to provide the power for power section 90 which
rotates the bit 140. Braided copper wire 43 may conduct a large voltage, such as 400 volts of
electricity, from the surface which will generate heat which must be dissipated. Braided
copper wire 43 is preferably disposed between the two outermost load carrying layers 34. By
30 locating braided copper wire 43 adjacent the outer diameter of composite coiled tubing 20,
the braided copper wire 43 is disposed over a greater surface area of layers 34 to maximize

the dissipation of heat.
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t 0 managehigiCOpevithe agseensiongloidaiad trangnisgomsbegomes | isabled.  Furthermore, the

transmission rate is greatly increased, resulting in high-resolution real-time data from sensors

for formation evaluation, directional readings, pressure measurement, tension/weight on bit

25 (WOB), and other downhole data and information. The high-resolution and continuous data

transmission help to solve the potential challenges introduced when drilling a well. These

challenges may include higher equivalent circulating density (ECDs), longer openhole

intervals, and reduced clearances in the annulus. The high-quality data also has the potential

to enable more effective use of other technologies that address the geomechanical

30 environment of the well. The composite coiled tubing 20 can identify permeable zones,
drilling-induced fractures, and borehole ballooning.

The continuous access to the data, including during trips, helps to provide early

indications of potential problems such as fracture initiation or borehole instability. The
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Usi ng Prggsing Butfithehd®ki | | i ng Measurenments (Attorney Docket
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i nterpr emuﬁ vaume fsertshss, hied flowaternipcatedhiltheisnrface. The control system then adjusts
one or more of the drilling fluid density, pumping rate, or choke actuation to detect, shut-in,
and circulate out wellbore influxes.
25 One preferred embodiment includes a method for detecting and controlling an influx
of formation fluids into the wellbore when the drill bit is at the bottom of the hole. Once a
kick is detected, either by downhole pressure sensing or by mass flow rate balancing, the well
can be shut and the formation pressure measured by the downhole pressure sensor. The
downhole pressure measurements may be made once circulation has stopped or while
30 circulation continues. Once formation pressure has been established, the control system

adjusts one or more of drilling fluid density, pumping rate, or choke actuation to circulate out

wellbore influxes. See U. S. Patent Application Serial No. 10/264,577 filed October 4, 2002
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of substantially constant-density drilling fluid from the bottom of the well back to the rig. In
25 contrast, dual-gradient drilling uses a lower density fluid, about the same density as seawater,
from the rig to the seafloor and then uses a heavier density drilling fluid within the actual
formation, i.e. between the seafloor and the bottom of the well. Dual-gradient drilling
techniques, in effect, simulate the drilling rig being located on the seafloor and therefore
avoid some of the problems associated with deep-water drilling. Thus, a greater well depth
30  can be drilled with the same number of casing strings or a greater depth can be reached with
the same number of casing strings. See U. S. Patent Application Serial No. 10/264,540 filed
October 4, 2002 and entitled Dual-Gradient Drilling Using Nitrogen Injection (Attorney
Docket No. 1391-34800); hereby incorporated herein by reference.
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co site coiled tubing 20 and = bott ophol SS |y 30Q.. One.of the nost

i mpaPt aUs§baldeses ey FYDROMCAL %g?ﬁyemyecﬁxgﬁqlg%gﬂ%e é’gr@ﬁ}ﬁé?ictgﬁ\'wl%%ss
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drilling-conpletion system 10 supports this overall philosophy. 10

Conposi toz dowhheld memdriigreontesessaryl dhissbengfit regicqstcompiexily and 65 Mirptemiaegea
drum | rE:o%nrf)gnems on printed circuit boards in the bottomhole assembly that are susceptible to
vibration and shock. Quality assurance is easily monitored for the bottomhole assembly 30.
25  Most importantly, the availability of all the data, all the time, allows accurate, real-time
decisions to be made while drilling.

A number of factors are important to the performance and reliability of a horizontal
completion. Reservoir characteristics, effective well length, and near-wellbore conditions
determine the inflow performance of the completion. Formation characteristics such as sand

30  uniformity and shaliness, along with the inflow performance, are important to the reliability

of completions in unconsolidated formations. More effective placement of the horizontal

well in the desired pay leads to improvements in performance and reliability.
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manuf acturi ng of conposite coiled tubing 20, inner liner 32 is spool ed off
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passes through multiple braiding machines, each braiding a layer of fiber

onto inner lipner 32. The fi nrshed conposr% 9 | ed_t | ng, 20.1s_then

spool ed ont o AC1ETHAHAT  Qaluqfon gsenzprs| i ‘?o%1 lé%lsaYIS . GW@'OQHCSH& led
Febr uar %z&ﬁuthﬂ%c@d%@ ;ﬁﬂﬁﬂat rlag‘den@@f IR Ged Aiididmiiatiohiang a RrsdcRityavtkoaitod,
now U. S. Pat erit 216; Pat ent Apﬁlrcatron Serial No. 09/512, 536

filed Femluakydmhs aﬁoovmatm ifftﬂ eptimyim WEllBPregPMAEGTERINg Thete sensarsuare S,
Appl i cat erlal 09/ i ebr | ed
i 1 - oo Ry P R e iyl D b PR Pl denPa i ARteF i

i ncospor at ed F&ﬁbﬁitl@ﬂb)/eitﬁh&ﬁﬂ@ Gereers) llﬁldcfhaﬂg:at hemlpleatlodl st@itgffsy cals chdrhieal
conductors 40, such as electrrcal conductors 41 and/ or data trans SSji on
conduct GPRItians/teghriquesican b naore sHiciensly|nl @G psing e cIARRSYE Cailediupig 20 4l ng

20 bet vgg Pofnnglel s?én%lgggobne%@ﬁecﬁ&tx %ﬂ?‘%ﬁl’% 13’3&1 aggri’ﬁlé’ﬁlro@tré?ﬁ@l@nt gy

be laid I near spirally or aroun coil ed tubing 20 during
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that t heh&RABOFr 82GO1ih&d3 A pHQSdQQhrZ)Q VR thAY Bradditg SRBKIhE 84th brhlangtzmayauch
as up to 25,000 feet, it |s’[£referred that the conposite coiled tubing 20

be manf dibeuprte inrerdingr 82r The figished sempesie celedrpibeng 26y1s1thgnepoctechonso dand
90 fdo o ég?%lt gs Blﬁtfdég’} ggﬁa?ﬁl]pogg/%ﬁq eu%%ﬁﬁgl%?ﬁ82060/ zH‘HO Calind] oo ! !

hoI appr oxi conposite coi t'ub wever, 1t is

typi cal Itmlﬂgaﬂatcﬂldngth@madndmeﬂhodlde uUrs. duent GRIX2 M; Tt Saddtltdnt @rmalllcatlon
conposite coiled tub druns, of course dto d or

short en Seral NeiyY $112@§36tfh‘§d E@Wﬁ@ﬁ.%@@& Qf’élcfmlfl%pﬁ’é émg\th“rﬁl“tge MG ¢ he
di amet er Rﬂﬂ}‘ct a(%rglkrenﬁf No'®oB0TRes) hﬁdcpédrﬁé} td":!tﬁml?e d thed@d MuliSuie

practi cal lon as to its Tengt rrpo té coi tubing 20 has Tal |
of the Copmmsite éelleme’mhng $moting Padbé; alltheeby incbiporaed lzmegn by ngdérendeon of
ext ended reach wells.

I n.particular, copposite coiled ubln 20, h eat
strefigth for yrng, theghiaidipse RTCESy & éamﬂﬁ“rfr L?%d such ag, 8“4‘??9:6%
materi aly fhd:%?‘aaﬁat?ansﬂt?s@ﬂ)nl QREEM b Y42, Qemaﬁbtsm@%la% htcutu ﬂﬂ e%%p@lsﬁacmed
conpatible with the drilling flui ds used 10 to drill the borehole and may

be engi rnelEingd0thetvagrpr the dreibingypénoad ¢ateypegbgers dpodondudtors 41, 42 may be laid

linearly, wound spirally or braided around coiled tubing 20 during the manufacturing process

while braiding the fibers. Further, conductors 41, 42 may be wound at a particular angle so

25  as to compensate for the expansion of inner liner 32 upon pressurization of composite coiled
tubing 20.

Composite coiled tubing 20 may be made of various diameters. Although a 1-1/2
inch diameter is typically used for metal coiled tubing, composite coiled tubing 20 preferably
has a diameter greater than 1-1/2 inches. The size of coiled tubing, of course, will be

30 determined by the particular application and well for which it is to be used.

Although it is possible that the composite coiled tubing 20 may have any continuous
length, such as up to 25,000 feet, it is preferred that the composite coiled tubing 20 be
manufactured in shorter lengths as, for example, in 1,000, 5,000, and 10,000 foot lengths. A
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wei ght and density) upon passing drilling fluids down its flowbore 46 and
back up the annulus 82 fornmed by the borehole 12. Buoyancy reduces to
accept ablwolosnsss drag and other friction factors previ ogsirgusesieomnt er ed
by netal pipe. Conposite coiled tubing 20 nay be wused in el evated

t enper at ur.e arti.cyl arly when h xchanger is placed.on drilling.15
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cont act @TUIﬁéﬁg?%{me@tbﬁég? gorSR&Fﬁé' @adlf’ﬁ?ncyrrg Cﬁ%%o%cceepﬁabl%lﬁrﬁ{esccﬁ%% g@étﬁé}

Cont act ffti@ts fRtbrdpRviRERSREutred by REERE bipk C Aorspuriieebdéd ndhty 20Mmagrbeseal s
53 are conposed of an electrical insulator. 29 WO 03/067018 PCT/ USO3/ 02778
Still rafedinievatedriegipeeatyps pagicatarligwhethg beat exchanget ity dased omedridingnd
connect af..»6 tat| L NG I t I u riel e end
conﬁgct rlat %m E@\Atgv&eowrté% aqﬁl%g?jg ﬂ?llgcﬁgggc}lﬁzgglgs%ﬁ(g{gﬂ splgdfé&gg}@gl ]Ir2§ a$£cﬁﬂehe

| engt h afonpebiee esiddaatsing QD¢ n&iGrotaRal wtrbtage bit 140,20 tosqueds @laeed enl chmpaosite
sliding along the | ength of male end connector 56 by a |l ock ring 30 and may
5 be pré?\?éﬁ‘ﬂg’(?”lz%/zoconventi onal nechani cal devices such as splines or stops.
Rotating ringddminglR (dE|dees %ﬁafeegds%o%@@oﬁﬁe%to%oefdrocronﬁé&imgca%'acémot her
feature of male end connect™r 56 and rotating ring 27 is the pr sellﬁce of
seal s 2éngthn52,15d of cefmposieccodlot) odhiime?d. Af jet fuibs60 mag be idposesiaalcon&x@tars®

it 1 th : f th I d t d t ati
PO e, o e St OO PR TELS, 0 SORNEEL 1, S5 00 {08 s
femal e eﬂ?ﬂ’)?}@@f‘ﬁ&h@lérq‘? -incgpﬁr?@@h&eiﬂ@m%r&%@. are conposed of an

el astoneric materi al at w allow a conpression seal to form against the
hydraulic A detailed description of the connector 50 is set forth in U.S. patent application serial

no. 09/534,685, filed March 24, 2000, hereby incorporated herein by reference. For electrical

conductors in tubing, see U.S. Patent 5,146,982, incorporated herein by reference.

25 Referring now to Figure 4A, the male end connector 56 is generally in the form of a
hollow cylinder. Moving generally from right to left in Figure 4A, several features of the male
end connector are shown. Splines 28 are machined on or affixed onto an exterior edge of said
male end connector. An inner electrical contact 51 is also positioned on male end connector
56. Inner electrical contact 51 is generally cylindrical in shape and includes both electrical

30 contacts or rings 52 and wiper seals 53. Inner electrical contact 51 generally rests on the outer
radius of end connector 56. Contact rings 52 are composed of any electrical conductor, and

wiper seals 53 are composed of an electrical insulator.
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pressures encountered in the well. As shown, seals 29 may be positioned
into grooves, recesses or rings positioned on the nmale end connector 56
and rot atwa@3méngs 27. Referring now to Figure 4B, fenal e ead/usesionscs or 58
is shown. Like nmale end 15 connector 56, the fermal e end connector 58is

al so generally. cylindrical in form. Female end . connector 58, includes, slots
or grooves 48%%%%9”@8%?({/?%@ ﬁ%e‘é’&"ém&@ng@nﬁlp@ Slé'ﬁ’Be@% Rsds ghd %@neé% §6‘has

seal i ng RythdaCHsy BP rqftds AUEIGTar@tin@GhE b&dd] of Aleedd Ednnebiet Bo PasIdveORRingn t he
internal diameter of femal &€ end connector 58. Quter electrical contact 61

i s generritig 37 dogs inndslideaixidlly aongpde dangth efchalgesd sapractor 59. Hasating @ng 2pisat es

[ 63. T . i cal [ ~ | j.cal
Cing | edrrimeddi® Shfln B b et BNEF tnf PRS0 B Aok ek 6 BT

rings 6defyviatdagnaesestional maohantandeicdsngcinad splinet or Sloper Refading ring a7
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conposed of anh elastonmeric material that wll allow a 30 conpression seal
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WO 03/ 06:é€kb&sBEFn hédBn tRASSREAVBYORY Sbake rammdingerer al shapes
depending on the ulti mate shape of the connector 50 and the chosen net hod

of manuf act urReferming neay ¢o &hghre dlndemale &6, cqnagelPe S8nd shewReckise Bale e
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o5 8,3, DR LAty S5 SRR, B P g 1 1o

i ncl ude cafn&tress incladaallots BOLDLWG 4Band iereiving thradds 4. &Fémakemidrcohnetgori F8ner
skirt 87 on both male and femal e housings is split ri e 85, The

. ‘ ng. wedg
out er didseehasrsedingspirfaces B gnduenige elestrical eantagt G ¢ bathpositiensd, AR the HiteiRgl er
i s taper 1 I 44 has a straight outer dianmeter and a
t aper ed cﬁ%ﬂ%tgm |Iglgf§%glrj.£%@%r§ér skirt 87 has a straight inner dianeter
and a taper eduwert electicanebrtact Fhas 1genenally tcylindgcaleilgeh®® artds @cludes outer
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construct eg o@any
of any conducting material. Outer electrical rings 63 are not separated by wiper seals but by
a plastic insulator, not shown. Outer electrical contact 61 is positioned on the inner radius of
female end connector 58. Electrical rings 63 are connected to conductors embedded in
25  composite tubing 20 that is joined to female end connector 58.
Both male end connector 56 and female end connector 58 share many common
features. For ease of discussion, these common features are identified below together.
Referring again to Figures 4A and B there is shown a passage 71 and conforming seal
72. The conforming seals 72 are composed of an elastomeric material that will allow a
30  compression seal to form under hydraulic pressure.

Both male and female housings include axial passageways 73. These passageways

are hollows or grooves, approximately of the diameter or clearance of an electrical wire. The

30



hi gh strength material, such as steel, and preferably of a material that
W ll resist corrosion. Referring still to Figure 4A and B there is shown a
transiti owo®3/06HT8in the internal 15 dianeter of nal e anecrarsas/e2778
connectors 56, 58. The inner electri cal cont act 51 and outer electrical

contact 61 each have four contact | at es .or ri 1. Thi,s nu ris
sel ect e@aggg?\yayéomaéstal&d@ytfg ?Wgraﬁtﬁ%%qs S‘FPCBSW %’1 gf}és u(?tHP%tﬁog‘@Béiq}bﬁﬁe
typi cal 6Ridces SOURHME HBsdmédBd of mdhith@nRNt number of contact rings nmay be
used. Both inner electrical contact 51 and outer electrical contact 61 may

contain WI perTheeatls epd @uowt@rs%sefallﬂéle%ld unpeqtos 8%l and foGHIREFRg 24have a
el astorre ‘ét'éﬁaB?‘i ggsirg% : 6drﬁfe8a+t8 ea& Iglgm})&ke separ ati ons between

el ectri (P per seal's are only present on i nner
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Figures 4A and 4B are caps 83, 90 positioned on the nale gnd f rral e end

connect dousingAd sad innes skir87n dinciialing igner kit §4 9B PoHemalesnd Ertngl,e OHIBY K |
they ar %plnza ?%e@lﬁ@%@ t??éegﬁt!ar ﬁm%&t&{?@gg gnt g@%&uiﬁ”‘?st S énQi k! iaMef or

handl i ng™an event foreign matter ng and possi bly damagi ng
t he houslianger ﬂ'lmzpemdr Ukthie woeaicolf hdmsmg 4dhreas estrei ghndutet dhemfs@rrah@a mmtrecdonnmct ors

56, 58 nmay consj st of se arts that, assenble into ,.the f si ng.
As best HBHR i h"elji“@‘ifr%-‘rﬁg’;g g‘%@?ﬂi?%"ﬂ diniercangre @petrd ouier A agéeﬁe 03&8

surfigce gifif fng \%@d%éﬂ@s Q1] rﬁéHuffﬁ&l?re@ffrotnhﬁ ERSRP Thdt 8h&wd b@chgtiBi Migh 3RessThi s
faci |ta es pa55| the coiled tubing 20 over guide 528 and through

i nj ect oran&Jyat &nﬁla&;ﬁvﬂiypﬂmmbl@3ZBerYltlumucrqmer has| besngiseches g shitelle anateriad. plhe

coiled o o t ubi n 6. .31 WO 03/067018 P 302778 | d be
b eci s cPRAPTRIS AR e e M S AR e TR PR e

connect ifigh GRABBChRAEriAOsucHAE steelC &@%ﬁaﬁmﬂy §f AMMiteriaCthdOwil PrevisSédricdiont hat end
of the length of the conposite coiled tubing 20 extending into the well 12

and a tong f diefernisgetitl toffiguie 4hesnd Baheets shovwnaptasitien 0oy Pédn thibingnalo
r.eb he .to n e new length to 5 formthe
comleet et BB AR el fOcbah &0l 3%, 3 .

