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METHOD AND APPARATUS FOR PROGRAMVABLE PRESSURE

DRI LLI NG AND PROGRAMVABLE GRADI ENT DRI LLI NG, AND
W@OMPIBSBRION Thi s patent application clai ms priPCT/UF2008088427

@B0708041 .9, filed 26 April 2007. FIELD OF | NVENTI ON

AT R LRt REDRY o avo

drilling bottom hole assenbly and sel ectively

adjhisspategt apeliqatios laimswviridmitta GEO7068a#HE; fiked 2feApril 2007.

mai nt ai nabl e at a pressure avoi ding formation danage,
FIELDIOF ¢NVBESHE,JOfNd ski n damage, while allow ng hi gher

drilling rates, with increased drill bit life,

MANBtROD @nd! ddRdrefils B Mg 8hd DoniBletigh &f FRUISBaFbAY wells is

formation information gathered fromthe formation as

discléyeigll; H&g gﬁgﬁﬁceaq@ a?‘ﬁ%h@d%? Q%bﬂ?rgﬁ@%%?% chaﬁ'n%%? adjacent a

and’ cemeh ter - dr ng rs comnp

BR8P PBl RSB EAL nBRS FERPREASE R0 n

proceeds to facilitate an open hole conpletion, while
chambgr @ Bemaigtaitebledt @ prepsuneraveiting yormeatias: ¢aygage, fluid loss, and
di scl osed to permanently case and cenent a well wth
skin slactage, f whitet akowipgebigher ngrilfegl ratest alithedinaeasesds drill bit life,
mul tiple zones at different formation pressures

mininﬁéﬁ?@%ﬂ@ti@zm)aw\&ﬂ!r@ﬂaﬁ@r MaRPhigly fdnteatibalisfoeadtion gathered
drilling (UBD) is drilling a well with a drilling

from ftl"né'i@rrﬁéff?érﬂ%%%ﬁlﬁn%e&@c@@éé’%r?(r% @ﬁ%%?r?mﬁveggy case and

pressure. naged pressure ’dr

cemegh st aliad gF bt ef e, Bdplfiy b Wb by Feegriy. he

equal to the reservQir pore pressure. Reverse o
appaggiye GRRPIAHIREPEPaler BiRsendng Rearss fdlligg ProcegysLoasiitate an
under bal anced while mnimzing drilling fluid contact .
openwhole chedetiart woile walairdainBwr 2o ewell | baiel linteggtycaf bethod is
consi der ed
disclosed to permanently case and cement a well with such a formation preserving
seal installed across multiple zones at different formation pressures
BACKGROUND OF INVENTION
Terminology
Underbalanced drilling (UBD) is drilling a well with a drilling fluid hydrostatic
head below the reservoir pore pressure. Managed pressure drilling (MPD) involved
‘low-head” and “at balance” drilling, in which the bottom hole pressure was kept
marginally above or equal to the reservoir pore pressure. Reverse Circulation
Center Discharge (RCCD) is drilling a well underbalanced while minimizing drilling
fluid contact with the formation walls. Because all drilling can be considered

managed pressure drilling in a generic sense, as used herein, Programmable

Pressure Drilling (PPD), shall mean an adaptive well construction process used to
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managed pressure drilling in a generic sense, as used
herein, Programmable Pressure Drilling (PPD), shall
wore@n/0s8s2adapt i ve wel |l constructi on process usBCI/US2008/088427
topreC|ser control the down hoIe annul ar pressure
speci fi ed enwronrrent limts dynam cal | -
precigely antsol e, S HE16 AGPAAG PERRS-GF MG OEFTREnyronment limits
negative pressure offset during drilling and while
by dwnaminglihgalcrlatinge adjustipg cjicharalINg &rRRRIBM oDMEgRlivey Pressure
(PG) system shall nmean an adaptive well construction
offsetpdurires driltingutand ngph ey serREDtimge t Fuorthedrpg P rograrhmabley Geddiemt Drilling
a variable pressure offset to be applied in a

(PGD)Rterh ishall fragim @h y#ptivengéie BBRStALCtRRCH0eBSs Eatvethploys PPD
bore vvh| l e dr| [1ing without disturbing the pressure

meth%élB ﬂﬁr 5 alid\f aRrldps re§sﬁ%?ﬁ$éh%'b% é”pﬂﬁébllbf a modulating

prog e annul ar press re profile or I ent

e R 00 0 P T Y B R b

Aut omated Pressure Drilling (PAPD) or Progranmabl e

presspfe oMiiBarest Rfi it vrglioors, ngesaﬁma)mva tiHllY i¥pgpgmgble annular
utilization of automated process control |oops. PPD

pressgies profhe or geadieriiandycloto hothesraaselandoeespleiethe wall. PPD and
specific pressure differential in the drilling zone.

PGD Tdouid ifartiaerc beplinddretbohly asitPrograrhimablefAuromatdd GHressure Drilling
and seal assenbly. A stationary seal unit installed at

(PAPE))d@ﬁ'F‘r@@rdrﬁﬁ%bl@'AdtBrrﬁa‘fl&l borRfieite [mﬁln@t QPA@[W %\ﬁtﬁurrﬂcreasmg
the proximal side of both the control and seal unit

uhhzeﬁfo aoflfguff&?gg% 5,16 Eé§F§ Itl8019 ntrol the well, provide

N EEAT oW o 2 C00 |ng of the bit u5|ng
nmud beln circu h the dri
z?#é g, frafae aaﬁv%wfabﬁ L fofé Bresiatfe ot &, ppgeiic pressure
drill cuttings fromthe distal side of the control and

differgrtial inAhe Lrilig: Bengr dhisna aseqraprlshedhly ¢idhzation @ha control unit
seal units and onwards back to the surface. The seal

and galndgsenuly| | Ansfationgrynsealuenibrinsthbedlisd taldesirdd lotation in the
novabl e control unit, while maintaining a pressure

borerblé hedietainsbresbutehén i btdxiréiak§ite df both tHeatortFs $hidr geal unit at
experi enced on the proximal side of the seal. PGD

a pregggr;égéyﬁnﬁ?ﬁt?? cgﬂ'ﬁlr'o'i HRRel 256 e QfidiBnt GW &5 8RER! cooling of the
bit using drilling mud being circulated through the drilling zone, and provide a flow
rate sufficient to carry drill cuttings from the distal side of the control and seal units to
the proximal side of the control and seal units and onwards back to the surface. The
seal permits drilling to continue on the distal side of a movable control unit, while
maintaining a pressure differential in the drilling zone from that pressure experienced
on the proximal side of the seal.

PGD describes the additional aspect of an incremental deployment of a

formation preserving seal on the formation wall, either chemical or mechanical in

nature while performing PPD, to act as a pressure barrier as well as to strengthen
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formati on preserving seal on the formation wall,

ei ther chem cal or nmechanical in nature while
wpEesobosssesig PPD, to act as a pressure barrier BGI/ug1008/088427

as to strengthenthe formation increnentally thereby

| t aneousl| novabl e seal un
the feidengnaeimantg Gerey Ssudlanaotaherorona for Abveble seal unit
novenment of both units is closely coordinated with the
in clagsy Brasimityftot the mqVIabl%§0|&t§@|eﬁﬁlF,yWh@Eﬁ1m\tqf’6%¢I of both units is
drilling practices or OBD have typically maintained
closetyheodmgl thaitest wtthcthe)mmentmﬁthmdrildng lassambfy.uid in the
wel | bore between the formation's pore pressure and

| Conlveaténdl e dpillpgs Wractidds |dr r@BD! tHdlel StyP@any Nelitbined the
circul at ed W|th|n the well bore to contr

hyers@ét?;Sr‘e@Q g Lﬁﬁ?ﬂ??ﬁ W%thto'ré‘%%t\ké’eﬁ Efe formatlﬂn’s pore

sur | SO acts to sta lze

r|

pressfffe cof s B SRS B b o s e
safety risks cally _associated with UBD, such as

well herg toegQryegh th %ﬁgwwgﬂu'gﬁcﬁ%ﬁﬁ%i%& cuifingg<e the surface. The

_substantial quantities of hydrocarbons into the well
drillingdlued alsa dots o jtabilizetiee wedbore @nddubridates gt goplsige drill bit.
prohibit flaring or production while drilling, wth

t Maebpmrestnt nvehtidPepksUWBDcombiree GBD Itbi minimixeetheSgafety risks
nmet hods avoi d danmage to the formation, |ost

typlcéll'yr ssdcHiaten \ﬁﬂﬁ’ BBD, tshu%hobé‘eHzSY‘@eI'eaEQOWHfd?éQ@érﬁrﬁﬁd unplanned
Mdoreover, the present i nvention avoi ds the need of

releagé df'é o tllf dddﬁ’rfﬁHB%dg wcﬁﬂﬁ%“bto'ﬁst Rfo §K& r\ﬁelﬁ%lé'rgn(eé‘tklck) or

oun rograns,

I It d t ank batt - :
wherd gy ﬁ%&'@ B SR BPos pictip ERRE0 ok kacuiioncut e petiggpith the
degassers and the |ike, Typlcallﬁdrlllln%qfluidis

benest HeMPD aaBD Hasha diling FOBGs caHdh getrdmaveigriamage to the

a variety of solid and |iquid adm xtures to inpart
formatiensilost, cifdudttbn asd ahdneciteen stelldsoamd prétdemsgi dédreover, the
properties specific to the well bore conditions

prese®X Pigvetisre chvaidriedi aé&d. of TAEBIAgC sMyette coafittel | With NGe extra
nmet hods have | ong been recogni zed as the safest way to

equﬁiﬁér{tlc‘ho"f‘n(;%hll a@?@@'&é@ dUgEPgP'I\ﬁIﬂ@ rﬁoﬁfa‘h‘% &RnCaS ARG Ninjection
units, closed tank batteries, multiphase separators, rotating choke devices, vacuum
degassers and the like.