Pe appreciated that end connectors 56, 58 may be
mount ed on t Mheahfks eddctricbopnadttse andiduesdt etla:thwagc&ﬁaaﬂlmldaghﬂqhm fomnab@attur i ng
process and therefore are already nounted on the end oi | ed tubi ng 20

upon t r e rRg el dlhis I“i“ﬁ’é’e’"sistsélﬁctlefl ag H&GFTGSP&“Q%% e “& el canductPRat
the end e a 10
composi (BTRERARE ifleal HHIREBGR Al P e et o P P B
conposi tuged: oBbtﬁdnnérmlnongaBﬁbnta%lt Sband butshdacttdc:lde:oapplr elcinay edntainawipet $eats

PER Lk OB SGLLOne O RS oed, sueh, o5, Uhe,(uBe oL BULEK i
I ndi vi dygh, SQeERES EREINEHHAAE 951‘,1%1'5 hiwipeh seANNRE IRy PresBhtCon inner
electrical contact 51 and not on outer electrical contact 61.
Also shown on Figures 4A and 4B are caps 83, 90 positioned on the male and female
end connectors. These caps are not part of the assembled connector; however, they are
25  attached to each connector during manufacturing to allow for handling and to prevent foreign
matter from entering and possibly damaging the housings. The structure of both the male and
the female end connectors 56, 58 may consist of separate parts that assemble into the final
housing.
As best shown in Figure 4, the assembled connector 50 has a flush outer surface with
30 the outer surface of the composite coiled tubing 20. This facilitates passing the coiled tubing
20 over guide 528 and through injector 518 and stripper 532. It further allows the connector

to be coiled onto a tubing spool 516.
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comuni cation |inks which electro-magnetically transmt signals around the
connections 15 rather than go through connector 50. See U. S Patent

5, 160, 925yohenetoys i ncor porated herein by reference. |t i spPpraies e
however, for the conductors 40 to be di rectIy connect ed toget her

at
connection 5Q. Connectors arabl e connect or use 0, £ennect
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121, and an el ec connect For tal ectrical
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details regarding an actuator assenbly for actuating a steerable assenbly,

refer touting20Padenit sAptpirllbcaippmnlaeerth@uothqx@ypeeef ayigk gemmerctipagicandd bpaseds,
2000, hereb or por at ed her efe enc The hol e assenbly 30
may al soYf %ﬁ 8@‘/?5 °§8H‘§gr‘:°@ﬂﬁ§ %’éﬂsear{é RG> ur{eg??eectr%’l?l é%cﬁ@n ‘package 554. 32
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668, a S:iyﬂet’eVdrﬁ:@I’ It is pefdrred/Rowerrd far thelcoadietdrodd tdBB: diFmtlyrooneectket tagdtberon
rel ease tools, refer to U S. Patent Application Serial No. 09/504, 569
filed F@b@@rareytl% 2000, now U.S. Patent 6,318,470, hereby incorporated

herein by ref&y g@&grstg t%zpﬁ’[glé ?&?Me@to $6.840 ¥ 30 éo%n@é? NRE A5 R Ak eBmPentos K

string 20 extending ace of the well here is no rotation of
t he bot tcomplositeecailsd eutithy 2B®. the botsdo hble dseembl 3&pp¢ mhabbdtrtchhiymmseirt theool s

ded tt hol nbly 30. Th Ki t.
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present i1nvention is not Ilimted to a particular bottom hole assenbly and
ot her alendmmat heveut afkandothe eemamgeratemnpeied to the work string 20. It is preferred that

custom lengths of composite coiled tubing 20 not be made for each well.
Referring now to Figure 5, the bottom hole assembly 30 having a bit 140 mounted on
25  adrive shaft 141, a bearing assembly 161, a steerable assembly 124 including an electronics
section 181 and preferably a near bit orientation sensor 556 having an inclinometer and
magnetometer package 130, an upper constant velocity (CV) sub 616, a power section 90
with wire subs, a check valve 618, a resistivity tool 121, and an electric disconnect 622. For
details on an electrical disconnect, refer to U.S. Patent Application Serial No. 09/998,125,
30 filed November 30, 2001, hereby incorporated herein by reference. For details regarding an
actuator assembly for actuating a steerable assembly, refer to U.S. Patent Application Serial
No. 09/678,817 filed October 4, 2000, hereby incorporated herein by reference. The bottom

hole assembly 30 may also include a sensor sub 624 including an orientation package 554.
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used. For exanple, the steering assenbly 124 may be separated fromthe
power section 90 or 15 | ocated above the power section 90. Further details
on t he stwenBnegroassenbly 124 and its operation may be foRau/usn3/l77sS.
application Serial No. 09/467,588, filed Decenber 20, 1999, hereby

i ncorporated herein b f nce. Bottom hol S cted
to° the dokROuPRUEH atmbE BTy B ad Fob PR BT sop v 176 nEARD ST
80. Rel gas& tiae®r b3k prysuBEcsHDRNadled 660 agda |oWert basioOorapreskiat aibs662tntior
electrical actuation fromthe surface. Another release tool is sh?

U S. pat@mppeipiiciasdarioRresuls §pntrgh masiyleoe. 1o batiomsoly@ssembly 3@ e l\gnl?elfnand
titl | ¢ L QF | t
entl e%&?g@fg AL GurehRRE TR %gﬁf&yrggg&g ftsnsg%&qgﬁate%ns L\% § 4 BGREAGS &4

her ei n erence. vari ou r as d as‘rel ease
t ool 580,673,usk aaglease @sp8®SsForemochiztagje onaclelsentoala) refrutd €rS. Ratena Appbémivncal

I .. On f hani cal I 25 ' iled
bt mg 1Seieh 249 oGu804 50 18 Aty o5 4808hanow ol porario-HEnaPn TyFoy

referengg, Sel BLEASE, LpQng0 i ncludes a charge detonated electrically to
sever theoré:ggnﬁecti onﬁybet vvenen bottom hol e assenbly 30 and work string 20.

Such a rel eaShettmoloni folesissphblyadllis edrinabled . to Re vl estringo R0 8@teindingeigutheed

shoul d bot.t om hgl e S ly 30 t. st in. the well 12 e r
sect i on SBBAGSY ﬁ'ﬁeggﬁ'hiﬂ%g\ﬁé MOf % at‘tOBt‘g(tcﬁiﬁS o ?%?‘?lel%?m%ﬁe‘;gr EE ﬁ]i]ogu?é({)\ﬁ)e
sysygm Jagpre%&w #HRS othBe tdvRs in‘é.? HeOhERdéP inveteKbsthsin hold as¥ehelye3@is seibiopls30 in
or out of the borehole 12. It should be appreciated that the conposite

coil ed makirlrggulzmecawm hte graernily 30 wilb vatyeddapendingloa. theidsillyicopistesn baingy st em
120 t it i | ' ' 8 .
R, R LA EREBRIRUR TR ol B8P BRI ney o

t ubi ng QwMitedf tot NBariiolilah Bbttom hoks assérmblyt ahdt erbbr diZmalveerssamisies trhgy fleo et i on

resistivity around the bottom hol e assenblg/ 30 an includes an el ectronics
package Usesli et expmplecthe sissTing assemplyol?41pay besseparaind) feom dhepryvey sessien “Oinges

t he ;kraj r i r g i 0N
systam 130 REHePe O HEL FAR0F S PRl Seill b h R el SRSl PaP R T
30 may iopefatiocke neny beofoard i Uc Saapplisitminl Seriat Bbi 09/46H, 588y Gkedd3ecember 20, 4899sed
in US. Patent 5,332, 048, hereb i ncorporated herein by reference. The
st abi | i i‘é‘febmoﬁ’ér%‘?‘%ﬁfé@%&yé‘?ﬁ? re on bottom hole assenbly 30 depending

upon t he applﬂoggm &f]f abdemdilP30 ﬁmp%%teme%%‘éd%&ﬁe bbwh strbn @ﬁdlfles WP c&hpbiet om

hol e assenbly W vary wt he application and well. Exanpl es of

ot her t oalrk stiveg 20y beaekdstetbol B0boReleasehtviok S8Qsweyilieycom@gctied o e efntheVR
magneti c resona i magi.ng tool for transmtting,data to the surfac
Bt RGP A0 Lo ar PatondEm it arare R Rt el Bl GBS
format i QprehnGppltaiish SBAAN Not 052950St #d NoYembeedd, i2D0L ahil @Atitl@anDownhole
conposi tion. 1t should al so be appreciated that different
Assembly Releasable Connection, hereby incorporated herein by reference.
Various types of release tools may be used as release tool 80, such as an explosive
charge, a chemical cutter, or a mechanical release. One type of mechanical release for
25 releasing metal coiled tubing is disclosed in U.S. Patent 5,146,984, incorporated herein by
reference. One release tool 80 includes a charge detonated electrically to sever the
connection between bottom hole assembly 30 and work string 20. Such a release tool is
simple and reliable. Release tool 80 is required should bottom hole assembly 30 get stuck in
the well 12.
30 The power section 90 provides the power for rotation of bit 140. The propulsion
system 120 provides the motive force to walk the bottom hole assembly 30 in or out of the

borehole 12. It should be appreciated that the composite coiled tubing 20 cannot be pushed

into the borehole. The propulsion system 120 can pull the composite coiled tubing 20 into
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types of sensors may be included in the electronic section 181 or |ocated
el sewhere on bottom 15 hole assenbly 30 for providing other information
concer ni iyo@sétisng and the formati on such as tri-axial &ctalSes/ares ers and
inclinoneters for directional control and surveying. For exanple, all of

the paraneters and characteristics that are .determ ned wth in ile
drilli n@‘%&%eg%lei%llt B CPS repdp ik i éoﬁ’ggﬁff‘bf‘gi[e?o?“%@@h%ﬁt a&‘gg&‘irg’f‘ﬁhe-and
char act @ekililitPtoof 1 2MUSEMNAEShE RéritdBn PREtRItl AEOLURH RS H6tESm heRsHrblY 30

tenperatures, annul ar pressure, formation 20 pressure, pressure sanpling,

fluid i demndlddesaniebatronjys paskags oused inegj¢atignicpsecsiontlpl. Stegrapinassembly 124r an
l e pf t t om hol Ly, 4 ncl.udi iati : U.S.
bat ont - cRpE? B S ER ol IR REPRI LI BBy IREE bRy G lery 255,

i ncos por at ed [NGRA&IIM 416 bE &fppfeeieel thehah® daebms Aokl s53e@blyTay hey anduds aa
conbi nati on of power sources including a 25 hydraulic drive, an electric

drive, &onesnbicnedjuglablandahiljzss svsh o, thet disslpsed H’érUéomFﬁﬁ‘Fé’mW’ hegioy
powerin [ ok ¢

Char act SRerER herkP LD RABlen 8D e o e DR ARGl R o bl e
sect i on a8@nibie B dgsendingdmpoh dleeappiichtimul i ¢ not or using conventional positive
di spl acenent for rotatin

the output shaft, The potor h d. 30
Stator with dhihasktor Rt e gah ey eeatn PLoqtiean Hole gsss b an ‘CHr GG
COMpESi tig: SNk Afhnt 4111 28 AR RS RodiD haf AP be 3BELISH BbAEMIHYIE NerRBME!

section @BO. The rotor nmay be connected to an output shaft which feeds into
a surfade indute ah| MR magssticses@nancAidagingodad fdr iansmigtingndatarto jthe diadeosed

in US. .Patent 5,620,056, hereby . ngorporated herein reference. . WD
03/ 0670 T PETEUS RO SRR FESTER Y 1hF DR SR P BBl DI E e it
conduct @fasghtabilitf QBRRFChor; @hd @8mbb$iisY 1t2Boendt b gppreriitbe tisdiffental | ow
the power section 90 to include one or nore electric notors. Current may

be condtiypesdf smmsm@/hlmnclald@ indhopleetsanic seckon 481 ok @g@f@ pPleevhgre owpts@mﬁs
' 90. i <St. . .ahi |
Poaipr edols Sovdy DIEEpR L onel BRFIRGE ol BRibe Ml ohlpnd RhHRM Yy e

Mot Or s g ariadx$ dcielgRhetdrelanalihdinoatders #or ldereitmak dofitedmardr surveyigg f | Bords.

It should be apgreci ated that even though non hydraulic notors ma%/ be used
as poweexarpler pdrpfgbe parametgrygnd (chpiggterstes dhpt qre gleterminedowsh (1RgPE Jiblsr e 46
of conpogiite ol j e t tehiSe@ 2nh IR R
bor ehol @i‘ﬁﬁgyggg%%gﬁdggc%ﬂﬁed t%%&ﬁgm%@?{oqﬂé%e 10€thtla1 cutti r?gs“gf t he
drill bifford déhsamdndlodecay@katimggréssines, optmting enperatdes, mndlao pressure,dopoaient s  of
bottom hol e assenbly 30. Thﬁwglrjfgct.r.oni,cs section 181 provides th

s

el eéPr oRres8uBaRKEY i FREICAEON. BYFOSCRRIG S tPOT Oﬁ‘téfgﬂ?cﬁ%e,nsﬁ?’rd pay
zone st gL 1RG0l ibblibMthold A& eRILBE IHCAIMiKES a $586hti AN ddi8ckor, see U.S. Patent

Application Serial No. 09/276,431, filed March 25, 1999, hereby incorporated herein by
reference.
The power section 90 may be one or a combination of power sources including a
25  hydraulic drive, an electric drive, a turbine, a vane type motor, or any other downhole motor
for powering bit 140. The power section 90 may change its torque or RPM characteristics
and can be controlled from the surface.
One typical power section 90 includes a downhole hydraulic motor using
conventional positive displacement for rotating the output shaft. The motor has a rotor and
30  stator with the rotor rotating as hydraulic fluids pass down through composite coiled tubing
20 and between the rotor and stator in the power section 90. The rotor may be connected to
an output shaft which feeds into a surface controlled transmission. A downhole drilling

motor is disclosed in U.S. Patent 5,620,056, hereby incorporated herein by reference.
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i ncludes the electronics package for the resistivity tool 121. Tools
measuring resistivity are 15 shown in U S. Patents 5, 233,522; 5, 235, 285;

5, 260, 662¥v09388019036; and 5, 442,294, all incorporated hepermwshyoxred er ence.
The el ectronics section 181 serves as a formation neasuring tool.

Referring now to Figures 6 and 7, the downhole coiled tubin r. |.si on
system 120 g%?*\?é@ gﬁJf‘RHrfﬁ”éte?)g?aﬁ%ege‘ftﬂﬁa\fmﬁpﬁbct?rﬁé I ri?é‘?ﬁoﬁge g?l?e@'r.%%ﬂgsi on
of the bptLHemdiyl & ARSEHRLY aldW 8R powedi debdn 90TOCItREGe dnbeor @i blevtricy
measur enents of the surroundi ng formati on, and the steerable assenbly 124

for pay nxgers. Sugent may bheonsiueief dlom the ajidaqede ppemfechuEi-giAg e gt prmpe) as

i ncl udes a housi ng,106 ich h fl ow bor 4 thereth or_th
dri | li ngOFELISGa 8@&' nguc oW‘ﬁﬁ'rsga&ahmPf"ém%agr %485%‘5 gén%“g’gg{]éﬁecé?‘f@%d
t ubi B9 PBrforntansd ehdractbgstRP AL BRI &IESI 1At Migsseige Mtsbrshee alsbfrigdedntelibblow

area to obtain adequate down hole flow and yet maintain sufficient- 25 wall
t hi ckne$8d F#n brosgsled dropodrilling fluids, f - pr opul si on, propul si on system 120

becones t he e%ghggld[pggﬁm%&%d tﬂ&tleér'{{éﬁmo%gh ‘leM"ﬂ?&{aﬁ f&kﬁ{laglgeliﬁea e

nodul e 102 an eam pac e-“traction nodul e I't should be
appr eci atedntdoadrilling flaidspud stilbpassetsdeym the Glomiprd 41 ofuctenpusite coileartubing 20

t ti dul . Housi 06 of j tem 12Q. i | .ud
downst r SakE st 2108382 Frened iy FoHHO LS Bt Ha SR BE D45 BRI ef y
20 figet tllleoéélﬁt;/ﬂﬁfgd? ftl?ea&#'ll 8t lhb%\n@%’%d?gnd africhienfe 819940 had obRl BSmponents of

appr oxi mat eet | ong. power output shaft 116 extends through
cent r al bbitowoteeasicidbly38. WO 03/ 067018 PCT/ US03/ 02778 As best shown in

Figure 7, there is shown crQss-section of traction mdule 102. .  .Sipce
traction nndﬁlrhgéefgﬁf"cié% 'gP %iipﬁ?‘fléers tﬁﬁefc)efiﬁg?]%%c?((%? a%dJWesglclr%F%tta lilc())rlnpof)%f one
tracti Oﬁ‘neamgﬁhleﬁs,al@)?gﬂéi Al poy kbR seafid whil®drilifngt hEhekketronidy sativan grodul e
102 includes steel teet 96 around its outer circunference which may be

expandedncudes domelecitanies naskegeding theaeini vigd topl B2k hEoglameagyringoiesisdyisy arg. A
lurality of flut | angit udi i 9 i.ded
P odtd clie® dhel el TR SRR SRR 33085 I sRgROR Y

dri |'l1i ngncobporatdd tierdih Oby upfeteneam The agliroaits UiedtoB 2l 3hegrvies astd dornnaidul e
102 is expanded into engagenent with the wall of borehole 12. Traction
nmodul es MPUNMEIAOlmy have i ndependently inflatable, individual chanbers,

o et 1t | g RSy e B kR SRR BB BSe Sen o
tract i ogenveduttiplé pupossl insledingrthditBustipgteriropydgibn ofithobotBen ihale ddeembly
O B g 4B, 7o ea o LS OEORL 326, REL L Bk oL f e
?n'o ggfgeggggb@yﬁggﬁl}/gzg i é%ﬁzo% sWBii £ tHe otHI £4}eBMN SbBASoh s9&éM R0
includes a housing 106 which has a flow bore 114 therethrough for the drilling fluids flowing
down through flowbore 46 of composite coiled tubing 20. It should be appreciated that there
must be sufficient flow area to obtain adequate down hole flow and yet maintain sufficient
25  wall thickness in housing 106.
For self-propulsion, propulsion system 120 becomes the prime mover and includes a
downstream packer-like traction module 102 and an upstream packer-like traction module
104. It should be appreciated that the propulsion system 120 may include more than two
traction modules. Housing 106 of propulsion system 120 includes a downstream section 108
30 and an upstream section 112 and is approximately 20 feet long with each of the housing

sections 108, 112 being approximately 10 feet long. A power output shaft 116 extends
through central flowbore 114.
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15 130, 132 are disposed at the opposite ends of tubular cylinder 126 for
appl ying hydraulic pressure to ram 128. Hydraulic ports 134, 136 are
di sposed wdjoaoenis downstreamtracti on nodul e 102 for expaodiusgs/ex1ds
contracting the traction nodule in and out of engagenment with the wall of

borehole 12. It should b i.at ed that t 1 housi ti 2 i
i ar i’ O SRR EAFORol RS Orinord LRBPaeAoRe pEBg e AP nat

propul sigefeSystion medhild01021CI04088 sPni3& inSSonSirudtdhY @ Sdedipidnl bUork REQRRUT €
for the actuation of traction nodules 102, 104 and rans 128, 129 nounted

on tr actmehilmppuoxémates the degaripticasy dhe othert ylradtipa ragdule 163 inslugpuistesldectApst em

120 i ncl udes . di ' i - '
the i nt G108 BRBFUROP TR e O PR Sonefha s UGRRATIE (L1

cont sactirg wanbiNgteNgagedApsiaialityof flhedraubhgitudis Flinie flosv pahgesdy breough
hydraulic 25 ports 130 applyi n? pressure to ram 128. As gr essure i s _applied
agai nst previfeomoud t inrer cicamicsenceof dirested bapds farmanhisehPo fQallayy dgdme

tracti onn I i e VA i rdly
upt r can ey B i oG AR B2 GRMY walir il 192 4 b bided RS
142 causnpgpeaent raici atle uwsll r efarotahalet ilon Mdoian Melule 102e 106r way dhow
upstream housi ng secti 112, . treamtraction.mdul e 104 noves f.orward

si mul taﬁ%‘éﬁh’g‘l‘@ngﬁ Wﬂﬁﬁ%i%ougi%h‘@é{%gﬁ By Holhirdt teén%s‘é%l?etﬁjat"i’ n t?‘ﬁe\f\%i t
1401700 %a? epdn t j ; BS SnbUPEIG campKhe of
tubt}Par %59%‘{3?‘(% 1 %Sers @’hg%cggﬁfngggg%ﬁ]@%ﬁ%ﬁ%h st%kggaﬁyi S 8

cont r acteathodiBhenu| df athe custipn mpdilese srdisclastd on thbd Bhtentl dppheaionoberad iid-et ed

its travel_ to. th wn nd.of tubul ar cylinder. 127 and it is inits
reset pé)?(i?t‘*,tiéﬁg?gf_xggg?féd,?@%C@M%GP&%&%W %’fﬁ%?’g:eits downward stroke
of bit 140. TAEsLeIm MBdihE sddidn 168 iBice % Rasilatyiinde 126GAKGMGAMTE dWpbied
borehole 12. As hydraulic pressure is applied through hydraulic port 131

and agaiartyydraulip sameléi&CTHaWilim &, rlnpwﬁg@u Hew pyiregipstrastipn aepdite Hlde sHyrbaligapattsy
i.pst Qi.t 0. ,.Si t i 102 i :
agal, s 159, é%g afe e(%] géorglégil agglfeﬁoyﬁpnoéit% %ﬁéﬁn 811 {ul%ﬁf{l]r tc&ﬁr%ér 01'}6%9 lﬁhgll){ljn%p%)%d?auhc

contract ydraul''c pressure thro ream port

132. Theré&yelkeaoirsmt X80 Hepealiegoas 164 8% irbalisposapndjsican doyastemml #acttom move
conti nuously downstreamin one fluid notion and provide a _ downwar d

pr essur éneylahi? for prpandipe, anggentraging e sHPB RS ANASUT rFBREEICH 3% ng
sectiongy. $08o¢ ﬁc\?l\uﬁholletlz.s oMb AIdaR @g&%&?&d%&%r%%t?gagn B%i@’&feﬁ% i £2 RGHHAL ON
may Oe

may be reversed ereby’ 10 propul’sion syste noved upstreamin
bor ehol @n kdnstiuatioh had operalion. phagpobldi dso bs yappecialD thaa propildioresyden 120

forward, downstream _or backward, upstr ?anbi n bor eho# e 12. It 1 al ﬁg oul d
be aBpr dBfluicsd seHaY ofanlvrauﬁw%%?%meé%ﬁ @/ AFHARY GLIracHBmA4uleh P
hydr aul 'aﬁﬂ!rzg')(s ?%8&‘1@9 &fbunteld dﬁ‘%)’acﬁ!)ﬁﬁ‘lﬁ@le?P@Z,QU@gre?e%ﬁ{lély.Cm ly with power
bei ng provided by power transm ssion conductor 43. .
The cycle of propulsion system 120 includes expanding downstream traction module
102 into engagement with the interior of borehole 12 with the upstream traction module 104
in the contracted and non-engaged position. Hydraulic pressure is applied through hydraulic
25  ports 130 applying pressure to ram 128. As pressure is applied against ram 128 which is
stationary due to its attachment to engaged traction module 102, housing 106 moves down
hole driving bit 140 forwardly upstream. Hydraulic fluid is simultaneously applied through
hydraulic port 142 causing contracted upstream traction module 104 to move forward on
upstream housing section 112. Upstream traction module 104 moves forward simultaneously
30  with housing 106 moving downhole and actuating the bit 140. Once the downstream traction
module 102 reaches the upstream end of tubular cylinder 126, it has completed its forward
stroke and is contracted. Simultaneously, upstream traction module 104 has now completed

its travel to the downstream end of tubular cylinder 127 and it is in its reset position to start
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15 It should be appreciated that although the propul sion system 120 has
been described wth two traction nodul es, the propul sion system 120 may be
conf i gur edowsméroagidi ti onal traction nodules , such as thres/usnae7roHn

nodul es, dependi ng upon the application. Western Well Tool, Inc.

donnst r SHACDARIER] FERE ABOrADa ToH A R 1 Foh SRt Tiod B STLaT. 20
propel | igagerdid hbi nds biyapaulil hsre RS & a;i%'féhl thiQh hy@EUIRS pbe MESERd bednin a
Eur opean patent application PCT/US96/ 13573 filed August 22, 1996 and

publ i shegstiant hrady 1207 propulshéri cestesn N swokey/ d@ungardher against nbibr ddo-at ed

her ei n reference., X her propul sion a f Wi th
the bot SR BTE g drary eant srotn aRBR INE R (BRI e Y Gt
tracgor Shif'tlfh%libl%es@@rei {heduphr ipshyarbapeo 1Bt eTheatyadad then2fepbaed ,allowihg Pet ent
5,394,951, hereby incorporated herein by reference apd by Honda, U. S.

Pat ent Premusiopeystaredad o meye cpuinonsly Kenepireasy 1y gec widdBotion Ayl prgkideiac
tractorsg

i ool os oA ERCEEd i YR IAh.) Rt VR ApbRE s e 1N of BB oRire

her ei n kysr eference. Anot her conmpany manufactures a tractor which it calls
a "Helix". See also "Inchworm Mobility - Stable, .30 Reliable an
| nexpensi ve, "It B?o‘ﬂfie%ﬁalérfec‘@éfis\%% t%éy@@ﬁl&‘r ARUSEYE &PRY. b‘adelver@@cfl‘*'hﬁr%‘)é't or"

by Gl RO &HhHsi fgﬂaﬁr iy b U i 10 Peyinat /drBN Isichont al
Vel ??R% Frlglglfg K Sclggsngalye?e%b{gg 2‘%3’%%1 I?%rééggch of Coieiltg/g Tugrioggi

Dri | | i ngy§t@inr 120t @nsyalEgitledrifeorad, deyngtrfamcerdraskwangy upstizam| igj boirehple %Z-C.It
Onyia, S.C. Townsend, P.R Paslay and D A .Stein, SPE.,.37 03/ 0670:

PCT/ US03I92 $5eild e, @pprssigicd %%Eh%{g}l‘ RTRRYFISE  RER 1 rOei]Snvs\gg)/wge%erng%h e.
See al sqyyaMlitally AGbRES if HayHilghby opbRwdadiedrieny Wk ipoaet Aeindéprosided BE
Paper 28871 presented at thé 1994 SIBE Eur opean Petrol eum Conference,
London @ower aBaspyissiarogenduetpt 4her eby i ncor porat ed herein by reference.

Another is a.rac t hat . n b . e anrovi de
rmtitl e power Ihﬁwﬁgée AOR" ggtgﬁ?\kéart%%?@% rtrh é?@ﬁ%@ %Lsﬁetngq%@%t% ﬁggégr?ﬁ%ﬁ%l

syst em Rpiyh BOb thaklidr a®damRry, megﬂu?ua'siom systyiat B30 iy el configureal withipdditignalvi ty.
Such systenms may be used for drilling shallow wells and jnclude engineered
conposi tecien megules bsush aaHueairysion sradunsedepsading pon Ys@RPALIAN scussed

bel ow. Vario S e I - i1k o | for
exanpl e, the T6utt Wal toePint "Bt BB TG A aRRa s ahd bl
conposi tupseeinh @dd tdobinsgeanapdcitdnfeef aronatedodn b heydsanlit aoe amg eglimler (fonpatt or

T bl AT D8 RS Shphea ERTS
gravity apE ndpOT 66k, $353be M0 [t dbi | 19980 afd bteide M&en dhaove] |
shown in"Figure 12 1s a |l and
publication No. WO 97/08418, hereby incorporated herein by reference.
Other propulsion systems may be adapted for use with the bottom hole assembly 30 of
the present invention. Other types of tractors include an inchworm by Camco International,
25  Inc., U.S. Patent 5,394,951, hereby incorporated herein by reference and by Honda, U. S.
Patent 5,662,020, hereby incorporated herein by reference. Also robotic tractors are
produced by Martin Marietta Energy Systems, Inc. and are disclosed in U.S. Patents
5,497,707 and 5,601,025, each incorporated herein by reference. Another company
manufactures a tractor which it calls a "Helix". See also "Inchworm Mobility — Stable,
30 Reliable and Inexpensive,” by Alexander Ferworn and Deborah Stacey ; "Oil Well Tractor”
by CSIRO-UTS of Australia; "Well Tractor for Use in Deviated and Horizontal Wells" by
Fredrik Schussler; "Extending the Reach of Coiled Tubing Drilling (Thrusters, Equalizers,
and Tractors)" by L.J. Leising, E.C. Onyia, S.C. Townsend, P.R. Paslay and D.A. Stein, SPE
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15 based wel|l where borehole 302 is drilled with gravity based drilling
system 300 fromsurface 11. Al though borehole 302 is shown not to be a
subst ant iwblog/oeevs at ed borehole |i ke that shown in Fi gur @CrASose27shoul d be
appreci ated that the borehole to be drilled using gravi ty based dri | I i ng

system 300 e subst ant i devi at d bor rt the
bor ehol ag@rg?'y %g\/\@gra f%@ﬂé’f%&‘% é?re{“hl@' EAEYSC %%F a§°‘r° aw F(}r gorgI?é

based dirydiit0d afy HRPoRQAI 3081s" COPE pipky 298’,31VP1teyem\¢d bt b wsm gpgammpeann a
substantially vertical borehole as co red a highly devi ated borehol e.

The gr eeﬁealoleuh‘ectpnfbﬂencﬁ, Lgndaer ©¢t. 283€, pall herpley GeapPtajedhlereig bydeferancag
system 300 may d qut an from
o ect o blrroe iR rof R DGR ofthe SURALIETE R AITRBRR pu R, " Do
appreci alopd that this enbodinment is not |im ted to the particul ar borehol e
di scl osed and may be used for drilling_ .25 various borehqles, shallow or

deep, which a@téernmefqmegrﬂr@bqsi@wraﬁ &8 th@%@li"gf}’ﬁﬁ@eﬁalﬁ np} piilize &ty PORPISHH

i ncl udes

composi L A TARIFLBSFEIOLY. Shh leRRIRE huecl R BNEE pEMOS™ 41K,
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stuck 10 and_a force to be placed on the co c0|Ied t ubi ng
to P90t PV lycﬁ’EﬁHF wil '%f‘s’é%%fe?/teStTﬂé‘rsB‘P%‘i"lé‘a 1%&%@?&‘ %‘J&IP
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CO|Iedtu Thus the conposite coiled tubing rmy be engi neered to be
j ust uncthfrlhﬂrgjwtem 30&)narpdslltvetf®0t hssihtanad photh@20ot Yeumeansy susd ag drane ghjector
“non- Comdug tumt 5 1c80r I%?Tll r?e l(}soeI ofe a propulsion system. It should be appreciated that this
embodiment is not limited to the particular borehole disclosed and may be used for drilling
25  various boreholes, shallow or deep, which are not highly deviated.

Gravity based drilling system 300 includes a bottom hole assembly 310 attached to
the lower end of a composite coiled tubing string 320 and extending into borehole 302. The
coiled tubing system 10 for handling composite coiled tubing string 320 has been described
with respect to Figure 1A and 1B. As distinguished from other described drilling systems,

30 the gravity based drilling system 300 does not include a propulsion system, such as a tractor.

Composite coiled tubing 320 is substantially the same as composite coiled tubing 20

previously described with the exception that composite coiled tubing 320 is not substantially

neutrally buoyant and does not include conductors embedded in the wall of the composite
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15 tubing since no energy or data conductors are enbedded in the wall of
the tubing. Although it is preferred that tubing 320 be continuous coil ed
t ubi ng, iwodhwoetods be appreci ated that the conposite tubi mgTNEY3/MF7$ 0i nt ed
pi pe. Sonme conposite pipe, such as that nmarketed by AMF, includes steel
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flowing to the surface 11. The enbodi nents of 39 03/067018

PCT/ USO34¢abi8 Thertfozs ti@1wcigly1te bsipdasad ion the bit necds3o jba dlalaecd with g abilty2

324 ey e feaditcomania OiGT B ena "ol eY SR PRE Y RSB

f 1 owbor gy B3fisPlinde@Buspipgluct or tubing 320. It also can be seen that
flappers 322, 324 prevent backflow by the en%zsalgvgment of flappers 322, 324 5
agai nst st op$@apsitgzailed pbiec3i0 gy maynbe cHipdsngg-conductarr \FORPOsiLs eCigdrt of
bot t,@gm hol.e | .t I i ot L va 14,
316 aoul't e 5% FO ghoradip et oD o GibedfiePRHE N g IBingt TANERR"

t he dri lif isngeflelrod dsat frhising 60 bbrcontgtuons veilebnbingt trshbuldi begappaiaetithaotieom

hol e assenbly 310 and nay be a stapndard positive 10 di SEEI acerreq{:t}é Kg\ilgr or
t ur bi ne COMPOBHIUPMSANAPILIEINIGSLPIRS | 22TBE CPTRBLSIE BHsh 1B 3T magkesed By ANLE,

power ed iPéiu@%‘%te%f to%ljéﬁ’m’.i nation of power sources including a hydraulic
drive, an electric rive, a turbine, a vane type notor, or any other

downhol e not @y hay gf@rempleg ghivity 3@6:d difléing bgstemmnhg kavass Ertshy d31ddsioay. al so
e SR AT T A NS I R
hole assembly 310. Another system may include a 4-1/4 inch composite coiled tubing 320
and a 4-3/4 inch BHA 310. A still another system may include a 5-1/2 inch composite coiled
tubing 320 and a 6-3/4 inch BHA 310.
Referring now to Figure 13, there is shown bottom hole assembly 310 connected at
25 304 to the lower end of composite coiled tubing string 320. Non-conductor tubing 320 may
be connected to bottom hole assembly 310 using the connector described in U.S Patent
Application Serial No. 09/534,685 filed March 24, 2000, hereby incorporated herein by
reference. The connector 304 may include a release mechanism such as release 80 previously
described. Bottom hole assembly 310 includes a drill bit 306 mounted on the output shaft
30 308 of a downhole motor 312.
Above motor 312 and below connector 304 is disposed one or more one-way valves
314, 316. Check valves 314, 316 prevent formation fluids and pressure from entering

composite non-conductor tubing 320 and flowing to the surface 11. The embodiments of
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15 instrunented notor does not include any instrunents and its sole

function is to nerely rotate the bit. One preferred gravity based drilling
syst em 30Woionobwdes non- conductor tubing 320 (no conduct @ecTarsbeaxiesi i n t he
tubing wall), a non-instrunented downhol e notor 312, a check val ve such as

th | 314 316, b T - d ‘ bi 2 0
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basi c enbg%gnent no telenetry is provided for gravity based drilling
systen1§6 . Should a telenetry neans be desirable, the telenetry nmeans may
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1y330
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312 haV'b@Eofi‘lnh&lE 8G{dmbty 2D %hay ARb rﬁ&‘él&?ncflﬂé a ho-afstiighehictl MO@r 392efoPRE
54469: "The Al Electric BHA" Recent vel opnents toward an 5 Intelligent

Coi | ed -VEutsahgelbrth¢ homigisGymtesad moby Ihyingeno, comé@zdllcatd@rlaﬂtqulie éwda@arferl@h
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Update tllpé/bltlead, Yuratich, and Hanson prepared for present atlon at the
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extending an el ectrical conductor through drill pipe, all
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provi de Jhise di £Ftdx@08 or GOMUMNeEA ISP ALBREN320 is preferably engineered by the

construction of fibers helically wound in a preferred manner and angle around the liner with
the fiber in a bond or epoxy. Alternatively the basic drilling system 300 may also include an
energy conductor 340 extending down the flowbore of the non-conductor composite coiled
25  tubing 320.
It should be appreciated that gravity based drilling system 300 may or may not
include telemetry for communication between the surface 11 and bottom hole assembly 310.
In a basic embodiment, no telemetry is provided for gravity based drilling system 302.
Should a telemetry means be desirable, the telemetry means may include mud pulse
30 telemetry, acoustic telemetry, electro-magnetic (EM) telemetry, fluid column telemetry, or
electric conductor (E-line) telemetry.
For purposes of illustration, Figure 13 includes an electric wireline 340 extending

from the surface 11 down through the flowbore 330 of non-conductor tubing 320. The lower
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15 the surface 11 and BHA 310 while al so providing power to downhol e notor
312. Although not described with respect to gravity based drilling system
300, it swouwBdetoes appreci ated that wres 344, 346 nmay al soThsSov@imected to
one or nore downhol e sensors, such as hereinafter described, which are
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Other components are optional. Typically certain basic downhole information is to be
transmitted to the surface. For example, it is preferred to know the annulus pressure
25  downhole for well control purposes. A steerable assembly may not be required. Preferably
the bottom hole assembly includes tension/compression subs although it may be possible to
drill without such subs.
. Since there is no propulsion system, as distinguished from bottom hole assembly 30
previously described, various means may be used to place weight on bit 306. One means
30 includes using injector 518 to apply a downward force on tubing 320 and thus bottom hole
assembly 310. It should be appreciated that injector 518 may place a force on the tubing
without regard to whether the tubing is a non-conductor tubing (no conductor embedded in
the tubing wall) or a conductor tubing (one or more conductors embedded in the tubing walil).
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15 incremental weight on bit. A still another notive nmeans includes using
an orifice or vortex valve to cause a pulsation. One such pulsation system
is sold byoRegedoand. A still another notive neans is a vearasp3/wes . |n
operation, the gravity based drilling system 300 is lowered into the well
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equi pnent 3%0 may also either be disposed on platform 354 or at the seabed