Typically drilling fluid is either a water-based or oil-based liquid and contains a
variety of solid and liquid admixtures to impart density, fluid loss characteristics and
rheological properties specific to the well bore conditions experienced or predicted.
These conventional drilling methods have long been recognized as the safest way to
drill a well despite recognizable problems created by this hydrostatic head of drilling

fluid above a formation of interest. Since the drilling fluid pressure is higher than the

natural formation pressure, fluid invasion frequently occurs causing permeability
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fluid above a formation of interest. Since the
drilling fluid pressure is higher than the natural

w0 oooamssseh pressure, fluid invasion frequent| yPODUS2088/088427
causi ng per nmeabi | i tydanage to the formati on, caused by

eforrratron or_, physj bl o kaefrom
damadhy Pydiedrap I eta e ORNGLBIY b b icmeRen £ aHysitah bockage
structure i tseI f.. UBD was devel oped as drilli n% with a
from et intrggior af (the duigrand eolids| iBtostherfarmatien siucetes itself.
formati on pressure gradient, which thereby permts the
welBD tvad developed easddrilling rvgithp aowelkk dore Thids gradient ipse than the
mnimzes lost circulation and increases penetration

naturéﬁf&ﬁrdﬂbh' SresiigTgradientd amele thattsdpsimitdrend MIStMow while
of drilling fluidinto the formation structure.

dr|II|n§et aH{:‘éééf%”\Aezoﬂﬁé nrcﬂ?é“r'nfdr ?Zor rre & adigly q;ti%'ﬂd and increases

pro es can fromthe progress

penef?atrm Tyt B hes%@%@@ie'ﬁir% “ﬁ* dFiling fuid

, i nal , or ol der geal ogical formations. Reduc
into Eﬂq PrmRian sEuCiuRey efsregugrqn 12088 @n@rrl@eraﬁrescrmmdeﬁtely and

formati on changes and dynam c testing of productive
detailedtveellpriofilasncarnlee faymegt from theiniggress laf gk driking mhegrestin these
by using UBD. Increased drilling efficiency, along
undemgddanceahaelis deadingvier shontasgek dtibing rionessreéspageally in marginal or
formati ons, makes underbal anced drilling highly

oIder@%!dg@éHl%rnﬁﬁanaS currently practiced, requires
special surface equipnent to safely and effectively

dﬁéd'uce&‘ad? tifh@" r{g:?eas%{ Bllilﬂfedréii!ﬂ&c{&eajldﬂ ﬁf ro?rr}ahrgp changes

eved rogen’in ion 1n

the drrII e or rasr pe. . Thi res
and tygaia et & BB B dhtefv a1 1 Be TSy g ogidled are
nitrogen injection. Surface chokes to control bottom
enha'ﬂ@ﬂ%bbﬂéwulb@[)e dnceaseapirdinaceiiieiepgy salong Witheihanged recovery
st andpi pe pressure, but the operation of the choke is
prospects efkpar i whtasbdad t foembtonsmmrhakes assaerbblanbed adsidingf highly
the inherent lag tine. The estimation of the lag tine
desiraslenormal |y straight forward for single phase systens,
but mul ti phase fl ow systens are conplex and difficult

tQBD, as currently practiced, requires special surface equipment to safely and
effectively drill. Density control of the drilling fluid is typically achieved by nitrogen
injection into either the drill pipe or a parasite pipe. This requires significant surface
preparation to effect appropriate nitrogen injection. Surface chokes to control bottom
hole pressure can be employed to raise or lower the standpipe pressure, but the
operation of the choke is not experienced by the bottom hole assembly because of
the inherent lag time. The estimation of the lag time is normally straight forward for
single phase systems, but multiphase flow systems are complex and difficult to
model and hence difficult to predict their response, let alone control and manage it

precisely.
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nodel and hence difficult to predict their response,
| et al one control and manage it precisely.UBD can

wo e®alossseh a hi gher risk of blowout, fire or er@I/US10081088427
i f not nanaged properly; noreover, it requires rig

to be ly, traine di fferent
S coR Bsup e nighge "k WBubEt e orcemSSERIT namanaged
bed space which are normally very constral ned of fshore
propegiyd m@rqoysrcm eguires i xpns i toeb® delyideringd tinea totally different
addi ti onal surface equi pment required for nitrogen
system)] ecdupies dargendeck Epase dhadvnedusk additiodals bpdr sppaaen which are
equi pnent. Yet, despite all of these problens, UBD is

norm&lly bbm@kﬁétwuwéﬁsmﬂ@é@d s &yditallynghops @&p@ﬁ@uvbm@\age of the
the benefits far outweigh the costs. MPD Is known in

additbRs| 's[]ﬁélé%réf%nnu nger réf féreﬁhglﬁﬁ%g éct Bh@cmr@ase flow

contro essure pr e wel

Th eed t av ci,S [ ol f|| f L

chokely AP csenst Sudf ¥ B oBieg 2 'hgtfﬂﬁ?% BropErg, UBD is st
cenenting is wel||l established as it allows drillin %

widely ysgd dh ”’eﬂﬂ?r% S%‘Pstﬁrﬁ%m@&rﬁ?%ﬁy%ﬁ@ bengTits i€ oyfweigh the costs.
pressure reginmes, inproving drilling efficiency due to
r 8tFtid el kapivn inrtberin@tkstahas & gouaveli teshnelpgiesl to precisely control
expensi ve casing strings of reduced dianeters to be

the ahnglbapreadura ptdfie wetHebwekborEalhb regtnethavespresidergmtrol on the
geol ogi cal changes which result in unexpected pressure

proflléme Rkt pRAGLRe VAT 'aﬂt hﬁfé% avRh ”Uhlhh@nﬁnd)fcéd'ﬁéhﬁng is well
In order to reach conpl ex, deepwaler

estabﬂgﬁ%’@.\éﬁnﬁ 0935 5] iRblgn Oérpfcmgtaﬁqu%&g 55 4R Sracture

rou ére essure and
d
pressul RretasS TBRIERS orllnorCERER Jet o et i aﬁék A0d also

and keep it within desired limts at multiple f|
avoidgdnrltigle axrensiveraybe Stiitgs ef wesvced yiaielerartpibg wg‘tallﬁd in the
the wel l bore. The industry is aware of a constant
wellbbre. tkoarith ddrenadioas sundergy gestngital adinamgieatwhiok rasdésn uadxpected
pressure equal to or above the nud hydrostatic

pressRf€Saidl @ock shi@gRPivakialleas dvee Maidramodfyesrs!| OrR@déY to reach
appl ying a positive back pressure fromsurface on the
compfX) HeépwttCar P uREERRINIBhSI fedbrifid! Y fidustr Medld’tidi¥ways to
drill through multiple different pore pressure and fracture gradients in the same hole
section. Today, no technology exists that can change the annular pressure and keep
it within desired limits at multiple fixed points in the wellbore while continuously
drilling in the wellbore. The industry is aware of a constant bottom hole pressure
system which maintains a desired pressure equal to or above the mud hydrostatic
pressure at one point near the bottom of wellbore by applying a positive back
pressure from surface on the annulus side to compensate for equivalent circulating