356 for ddciehses,nandathe womg engthgincreasesweThis iMpreasgr ty fubjngolesigth adds| 2 jspgll

system 350 i ncludes, a bpttgom hol e assenhly 370 .cqnnec .1 he. | r end
of IS moRiTeRoiEh VAN UbPihg B0 AR IR TG O e i & At v
drilled Jawedh aidels Pasedndrond Jud palaticindhth isl dold bp Rogalaad appstar aedteet t hat
this enbodinment is not limted to the particular subsea borehol e

di scl osewotivetmesas isgt ¥gpprewioht ed that the present invention may be used
wi th any boreghaol r . AV : L1 4d80; . evdifSih

Al though not ToRBeRIDE B GRISA HATRE Y IR R AT R e P S 22y
t ubi ng ap@LgH iaosirubfursly st eondusain @singy3S0eprediduslyoimstalled Bndwemsnted iatwdtht13
may be used with drilling system 350. For, exanpl.e, the co coj l.ed

| i .
t ubilg Iveeheley Bottgaphels eassdmblin H gd@&ﬁ&@e@ ity @wgérﬁﬂr%fn%ﬁ@e&%ﬁ‘& ity
of over H%Pehg%%(be%ﬂﬁ%é%ﬁlﬂ?%ﬁ;}\%@pggc&owﬁdthé HBLBEre 330 STl GnBE1EPRbRG B0ed

that drilling system and described with respect to Figures
12 and Xhadnmpufte bused Hobe dsseinblya3 KubFleaflow| of driltihg Asidshepens vilues 8 bt.ed6i n
Figure ]éﬁd, in the case of a hydraulic downhole motor, drives downhole motor 312 which in turn
rotates bit 306 on drive shaft 308. The drilling fluids pass through nozzles (not shown) in bit
25 306 and then flows back up the annulus 352 carrying the cuttings from bit 306 to the surface
11. Gravity based drilling system 300 continues drilling the borehole 302 either to the target
depth or to a depth requiring the setting of casing.
Referring now to Figure 14, there is shown another preferred embodiment of a gravity
based drilling system 350 particularly adapted for drilling subsea wells, and is more
30 particularly adapted to drill in deep water. The drilling system 350 extends from the floor of
352 of a platform 354. Although the platform may be a fixed platform extending from the
seabed 356, in deep water wells, platform 354 is a floating platform and may be a platform on
a floating drilling vessel. Various controls 358 are disposed on platform 354 for receiving
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15 and may be described as a basic gravity based drilling system It should
be appreciated, however, that in drilling a subsea well in deep water, a
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of conpd¥i't® el %@af‘%&n@’eég%b&?—'ﬁei& 8§‘5’r‘?fﬁ°él,te f%gedct'glﬁla%'ct or may be affixed
to the insideshyald b@ﬁpp@&ﬁﬁ@&ﬁihﬁﬁdﬁl@ih%@ﬁstérﬂBi()OQiiSBBﬁed sttt Besesibéy with uespeet a
sheath, as for exanple. Another nethod may include attach]:]lgq(‘i;il t he conduct or

to the dafiguies Buarfdatemey beowpdbd 6@l 3 subscparelt tish g thollusiigead iadigyregrtaci ng
a sheath _around the . rfa f i - t t he
out 35 de 108 0D Pn EGaRA HhalbisloRuRl ohidd Angl A, Rno BRI EREGAER, |
that t heoGenelafadis ditlling Sepssaivellfin deereivateera oee sophesticared aluilng systfnmces

of tubing 380. A further concern with attaching cqonduct or o tubing 380
is any @Pdpasithas tprbe shovar ard desariped pofigwR nis Pﬁ?gﬁﬂf?&- 38‘0?“5% shettdior s
attache reton LfLhe. u I S:.dj NEng B bRy WeRE LR
expand %Pbgglﬁgba&altttgga&%lﬁg tge}’rg&&tslgn?&é%ﬁ tarhde 1@‘? C(l-,ér),ry%t ug causi ng the
conduct gpecificullyi dessd oo theevdllrmian fdre pactiviutey dedpt welhend/dr dubsegopeleci at ed t hat
tubing 380 may, in certain circ tances, be t al 0i | ed  tubi r er

t hakOconposi t TeRgSite §otlerhitHRyne 13%@8 BRAsts BOT§0 C%ttﬁﬁmgoisﬁl@da? ﬁ%ﬂ%a’?ﬁd
metal WidegrftRl \Ati&ere&%@fjﬂﬁf:i [i2s ARend0I3E of WAy i ludhhdRcdli@c Rk afing BRY wagt ween
conposite pipe 15 and netal conductors is very different, particularly when
t he t ubiong drsmpteacfetheutetberetyyr meansr described with respect to Figures 12 and 13. The

telemetry means for gravity based drilling system 350 preferably includes a direct connection
between controls 358 at the surface and bottom hole assembly 370. Various means may be
25  used for extending one or more conductors from the surface to bottom hole assembly 370.
One means includes extending a wireline from the surface to bottom hole assembly 370. The
wireline may merely extend through the flowbore of composite coiled tubing 380 without
attachment to tubing 380. The wireline in the flowbore hinders the passage of tools through
the flowbore of tubing 380. Another possibility (not sure I would do it, but others might) is
30  to run the wireline on the OD of the tubing and use a downhole side entry sub. Such methods
are not optimal since drilling fluid must flow through tubing 380 or through the annulus and

thus will continually wash over the conductors.
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When the coiled tubing is pressured up, conposite coiled tubing tends to

shorten while the netal conductor tends to |lengthen. This will cause the
cabl e heawoaB/ ottes upper end of the conductor to bird nestcTifsoy/mg7g ubi ng
stretches nore than t he conductor, a capstan effect can occur. 20 For the

above reasons referre hat. conposi t I

subst anti al | f‘“"{*ﬁé ‘E‘é 8y 48 ‘5) 'a‘k%& P e%m‘?ugtg% tg%ﬂ)&gg%ﬂ\%ggﬁg Y faﬂslcOr bed.
Thus, f QktePldf RARRT cOpbdiR coiled eutifd BZD Bdr dxamply; & éqndbasedqaglrbeldfﬁﬂgi @yst em
350 in Figure 14, it shall be assunmed that conposite coiled tubing 380
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370. For exanp ? ere may be six conductors extending through conposite

coi | ed tfuxbheng:o’ﬂ@erﬁ&@uh 4ttadnmg|comtdneltmgummg\é80 aprady clispasityin the elapleiiyt or s

bei ng data conduc i di h, speed nks .cart

com‘rum wafi?ﬁéheoté‘i’ éﬁB écgrﬂf?‘gh‘)& %’r‘f&e@ﬁﬁ%?n H(S%’ Gmgddly *‘YQ}%%‘% tl\}ﬁ?e?néa’by
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PCT/ US03/ 02778 Referring now to Figure 15, there is shown an enlarged view

of bottd@rﬂh@t’rSQCla@sCmmﬂ&e t8iog. Bott om hol e assenbly 370 fornms a digitally
controlled a i&gf@#r&?%té&%a?qkiﬂéél3J8'0n1%a SI¥IS£ S{EE\'L% I'E%E'PH%S aqu’quﬁﬁd

wel | constru shoul appre i at e conponents to

be descrcbh@cdtdbiﬁghraﬂ%ﬁ peatcohfpobied teiradhabiag asme mtﬂsymsy?ef akel eokedorubingrandd set
of 5 conmponents and that the conponents w | ry and include different
conbi natm&plswite e §gndugish arhBofgesimilay aﬁlle §ﬁea?1?$t}?g‘>’ft?‘36‘ﬁ?qnh‘é’“PRR§)é? PYd,

bot t,gm Q%l?ne%ﬁsc HMC\/org’ZﬁoYér?glfgggrﬁ gagﬁw&’]l{]larl?%en fhelt gfn‘ﬁg 1§Bf§ﬁ£§ﬁ%§lbm§gdrg' ng

tool "or 's eerab e asse ole not or ; as a positive
di spl acewhat thedotied tubinge i pz’essuretdyug @omp3diit «letl tatsing térols ratshanenr ebils thevi t y

neasur enent, toaol, an Iec onnect 382, a focused gamm ray, sensor
384, 2 dPGRCIIGHSPT 0TS gﬁg?%ﬁ/t&%ﬁ?hl%il it Bgiipaepetdof the
pressur ey B&fﬂ?&&@@ﬁﬁ%e&u be ngeztubﬂ{'g Sleihid! Blor®than WP cHUhctor, £88shd e‘fffél:ﬂ @Hn

| ocator 398, a ball drop di sconnect 400, a voltage-converter sub 40 and
a wei ghtocour. bit or notive nmeans 404. The circul ation sub 394 is

ci oDl ati on oy O RS Teasfils Y Pretiies AL CGmeSyb P LT b el e

be punmpege WhihéalltcofipiteOoi RUUABINENG PR vRAkEyOdasBIPheR!. asrﬂemloy p317p%86315f fiee
nore vertical the borehole, however, the | ess the need for the circul ation

sub 394 .dedyiption ewﬁgh@gra(ynmha@@isﬂ@mgémstem ¥doin; Bigaresbiiqskall be assymeddhdfot t om

hol'e as Sc%rnr}f)log/lte ched Q&n%%%'lgaudes a plurality of conductors, such as those described in

Figure 3 with respect to composite coiled tubing 20. The conductors 40 are embedded within
25  the load carrying layers of the composite coiled tubing. Conductors 40 may include one or
more copper wires for the transmission of electrical power from the surface to the bottom
hole assembly 370 and for providing telemetry, i.e. two-way communication between the
control center at the surface and the data acquisition systems in the bottom hole assembly
370. For example, there may be six conductors extending through composite coiled tubing
30 380, 4 conductors being power conductors and 2 conductors being data conductors providing
high speed up links carrying communications between the surface and bottom hole assembly

370 whereby data may be transmitted to the surface real-time.
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sensor 390 neasures the force applied by the notive neans 404 to the bit
372. In deep water drilling, |ogging sensors nay al so be included in the
bott om hove oasemnbl y 370. It should be appreciated, howewvemrjusbdiex778 oggi ng
may be conducted after the borehole has been drilled. 20 Hi gh value mells

require a do ress r while sha

dO\?mhoI e preﬁ%g‘?rgng R¥dP ST g%?ﬂéﬁfgem hown %?N:lmg‘?cﬁeﬁ?’eog\gﬁbgm&@% |
preferregy, Btottbﬁl Hulamsxmeryemrt@ﬁh@a Hfglﬂanyk&ﬁtﬁ)md@gwh@écﬁcomea&ﬁmﬁgdﬁﬂn@or in
the bottom hole assenbly 370, although such a sensor is not essential.
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been st QR eMpRys PBfts tPMe Shudsd ﬂh@ﬂ"fllgﬁbﬁcdlﬁﬁor{ﬂdﬁésl@ﬂﬁ &é@nspbftl cAftRigE Yind Qoswor K.
In electro- rragnetl c telemetry, a signal is sent through the earth. 5

However ciraklationughteriabcambl pumpeshwitbowaisk afalngging ediwtomehelg pssembinadyo.do
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resi sti \érsiondonigressionrsemdor 300 isAllddiateghul kehedoaom Hmasb@nbugedo Thaterdtom
spaced al ong the pipe to continue the sending of the signals,_ these

r epeat ersensaf 89¢ mepgEes tbf: frece applied &y ghemetive meﬁma 4@4@0&%% ﬁ?%?bl daep Vet he
transm sgh R, gcg%gf@gé o ng?g&g%@ nap&eadlﬂttﬂ%b&%m &%gﬂyg? dnGQRct or s

i n conposi tinme bottom oIe owsthe
oper at orappreciaedf lmaswreuentthatdag@ng" mapbe cgelucstaéer thg borkheledras Ibbcm dmited. observe

real -tinme data varl abl es such as, punp. pressures and, can nitor, th
ort PP n 11 uist jebiente 15,0 & eI PRIUP ST 5FTISa e Shallpoaiells ileRe! | s

parti cu @cfdflﬂé hmﬂ{&m‘gb&esg% %'sdrscom wedp vJa'ﬂarlﬁo@qgélE'ﬁ@ssu?eh%)eaﬁfréﬁéﬁtVist y
t ool ocus ga ray sensor 386, the upper and | ower
t ensi on/pce:fmpccbs iie rh1gh]|jo;are388ble3@®ncluﬂer edbwohalt psesmwgorsensed it & brjtano hpker
| ocat or 398 n*ls 8;/6 d«? : . .
assembly , although such a sensor is not essential. Pressure/temperature sub 392 includes
an annulus pressure sensor and a differential pressure sensor to provide real-time hydraulics
25 analysis. The annulus pressure sensor provides bottom hole pressure measurements during
operating modes including drilling, tripping, circulating, and static modes. These real-time
measurements can be used for equivalent circulating density (ECD) monitoring, preventing
excessive swab-surge pressures during tripping, and optimizing hole cleaning. In addition,
the pressure measurement can be used for performing leak off tests, detecting flow in/or kick
30  during drilling, and optimizing drilling practices. Downhole pressure while drilling real-time
is extremely valuable to the operator.
It should be appreciated that although real-time telemetry is preferred, it is not

essential and other telemetry means, previously described, such as mud pulse telemetry may
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real-time drilling information for the operator. The | ower

t ensi on/ conpressi on sub 390 neasures the weight on bit to control the
force on wbe3jétisv t h preci sion. The injector 518 at theprsunfSape7may be
controlled directly by the data fromthe upper tension/conpression sub 20

396. The injector 518, is preferably a 100 kip_bl oc i ppi mechanj s The
gr avi ty%E) twplinm%cagey@ BB the he BiASFe ‘?a&{ éﬁﬁa&%{ Bzt
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to Figure 16, it should also be appreciated that the drilling system may
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SI on~sy’s e assé orns a

di gi tal Itemsmmohqirése@nasub@m S90¢ dirdctidnal ey add icadihggolarsbemort 398 providean
advanced wel | construction systemand is particularly suited for degg)gat er
10 deverewann dating| infymasenfer My PPERIE-hel holRster dRpSIOHERTBITHY s askenbl y

410 i nC%ﬂﬁﬁgfthe%&%ﬁdn ?‘!o Shlrbl fh@g?%?@%h'tﬁ’@bllf'@mh e@sibh.t Thd #n c@iort Hreg

di mensi ona €erin or steera assenb a near Bit attitude
416, antheasuifaoe modyebgrosmrolléd direstlic by alse datp)(ﬁmrm nhﬂeupmtr spisanédvemressisnosub The

assenbly 410 al so incl udes eri sect.ion havin a gquad focused
gami® r 95@11%686%‘?05186{3?’8?9%@ r}%bgéﬂ slesp%a’«sa? tool 422, and a

15 directiongl, MhadealtdrilliRe s RESE B 50 Yhdwpmtfl"]glﬁ}e'la% g%%uﬁrlgl%bﬁl%a'blér‘to
eval uati on section “having an acoustl c cal i per "t ool a conpensat ed
t her mal shatolodrilliog] SURSholadriling typi¢edly includes the drilling of boreholes which have a

6-1/2 inch diameter or less. The drilling of slim hole boreholes requires precision drilling.
The gravity based drilling system 350 is particularly advantageous when drilling from
25  a floating drilling platform 354 such as a floating drilling vessel. Drilling system 350 is
much smaller than conventional drilling systems. Further, the use of metal coiled tubing
from a floating platform or vessel is not practical because the metal pipe fatigues as the
floating vessel or platform heaves. Composite coiled tubing is advantageous because it is

very fatigue resistant.