density (ECD) reduction when surface pumps are stopped. Such method and

associated apparatus do not allow dynamic reduction in bottom hole pressure as any
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density (ECD) reduction when surface punps are
st opped. Such nethod and associ ated apparatus do not
w@bdoomsssyham ¢ reduction in bottom hol e pressuPEr/aS2008/088427
anyreducti on requi res altering the mud hydrostatic
IS a roce 50 do n preve
reduqlifadaatfinale s B TR LTIt IG AN g oo pREGEER They also do
profile in the rest of the mellbore and its consequent
Not PERYPaE Hteser ERANASSIFOMHEPAEHNG e BNNWIRE GFeISYre ProfHein itfey rest of
formation influx. The industry is aware of a dual
the wegilbolicearnd gy coeseqiethadyersd bifetisoratie well bopoe mtegrity or inviting
bet ween surface and bottom hol e where a change of

formalioadhBit. TRNiINBaskyg ¥ awak Bia @ubhgfadlém%;ﬁste?ﬂ wWiichigsblishes a
a parasitic string or a downhol e punp. Not onIy Is the

fixed ﬁﬁ)@ﬂbbét%noéu@a@%d P Hold Wsoé‘%hlah dgr‘aﬁlent can be

two gradients, the accuracy an preC|

i hg the nt s not  change £in
aCh'exséﬁoy BRI G hRlhece R PR ¥ £ ?waﬁ%%mé"aﬁe'“ot only
many. uncontrol | able factors such as | ong, open

is th%e@&ﬁa@%m tf Yéipgresigni| echpique; Hyited uﬁodetl%@(%@d'e”tS the
control on formation fluid influx, requirenents to

accurgicy @andaprecismm inngnsusing theselgradientssdanat charigeodiuring the course
downhol e neasurenents all along the well bore. The

of drilfing s@wit completibn ingeestkmable ol & manlyl uridontrottablerfaétots such as
of underbal anced drilling acconpanied by all of the

long §F¢eABRY Q&t@ﬁs%m’%‘rﬁb%&hblé"dﬁﬂm@'ﬁﬂ@@qa&f bt tbmeoIdh formation
controlling pressure adjacent the drill bit and bottom

fluid B‘ﬂh Ay Shd iyl cﬁﬁﬁ\b é‘@o@;}ﬂfo% ééée% ?l?ﬁhl\}gnéﬁk%& of downhole

I 1"e dr ron als
ver BS shortcom ngs in current MPD

measbllr%{g?[‘%e%' Fong %%W 9ontrolling the annul ar

pressure profile throughout the well bore.

i APenPiesaNhINeNgPD safks @ abiaiuallsel the Bﬂn@fdswfeunderbalanced

industry for all the problens and costs associ ated
drillingiatdeothesinged by bk ahtheysafeduamisrafaiomvagtiahal loverzaldhaeedddrilling by

The present invention also provides the industry a

contr6ithgtpressiire sajbeént ehd Idrillexiplapidabb@omvRblesassembly and sealing
under bal anced t hereby increasing the chance of finding

and/dg?rf]\‘ve@ ?f&éﬁﬁﬁaq H%B%?@gg lﬁml'gg&ﬁllr}@ Oy HreRKRLind¥ntion also seeks to
overcome the shortcomings in current MPD practices by precisely controlling the
annular pressure profile throughout the well bore. The invention also provides a
unique solution to the industry for all the problems and costs associated with design,
cleaning and maintaining drilling fluids. The present invention also provides the
industry a solution to safely drill exploration wells underbalanced thereby increasing
the chance of finding new productive zones previously overlooked by conventional
OBD techniques.

The drilling industry has long sought a solution to these problems. For

example, United States Patent No. 5,873,420 discloses using a control valve
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The drilling industry has |ong sought a solution to

t hese problens. For exanple, United States Patent No.
wB2@9088%20 di scl oses using a control val veadj apenuS10n&088427

drill bit to release air into the mud m xture to

. Lighten the drostati.c bas ensed botto :
adjacepf 36, el B sHEa56 i 5 e Mod<nbld® Gnlaigpehe’ Morostati
bottom hol e pressure reached unsafe levels, the air
head 560y URRIUISgnBed rstigee doks p&s&w&a@doﬂ\ﬁér@ﬂﬁ/ measyrey When
upon the colum of dense drilling nud to control the
open fomtioat hole pressare ecacBiedi Uresdfe Jevdts,ttbd it atealy Patdudditoe reduced
No. 6,732,804 discloses a dynam c nudcap system

or e||m|métealtﬁ@r&53nﬁe¢ylhgproemaﬂden@@lum 6N dahs&\driflingOmuamtcotontrol the
l'ing to be maintained in a well bore annul us

formdt® gﬁ,@gé% the well from bl ow out. The patent al so
(5 oses using a depl oyrrent valve to seal off bottom

h rt n S | | ed.
¢ SRR, W) e 8l o. 61 mR BBA GRS pts a"aynarﬂlc mudeap
deV|ce is there any disclosure of neans for o
Systefth WHENE nCRRGaaNR rfésmg@ ¥IGEr &dlay gt F%‘Hmrpﬂfdf””éng mid to be
down hol e plug arrangenents intended to protect open
maintadies inral wel diaie @eautls ol ¢anjrol she welsrarh dlww iont. UT8e patent also
Patent Nos. 5,954,1 37 and 7,086,481 , have required
disclobes| Usirsg aideploymnemtuaiie tséal cfebottord hobd pastinishehen the drill bit
downhol e plug. SUMVARY OF | NVENTI ON The present

asser@BR/ |b‘iﬁﬂlé@%rdéér9lc@5cﬁ‘5reélaﬁéhlé‘h@ ir@hei@r‘i&%rﬁmﬁ%@wce is there any
pressure drilling conprising the steps of at | east

dlscloz%glﬁ% bf g%‘%s%r“b‘b%ﬁ hSRABSliGREL rQrg%tﬂeF c} p@é@éﬁxﬁf@n

ressure zone 1

5%2%1528% ASHR LIS 20@’%‘3%%%@9‘}%'9%% iREREEd . Bl fpen hote
the first pressure zone and the second pressure zone
undeglapaededrdling ﬁb@hleﬁ %ﬁW%E‘sUr% %@tﬁﬂt Ras: 5&56 13drand 71@@6 481,

within the first pressure zone in the wel | bore while
have dguuaradcdiiill gtriagjraanipulgtion és sat and release fhe dowphas plug

zone. This nmethod can further conprise the steps of
SUMMARNOFEINVERTION first pressure zone in the well bore

while drilling;

The present application discloses a method for programmable pressure
drilling comprising the steps of at least sealing an annular space creating a first
pressure zone and a second pressure zone in a well bore; sensing pressure in both
the first pressure zone and the second pressure zone; adjusting pressure between
the first pressure zone and the second pressure zone to achieve a specific pressure
gradient; and, drilling within the first pressure zone in the well bore while dynamically
adjusting pressure in the first pressure zone. This method can further comprise the

steps of strengthening the first pressure zone in the well bore while drilling;

equalizing pressure in the first pressure zone with the pressure in the second
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equal i zing pressure in the first pressure zone with

the pressure in the secondpressure zone; and advancing
wo baowsdskd ing in the first pressure zone, aftePCT/US2008/088427

equal izing, and sealing at a different point in a well

ore. This further conprise the ste
pressh£aaf ¢ POVaIong e gHiing % 1S T rSstie Dofoaer equalizing,
prevent ingress or egress of drilling fluid or
and ﬂ@@b'ﬂ@)@hﬁ et BRinhins@weddPoseessure zone. The step of
strengt heni ng can conprise one of the follow ng
sdhec mathod chodsarther cetnpbiseithe rsjep fod Hyidraudlically ssalating the first
zone: coating the well bore with a seal ant; depl oying

pressaré lzeAgeo Srevent ingetesys 688hRGs! of dﬂllﬁﬁ@,ﬂu@(wh?dﬁaﬁmmns from a
expandabl e tubul ar, inserting and dep oyi ng an

sealerggér%g%&‘fé Oy ét‘égr 315 ?rfd[tlﬁeémﬁ cﬁjn RAEBh8 Dt tHEGollowing

r can s ep o contlnuously

selecf I %Qoﬂsqgoarséar%@g 356 TSt 2ME LR, St b pore witn 2

profile of the drilled well; or nodul ating pressure in
Sea'aﬂhed%'%"ﬂg Br €8YR. COTRRIIINgA CRENGUNI RIBCS. HRXPSNAEIghaMm gxpandable
potential to determ ne formation pressure and
tubulgre inaesting ang deployingeam sderddcking sontinuonisi sbip,crrgraveltpasking.
provide the step of continuously exciting the

f Theahethodwiutthes oan previes dye step ofeesritinubgsiyanoritoring formation
velocity in the formation while nodul ati ng pressure in

press‘UP@ drid” 8Epthr RRAMS theZ ARE JrBss Y ZdRd ?%\hd‘lﬁgf@@?@ahﬂﬁg potential
c aracterl stics without fracturing the first pressure

proflléocpfeth.eaaﬁ(éﬁ \)\%éllr %}qu‘dpldmgmﬁ ésspﬂar ﬂﬁ TRE | 8t g%SSUée zone and

Fe dri irst pr

he surface.a cei Vi control nal -
measvrlaqq%ér@awra&eo AL st At pﬁﬁéﬁv%ﬁﬁ peftfcabilty
formation information can be transmtted through wred
difinel methed ofghisoirwentiemicanmiyriad RI@yide giaistgp of continuously
contenpl ates determ ning productivity potential of
excitisgctneprfessation adthe somida femengy | arab measwingeisopiadnidldaiy in the
in the first pressure zone, thereby providing intinmate
formatenl wang rhedumtingoresé eyt e figst pleeswe) kohé therdly detecting

drilled without the need for further surveying or

formatforndYerfrb&eristidd | WRoutS EBuARY R PBRt pressure zone; andlor,
transmitting well information dynamically while drilling from the first pressure zone to
the surface and receiving control signals back from the surface.
This communication of well and formation information can be transmitted through
wired drill pipe.