30 The gravity based drilling system 350 may pass through a high pressure riser
extending from the subsea floor 356 and platform 352. It should be appreciated that
conventional low pressure risers may also be used but are less economical. Where open

water drilling is permitted, a riser is not required between the mud line and surface.
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density tool 430, and a bi-nodal acoustic (BAT) sonic tool 432. The
assenbly includes a fluid evaluation section having a formation tester
434, and wo opmgnet i ¢ resonance inmaging (MRI) | oggi ng whi lpeTdrsnd/oa7mgy ( LVD)
tool 436. The assenbly then includes a drilling 20 dynam cs section having
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densi ty taivirdghe AUt tdiper took 426, gramperpated ttermiheeltionmodhl28 aousimothIBAT)

soni ¢ tool 432 is_an acoustic tool that asures e.acoustic transit tinme
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i nt egrat t epth to- achieve a tine depth conversion. It is na% SO
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| 0gg;] ile drilling (LWD) taqol .436 looks at flujd d..
bor A0h; diteptes s R eroer ot it e i 1Rd3Bed bERERE oR TR $R 440 i o
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water, i.e., residual 15 o gas and water, in the wel] The pressure
whi | e drtidctarnddds ubThed 2ssendilyi deeludesp pr sigigreentige nsgetiom i@ via gt ahpipet glestidensor

For neasclilrrcill&gortl ng ngsés tnSioh ci)%n%re%giiolk lsllglg4§1,néj s@%g\}i-éo(%ylsﬁ‘lg I430,t Jh% a ball drop
disconnect 452. The upper end of the assembly 410 is connected to the lower end of
25  conductor composite coiled tubing 454. It should be appreciated that the components
described with respect to bottom hole assembly 410 are one preferred set of components and
that the components will vary and include different combinations depending upon the well
plan. Bottom hole assembly may also include an electric disconnect, a pressure/temperature

sub, a casing collar locator, and a voltage-converter sub.
30 The components of the bottomhole assembly 410 serve various functions. The near bit
attitude sensor 416 measures inclination and azimuth. The quad focused gamma ray sensor
420 is borehole focused gamma ray detector. The formation resistivity measurement tool 422

performs an array of resistivity measurements. The directional sensor 424 includes three
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pressure in the borehole around the bottonmhol e assenbly and the pressure

i nside the bottonmhole assenbly. The sub 442 sends real tine pressure
measur enewosperoihe surface. The supervisory sub 450 is acaasos/bwie mast er
controller and serves as a downhole CPU 20 which acquires all of the data
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a positiye force, 25 Referrin ow to Figures 8 A- il trating.
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act uat orth¢ranahmeabey togluhtbeds ameuHan MOMmpItNgok f@{aé@%fnilﬂ’@g n'98 LAk thene

nose wit pe t.Q. bady: j Qi Ny . nose
i s wi tATPAERECThe sl R Fod 0, BERWER, BARIRALLTG: Wt Riligh e
act uat orgrhv@s pex éd. r'Blie liaabddl acoustit €BATY séie tovd 482 axamsaaniustic toobdpeoteagurest he

body axis form.ng a first direction of drilling of the bjt d secaond
poSi t i orF_he afquste %@“%‘h@r_nﬁdg dhexfgrmaggn gnd gé‘b&?ﬁsﬁﬁs P#eshod Céﬁ?‘?_te%o‘ml? ﬁ& a
secqpd difsGft HQttQ,O Vgt icH%d tikdeMsed, I@ﬁlaf’l%L{?atleig tiﬂﬁt&h%etiﬁ@gfh@%ﬁwﬁﬁ ke depimd he

first position e second posi tion whi the bit is™ 48 WD 03/067018

PCT/ USO34cbi2va 8 tinre depeh brvelsaine IaiscilsoayedFarapck steengtiséalubaiimnahilhe malgaetic

nbly is drilling. i nbodi t Is d Lbed i tail | . S,
patent dtsnets: imneide (MKD\BERGE BT sulng (EHTREEHoR TR 4Byt nindupy
i ncor por@éRdred gefhbBatiBlyer @Ng&ernlihes! fePOS8s Bhe th PerdehRed rRahé FuidPAMiRs MaYy

rotate slightly in the opposite direction of 5 the bit rotation due to
react i veformatipme It d¢fernsinemby sushimavgahle bydrgcarbopuigas. oH aggdsyasen 1o.oresidypl
i nclude an integral counter rotat] [ tQ. ot 4 I ot ate
the 1t optl S AT Al T0 el b e R S il B2 e e Bl

angl e sughsdrlad atéifpaaiufeshsdifoemtisafing@the gréguizowkiioddlling ah@ pardcylailg the
mai nt ai ned. The downhol e coil ed tubing propul sion system 120 contai ns, an
i nt egr al PreAsBETaB they horahelegAtouad e tbosembols gsrembly Bnd )the epjesspre THIE snsor

pr oVl A€o BhALIPASAALRO TREs AL AR s QmHﬁeeéreg\@rg oL RERERs [t aliucBd

t hen i ssues mstru%ﬁ?lgns to the propulsion system at the bit
RPM and Hpdupediisvey glih 460 is helobint halamaser rontirdlies dintl et iariazdoviRBBlg CRUe of

penetration) and reduce bit hounce and bit balling. Flowrates and flow
pr edur evhigh agquirgs gg of theyilata M §e SERFPBVE t\‘-’&ﬁ‘?t@gﬁgql?l a?fﬁ’é‘lbbt qrgithen Héengs

Propul ST ik GYPRE fifackS ’Irl@ivxréti%'it BRDit (WOBF s dRNARE teRRoMBGHpidén subppss

actuation of steerable assenbly 124, there is a known inclination at the

bi t 140.take similar measurements. Sub 448 measures the tension on the work string and the WOB
sub 440 measures the weight being place on the bit. Weight on bit is measured as a negative
force while tension is measured as a positive force.

25 Referring now to Figures 8 A-E, illustrating a preferred embodiment of the steerable
assembly 124. One embodiment of the steerable assembly 124 includes a body having a nose
connected to the body by a jointed connection with the nose operatively connected to the bit.
An actuator is movably mounted on the body and engages the nose to move the nose with
respect to the body at the jointed connection to alter the nose axis with respect to the body

30 axis at the jointed connection. The actuator has a first position altering the nose axis with
respect to the body axis forming a first direction of drilling of the bit and a second position
altering the nose axis with respect to the body axis forming a second direction of drilling.

The actuator alters the nose axis from the first position to the second position while the bit is
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This formation data is then transmtted via conductors 40 from el ectronics
section 181 to the surface where it is processed by the controls 21 to

i dentify woesbewnati on properties inmmediately surroundi ngcrhsobax7tom hol e
assenbly 30. The conbination of resistivity 20 neasurenents, ganna,

inclination at bit all facilitate st eer,i . sur e.
Several B&MpRRFRAC A H‘Ia?i tarrté'e&m?l&gi%wﬁ@?ﬁv ﬁsf)eél?blygcihﬂnlgip h@éﬁ W‘b‘l&ﬁ?‘é‘s‘?{
Schl unbgg geécribbl &5 Aetail SR, SYpatleﬁ'tC fﬁaeﬁt&akﬁialwgmmml ﬁreﬂ\méc)émhepm are
al so described in U S. Patent 8 138, incorporated herein by reference.

The re5|1§99vhetr§bynem¢rét¢érhlﬁwﬁ Ff-‘(.f#fﬁw?e resistivity tool 121 and the
tri-axial accoes'gglquﬁttﬁr&acqml% égﬁlﬁrhﬁé&%ﬁn@@{}ﬁeé% t%gf)(%’l’te URQeRdrS | N9

or pay zone S rmn ar e I’OCGSSGd at

t he sur fiB€ Bittrota€ios doe td F&ctﬁ)ﬂfeomdiuedl TigC Hoveh odd coﬂeldetuﬁmlgl Iirbpngsmﬁ spsttmlm or
if necessary, to correct the direction of the wel| %’P g ﬁens of the
iy eopinjes £0tgigd

st eer ablTBa 56 WEp By Infegral CRUAKEH IRIAHGTedsVAge; 1 REPMal 67 BIBHIS ORs
being i FkggtgﬁlneﬁO% iR LB U ntadBn %? Hehy aﬁgc shdh HROHE ‘éoﬁ‘@ct AREES &t ed

that a resrstivity tool 1s not require to operate the drilling system 10
of the phebmholenuﬁ:mtoryom m:Enmatriadr because the dril I ing system 10 of the

present invenfi n he used I,n existi wells, the e I I'ls
B TT have pr alieglrstpole il fuBBe 4T & skgba) et gn ket R RELEQE"
hydrlgcar(t{@%h% BH Skt Wld torg\?evﬁt ﬁ'f)eé@n%lSl Yhis 42n0P FVi8&7 hESmidabh USABRé QrfdB
been determ ned such that plan can be designed with a geonetric well
pat h t o cohputdpyads wcwdh@datramdsthw ishenstinstrustinesetd B prppylsion susiemnol?0

operat | oo I Tt N RBH abibofey sdft o3l B BRaRleRTh RIS 0P tt

downhol Q)enétrzﬁibh? gll fedbéd it BoHRY lafd BN baMFge AIdw Qates htﬁEﬂ@bhﬁea@ﬁ&&ﬂb'a}Son%4
resistivity tool 121, electronics section 181, transm ssion 100, and power

sect i on medifighte ipreverRPBI e assenbly 30 is then connected to the | ower end

of Cl ITpOSI te 8 | Lﬁalgoﬁ @l }?\%SIBR gggmt% %fm%nal C%lﬁ I)x%’ritatﬁ)(ﬁ suc-}“}ﬁat

bot t'8m hol e aSs wered rnto or ehol e on conposite coiled

t ubi ng 2fon a@ﬂ@tlcﬁf@ffs&rerwlb aRéhblg 10#, weelioy knowih heliaaipositiiebicd40.ed t ubi ng
20 in the well is to first 10 deploy a 10, 000 Ieng@ of conposite co
tubing 20 and ihErmae G IMB‘?"/VW&P“@ vagoRdystors FFQP%%‘leB)r‘?FFééP@H)“t]I&det her

by connggtol sé‘gag QJILelré m proddsda gcmwgﬁmstﬂ% HOMI9 " tRe 48mPkion @ge?éete

coi l ed tubing roug power section 90, the flow bore 114 through
pr opul siiomedsyally exmrd@0ding hh@lb@homhbolblassdmﬂya?fm bﬁwkcmpbmhmranﬁubustlﬁl’& to

the surface. Wiere the p ae sect épr i s a downhol e osM&Ll
di s AP ac ATRARETCRRETS, Samp pslinatiay athihdl T4 yiE BRY FoissFne fi0d 6 SHHFIa i ng
fluids rotatedbg) r@BﬂbaM'bst hinthnbf¥8tusd ataOr re&RHFINY todle Pufudide ShRafiibukd
extendi ng through the propul sion system 120 to operatively rotate bit 140.
The el ecSchhwatergeoidugsser Sperryy Inhyand Baker Hughes. Resistivity tools are also described in
U.S. Patent 5,318,138, incorporated herein by reference.
The resistivity measurements from the resistivity tool 121 and the tri-axial
25  accelerometers are the primary measurements for geo-steering or pay zone steering of the
well path. These measurements are processed at the surface to ensure the proper direction of
the drilling of bit 140 or if necessary, to correct the direction of the well path by means of the
steerable assembly 124.
Although resistivity tool 121 has been shown as being included with bottom hole
30 assembly 30, it should be appreciated that a resistivity tool is not required to operate the
drilling system 10 of the present invention. Further, because the drilling system 10 of the
present invention will often be used in existing wells, the existing wells will have previously

been mapped and the coordinates of the bypassed hydrocarbon zones will have previously
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conposite coiled tubing 20 provides electrical power to the electronic

section and all downhole sensors and is used to power the power section 90
when t he wowsnemexti on 90 is an electric notor. 20 For aedirttisosied77s
information on directional drilling, see U S. Patent 5, 332,048;

I ntroduction to Petrol eum Prodyction ters 2.and 3 ol u I . R
Ski nner ; Deeg;defermyed Stuﬁﬁ ﬂgg}tta ?’VﬁH I\ﬁj@ Céd&/g‘?ﬁ S1 '?ﬁ%eWH@tai %?Pé’?é{w%go@ﬂé% ,tg%
January gihassbd 33 drociibRas WeIRRGE theateed tdfah&h tocaftoNetolaa eHeadideOsT R5istB) or
Tool s™, April/July 1993 issue of O lfield Review, "Anadrill Directional

Dri | | i ngotRetaplyeondgetringangdsorachnol ogy Put More Wthin Your Reach" 25 by

Anadrill Schlunberger, ..1991: "Predicti ot t e ce"
by 3SR e RO p e B R R4 T ARREE Bl TP IO
Sheets f ogoil¥avilgad propulstyn Ssatear 120y gleeablerisetnbl 1 9244, reSidivilynder tr1gekedtronics

Revol ution, Integrated Drilling Evaluation and Logging” By Anadrill
Schl unbetegien 18bgrnsmisgien| 1 00epndspeveer|sgeinmP | dhe BYEITE MOle,gssemBlyy is|then

Schl unb 4T - : : |
chl u e{_('lg,?&cted topglgll Y G Of copipdsie g e%u%gfﬁ?bl %@mé%? oBYnd feiake FRARS0:;

John 30 ey, eat on an es vi gat or Reservoir
Navi gat i Dine Gstton bele aksenibdk 80 is lowgtedsntb3BE borehdle Heramtoonmpose paledttebing@ei n

by reference. The, prqpul si on system 120 propel s, the bif .140 into. the.

for mat i oH"¥ Brefefred %eﬁ@ﬁt e&rPé g Gicetyn Sit?.co*”%“ﬂ’é’_fgelzéfmﬁgﬁé‘f Lais; Qnfiist
feedyg s &egmﬁ%r 2hb 860 {dn@M shGondpdsfi@e6ilcdThiBing H0YankdChéd Hgtﬂoy MU NQAY OR78
PCT/ US03/ 02778 portion of the bottom hol e assenbl 0 1s the output shaft

116 and lengthd 40nneTied togatipadivt eonneaipt 8@ Dubdiimg ﬂQ@Sefﬁm thenrtberfliowdere 4 of he

bottom hol e assenbly 30 ot rotate w1t hi h borehal e, 12. Thus, .t he
i 111 ng SRR R b &, PR poRled siion P00 E1osp B S B riiien BNt
node in §Rekn 19 tHeaROGE bR K10l dndbatikibp fE AQURES 8L tHel ikfase.f Wherhpps@er of
drilling.” The tri 5 axial acceleroneters and the resistivity tool 121

provi de 3eHBoP@ issd dewaltole pesidvg displacamank moker, tusbingrarathesrhydsmulis 2poten thihd

| ocatd on, of. . hi oxl.n f r I i to
oot oy Ao 95 A0 RO R L5 Rl P ch Bttt
arti cul aghedbrépulsisd egstahl R0asepEpitvelb2ébrite bixr ber Mite dilgcatdal icheduii 41 18@hd n
response to the data fromthe directional and Pa zone sensors. It sagoul d
be appr etdmRaste tnHed ttring A% e vidiseclseEeHbHPYVESO %é“%ﬁﬂ?cﬁénlﬁé???‘% 1288 8y a

control gi [ e lea Gl I dhd - t
the surf ShaTlG senfe In @R RedFEREATS QP SIURBN glint RONEFRCLR S0 Flar?
conduct oelsctd@motort he wal | of the conposite coiled tubing 20, anal yzes

t hese signals_and, data, and then sends i.nstryctions hql e thr t he
condittt o?s 42Fqro adgipignal 1:'12%"“?;?6’\?/%81‘ egfﬁ?@f’%?ﬁi g‘ﬁhmgeege? gﬁ\gx Wte@l}%ggﬂ&
Pat ent  Spfdbdudidd (6 Peirsle A PrddiR doR CApRE! £RYa 3 NEQLRRNaS ED Bk ler;PState of

reference. Also, see for 15 exanple U S Patent Application Serial Nos.
09/ 599, 348 Ahdh YOWDE hys$s Intgrmitional MWIASorictyataroiarysé?.i H93NGMeagyrementy 76,

filed Det‘flgrgllgrA7Ne\%08g'ne?ngnegft M\k’%dnglrss,t AWu%?%B?lisesue of Oilfield Review;

"Anadrill Directional Drilling People, Tools and Technology Put More Within Your Reach”

25 by Anadrill Schlumberger, 1991; "Predicting Bottom hole Assembly Performance” by J.S.

Williamson and A. Lubinski, IADC/SPE 14764, 1986; "Technical Data Sheet for Navigator"

by Baker Hughes Inteq, 1994; "An Underground Revolution, Integrated Drilling Evaluation

and Logging" By Anadrill Schlumberger, 1995; "Ideal Wellsite Information System" by

Anadrill Schlumberger; " The Navigator Sales Orientation Manual" By Frank Hearn, John

30 Hickey, Paul Seaton and Les Shale; and "Navigator Reservoir Navigation Service" by Baker
Hughes 1996, all hereby incorporated herein by reference.

The propulsion system 120 propels the bit 140 into the formation for drilling the new

borehole 12. The rate of penetration or feed is controlled from the surface. The only rotating
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Tel enetry System both hereby incorporated herein by reference. Referring
again to Figure 4, a jet sub may be di sposed between the end connectors 56,
58 of comwewmBwoe7050. Circul ati on subs are shown and descri lped/tisn3/27® pat ent
application 20 Serial No. 09/377,982 filed August 20, 1999, now U. S

Pat ent 6 349 h b d,h t .and
et hods HiEgorbel tediig Brls PSERPRY L6 e utpar <ot L FERE a0 TREBMER BT o
Appl i catdoRBad §ﬂfnﬁg’:\bo M@d theQeARMd8O 4 fhe ! REMUBHS hsséfhbl 289 do el reit iviittadl the

Met hod and Apparatus for Renoving Cuttings; and U.S. Patent application
Serial Nwrehodnl 2 1Bhwe2thefdrilling spetegbl} oshe praentamenear pplyaperaestip theatiding -

Appar at ug (;e n tgﬂ%g? omfe conl?% 6&2?%88 neverD%Yabe%tf%g g‘\,{gyogé%o&ednm@'é P?ﬁ( file

1391- 28489 nco hereln rence

syst @m adxidl RecairofRRls Arrwmetremwmyo&lems;ﬁdviue tlﬁtr opdratbhet thaistiifade \bﬂh errDI e
in a subsea well. See U. S. Patent Application Serial No. 10/262 028 filed

Qct ober orientagop. dirrgtion ard locatipmafith b 1é9|an4xﬁmr%zﬂu§tm§rthmﬁh%|l I$htiYg i ng

Attorn 9 0 I
o 07 B4R roREip HEREIRAG) TpgBratfhich s o8 Hha MR GOSN
for R sestdeestse Bedelbilng 24 Abt propsa'yy Doedtethe Noit 124G 9h- B5A@B¢ ;to xbe Matah énoebyhe
i ncor por at b f . 5 03/ 067018 PCT/ US03/ 0 778
R e R N S N R SO TR
tensil & msf B@@&Hbufeﬁ bwmrh%%&&ﬂ SUKCds éoﬁaiér@)wnh@h@r artRNRlie Shiidk PP4L

situations. Furt i f bottom hol e assenbly 30 is run into a
pr oduci rthe smifdce, whehcmqo\@sldpemb@lﬁIsamatsuindrc@tazlmrmp tb@conduﬂtor&A%gaihnswallt he

Pecult ot o Pt o ot lyags B8 @ RLRE I FendB 5By,

wor koverdd@@lhblettﬁrdagh thee&dnditbRteto tddreeitha A6 NS0 BP&rhaiion) . Sdfr € 8il.8.
coiled tubing 20 wll have internal pressure fromthe drilli n}g}é ui ds so
P4

as to bdlagnte, 7tlﬁé128>@@ér5rﬁéﬁ 48] both herby ircogporeled hergin by epdergatce %@ss?@r
SUT RO e U SCHLRAL CRpdiRAH RehllE LT RY £ 9FELGNRGTIE, AUk U

I nexpensi've*as comnpared t ect’ronic ¢onponent’s of cénventl onal

bot t om hepsicassesdrial Bp. 1070L5176efiRd Ddcetnbar %2601 srahémisled Barse QAMdegweaée over
time because of high tenperatures, the bottomhol e assenbly 30 may be
retri evetPlmem $)ﬁ@n%/vé’|01h herrpy inpOTRATWE PETRICDISETERSEI n t he el ectronic secti on

181 replaced I%ferrfng%ghllh%gg L%% 4 giﬁ?lbét%ﬁﬁ@lgé %hhgtgs@d BBl e éh'a%%hhéc%ﬁ 558, t he

surface utilizing con tor conposite coiled t ng 20.
Some of 3gef tompestonfS0daCiacubktionhsubayard shdawmamsdridesoedbed on tUhs. p&amtf gupdicatmal ude

e o0y B e S ORL S U el S ESE ey
Secti on, A8y reference. Apparatus and methods may be used to assist in the removal of cuttings.
See U. S. Patent Application Serial No. 10/229,964 filed August 28, 2002 and entitled
Method and Apparatus for Removing Cuttings; and U.S. Patent application Serial No.
60/416,020 filed October 4, 2002 and entitled Method and Apparatus for Removing Cuttings
25 from a Deviated Wellbore, (Attorney file 1391-28400), both hereby incorporated herein by

reference.