Moreover, this method additionally contemplates determining productivity
potential of each pressure zone in the well as it is being drilled in the first pressure
zone, thereby providing intimate well and formation information as the well is being

drilled without the need for further surveying or study after drilling. Since the method

contemplates instantaneous measurement while drilling, the method can further
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contenpl at es i nst ant aneous neasurenent while drilling,
the nmethod can furtherpermt steering a drill bit
wowdaobiosssehe first pressure zone utilizing inf oPEEHUSIING/ 088427
det er m ned by a control unit comunicating with one or
nor e sensors ted Wi t e first pressu ne. :
perm o S{oeg e on SiHlo et HI Tt BEETSUFe pFOTR aigBIb Information
pressure drilling of a well bore foresees disposing a
detergyingfl Y as@sntrqu iGeaIMpBicatigg S¢ith) oramar Biore SgnFPIS |9¢®f@d within
equi pped with a bottom hol e assenbly, said annul ar
the firstpressulr®momg cont i nuous novenent of a drill pipe;
engagi ng the annular seal with the well bore to form

am\saﬂant@é)'aﬁpﬁéb’mbérth@r @RIGE forMpragran mdbls paéi;s@e@rdrnnng of a
the bottom hol e assenbly bel ow the seal in said wel

well 65?6% e'e%'dlﬁgoélﬁ?a\“ﬁéﬁmﬁ&r %éitbrbk%r‘léigzoteh@ Pé%térgf‘bf‘gld?lll pipe

asse ntai ning the annul ar sea

walnt n|n re r | si.de of
eauinf"wihi =gt YRle asRRmeR, e RatDef el loyphd Seflinuous
differentjal froma pressure on roximal side of the
movege)t, OfT%dsi'”r@Pﬁo@”%%ﬁng JP?@“%@%‘%‘W dipWelgpore to form an
drilling fluid and cuttings through said seal w thout
alterablg¢ eapulag psessuredalan aneules rawa@rybrtfeemttem Rolenassgrelly below
hole well bore is |ower than the pressure in an
the saahinl ssidomeld o pardlimg tisé dveelloborehetilingu ks bettam hdle assembly
met hod for controlling fluid pressure in a drilled

whlleV‘rﬁblnté’lﬁfr@; ﬂ@'@hhél%? s%%1 ;aghd Sﬁiaﬂﬁalﬁl@ww&l W&l pR¥sBre on a

seal between a drill pi'pe and a well” bore face near a
dlstaltsf?ééngﬁ?rge g?gl 8ur|rfq ﬁ‘[)é 11 |Illﬁg{§);fzrﬂg%g%?é‘§ ngr%sgl#r‘s:alﬁg eLHtlgI from a

an_annul ar .spac. t ween I
pressife Pt B ximEETHs S HE SFak This Fietnaiin Biherciamprise removing
o sting the pressure at the well boreface by
drllllngLﬁmqi RGdf euttingd HyRvenSaigk seabwiteoytaeieasind ggid Wﬁi werein the
bore seal into the annular space while drilling; and,
pressun® imthe bpemdiole lvetldoareds Iawedinanl thegonessgneeissas aanulus on an
the well bore face. The noveable seal can be nade by
oppoS§ingsiiezbNtiedarinudatsyal. or by noving a
A method for controlling fluid pressure in a drilled well bore comprises
establishing a moveable well bore seal between a drill pipe and a well bore face near
a terminal end of a drill string; sensing a first fluid pressure at a well bore face and a
second pressure in an annular space between the well bore and the drill string on an
opposing side of the well bore seal; adjusting the pressure at the well bore face by
pumping fluid from the well bore face through the well bore seal into the annular
space while drilling; and, moving the well bore seal as drilling progresses at the well
bore face.

The moveable seal can be made by energizing a tractor; or by moving a

screw. This method can further comprise depositing a well bore seal on the well
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screw. This nethod can further conprise depositing a

wel | bore seal on the well bore face. The well bore
w@e@b/0gsaes be a sl eeve; a sealing agent reacti NRCTHIS1908/088427

the well bore face, as it is conpressively pushed

ai gst t | hore wall ei ther. the tract or
pore Ft8. dBbati Ee epadar b &aaﬁeémeaae% TGHEY Wih the well
expanded to engage the well bore wal | ; or
bore ffagesrasodkisnePraprassiveh eHshed @grinst éhefwellnb@redva“ B ceither the
woul d helically around the well bore wall face to
tractoengragiee tdoeew nareahgerkenyy arerdxpasdablg sesihgowhichr sngkpamded to
the formation. The programmabl e pressure drilling

engag® Reé Adlisbdre WAL ¢ &5 aitbrlOtking @iy Jheh R u@feﬂe@ ffbrh ld coil and
assenbly connectable to a distal end of a drill

d
wouIc?hEh%‘é]l'yl f\'ogggzh%%&?%weemﬁa‘ﬂn% é g’ %ﬁ%@% thig! |ﬂ L[k a{n‘embers

a seal ecta engage to s
he drill string froman annul us
and 3?8? %i aggﬂ‘%tﬂrﬁ“ g'PPI | string and an adj acent
cLrcunferential wall, which seal noves wth th

f dhRaPEPYsRORRRE BrestHee @illing 2ppariis of ”Feen%ﬁe%”t disclosure

fixed and allows for a tubular to slide through the
compsieas axdrillasseareiy conneciablettorandistal @nidiof aadriestong; a first pressure

pressure sensor di sposed on an opposing side of said
sensaredispdspd proxpaalat fovibedritesssenbblg 4 bealmetectablg engaged to seal a

differential between the distal end of the drill

dlstalaéfcﬁﬁmﬁé anfstrifg PORUWNaNnEIRE fofthed BREIeONSaRUdM| ét‘Plng and an
renove fluid froman area adjacent the distal end

adjacteHFc%drHeb?ﬁﬁaef WAW é/\f?‘ﬁér{ sbASoA \Aﬁtﬂltﬁg%ﬁvrgmld@%rse-gggog the drill

ressure dari ara

asser\y\lﬁ@r Qr F']em%g%rlj&gd pgé %Ilgr;rayl\/tgle . rengrhgje &ﬁl%@ﬁﬁgh the seal as a
circunferential wall is elther the well bore or a . .

sealegfyighetunm soridl; aaecuul BIesPHIRPERAKIdiFPased @upNyopposing side
wound coil. The progranmabl e gradi ent pressure

of saidrs$dd| ifogcapparativaly maasdnng ter prassuraldifi@rentak ibebweamthe distal
of the sleeve which is latched to a casing prior to

end cfepboyieassargalynaid tHeeahauloBt bad, anaeh oﬁerpdrhertobemove fluid
depl oyed in the open hol e wel | bore to seal

from an area adjacent the distal end of the drill assembly past the seal to the
annulus.

The programmable gradient pressure drilling apparatus can further comprise
a formation strengthening seal, wherein the seal is a sleeve, and the adjacent
circumferential wall is either the well bore or a casing. The seal can be an
interlocking helically wound coil.

The programmable gradient pressure drilling apparatus can further provide a
proximal end of the sleeve which is latched to a casing prior to deployment against

the formation, which can then be deployed in the open hole well bore to seal or

strengthen the formation while drilling is completed. Because of the nature of the
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strengthen the formation while drilling is conpleted.
Because of the nature of theformation, this apparatus

WO 200d@888ghed to maintain the integrity of the PCT/US2008/088427
productive formation by having the | east inpact of

rilljng fluid or cuttin Accordi ngly, . angt her ,
formaon, (PE”bpaTatteis SEelarie e SRE RlahBeLinsiR) () thes prestuctive
a drilling apparatus havi ndg. a reverse circul ation
formationt yr havisg iae rasdimpactnfdriling Bd @h getingsnehccordingly, another
al t hough a standard pilot hole drill bit could also be
feature of ithie dlisclosuriesisdinel priefgreass dablugingDEICRIGT BOPAIGEUS HBVINg a
DRAWNGS Figs. 1 and 2 are each a schematic di agram of

reverge NEitdMstic denesit idtdonardgys agipmiRRing Rhespdegedier! iatBough a
Fig. 3 is a schematic view of a punp utilizing

stano%?d’?%ﬁr}?dlégjriﬁ'b"i’t%%ﬁc?al's%cbaet @Hﬂiz’eﬂ% #8s Whfing Qh’?oh(..
control unit to nmanage annul ar pressure differentials.
Fig. 4 is a schematic diagram of a nethod of
practicing progranmmabl e pressure drilling (PPD) by
using a naon-npvabl e sealing unit stationed within a
DESQB&RﬂQN QrFoVi"Ei 'HBAXV'@LQ%ndary return conduit through
which to control the pressure using a novable control
uigs. c1 ol t2o aréecdsint @ Bthgmatic idiagiaen fqaemethad of practicing
schematic views of one nethod for practicing the PPD
progranpgaEiemabdsurprdeiiigr e drilling and conpl etion aspects
of the present invention. Fig. 5is a schematic view

oFin3 erRosiHERAIOTichW8f Br Q@ BTTIRRIR B6GEMHIS] BladddreJocated
system show ng the positioning of a bottom hole

insidéé‘ﬁ%ergpbéblite{bg%tﬂ QF]IE#(? &ég%bgbgqfugé?szggslﬂ@ oti#&eﬂiciﬁléialew

bac a schemat’i c

"Eitnofl BeturBrls ARGt & BaQiARRI PRCYCRg Pogrammale

schematic view of the bottom hole assenbly seated in
pressure driling (RR®)hbng'sttg a men-mevaklek sealingh¢niti gtatigned within a

schematic view of the bottom hole assenbly awaiting
casingherdwaaidg reg se€ondary return conduit through which to control the pressure
using a movable control unit close to the bit.

Figs. 5-14 are sequential schematic views of one method for practicing the
PPD programmable pressure drilling and completion aspects of the present
invention.

Fig. 5 is a schematic view of an embodiment of the programmable pressure
drilling system showing the positioning of a bottom hole assembly in a profiled latch
disposed on the distal end of a tie back string.

Fig. 6 is a schematic view of the alternative embodiment being lowered to the
latch on the distal end of a cased well.

Fig. 7 is a schematic view of the bottom hole assembly seated in the latch and

hung off the tie-back string.

-11 -
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the drill string to continue the drilling in the
formation. Fig. 9 is a schematic view of the |atched

wa@leiobossses i ng wi th the bottom hol e assenbl y beP@r/ES2008/088427
unl at chi ng the Iiner (tie back tube) to continue

a9 1 B8 senetane vied: SiBR oD Brlemesaaly Aag 1 landing of

proceed al so showing the drilling fluid flow paths
the d'Fﬂi gtrlnMOlC@an@%H&Tﬁ't”ilﬁgm ﬁlﬁf@fmﬁ?@n-back string pulled
back to latch in the casing to further allow the drill
stig.ng iaral sgheimatibi tiewabbtige vatchedtdrdlr stBHg with thaopaitom hole
such as notor, LWD, downhol e punp) to be tripped out

assemblytﬂsaoiwumaﬁihmg the lirer tié BREKRIDE] toy coMtiMie dhengri |l |
bit (as well as other BHA not shown such as notor,

Lﬁ\@ ﬂ@oug%éh&“%ﬁw d&gfh%guﬁllélt%f%‘a BN S %%d""ﬂ%—'b%ck tube

ore create ue to their rem)va IS S

o AR BTG AR i 2 ol

schematic view of t he dr|II bit at total depth for th
t Fé3-blciR 4 pEhaMatic piewpalris Pack ?%‘Pgtwegéﬁqkﬁ@ I@,tphtnp,@e casing
next casing string. Fig. 14 is a schematic view of the
to furthrariallowl the(ardll sksing and drilhéit (Blangnwith sirsirBHActotghown such as
not or, LWD, downhol e punp etc) being pulled to surface
motogfLiVeD, dowhholegpurspf ortes trighedwduit loé tHehkolehr ough bor e
created due to their renoval is shut off using a

dewnhol & Madchandiealies d)fnth%"lﬁ\flﬂ Eftt(ab RyéiPbs dtﬁ&* BPM not shown
maintaining a pressure seal 15 is a schematic

such \ég?ﬁ’oq £ Wog?)an}%@ b%qwégggﬁreeoc 5 lFWace Whl|? he through
bore areé&%rﬁe% thele r%“@?ﬁ%'dS%%ubpﬁmwarﬂSd%OEa aafvgdﬂa%t@s in BHA

adi ent drilling and conpletion of the present
left 'ngf?ﬂ}%mfi’r@hylﬁ%@'ﬂ@'mﬁgé‘a@?éﬁéf@rﬁqﬁbl and seal unitsFig. 17
is a schematic di agram of one enbodi nent of the
apjaria ssa scherpate viewi oigtherdrilRgDaptoda) rdeptia idrethgrtsdback liner in
drilling and conpletion of the present
preparation for the setting of the next casing string.

Fig. 14 is a schematic view of the drill bit (as well as other BHA not shown
such as motor, LWD, downhole pump etc) being pulled to surface after drilling is
finished, while the through bore created due to their removal is shut off using a
downhole valve located in BHA left in hole thereby maintaining a pressure seal.

Fig. 15 is a schematic view of the cementing operation that can be
accomplished by programmable pressure drilling method to complete the well

Figs. 16a-e are schematic diagrams of the method of practicing PGD
programmable gradient drilling and completion of the present invention using

moveable control and seal units

-12-
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invention. Fig. 18 is a schematic diagramof a tractor

arrangenent of the apparatus used in practicing the
woapssseF anmabl e gradient drilling and conpl ePCDIS2008/088427

Fig. 19 is another enbodi nment of a tractor arrangenment

oFidn T2 et @'vﬂavt@%%?%n? o6, ebolithedt 8L arparatus for

driven by a nud notor. 1 is a schematic view of
practiciig & r%mrég%’ﬁ@@bm&ﬁlﬂ@nﬂr”u%cﬁﬂdﬂC@F@Jﬁﬂ%‘l A theeresent
PGD programmabl e gradient drilling and conpl etion of

inventibe. present invention. Fig. 22 is an anal yti cal
schematic view of the varieties of expandabl e screws

Wik h 8BV Sheaaiit diagFRn @S altrattehamasgemestditng apgardtus used

agalnst a well bore wall. Fig. 23 is a schematic view

in preticih Qhé Fftﬁlf)(ﬂfro@rgh?rHQSIqu}FFféﬁ?erlfll %rnﬂctfdn%@gorﬁ he PGD

prog e gradi ent i ng an conplet’i on aspects

o Fich ?ri? P 8Blheh B RRbAknihP i, Fsldt ArrBfHeRBRL Ysdpe present

rogrammabl e gradient drilling and conpletion aspects
Invenanthe present invention. Fig. 25 is a schematic view
of the interlocking strip deploynment drilling assenbly .
uségl Anisprea @npttianyievw of PERIerajverarabodmanaavnenein the tractor is
drilling and conpl etion aspects of the present
driven byentnudmotoESCRI PTI ON OF AN EMBODI MENT Figs. 1 and 2
are schematic diagrans of a method of practicing

ggggr@rm@@ §crﬁ’érﬁ§ﬁé”vﬁav¢rdf|thér@(;}é%'d%ﬁleas%‘#@mtﬁ)dlment used in

rol unit Clocated inside adrilling asserrbly and a
- Hn e
prac ] 1 o3 SeE0Y Ml B O 863 P eBMIEACor e present
invent gnadj acent wel | bore wal | . Control

Fig. 22 is an analytical schematic view of the varieties of expandable screws
which may be used to deposit a chemical sealing agent against a well bore wall.

Fig. 23 is a schematic view of the tractor arrangement used in practicing the
PGD programmable gradient drilling and completion aspects of the present
invention.

Fig. 24 is a sequential schematic view of one method for practicing the PGD
programmable gradient drilling and completion aspects of the present invention.

Fig. 25 is a schematic view of the interlocking strip deployment drilling
assembly used in practicing the PGD programmable gradient drilling and completion
aspects of the present invention.