The drilling system of the present invention may be used to drill the initial borehole in
a subsea well. See U. S. Patent Application Serial No. 10/265,028 filed October 4, 2002 and
entitled Methods and Apparatus for Open Hole Drilling (Attorney Docket No. 1391-35000);
30 and U. S. Patent Application Serial No. 10/264,549 filed October 4, 2002 and entitled
Methods and Apparatus for Riserless Drilling (Attorney Docket No. 1391-35100); both

hereby incorporated herein by reference.
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ray nmeasurenents, fluid identification, formation sanples, and pressure,
shock, vibration, weight on bit, torque at bit, and other sensor data. The
bott om hove oasemnbl y, for exanple, 20 includes a pressurePOEASU/@TENt Sub
664 for sensing the pressure in the annulus 82 of borehole 12. A preferred

enbodi nent of t neans fqr. transmtti data to.t f i
'S pat ety der o Lk e o o8 deRs 1 RS uRd0 435 SubBishi e
U.S. pat@RhethaBRliticid e S8Ek BbttdiR hoROAdOibBOD fnl hBst SReeesmer Futher 1iP9D

bot h hereby incorporated herein 25 by referénce. The data transm ssion
conduct drogtonphalt hesambhe3d isaws itite 8 ipordusing| gl ehesgompesise epileddnbiag ZRimdy bhen
can be processed by powerful. conputers at.th urface £.0C i e
dat a at If‘ﬂé“s%?‘ﬁétc%',e RSP %’&%815%01%33}%&’@0@@ PPYESH R rlegsé\% g’)%%“&ér%giﬂﬁleg and
i's mgch RNeof BfdkdsedtRMr forhiion Pirdskiirgs.t Thisdue@mbs gituekaiha wokosed w&l abg at e
to the surface allows the elimnation of nost of the el ectronics of prior
art bot trestimepied desengeeBrodpgtion. s dhergemmosie soiled&bing 2Qpwil} hyvgfnternal

transm ssj 0 hg dat - fac nc L 0o, L Laugh t he
mud colptsf'lf&rsrl%[}feshg |%engl§®3.é OﬂIlhig‘()etsooudlrsst%a al Cg t?ggé*(lg%h%]hvevg%g%r?%&néh% g% lftlis%errbl y
30 are wideghdtdeoltappestedngtit ri cal tools. These are non-drilling wireline

tool technol qgy and enable the use of a voltage converter. 53 WD 03/067018
PCT/ US03/ 027 781€ eleeroniss |U§edc16r$%§je<‘1t,f%‘%§ SpeiQs L& e mexpensivess compargdAg e ¢ o

the for arﬁéoﬁfoﬂﬁrconﬁa) cRObE OSRVRRYiGhal BSEGHRbY RSl Y THRE S VERN QR @IEBt%rﬁf:sS

current and 30 volts. The transforner transforns the 1,000 volts and
m | i anpswére t@0egradet aveatithe Decanss of Wigh cempdnatiees pthe belttgm\hold asgmidyi3@emayilesh

or ovi s et BonEier B v Yyt artie BofEl i ecSirall Shien st Rt &

assenbl yrei',ﬁrelaot a high power operating system The bottom hole assenbly is
in the sanme power range as other down hole turbine driven bottomhole
assenbl i es. TWeriaisaypesiof dhtagenderctrarssiuad jorthe syrbassiutidizingi the eondysiony4® o t hus

[ . t0. t 1 ¢ _ahl :
3 ags or sBmPERe Qush R RS SRS PR FLoSRBHE) 3¢ b 6 e O°
conduct gyusfadel ia¢ledealih@inhforg eiziMutyPgyrodcopidr si@néy ajadh, lreSOlvivo niehsokments,

electricity. This power supply is also nore constant instead of the typical
pover sufayeliolsr siparatirey deynhee wressuies.. flomiraies Panef thiePdWwe seetiqn, gpmma

measur enent g, Lo hRARN nuleRRAGHARLR, FiMhaliof @Eﬁlhl%&‘ arlﬁJgﬁeQﬁIr , oci! LBrfRhor of
a battery’ section s no 1onger reqwreg 'h “the bott bm hol'e assenb y.
G eat er gkt orf bignotque as bitf @deotharseat@alalze Tisebbttom holarssanbl{ Sfoeleeahplecal

current into the formation to enhan esistivity neasurenents b
resiZdt i VPEYdesop | Pressyre. mpqsuEaiReRt &UBé%gp{?f SERSRBANY RIS gﬁw&w%é &off ed

tubi ng 3.4 pyopul sion system

A preferred embodiment of the means for transmitting data to the surface is shown in
U.S patent application serial no. 09/599,343 filed June 22, 2000 and in U.S. patent
application serial no. 09/467,588 filed December 20, 1999, both hereby incorporated herein
25 by reference. The data transmission conductors 42 allow the transmission of large amounts of
data which then can be processed by powerful computers at the surface. By processing the
data at the surface, the bottom hole assembly 30 is much less expensive and is much more
efficient. The ability to have a high data transmission rate to the surface allows the
elimination of most of the electronics of prior art bottom hole assemblies. It also enhances
30 the reliability of transmission of the data to the surface since pulsing the data through the mud

column is eliminated.
The tools at the top of the bottom hole assembly 30 are wireline type electrical tools.
These are non-drilling wireline tool technology and enable the use of a voltage converter.
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120 may be used to convey various well|l apparatus into the well and be used

with bottom hole assenblies having other applications in the drilling,
conpl et i omoasderoiducti on of wells. The 20 conposite coil edTtushs/ey7£20 and
propul sion system 120 nmay be used during drilling to nove in and out of

t he borefjol e such wel | apparatus as an electric t urbine, van

posi tive ec}pglmcgeweln{)o%%}%n ADPHP! 3 ikiampsstort goégn%‘?"?énlsrg? ?Oﬁt%mﬁi? ure
three di d@?éﬁ%l?@@ﬂuaﬂf%’sés‘ fte dnﬂbsscﬁe&l%en@ar{f?ﬁ@w)ltéc 0Th€"tr§ﬁ§f@ﬁﬁé?9r£1@ﬁo%§ ItiN
such as a bit” or a cal I@.(f (sonic or nechanical), a directional

ki ck- of f1,evale asdéhmé@nmh 63 mlks and 309aI$DSng°x down holg b@ﬁsfmgp@& provixde myalt em

(chem cal or exp|osive r. oet r|II

COMposi t@org@owggl)e(‘taﬂf)e %188%(5}' nagh E‘?%mﬁl S1'6h glgl)‘s”fa ﬁé)apyngrow Jﬂezef Wit h
vari gus gidry bhdtgp@esd &Itiraé)CEhe mmhﬁleamhqbaﬁlsgwtrmlgﬂ ﬁ@vé:rtdp\ﬁa'tlylg spagnet i ¢
resonance (MRI), sonic, neutron density, tenperature, pressure, formation
pr essur el heghotigim dpledesspiAblyels gathersaras POWﬁ%r%ﬁﬁésqt'B% dowy helg tibimegriven and

propul m&l&o (;lgggs‘]ﬂ%ﬁ fmy further be used with drilling perfornmance 30
sensors suc as wel on bit, torque on bit, rate of penetration, pipe

pressure, an ﬁEHeLlﬂecttﬁdSzﬂ!SSnﬂL&torS Hb ek canplosite kodtd wbjngdfl dws ajos mate poeeent i al
pressure across the notor, ot her _perfaormance paraneters. %J,ous

st eeri ngPealFREPaLeErs dawphele’ ugiersnt i ﬁEﬁ EﬂﬁﬁBsgefé 29P§ QF CuReiY;

propwl Si h 0, Adced
Pend? s T ST b s 3 S B B e R M g

t he bot tlgdAthedles afsslectblcr}y 3(Tlﬁmpo‘beresuppuescalscwwrwcomstmIlystcﬁdeOﬁti\mmmcel
coil ed tubin ro system 120, ott m hal e . assenbl | ude
ot e s S R sy YR B ety TS aliR B S ReS RmpReY i o e,
of tWo Qfeep@iftodRIVPRIA B0k OFLRRer! mbhmnabpw BAtfb?y $8Si0R 18 n6 WildeAfequited aNdem
to 5 provide additional power for propelling the bit 140. Such downhol e

gm | ed ttbe’fnbngorprlﬁqmlasse@rbly s@?@tm‘; PW?f fiflgglt ?ﬁrﬁ%ﬁﬁéﬁ 6an @ispeber p3get qoo%aﬂmhLes
bor tiom el shitgnRGolredbl i G MiRCiebi B e ABRREBL Hithtbot

but may im. fact be other wel | tools to performother operations in a vveII

Such well tools include a well intervention tool, a well stinulation tool,
a | oggi ng t odt should bg gatesiated WAGIhASOMPRgE erjled tibigarlomng PRRUISHRI SYSEM a
mil. For ﬂn@ (]

| ocator 1 rq%t{ %re ??%ﬁggygﬁ%q%@ %EP#@ ﬁept wgg%bggﬁiug?]&gﬁggggﬁ#gfé The
casi ng cnbdnabliek baehgothar hﬂ)p]b&tl@ﬁh& tlteodnlhogm:brrtplt&nouamdtpgoduAtid)mgf wtllst. HEhe

casing that is in the well is then used to provi a ver recise length
measlr erROAPOSHtRled thRing eQQiaﬁ‘a PERRUISiPn pYsEcH 686 Y, %Fefi ﬁjiu%/’f‘g MEOVBPYS y

dept h 13,3 &’9[11 SWE bBﬁ:‘ﬂBleCs%l{ &ell a féﬁa[raﬁg LELE Qle@tfnctxﬂ@copqmlb% b aH BQ osTtlf'\?e

casing collar locators can al so used for perforating once th e liner is
set. Onodispldvemiennduilling nsaos, vaheusctypésnef &Dokdrarto hmaatrgrthrr:cs dlmﬁmmnfabpospltmm se
pl acerrent 8I1cep%r1§1grrn érl for dlspli]actlrpgeformgtel(r)n such s 3 DIt of jet je s a céilper l1“ gd (s%%wugrEd
mechanical), a directional kick-off device such as whipstock, a casing mill, a casing exit
25  system (chemical or explosive) or other downhole tool used in drilling. The composite coiled
tubing 20 and propulsion system 120 may also be used with various drilling performance
sensors such as gamma, resistivity, magnetic resonance (MRI), sonic, neutron density,
temperature, pressure, formation pressure, or other downhole parameter. The composite
coiled tubing 20 and propulsion system 120 may further be used with drilling performance
30 sensors such as weight on bit, torque on bit, rate of penetration, pipe pressure, annulus
pressure, shock and vibration, motor rpms, differential pressure across the motor, or other
performance parameters. Various steering apparatus may be used with the composite coiled
tubing 20 and propulsion system 120 such as a fixed bend in or above the motor, a fixed bend
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with perforating guns in front of it. The other pieces of the bottom hole
assenbly will be wused such as the pressure neasurenent sub and the tension
sub al ongwvaioshe7oes f or ati ng guns 20 suspended out in front pofi/ush&odicd t om
hol e assenbly. The casing collar locator allows the very preci se | ocation

of the perf Orl?tshoglﬁlggns ' ?e%l gd tt}ba? zl] h@)@lé tﬁ‘g b%tﬁ%ﬁ]t rh ss%in% I30t Pfsgrwl d

be wused to fire ora guns a caS|

| ocat or @Rehiveat Wikl dhiy gae dbs/nlmllcdoué@dubmg l{dréi)ulsﬁ’@d @ystterﬁp]rﬂm mt bmltbrﬁdfd]cal
No. 09/286, 362 filed April 5, 1999; and U. pllcatlon Seri al

No. 10/ DLy rrfaylleelusaqomore than opodovaiipd @mefittwﬂg wgﬁbfqncsaﬁqeyl 12eand may; at ed
Vel | AOBSIQPBP b»tﬂ SE ﬂertfo%mgreaeo?fédhﬁsﬁg %mglsﬁ QYRS sudlSs GO RRRH &

CO|Iedtu S no required to w at anpbunt of tension or
conprses sprovude Additibieal ghomet fang;rc_ﬁpelllmgshq:)hsﬂmo@nclt tlmvrﬁhodmmred ti@ng pcopusiethe

annulus 82, the drillin (g fluids Rrow e a ,buoya ngét con*ﬁoazlte coil ed
tubi ng 2SR MANCONERR, BY NG TRE TFaSHER BI9 “lﬁﬁaeQ?Bﬁ‘&g ST 61 PPAEEE on conposite
coi | ed tubi ng 2uldErtHREbe airBGfted BIP AR HoRoRMNJIE ssSRbhyiT Med 2t BO8Fedid
rotate within the borehole, conposite coiled tubing 20 is isolated from any

react i vesotady fureust i ldrlldmgtblmnhﬂyl i faes derrithey VB0l toTlseto porfpoBiother operiadens Wbl ng

20 al so h ff d
exct r aor dF ke o€ 0N ERHOCHEF F s TaPier ARG Cbre i AR 0on ot o3BhBetor e
52 WO 03{ @6y 8ndrhebhida0sd1 02 fetorhiihgiooRBPY tilhe nmotor with an orienter, an

adj ust abl e bent sub in or above the notor with an adjustable orienter, a
three di mensilkmaxample, dbe bpttem hold agemplt By ipdladop Gping alaklocrGR N dheck

Do rer: g S Y o R O HAGANAE TS tilingofirloBlorBli| B bR O

batterles roni cs I'i'zers or ot eV|ce
used forcoahe@e icagng.hA 169bf tigchasihg tHat a;saembwu isTthen usnmoqucb‘ede:mwhmbrwhﬁ ng
20 and propul sion system 120 nmay al so sed with roducti on % nt

such as langibwhesreERshp, TAYS, dﬁ%ﬁaﬁﬁgec%]ééﬂé?atoralsc% PR dc and
Scr ean, ﬁ%&{tmk}{a«?c&? rf&l st%m%eecd{%h\f@om PRE b &mak u&s{ors &n also be

perforating gun, or ot evice used to produce the wel The conposite
coi | ed tushd figr Mcmatﬁlgjomuhsﬂmar s\st. eOnd@ the Iy i§ sett ﬂercabmgwédr loicator is

wor kover rrent oy for treat the formati such as

scr aper s”segg? WPEsSH PRGN, peﬁSf%Q“%lH‘dthSthgF &/Bls Sdf”iﬂeaéf% qq\.‘ﬁ}g é’)sz%d[ ens,
zonal trggh E@r‘f‘@raﬁhg" oflns RYEHRNG @7 TAE efer GRS @ tHObot¥Mh lBMeLss@hblly et bd
the well. conposite coiled tubing 20 and propul sion system 120 may

al so be u;sé@uqmaxtbn\pegssuemalsuﬂemetr randghe ttfmsmn saibwedong with ppaiprating gusool |
a density en eerl o too for I v
. S gFE létl{}l P th ﬁgt?ﬂl %ﬁa@&g{l ITh@%a n%%o?fﬁ?([a%att%ra 8\95 F}BQ/

| i st 0 are end e exenpl-ary

and not pedisd Tehtis Meme Jp‘érfbiatmg gpﬁ>§ﬁ15meahé Qn&ts eAf @Ngeasatl &ighdli thed would iy 20
as the production string in a new borehole. Conposite coiled tubing 20 can
be tied ysad ko fitg the pesterafing BuRsa s e ARk 6F 36?51%@91@8 locgtor apg megqdrRf uskily

point and G LAAGE BRESAPHIRGRon Serial No. 09/286,362 filed April 5, 1999; and U. S.
Patent Application Serial No. 10/121,399 filed April 12, 2002 and entitled Magnetically
25  Activated Well Tool; both hereby incorporated herein by reference.