DESCRIPTION OF AN EMBODIMENT
Figs. 1 and 2 are schematic diagrams of a method of practicing

programmable pressure drilling using a moveable control unit C located inside a
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unit C disclosed provides sensing and neasurenent and
can communi cate with and be control |l ed by
web@ensssengneti ¢ signal, nud pul se tel enetry bRCTHISEAS/088427
casing or any other nmethod well known in the down hole
... reasur nt and cgntr.ol rTI. Seal unit 106 can either . .
drilling 295 y ans awlgjogr ogmm,iaﬂgam;ﬂ%rnﬁgalsgau_nd' %e drilling
fixed, the seal unit 106 all ows the nmovenent of the
asserbly agaigstasisarnary adifcenykasing dean adient wellyperei wall. Control
the seal unit 106 noves with the novenent of the
unit Gldisiclased @esgideblsgnsimgrarichimeiasutdmeestearid odin comnuirdsaterweith and
zone and to deploy, in the programmbl e gradi ent
be comtiollbd by dIESFIMEGRétRXSighal, eiuRplLIeE téte@rli)étfly BY MAred casing or any
sealing material on the well bore wall. This feature

other%éﬂho@ewéﬁl%aﬁw @v‘t@g%ﬁaﬁf QBFe' ﬂ@asm%@laowﬁ%t%laérﬁo Seal unit

controls the 0 into a

rog. bLe pressure ne 110 b hoke np S¥S
106 A GBI ifed it ot EE o Totnd PR8I BHEP f fRbE the sea
. string. For exanple, if the programmble pressure zone
unit 1%@”8@@ NeWBIoVR € Cﬁ‘r@@s@'ﬁ"ﬁ”@ ASEEBIRYY dhugal Biecsagl 106. If
the drilling, control unit C would choke off fluid
dynamiartheeseshiutit 4106 meves withe ther mouemenieof: the dellisg dissembly to
fl ow out of the programabl e pressure zone 110, or

maintairt the $ealafithe\peessute Zonedhnu wsdeploy, in thBgrogrammable gradient
programmuabl e pressure zone. Measurenents, such as

o|ri||ingt(lb_@f»i:m)i Hht@RtLIration GeaBiltkiNg of BRAIMEatdtidlohGRE WdlNSore wall.
esired pressure to be nmaintained in the progranmabl e

This %gﬂfre\%]h !b?_fgftbg,léiggugsfe b,desired pressure is not
Aown 1 nitially usrng

Nng other reservoir characterization

and nodel | echni ques. u P,. proximally | ocat ed
o RfonTebibt F alsh qons At e ol S i 310 Rk o o PR emmable
programuabl e pressure drilling zone 110 to the annul us
pressuie zppe f119d@ Chake/RHAA Syrstemain aemdinadipe WikethgrpUmp mpgessure
fluid and cuttings are lifted to the surface in a
in thendnilhstringa e exafpls, ipinepprBgcaromdibleapressuie hondeequired lowering
choke/ di ver si on val ves of thecontrol unit C to divert
of préssuré 36 PoId bOérUéﬂarthgflhheiU'rillihbnﬁoﬁﬂrolli ghit Ioowolld@hoke off fluid

surface inside the drill string DS to the annulus 112

from PEASHIAS thBedMll ibit! oS iAdrBSsd®hé Uste F Ny (IR &MY BFogrammable
pressure zone 110, or both, to achieve a desired pressure in the programmable
pressure zone. Measurements, such as streaming potential, could be employed to
discern the desired pressure to be maintained in the programmable zone while
drilling if such desired pressure is not known initially using other reservoir
characterization and modeling techniques.

A pump P, proximally located with control unit C can move drilling fluid from
the programmable pressure drilling zone 110 to the annulus 112 just above the

annular seal 106 where the drilling fluid and cuttings are lifted to the surface in a

normal manner. This pump P coordinates with the choke/diversion valves of the
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seal 106, the volune percentage of which is determ ned

by the hydraulic energy needed to create sufficient
wa@ewalsss2yel ocity to lift all the cuttings bacRCT/US100&088427

surface as already known to those experienced in the

re . dri.llin unp. P progranpatically control the .
contrd} i G Ldiert Gt BoRion: ORI GrG e ot g nside the
~out of the programmuabl e pressure drilling zone. The
drill s{ringaPS, 1 the: apevlsentiZgeuiside Hiesddlesling Bér iusbabpye the annular
determ ned by the flow needed to provide cooling to
seal 10@, thie veline parcantalge iof evlioly is raaigtmihedri@auithe hydeaulig energy
needed by the bit to drill as known to those

need&d e lchuie edlifidieritighriildr, verbieityeto! IFE ap g canimiys dbaek tbltAwsurface
one of the purposes of this invention, is perfornmed by

as aﬂ‘égﬁgpk%wﬂa'tﬁt Fdbd f@f&é’r%%é&“?r?' thedrdk! bP94ARRG.  Pump P
pressure at the optinmal pressure to protect the
formatian, for. instance, rotect the fermtion, fr
progrgft@ice)Y aeplioL e EOR bR e EbGifom oo g Bhic e aRE out o
purrIpS can be diverted to recircul ate through the ,
the prpgramBalle Pressyre <ttllingh zenet nd eoiRipbvoluie reregntage of this
reduce the flow into the progranmabl e pressure zone.
secorgkpedipnpisedgiarmained hhthepfloymeadsdl to priorissueeolingrie the bit while
further managed by the punp P controlled by and

also @eljveciagteridoghdoairawic emeryy Gesdiedbyathedbit eoaiskas known to those
drilling mud and cuttings fromthe PPD zone. The punp

expefiendeddin ¥RNaRY while ME HRbErPRINRTy SPHHRE ong UsithaSp@poses of this
hydraulic notor (not shown) to avoid the need to

I

; Vi rAf u =X 8L I s
nverfibfy < DeERYERe; bYIBUAS, ol BffnielL 4fb, Aol ERRRIS Miling zone

surface can also be utilized w thout . departi from
pressye oL fife PoIBR! BiRssCerin piokes i A A tiiuao WA o oprotect the

used by the bottom hole drilling assenbly, can al so be
formatioadrarg exeeseive R¥diawp PEeSIrehough a standard fl ow

drill bit is schematically shown in Fig. 1, as shown

i Fldw grorg, the RAOGBcelrpurhpdidaraibeadiyenedt toc aecipnuddter tivbygh the

be used to further mnimzedrilling fluid influx into

annuluBe apr o@r aifeehbe 6f ithei BenzoNainityed ®ufrbbigtenthet dlow into the

clear cuttings fromthe well bore in said pressure
prograRitcablEprésdure Zbhe! GdriseY gresiliresd the prigrhirrh &k lo¥essure zone
is further managed by the pump P controlled by and adjacent the control unit C
which also removes drilling mud and cuttings from the PPD zone. The pump P is
driven by a downhole power source, such as a hydraulic motor (not shown) to avoid
the need to provide power from the surface. Existing technology such as electrical
service provided by cable from the surface can also be utilized without departing
from the spirit of this application. A standard mud motor, used by the bottom hole
drilling assembly, can also be used to drive the pump P.

Although a standard flow drill bit is schematically shown in Fig. 1, as shown in

Fig. 2, a RCCD drill bit arrangement can preferably be used to further minimize
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cool the bit and lift the cuttings through the control

unit C, punp P and valve arrangenent is expected to be
wae@niogsseant |y | ess than the drilling fluid noPeEUE2008/088427

used in overbal anced drilli ng oper ations. Using a nud

dﬂ”ll‘]Eﬁﬁ] qrﬂ%'“ﬁdﬁ@’r %%OXI rramwr)rea g,ﬁ stg/gt at#gplﬁats Fq?gloelalgfcuttings

need for a gear box. A transm SSI on (wobble joi ntz i's
from ghe welldepreonbaidpsessurreagnear PaHigentuiel flay se@wias to sufficiently

a different nunber of |obes on the notor and punp. The

cool fredniteasd Vvidgt dlae i duftingsnthroughi tthes cenitpar uoit @epliopmkhe@ad valve
over a centrifugal punp in abrasive applications. Both

arranh 6@ eMPiPexpesied he bRUsTENItAht\PRsEahar dnavidrihingoil Ji@Wormally used
shafts. For the notor, this wll allow only the

in ovéP%‘é a6 Qflorﬁé ow for powering the punp to be
pass t hrou e not or . For t he purrp, this shaft

royi the r|II|n owe the
bHeind 5 i iﬁfg fof af WPP chnite e Blanitr G REBlaestht be mud
C}adlent [Xll control unit C activates sea
motoy,ang theePYBP d’ep r%{/e%}’ a¥aidie thepreddona 99aTePPx- oA dransmission
mud cake or a nechanical barrier such as a sleeve as
(woblbferjeintlis gxpreied itbdxe mastilikelysprangemenieteeateatinigar @ different
coul d provide an expandabl e packer, an expandabl e
numbgasofnigbey sdre thevmaetor izdd ppnpy ethebpragressive cayity aimp hgovides
interior wall of the packer, or any other form of bore

superhé’ﬁ Seﬁb@ﬁérﬁdez%"vep% %éﬁfrmﬁ’@él)’plﬂﬁé' |haBIbl%sNé bbbﬁceﬂbﬁs Both the
Finally, once the zone has been dril

motorshﬁgrﬂlge :ESEIW\A}HI' étf&%ed %\ﬁ& hell?)‘\a'/v %ﬂgﬁé qi'cgrutﬂ'etmgto?afhls will allow

e ua I'zati pressure 1 n

b I d t h der bal
only %ﬁﬁﬂre}%sgﬁﬁyiaﬁnﬁanﬁe‘éﬁowﬁ”w Paweriag 165 pdis B ge -%S?ﬁ%lfhrough the
wel | bore. Alternatively, the nethod can E’é\?w

motok: §ies the BHEND s shattwdll prauise fheedrilling 8uishallowead prst the drill bit to

external packers, all in a manner well known in the
bypash iHe purgpiitsdliist ry. Thi s process can be repeated as
often as necessary to preserve the integrity of the

Wbl pdtsren PrBgtemtiabRe Gradieht Rlilhg (PED)f eoneanhietG ertivates
and perforat| on. Since drilling
seal unit 106 to deploy a sealant such as an intelligent mud cake or a mechanical
barrier such as a sleeve as more fully described herein. Alternative embodiments
could provide an expandable packer, an expandable casing system which is
deployed by a swage against the interior wall of the packer, or any other form of bore
hole stabilization currently available in this art.
Finally, once the zone has been drilled and strengthened or stabilized, the
control unit C can permit the equalization of pressure in the overbalanced zone 112
with the underbalanced zone 110 and release the seal for further operations in the

well bore. Alternatively, the method can provide for zone isolation of the stabilized

zone by setting external packers, all in a manner well known in the drilling industry.
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does not occur in an overbal anced condition in these

zones and the formation remai ns uncl ogged with high
w@e@smssses dril | i ng nmud cake, expensive and ti MBCT/US2008/088427

consumi ng well preparati on does not have be undertaken

This PGSR Can AR 85 GIier BRCGYPAY NP PHERSILS A (1 of the
ahead with reduced drilling fluid flowinto the PPD
well basrewana detedingef@huzongoiort samelatier asdperigplioynmsince drilling

of drill bit assenblies that are | ow torque, high rate
does afotpeoairr et Banoverbalansedvieahdiiormax i these aotesubind the formation
hor sepower per square inch of bit area (HSI). It is

remaspeatiedgedatvithl BIYHr PréssLeé amPR@xintEt ebie,1eRpeadiv@nand time
per ninute would be sufficient to provide the

cons Wﬁ{gﬁdél‘l reR2tior] @6ed Rt HAE ?ﬁhﬂgért%oﬁi éérjnn{e‘?k%:dt?gé‘uction.

penetr at| on of w torque
S he, nut dril i,t, found in U S .Patent ,
Nz*%dé%@@ﬂv,s&? 6L i st WCﬁﬁr%eaﬁprfpﬁ%eﬁngv continuous
exi sting conventl onal_drill bit_desig

d””'ng rﬁJW?dt WIthHESHCEH drHing Tiwe Jiaw )V"toctaﬁl %PQeZ@lﬁﬁf‘ﬂttl]tJ%djePendS

wi t hout departing fromthe spirit or scope of this

uponithe enceessiulTieplowsent oRiMdDbibassemblied thajiase 10w targye, igh rate
desirable to avoid contact of the drilling nud with

of pehbtrafthtd bitenerovedihg roaxinmveel Hydrailg. hSrsepower pes Ggeard irch of bit
di agram of anot her enbodi nent providi ng coordi nat ed

area *(’lLISQdeFt |§@Xbe§t|e%| R Bl2ratbd o apbPostimit %er@ooganons per minute

'ated fromthe pressure differential betweén

wouIcPBg u"liﬁg@rﬂlts 6\‘?8 Yhé h | e:rPfBr u%r”ﬁhotcﬂs and still retain
i Lot Ao

annul'us™ pres 1 ab ve pressur

r h in n f flow
a hrgéfra h};p% attc#;ﬁ g agbust u?tl%cplaﬁ g?e Inm‘qtrng drill bit
reservoir Rto the encI osed charrber_s Cand Dto o
foundaint dih ftatept Nev6.892.898. wgutd be diseddn dhistanmlsation idihre existing
programmabl e pressure zone into the annulus, while the
convexXjomatidrgl ditt eesigine, okelhtarovandobltrasgerin athsorihdusiry, could be
fluid and cuttings and thereby maintainingthe pressure

substitOteldh@itRE KO GFATaRY Eraph 886 WpkitZemscople dRthisliHventiont Mee use of

provi des the additional benefit of preventing a
RCCBHSRERR0IBRSKSs Yy HESFABIRYS 368 @Intddt¥rthé BFifing mud with the
PPD zone well bore wall.

Fig. 3 shows a schematic diagram of another embodiment providing
coordinated bladder pair BL1 and BL2 which are inflated or deflated from the
pressure differential between the programmable pressure P2 in the PPD zone and
the annulus pressure P1 above the seal of the pressure zone through the mediating
adjustment of a flow rate of pump 1000. Pump 1002 moves hydraulic fluid from
reservoir R to the enclosed chambers C and D to alternately move drilling fluid and

cuttings from the programmable pressure zone into the annulus, while the expanding

alternate chamber and bladder absorbing fluid and cuttings and thereby maintaining
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and out of the PPD zone. Val ve arrangenents shown as

1006 V 1(C) and 1008 V2(C) connected to chanber 1004,
w@nwowsdsye arrangenents 1007 V 1(D) and 1009 VRCDS2008/088427

connected to chanmber 1005, on each coordi nat ed

are controll ed b t he cont
the pras3EIG 1 176 GOGRETTENE: §roNP LSt ahde s tirtir prauges the
out of programrmabl e pressure zone and into the annul us
addltlﬁaei h@nepfrté%smeéemimg aTesswerdackiwave pm Awvement of fluid into
bl adders of Fig. 3 can also be acconplished by other
and omaofsthe PRbltzodepaYaivegarfrangemeetssghown asr 1006 aft(Cofand 1008
this disclosure. For exanple, a bladder could be

V2(CL6§ﬁméﬁddlt6tdhaanb/e?er0ﬂ thmt/evdwaﬁgewmﬂtsi 1rmve\/1dm and 1009
| adder into full inflation. A nmechanical net or

V2(Dg%8hﬁ§ct§8%%rﬁ?nt@rm HrPEAch TcBSrtheré’tpﬁfcflaé’(ﬁ@r leHPé"&ontrolled by

i gna omthe co unit C wou in the net

the RGN be RGP B 85 B G ERsheS o o and

drawn into the expandi ng chanber in the progranmabl e
out oﬁp@ggﬁm@%@re%reﬂ%e gF‘?‘ dHgdhe Ansulsayngrigssure P1.
ulate the novenent of drilling fluid and cuttings
i Fr e conddination iod the ddaerladadersvoi lgigpamaksq/\b@@cgomok@ed by
to the managed pressure zone and maintain the drilling
otherzomeangr asthoue depladimg Hommather apiripasre iterts o4ir thisadiisoiesure. For
the device. Fig. 4 is a schematic diagram of a net hod

exanle, I%f BiabbEt e&n&%@ iRsegeamB @acﬂhﬁﬁ%%ﬁ'lbérr '\APHléWG/o@Rﬂmove the
conpl etion by using a non-novable sealing unit

bladd®t %t’ooﬁhﬂqnﬁéﬁc?‘l AZ?T1\/\?,1@r?e}1r{‘-%1 | R GiiGe Q/vo?ﬁ& %dﬁoa&ggl around the

return con pressure usin

oladdsf Ariigieetsiandl 8 bectstial Wef? NG ﬁwemé g gonrac e
nmechani cal |y coupl ed together using a sp eC|aI | at c
bladdghteerely| @btying the Qtaddﬁg of ke il ingk Buyid awd ﬁuﬂ@gﬁé@hlch it had

to secondary return conduit 115 and the secondary
beenr dtawm ictonthe texpabding shambiehr ioutjfie taregeeainablel prdssiire zone.
ei ther using theweight of the drilling assenbly or by

Valvitidh earparsderhonteewapl isg@dirt eegulatd ther mageRentsomdriling fluid and

top drive at the surface, thereby permtting further
cutting8ViREEahd Vut'the Blabber to avoid pressure wave shocks to the managed
pressure zone and maintain the drilling zone pressure below the natural pore
pressure adjacent the device.