The composite coiled tubing 20 is not required to withstand a great amount of tension
or compression. As the drilling fluids pass down the flowbore 46 and up the annulus 82, the
drilling fluids provide a buoyancy to composite coiled tubing 20 thereby reducing the tension
and compression placed on composite coiled tubing 20. Further, since composite coiled

30 tubing 20 does not rotate within the borehole, composite coiled tubing 20 is isolated from any
reactive torque from bottom hole assembly 30.
The composite coiled tubing 20 also has sufficient tensile and compression strength to

withstand most extraordinary conditions during drilling. For example, if the bottom hole
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The present invention may be used to install casing in the borehole. In
this nethod, the propul sion system may be di sposable. See U.S. Patent

appl i cat iwo 0se6ioa8 No. 10/ 262,136 20 filed Cctober 1, 20@2TArsvs/ei7exd
Apparatus and Methods for Installing Casing in a Borehole (Attorney Docket

No. 1391-28500), .hereby incorporated herei reference. ilizing,bottom
hol e ass‘é‘ncﬁlago%ﬁthﬁlm%ﬁgwftﬁén epietrig W?Faé’% Q%'t £8° 1 PHAqNE gltwt ngorB’%Fheﬂbl e
12 and rglitdle briemtet et eheingiohsl StuleSdel YteeFRE sPEAC bhy &r Ahork NRcK Tiow | Ng
system 10™ of the present invention is to produce the bypassed formations
qui ckl y ehedk ealyan i airgulajing 38b.lreauiak disepnnepiesub, picasing golardacatom §atteries, an ¢
shoul d al.sq..b reci ated that,. comosite j | ] for
per f or at ?lﬁcgnf ﬁ'ér%\gl)& i Iefec%?lc%xsetl%ﬁﬁlze%rgg) toéhrer bc%? {Cgﬁgﬁ%#& gggéﬁ%%ygg@%g?%geeen
removed Ags@mbllynehe WBposiiz dildd tiven g0 indygisplisien sgasad20anpedlfobandedwiitoi nt

may be attached to the downhol e end of conposite coiled tubi n(g 20 and run
down i nt Brofiwsioncauipaicahsicd a2 dopmdolsaiumy 2R PBFN QJE RRCKED eAied RER PReker, 2
detonate f t giatel r i &r@? RSbl sthepi | ed
tubing 2 nggﬁrgﬁieaﬁfr egrgs% trgfs?é pro Eec\ga?\éé;lgtpﬁgpﬁdg#p@ce?’rehe%%hggn a sc’)lobgt reftjn on
t he downddvieaned enprodicecthapadli tEheconipesitd cdied guiiifg 26 anH\@r@Busd@7HE8m 120

PCT/ US03/ 02778 Anot h(fr .&pﬁl ication. of the bottom h[gl g assenbl é of the
present ?’%éﬂ?he&?ei%e QA werkeeT ‘équm?’\tioﬁéc.’r FHEMEATE OO ) B 861518 s

I oweyed {dMfa d N8 cWehihg aidfls, hoeahfdomel RO REatiRA: f1hiQLIREMONohA tRArhas Rl The
upper and l'ower traction nodules on the bottom hol e assenbly are used to

i sol at e $ysenpradulsridoniceofrs workoves ot srseidnhibe evedl. eTheTermpresita cpded twbing 20

gathered and 5 processed, .typical ly for .testing forpmat.igon pressures. ten
sanpl es ep‘ES’BH%E’Bt sé'dtefTbrlzﬁt) éﬁ?)i 8{53bee P59t Recony é’c‘é"%fﬂt@r\ﬁg{l %ir?%b?‘eweq
assenbl ysiishtidiEto6E Beehaty shginegaRE tdod oih Id}girndol fefor exdmhSIBE Mhe ABHENists
drilling environment. The downhol e coiled tubing propul sion system of the
present ¢fivelhservige mdympinédnanke topls g intepged O c3RmPplary ardknotdl|iiglBsivhe
convegyance of.c Al I ' I : 0 | 1] =ag| or a
conpletion st%tilgéglgsmléqgﬁllge ﬁgg%h%%e%&fa%gst%@gge%(dg%pf%. pr&n%fl[t Og%tﬁs%g;l?%c udes
usi ng t hieoréiidlé.| Cogpasieasilby nibirg 20 earbentidd baok ko whexternhheasingl gackes orweatat up
or sanded up in production tubing. The drilling systemis inserted in the
vel | wi t # the easIngexit oI gneé exgrIpthG s¥fcfuded. The motor and a pressure t ool
are | ocated . t : pretalel any
wex or sand. TN D E o Ry b e o P gy
t ool , t hehe tpeoysilsdon systinc oap be sliposabiaibSeedhd. Batamtt applicdtion| Semigl Noot(0/26h1 34

j obs. th bl |50 jnclude a t T i stivity, d
Wt ofted Glbrte D2 foties Agpiribi dut aEmgts o iBsalie e REFo
assenbl YA ddeyA5GBPNY. £31-2500), R6ret$ Gikobordld htBmMs  ieddite st r addl e

packers. In fact, the system
Utilizing bottom hole assembly 30 allows the drilling system 10 to trip into the

borehole 12 and retract from the borehole 12 quickly. One objective of the drilling system 10
of the present invention is to produce the bypassed formations quickly and economically
25  because of their limited producing life.

It should also be appreciated that composite coiled tubing 20 may be used for
perforating the well. For example, after bottom hole assembly 30 has been removed from the
well 12 and the well has been cased, a perforation joint may be attached to the downhole end
of composite coiled tubing 20 and run down into the new borehole 12. The perforation joint

30 can then be detonated to perforate the borehole 12 for production. The composite coiled
tubing 20 can then be used as production tubing. Screens can also be run on the downstream

end of composite coiled tubing 20.
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could al so be used for anything needed to be positioned in the wellbore and
particularly any 20 tool that needs to be extended out horizontally into a
wel | . Thewotoenstoe be pl aced is placed in front of the bottemshsix7s
assenbly. The system can al so be used to run cenment bond | ogs. Al so, any

ki nd of cased ho]le 1qgs. can be run in front of e bottom hol.e assenmbly.
Any wireline ‘f‘%?jé?rrﬁ?pﬁg?ﬂoé] ‘iri}a‘g‘e Joagmphole 3§Sgﬂlbgye8§iﬂ'§eprf’?“?é]fénvﬁpéo%bsntgﬂtér{%r s
ext endi nghi@d driftiRg HiRvh 6418 aSRPPSistIBweRUl iR theBidNdand2Dcaed hdjab¥ik &g i Ng
now to Figures 9 and 10, it is still preferred to use steel for casi nP t he
new borfehoateon Stheakbsttdis The gpeertand laweotrastion regiildsconaiig bogApr fkde pspembly

t th d . | asti c. than. i 1t Whi
oot i srared @dNTHEns BRGb e (ARIEMEGR: SRlETRER R A M Bt g

vel | sas mebdssas typidadly fenebtimpnfoemaein mresidicsi Ofeentshmplesxirstolleotet er @ieval
producing well. Steel casing is also able to withstand the many

h
forces ob Hepwsderi i heifam hple aaweaibly Mysk brgspegiply §9@59nﬁolw‘t5¥sté‘fecg:t%l y
uses the )ggﬁ%}ntem pﬁcﬁilﬁﬁ?@ﬁqﬂdnﬁngn conposite coiled tubing 20 for drilling
o1 € and. ee

the boren en's casing is lowered into the new borehole for
conpl eti ng t HEhenddwnholScANBdQBbin S PO SREIT 4 \EHB 6O e 7B eseBi noeniien iy timdude
objective of the drilling assenbly 10 of the present ipnyention to elim nate
the requithengaplicgions.  These dngly Iﬂg"t PRI CXUCE ] %P“ﬁﬁ‘é}lqnépl(?ﬁﬁ}&% F(}?tlSFF‘bCLIﬂéPS 9

and d]lbo .irg%bif GG roiag c&?gfe!tign sEHABRAB hOBbrafie W kor exdhpldicl udes a pi pe

handl i ng system 242, sing el evator 244, casing tongs 246, and casing

rans 250. TheApithe Usamtilidey usipgttiendididing Bssoinbksion glean out watkawherashengell ad nt s

in the horizont al iti.on sho t .248 and.t.hen noves. indjvigdual casing
j oi nts i HtAFd® ‘?rr?f"g‘_f 1gtpéoc|§.5§€f ?lg’r\“ga?r 15:5%11 A& SYTIER 13 s Iﬁedulﬁrtﬁeg% H%]gnl tion
253. Thehp@wibindle dsSerhP§NndA8dd. | PHEEROI0 hhd @ Pteakilr¥ (60l ke Idtatewdh|theast ab4.
In the vertical position over well head 254, the hydraulically control]led

casi ng ethevwttom bala agseandy tand camwwleanopuitangfwips pe spisk  dihe grigssiite (@t workk

d of th i j. i .
SPBefs, el 5 M BB R0 L TAELLTERR, 1 T oR

new casiigizofianjoldniiie tahnibipenayealdo dhclude acasitoy Shei registivity, hgansd,ehlral e.
Referring now to Figure 10, the casi nrg rans 250 su%ort the casing el evator
244 by HeNa) FORPORFFLLBNRIA PoBnecassanT VRS e dsdig e bejtpm B%kmaése'z@é‘/,- 258

i nclude sl i pﬁgeogsse,ﬁagggfgfsgggpt@s@%g[ﬂ@%ﬁ hﬁdﬂaradﬁlbepa%ﬁaisn% Rt s yRRAS €S

t hrough the ips I n support and grab the casing.
The casiduyld als® be neddufde ahythingrreage 26Mef msitipusdimtpe widlbowaardl garoeularhieamew

casing joint and casing string and thys.into the new borehole. .On e of
casid¥y r@akthar @C%WLH%%%W@@ Oﬁyh%mnt.aﬂh“}‘% gl &;’.e 1EHm Eﬂ(‘?eaﬁlﬁ??él 1@%_&5 é'ge
"The Vﬂr&ﬂ%@%e%ﬂﬂ?cﬁ&aés@ﬁlbﬁt ra Pipe Pulling Power" by R L. Glstrap

Co., incorporated herein
The system can also be used to run cement bond logs. Also, any kind of cased hole

logs can be run in front of the bottom hole assembly. Any wireline logging tools can also be
used because there are conductors extending all the way down the composite coiled tubing
25 wall.

Referring now to Figures 9 and 10, it is still preferred to use steel for casing the new
borehole. Steel has a greater absolute tensile and compressive strength and is more elastic
than present day composite tubing. Also, steel is able to withstand the temperature gradients
within the producing well as well as other environmental conditions that exist in the

30 producing well. Steel casing is also able to withstand the many sheer forces of a producing
well. Therefore, the drilling system 10 preferably uses the bottom hole assemblies on
composite coiled tubing 20 for drilling the borehole and then steel casing is lowered into the
new borehole for completing the well.
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by reference. After the new joint of pipe is threadingly connected to the
casing string, it is 20 jacked into the borehole using the hydraulic casing
j acks 252voDbeemospl eti on system 240 al so i ncl udes convemrCirarsad/oxwesrent i ng
of the new casing in the well. An exanple of a coiled tubing injection

system can be,.found. in U.S  Paten .ication,Ser.i 2 Il ed
March 20, ZOOS_L‘PC%gr ’(?b&y’ei?{’é%clnﬁf%rojt %‘8%”‘% ﬁsw%ll%ﬁgr E%nédé\l?pﬁelggl{tc%g% got%i éon
syst em Z4hiRas BEMGLAEmaH A AAL AScométidnBsdiiblpr2481d shodm GaFighes Seaid, 10 25
no rig is required for installing the casing string_in the new borehole.

Furt her , whihle regriss ewoi by Coprplesinnoassembly B0 implidet aPips hapdling\gystsm ¢42rfen.

Al so, the casing.r 250 e |} Ul t ' he
wel | and e ST PN IR 4457 snE PR by il A RATUAG ienthed 0
cg_s: 39 Peksnep ri]ﬂsdaﬁidcms@eﬁr@qbieiatsoinetheFfuarntzhﬁtm pbditorc sigiwng ar 248 agdGhdrawevehe
ability to push the casing string into the wel],. Copventional rjigs do not
have sucdRdigiluabrasing ogus Hivel ap dMGTRASHHE PREUGR AT L effcp t B‘%é&i%&gbgw&m
gravity aad pfe pak 3&'89& @En @Sﬁﬁgﬁéglcﬁ(?]rlz%gtai@ dves il bellHeR@ 25aSiMUnstveiiegl | N
the wel 7771t s%oul e appreciated that the present invention may be used
Wi th a cmsitentdvenalellheddy?d; thealyydrmdlicale coiteolledchasing elevatanf24d grabss/datriconal

drilli ig. F | t 7. WO 03/ 067018 . PCT/ US03/ 02778
2 conveneitsRE PRI BETRATE 1 BORERBPEETRGT (e ErsUis e BT R PRk
rel egse jqne Tér%gfz% ard iRufdd FnheE telel §F hydhduiie asiRg @48s nad fendhdies theof

the invention has been shown and described, nodifrcations thereof can be
made by memecaskig jbiationtn thdrepper endipfithe casingeyyang infhe besholehe spirit 5 of the

i nvention. 5 03/ 067018 PCT/US03/ 02778 | t is. clai S, 1. A
systemfor ¢ %gmnﬁdloﬁv \%eﬁlgu%?péogiéﬁ ﬁ%lr}%ragls\%esp I Sl\l{??%ryn\hge %aﬁﬁjigaéég%a?%gzr%ﬁysi ng:
5 a conp@sirseofC @it thow D238 ands Al BotemBasilt 258 0iBoRds 12566] g8 hiaviudg stipy ifed d

strain in the range of 1/2%to 3% and a bottom hol e assenbly attached
downhol esuspendifigithe sating stiagc o hecasingisimng passesThEough dhe phiRst incdpoyy 20 ei n

2L OTIAED oL MG U B Ryl a6 g
500, 000 dgwrRvA2@lyQR0thpsiew Asing heinsyst eavingfstéh@ind thuwireo ehensaibdrebolep dBind e
coiled ttl;/gei: ro]ig c.islsri]r?g!, lrjacrlr?ssar?e1 I%alljntzlef}ac\{ﬂieg rl])yil% L.ngﬂétiraspoécr).o(?tj 8k1ahoma City. See "The
Wellhead CasingJac for Extra Pipe Pulling Power" by R.L. Gilstrap Co., incorporated herein
by reference. After the new joint of pipe is threadingly connected to the casing string, it is
20  jacked into the borehole using the hydraulic casing jacks 252. The completion system 240
also includes conventional cementing of the new casing in the well. An example of a coiled
tubing injection system can be found in U.S. Patent Application Serial No. 60/280,088 filed
March 20, 2001, hereby incorporated herein by reference.
The completion system 240 has several advantages over the prior art. As can be seen,
25  norig is required for installing the casing string in the new borehole. Further, the completion
system 240 may be operated by as few as two men. Also, the casing rams 250 have the
ability to pull the casing out of the well and have sufficient power to overcome the friction
and drag of the casing against the cased borehole. Further, the casing rams 250 have the
ability to push the casing string into the well. Conventional rigs do not have such an ability
30  and rely upon the weight of the casing using gravity and or rotation or reciprocating to install
the casing string in the well.
It should be appreciated that the present invention may be used with a conventional

rig or may include the reduced use of a conventional drilling rig. For example, an operator
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4. The systemof claim 1l wherein said conposite coiled tubing includes a
tube having a nodulus of elasticity which is not the sane in all axes. 15
5. The sywobeswefoigl aim 1 wherein said conposite coil ed tulpcmgisosicd7osies a
tube having a nodulus of elasticity which is not linear. 6. The system of

| ai wh ' id | i | ed bi i ncl ud havi
ator | al S A Soaenel £ i herpaies Erube PoBRcts” e B n sl IR b e Tor

centi met @fe dndtierWedlsans per cubic centinmeter. 20 7. The systemof claim1
wherein said conposite coiled tubing is nade of a fiber reinforced matrix.
8. The syst enWdileca @ireferred gmbedimeany Af ude rigventionplas besinj ehavyhdne tdsecihidedded
in a wall of. sali i i t Wb i e
further ]inﬁc]lﬁﬁ t?%ngsqg&? WC% b%i?g%&r%dﬂ );sa%}edﬂ(? iof%%gstlef %J(k}gtlh?ég&%ﬁ#gm)%émc z%[i}rsllt ng
sai d scongraké iredd. ed tubi ng to achi eve substantially neutral buoyancy
within the well. 10. The systemof claim21 further including a conductor
enbedded in a wall of said conposite coiled tubing. 11. The system of
claim 10 wherein said bottom hole assenbly includes a sensor in 30

comuni cation with said conductor, said sensor sending data real-tine by
means of said conductor to the surface. 12. The system of claim 11l wherein
said sensor is a pressure sensor. 59 WO 03/067018 PCT/ US03/ 02778 13. The
system of claim 10 wherein said conductor is disposed around a liner with

| oad carrying fibers wapped around said conductor and liner. 14. An

assenbly for drilling a wellbore froma surface, the assenbly conprising:
a conposite coiled tubing without a conductor; 5 a drilling assenbly
attached to said conposite coiled tubing; and said drilling assenbly

including a bit and a downhole notor. 15. The assenbly of claim 14 wherein
said downhole notor is driven by fluids passing through the conposite
coiled tubing. 16 The assenbly of claim 14 further including a one-way
valve in said drilling assenbly 10 whereby fluid is only allowed to fl ow
down t hrough said conmposite coiled tubing and drilling assenbly. 17. The
assenbly of claim 14 wherein said downhole notor is non-instrunented. 18.
The assenbly of claim 14 further including an electric |Iine extending al ong
sai d
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conposite coiled tubing. 15 19. The assenbly of claim 18 wherein said
downhol e notor is electrically powered by electric power transmtted

t hrough swiod3oenatict or. 20. The assenbly of clai m 18 wher ecm/usas/ek7ed ectric

| i ne extends through said conposite coiled tubing. 21. The assenbly of
claim14 further including a conduc%%endi ng along said 20 conposite
coiled tubing for bi-directional co fcation with said drilling assenbly.
22. The assenbly of claim 21 wherein said drilling assenbly further

i ncludes a sensor comrunicating with said conductor. 23. The assenbly of

cl ai m 22Whheis elaimedisd sensor is a borehol e pressure sensor providing

real -ti pressure asurenments to the surface.. 25 24 h 3 ly of
claim 2r1TP'vvher is?ﬁs‘tgr&ir{gr %?P?’F’(‘F%a 5 lsag%rlat)}lsfrbfltw ﬁgrfrq%rllgl%ﬂré%c-sg’ gon%ﬁ%?%l se

tel eretry sensor cppeposaiconed wibiny, shig cotpbaieecoiRU.tubing dasiaghl yiekdogtrain
drilling a well bore froma surface, the assenbly conprising: a conposite
coi | ed tiasheegneact e @ 3%bidar wall with one or nore conductors embedded
in said conposite i i : (AWK ~ : hed to
sai d conposite c0|EF%%#(?%B%)lggg&glsb%la&@ﬂ%rg{d%%esn@l%ﬂﬁgj{e %J%?l%gt[g&ﬁ?t and a
downhol e2.ndt 0The @REGEm obtlake 1 Meteendn tsaidpdoagositetgiled tobinganduddsta tube Wb an

03/ 067018 PCT/ US03/ 02778 26. The assepbly of claim25 W{i] rei.n sai d dowphol e
mot or i A% SERPORENY Pithes medelisof elahicdghaving o MBS oBPERUR 4F |tEfa TRE5 Ry, 27
The S ' further including a one-way valve in said drilling
asseﬁfyl ?Mﬁgﬁég&ioﬂdﬂ%?l s only allowed to fl ow down through said conposite
coi | ed tabi ngTkensysem of ¢laign 15viesse sditl gompasiteTdveled $eembinglusies 8 tehienwhizh is
wherein said one-valve is a check valve. 29. The assenbly of claim 27

wher ei n CEMEway val ve is a flapper valve. 30. The assenbly of claim 25
wherein gaid Tlt%/@(}la@h?omhi% 1 ivheR@M sdid EbmpoRRt @iled 8bing HRludss & fieyha¥fngcd ai m
25 wherein said downhole nmotor is electrically driven, said 10 conductor
bei ng comnéwueof alastishy ovhéedwip ol the pasedin allaxgs.ovi de power to said downhol e

o1 alF ecTi onal ™ SORUR Al b RisTh,S4 CEPGHR AP nEHEHERRES RERK iR o
sur f ace. madulud bfeelasieRhychat n6l lader. 32 wherein said drilling assenbly
further includes a sensor comunicating wiith said conductor. ,
6. The system of claim 1 wherein said composite coiled tubing includes a tube having a
material with a density in the range of from 0.99 grams per cubic centimeter to 2.9 grams per
cubic centimeter.
20 7. The system of claim 1 wherein said composite coiled tubing is made of a fiber
reinforced matrix.
8. The system of claim 1 further including a fiber optic conductor embedded in a wall of
said composite coiled tubing.
9. The system of claim 1 further including a fluid around said composite coiled tubing
25  causing said composite coiled tubing to achieve substantially neutral buoyancy within the
well.
10.  The system of claim 1 further including a conductor embedded in a wall of said
composite coiled tubing.
11.  The system of claim 10 wherein said bottom hole assembly includes a sensor in
30 communication with said conductor, said sensor sending data real-time by means of said
conductor to the surface.

12.  The system of claim 11 wherein said sensor is a pressure sensor.
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15 34. The assenbly of claim33 wherein said sensor is a borehole pressure
sensor providing real-tinme pressure neasurenents to the surface. 35. The
assenbl y wbD oaloedoms 25 wherein sai d downhol e notor is a posiPCirwsosiozps acenent
notor. 36. The assenbly of claim25 further including telenetry means

communi cating.said 20.drilljing assenhl ith .the surface. . 37. Th ssenbly
of cl ai nﬁ25 \%ﬂﬁ%’?ﬁ“&%ﬁ ga%&ggg\e{eén E%ngcéﬁg\qch ilﬁglﬁgg%edaar?/ﬁmeq %T"s“f'rr ‘gﬁhq?anae t he
range Ofcaﬂx/%%%ﬁ&r&\%a & arblifd 988 sHluYtoPhn®lidirm 25 wherein said notive neans
i ncl udes the weight of said conposite coiled tubing and said drilling -

assenbl yl4. 25 Aassgmblyafos érilbing aorellbpes fiorr 3 surfaceethe assgrebl @ MPESiAgans
i ncl udes an iané ector 4%’ The astﬁgl@gdé/onafct&l,ai m 25 wherein said nptive

means i ncl udés"WEP|© &Y datlrﬂ%m%iwslpose apove said drillij ng assenbly. 41.

The gssenbly odriltihgbssedblywheckidiosaiddompbsivecdilednsbing)ahdides a hydraul i c
thruster. 42. The assenbly of claim 25 wherein said notive nmeans includes
fluid punps c¢id &iling aSSS’G?b{YHBC@@FPEé@éFan@?.do'f‘f’f@ok.?s@‘é[ﬁbl y of claim25 wherein
sai d notje NS d i -val: SES/ER! £ 46 a4 5
wherein Shi d T e Rl FERhERLY Sl Bownfits G BSRRIR ) higr PN o
wher ei n teaugh thet dongpoaseacslednabiongles a propul sion system 61 WO 03/067018
PCT/ US03 027(711351 46. The .a sea‘gl X of .cl.ai.m 25 wher ei Il sai d. ¢ osite iled
t ubi ng el udd asserpily Of clabp Jffurgher dRghidjng A OngdYaY d Ve BisAl FHUTHGSSE™PY st
tubuloar walrdbyfidil 1988y AlowBPIAdW USHn HABELELHA SorRpRad ¢6led bR hdfdrilivig
tubul ar wall;” a second |l ength of conposité coiled tubing having a second

t ubul ar asgdmblpi th 5 one or nore second conductors enbedded in said second

bul Il f jQining.fi d I hs, of i
coi e thbi nglRdSHGY ohelirkre bRl O Bhnd ey S3S i LERAERedy Tongin

and i nclyedi norie hdsembly 60BRUAT N fiMRN G @ling AR deléctse e exiBmivaNbloal said
connector affixed to said second length and including a second conduct or

connect gomppgitesegilgdituhisg. and second nmechani cal connectors being configured
ek i SR P Vi SIS FHERIE S SO o
connect efecafidp@vaarasmitedithongpsdidcomlutee.med between said first and second
conductors; and said drilling assenbly bejng a“nt ac;(ktleen%sttﬁ)rog eszﬂfd C%%i ((j)site
| engt hs 2% cothsossembly of claim™18 wherein said electric line e g p
coiled tubing.
21.  The assembly of claim 14 further including a conductor extending along said
20  composite coiled tubing for bi-directional communication with said drilling assembly.
22.  The assembly of claim 21 wherein said drilling assembly further includes a sensor
communicating with said conductor.
23.  The assembly of claim 22 wherein said sensor is a borehole pressure sensor providing
real-time pressure measurements to the surface.
25 24.  The assembly of claim 21 wherein said drilling assembly further includes a mud pulse
telemetry sensor communicating with the surface.
25. An assembly for drilling a wellbore from a surface, the assembly comprising:
a composite coiled tubing having a tubular wall with one or more conductors
embedded in said composite coiled tubing wall,
30 a drilling assembly attached to said composite coiled tubing;

said drilling assembly including a bit and a downhole motor; and

motive means to place weight on said bit.
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15 coiled tubing. 47. The assenbly of claim46 for establishing an

el ectrical connection between said first and second conductors in said
first andveeswoeémis engt hs of conposite coiled tubing wherePaT/USSRHIZAITS
connector includes a male housing affixed to said first |ength and having

o Leastoene el TR s RN SBLEoLEaL DR PR R

. . (] .
sai d con?‘c?w t; ector emal € housi ng sai d

second h%ggmsaii@domE@é!deré@iladtubﬁ@St one conduit fornmed to allow said second
conductor to pass t rough ~sai,d conduit; said nale and fenﬁgﬁ_housings

i ncl udi R sailderassestblyaliclaisp g durthes paghiding a openrrycrbiedn sadr il inggssemBl  r st
and sec id ¥ | ' ' ' fie Lot twBing Gha lardl

cont act q@%ﬁ%%'r}g}é?gg ?@?glﬁ&g&e{gﬁﬁgﬁyﬁgﬂgﬁ?@g&w&r@% cso?rprlllsi rtllgmgt I eastngone
cont gct aededitdy.ci rcunferentially enbedded in said first electrical contact

ring and further conprisin lurality of wi per seals, and said first
el ectri A cgﬁﬁﬁﬁemﬁlhafﬁPg’bgﬁgﬂ?FW& Sé“%%?f’d‘(ﬁli’glsd‘ %’Fabwl\‘f\?'r e fromthe first
CONPOSI ). COlﬁh%%séemfsf L19ing N WBEkeir QiPSAwaPVEIIETs PhafpR: vand 30 said

femal e housing inc ng a second electrical” contact ring, said second
el ectri Gl cditastembilyngf cemp2 sihagintaid dasthaqmormtichimipsphmeried.

circunferenti.all edded ipn.said.second electrical. conta Li.n

said el Z’{:lt ri C@F %8‘?%’?@2@%‘1%8 g? é@ereﬂhwﬁéﬁ’ “&38‘%&8?&“ B%C%Fﬁng\glvli)(/\ndpé ’rsgfr?]dt he
secqnd CRAMRMriRIMionatiéddi satl dowrheRNA6or tdprofide POWBBIGAI b nhole motor.

PCT/ US03/ 02778 said matching plate, and said electrical contact positioned

so that ¥ai d Thentassembly apk @Rim s& dwhpiest saidceqndusior cainvides  Pi-AGeqtiond y
ggigg‘gﬁzlcz)?‘r{ﬁlgudlgci% i%R!th%veQL%éig dﬁfgi@s Gcnflggrgﬂguﬁ%ﬁ%é' cal “contact ring when

g isSjoiIne ousing. 48. The assenbly of
cl ai m 253nwhermicrassantely dfi dldin g2 agrediblsyidf diflling nssembl y flethea isdledes i angensér
assenbly; said steering assenbly including a body having a nose connected
t o sai d 99BHRNNIGHing With s3tdepndB¢ifect i on, sai d body and nose each having an

axi S5 Saiyd n Y €l - ] irkh Qb SVl
mounted dh ooy BRENALKhClltn SINRE e MBAS Mol R e R
respect rea-tamd preksndymassusanahts ith¢ adfacennecti on and alter said nose axis

with respect to said body axis_at said.ojnted connection;..and.said
act uat or 5haviﬁ#’@j agsqmblyof glaim ?%WH’QW%F?lhle%‘SBleHBg@r AP PR dr‘Sé’i*’ﬁ&E‘F“& 0
said bggyopxis formng a first direction of drilling of said bit and a

second position altering said nose axis with respect to said body axis
f or m ng 3. sediwrdassémelyt ofoclaimi 28r furthemincluding telemetry means communicating said

20  drilling assembly with the surface.
37.  The assembly of claim 25 wherein said composite coiled tubing has a yield strain in
the range of 2% to 3%.
38.  The assembly of claim 25 wherein said motive means includes the weight of said
composite coiled tubing and said drilling assembly.
25 39.  The assembly of claim 25 wherein said motive means includes an injector.
40.  The assembly of claim 25 wherein said motive means includes drill collars disposed
above said drilling assembly.
41.  The assembly of claim 25 wherein said motive means includes a hydraulic thruster.
42.  The assembly of claim 25 wherein said motive means includes fluid pumps cycled at
30  the surface.
43.  The assembly of claim 25 wherein said motive means includes a vortex valve.
44, The assembly of claim 25 wherein said motive means includes a venturi.

45.  The assembly of claim 25 wherein said motive means includes a propulsion system.
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15 said actuator altering said nose axis fromsaid first position to said
second position while said bit is in the borehole. 49. A nethod of
control | iwQ oBkerods recti on of a bit while drilling a borehelceusesmng a
wal |, conprising: |lowering a bottom hole assenbly with a downhol e not or

P e oL 09 Mifas PR TRE Kialrh 28 y B Ao BUSPURAY ihAudal | o6 1D N

havi ng a con ed in said conpo € Col Ing;, drilling the

borehol e by rotatingrst kaglhidf compbdie ddmwmﬁ? ey a £t b ywatigwiah ohoad t o
the bit; comrunicating a signal through said conductor to change drilling

direction; aBomgdirstxgpdutters gmbpddeshin saigfirg tularrwalbct i on with respect to an
upper section of t ' - - TN Nall oecbbr kel t he
upper and | ower se%%cgﬁ%%%flhln(g ngﬁ)i%FiH %Oéégfe%lhgﬁg‘?lﬁ afs ge angl e Bf t]\k@ﬁgxi S
of the | ower @eatintwic védohd threluatorsembedidbein sappecosdobulanwalil e drilling and

by changing the azinmuth of the axis of the | ower 3Q section with. the upper
section while drild$I9gester onigyas firg 2 ﬁ@qo@nggp@ggﬁoﬁﬁfﬂﬁp%ﬂeﬁ%‘eé Bibf"gandpltohus

the direction of dfikldii@hamO cOniRidOMrifQN 10dédid kikﬁgeligtlbgﬁ@h@dlﬁiinf% heriet hod
conprising: 63 WO 03/067018 PCT/ US03/ 02778 |owering a bottom hole

assenbl y wi t lroadawewdoohectorotmst 3 sdgiond snedhandneh heringctor eldixad ¢o sad senong dength he
borehol e on a gorﬁ‘%ﬁi te coiled tubi n(ginh%vi,ng a conductor enbedded in said
conposi te coid@dn{iBN& g seRd & A CEPPHE Wi t h the pressure sensor: 5
driljpi ng the boreh@i®fiRRy afid@tRbhd thebRdhidul tcoﬂfécio‘ﬂﬁbéiﬁ%ﬂabﬁﬁ@ré@hlwh @adwhen
applying a load to the bit; nmeasuring pressure with the downhol e pressure

sensor; trarsgid first mechaniend gprnesion sngeges seidageend meghapingl comnesips saigh fisghd
adjusting at | I rlLli fl ui S| i
fater or 1o BoRREaShs B ekl leofichil uh9 g colbflufiEth phun RUGEG0
adj usting i s Heewéarsarbfilyand sseondamhdwdtosyaidem wi t hout any manual
intervention. 51. A nethod for drilling a borehole, _ th metRod coIrEpri,si ng:
| onering a drillirgichdaHimg| 3ssnbly ohaiess itachedtperner ebsHg GR8thb of cemposite
condyctor, t ididd Ng assenbly having a downhole notor and bit; 15
rmviqlr?g t he dr({bﬁle?';\dgdlésenbl y downhol e due to gravity; and

47.  The assembly of claim 46 for establishing an electrical connection between said first

and second conductors in said first and second lengths of composite coiled tubing wherein:
said connector includes a male housing affixed to said first length and having
at least one conduit formed to allow said first conductor to pass through said conduit;

20 said connector includes a female housing affixed to said second length and
having at least one conduit formed to allow said second conductor to pass through
said conduit;

said male and female housings including said first and second mechanical
connectors connecting the first and second lengths;

25 said male housing including a first electrical contact ring, said first electrical
contact ring comprising at least one contact plate circumferentially embedded in said
first electrical contact ring and further comprising a plurality of wiper seals, and said
first electrical contact ring also having a conduit to allow wire from the first
composite coiled tubing to connect to said contact plate; and

30 said female housing including a second electrical contact ring, said second
electrical contact ring comprising at least one matching plate circumferentially
embedded in said second electrical contact ring, and said electrical contact ring also

having a conduit to allow wire from the second composite coiled tubing to connect to
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drilling the borehole by rotating the bit on the downhol e notor and

applying a load to the bit. 52. A nethod for drilling a borehole, the
nmet hod cowprosé7ogs | owering a drilling assenbly on conposiPCe/uses/dxEa@s t ubi ng
having a conductor, 20 the drilling assenbly having a downhol e notor and

bit; moving the drilling assenbly. downhol ue t.o gravity, . drilling th
bor ehol e by rsf)“tdalp?tﬁbmlgﬁgatﬁ’i T‘%c?ﬂldteﬁ?f%bcc?\?vﬁﬂﬁ?cg plpriq.)l%18? a dtlhgtpsﬁf @{or%gcé pgdlteo fg to
the bit; senspofitdeldamahebfaddr @SS HABly épdgeibshi@nalitétin® hiss uf @aidadedond

t hrough the conductor real-tine to the surface. and downhol e pressure

sensor into tdisticl epRe rig heasnisorale Boewns sdoinebingid feaalaRpusingonduct or
e e, 0 S SRRG Be'cFaifiChd SlereltDLP aRTfhe RUIMAY hdncitiids"s bRing
5 assembly;
said steering assembly including a body having a nose connected to said body
by a jointed connection, said body and nose each having an axis; said nose operatively
connected to said bit;
an actuator movably mounted on said body and engaging said nose to move
10 said nose with respect to said body at said jointed connection and alter said nose axis
with respect to said body axis at said jointed connection; and
said actuator having a first position altering said nose axis with respect to said
body axis forming a first direction of drilling of said bit and a second position altering
said nose axis with respect to said body axis forming a second direction of drilling,
15 said actuator altering said nose axis from said first position to said second position
while said bit is in the borehole.
49. A method of controlling the direction of a bit while drilling a borehole forming a wall,
comprising:
lowering a bottom hole assembly with a downhole motor and steering
20 assembly into the borehole on a composite coiled tubing having a conductor
embedded in said composite coiled tubing;
drilling the borehole by rotating the bit on the downhole motor and applying a
load to the bit;
communicating a signal through said conductor to change drilling direction;
25 and
adjusting the axis of a lower section with respect to an upper section of the
steering assembly at a jointed connection between the upper and lower sections while
drilling by changing the angle of the axis of the lower section with the axis of the
upper section while drilling and by changing the azimuth of the axis of the lower
30 section with the upper section while drilling to change the angle and azimuth of the
bit and thus the direction of drilling.
50. A method for drilling a borehole, the method comprising:
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51.

52.

lowering a bottom hole assembly with a downhole motor, bit and downhole
pressure sensor into the borehole on a composite coiled tubing having a conductor
embedded in said composite coiled tubing and communicating with the pressure
Sensor;

drilling the borehole by rotating the bit on the downhole motor and applying a
load to the bit;

measuring pressure with the downhole pressure sensor;

transmitting pressure measurement data to a control system; and

adjusting at least one of well shut-in, drilling fluid density, pumping rate, or
choke actuation to change downhole pressure, wherein said adjusting is performed by
the control system without any manual intervention.
A method for drilling a borehole, the method comprising:

lowering a drilling assembly on composite coiled tubing without a conductor,
the drilling assembly having a downhole motor and bit;

moving the drilling assembly downhole due to gravity; and _

drilling the borehole by rotating the bit on the downhole motor and applying a
load to the bit.
A method for drilling a borehole, the method comprising:

lowering a drilling assembly on composite coiled tubing having a conductor,
the drilling assembly having a downhole motor and bit;

moving the drilling assembly downhole due to gravity;

drilling the borehole by rotating the bit on the downhole motor and applying a
load to the bit;

sensing the downhole pressure; and

sending pressure data through the conductor real-time to the surface.
and downhole pressure sensor into the borehole on a composite coiled tubing

having a conductor embedded in said composite coiled tubing and communicating

with the pressure sensor;
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