Fig. 4 is a schematic diagram of a method of practicing PPD programmable
pressure drilling and completion by using a non-movable sealing unit 106 stationed
within a casing, providing a secondary return conduit by which the pressure using a
movable control unit close to the bit is controlled. Dirill string 114 and the secondary
return conduit 115 are mechanically coupled together using a special latch which

allows drill string 114 to rotate with respect to secondary return conduit 115 and the

secondary return conduit 115 to slip through the seal unit 106, either using the
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assenbly and bit 105. Dynamc or sliding seals 107

mai ntain isolation and al so prevent ingress of annul ar
wa@leaoblossses mud in the annulus 112 into the PPD pOnesShigo08s427

A pressure zone 110 is created by isol ating bel ow

ng, seal s 107 whic ermt casin to e
weigf} ofprtrlfTy Agsartaborroay R Push dafeesePRiss BnocH aFﬂng BS using
space 113 between the outer wall of the drill stri .
the top4deyrl athéhe riwetacqalthewsbyt RereldIg gunther mﬁwent of the dril
permtting the renmoval of drilling fluid and cuttings
assemblyednd nbib 10Be Rymamhiasorl sdibg seats @7 maintad isolatiee and also
manner di scussed above. Programabl e pressure drilling
preveng indresebpagn@ahdsveg nwieiney dnheluy £85 IMe tfd PPezone 110.
bottom of the open hol e reg| on 110 is maintained at

p%\e?%sﬁrég 2qW8 L 'ié“%r oleHﬁ Baeﬁmﬂﬁ%%mg 4b7 which

uni InSI e annu I's typlca her

sure th A ti ngl e Si |

permfe G ﬁé#%&ﬁgﬁsg ﬂﬁﬁg{fwg"ﬁh‘i el @ﬁ%\"%ﬂ?ﬁ%ﬁvhﬁ space
to further case and conP nmore fully |

113 befhwaen ihe euigr wallqr taegril SHﬁt& 11154 aaﬂtﬂé@ Hﬁﬁr\y\éa'k%féhﬁicaﬁ@g 115,
for acconplishing progr annable pressure drilling is

thus gerseiltingeitredemaned of doling Hividrand ciktingsstovied dnighieeannalus 113
liner 1103 with a bottom hol e assenbly (BHA)

by control udit iint the madesr disoksseanabdie. Rfogeadynatie regsuae drilling is
its distal end can be run in hole and hung off bel ow

therefdit€ atHidv@eewHSichY tﬁe'dr@@éur@adigﬁé boftbni Bf Hee¥h&Y Bole region 110
casi ng operations. Dri is such that it can be

s meffabel b agREP2 h%”ﬁ'gﬁt?@eﬁééﬁé‘?@av%ﬂ%@{%ﬁ{ SR inside
it bl di
the aRHILR AL 48 PPl Bty bPrey e Beindreey YeadtRP e 3 sngle vet
and addltlonally | ogging while drilling (LW) and
easily @itﬁf%m%tgéé‘ﬂ'&ﬁt @ 8@9@ 'F@SQPeOa'I‘CP'eo'f‘ WhICBhthiflé”thﬁél ¢ase and
known in the art and not shown in full detail here). A

comphadelibemedl seal at an external surface of the distal
end of the liner, once set in place in the

PIAGY hitte CREY n@hoxmuhdF | tepeitthert BReMatingrtedntique for
all ow t he I|ner to slide throug an inner seal of the

accorgripﬁl rgﬁg@@g(@@@@%@gsmyo@nw BRI MY FeMREFSEhe methods
described above. A liner 1103 with a bottom hole assembly (BHA), including the
underreamer and bit already made up at its distal end can be run in hole and hung
off below the surface using a liner hanger set in previous casing operations. Drill bit
is such that it can be retrieved through the underreamer in manner known to those
skilled in the art. BHA includes control unit C and seal unit for programmable
pressure/gradient drilling as already explained in earlier descriptions and
additionally, logging while drilling (LWD) and rotary steerable systems (RSS) (all of

which are well known in the art and not shown in full detail here). A mechanical seal

at an external surface of the distal end of the liner, once set in place in the previous
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seal, Le_, as a downhole stripping BOP. Then a drill
string DS, as shown in Fig. 8, can then be run inside

wao b@jossses and | atched with BHA at the bottom PaEUSIYYS/088427
si mul t aneousl y rel easing the BHA fromthe |iner and

ng the dr tr|n DS t t tor and :
casinge bt Teribage torlieom i aaq alouh Hican oalgd thibigh an inner
I i ner hanger and Iatched to drill pipe using a
seal efdhgtquigr Mgcbanigak e avhile: Mafbainingsa HressUre ﬁa‘ferenq:%a@ross the
the drill pipe and BHA to rotate relative to the
seal, i.enas a diwnHalenstrippong BOFhen hang fromdrill pipe
providing a nmeans for noving and resetting the |iner
aMieRrpYtIAMiggaD S £69 BHOWALIN Y. G i then e dinl inkide@ghe liner and
torque or weight on bit (WOB) is transmitted to the

Iatcheéf!r W BMA! Betd b to@ttﬁﬁf&x%git?per %@ﬁéﬁw rthe BHA from the

|ngtotota ress

iner %@%[@g@%“hs difsihg B & Bopm dbrdu i 9%539 BHA. The liner

andabl e st eel e or a flexible tube structure
can tfla,e be sslgagediffom EH%n‘i‘%‘?ﬂesr gngl Ilg;q;\gdot@ ddflllt@ﬁ%&sma rotatlng latch
isolation and |ater replaced with one steel casing.
arrangement Jetirtstangd, yhataallogisoie drill pipgsandsBHA ta rasatesietalive to the
of the present invention can be used to both drilling
liner. iThealipsrogbakintignehamg fieom ainidl mipegsrbviting epesahelfer mawing and
conpletion of the drilling. This alternative nethod,

resetfifg ﬂ’f@NWer'éhd:bﬂ)wd?ng andebohd r@fLQM'c%h89|taNbQiPM|ﬂ§;9tor%ue or weight
profil e1101|nthe di stal end of casing string 101 .

on blT(:\:/@O%Sti% 9??1 d%éﬁ?’ﬂhéér g\z@wé gril ﬁﬁ%%ﬁ% d on
. . t b .
f?‘&@rer'@neaﬂi‘iﬂaf denfiing QRprerEirinicles BNuPRTE0. Lot can be
the BHA and maintain a seal at the pressures which are
set '%R'Qéﬁlae\‘ﬂc@%mﬁweldo@?% drilh pipg gettigyed.ofA ten ¢ouUig beear expandable
The BHA, at a minimum is made up of a bit, an

steel ulyder or eaﬁbwi%dubbeslpmtpreamﬁedmﬂied)lwitmimqmieal'sotmlgvovide a
di scussed herein which are used to sense and nmi ntain

tempbrey @dtidhodRPressrebrRicet \dtPors staet casihger ential from
t he annul us pressure if required. The punp is

Tﬁﬁﬁr{élué |f|§él by o 11 3 nf1| PiysOf5-Aud thE OMetiiysS Wt f @€ present
invention can be used to both dr|II|ng in a programmable manner and cement the
open hole upon completion of the drilling. This alternative method, as shown in Fig.
5, entails providing a landing profile 1101 in the distal end of casing string 101. The
bottom hole assembly BHA is made up or engaged on the distal end of a tie-back or
tubing 1103 which could be a casing, an expandable tubular member or flexible
conduit having sufficient strength to support the BHA and maintain a seal at the
pressures which are experienced by tools in this type of drilling service. The BHA, at

a minimum, is made up of a bit, an under-reamer and the pump and control unit

previously discussed herein which are used to sense and maintain the open hole
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additionally provided with a |atching surface 1105
whi ch is capable of selectively |atching and

warndoangdsesig with |atch profile 1101 on the ti eP@EUK2008/088427
tubing 1103. As nore fuIIy shown in Fig 6, the

K t ubi 110 d int
pressUr&ahaIE I cOPel emane rbU RSy, TdRauBea e pump
casing string 101 at which tinme a liner han .
is hy(ﬂf@bll%gdn%ﬂﬁgléy the flowi &f muddeanadhe suriaeeprtha ﬁmba@hduw 1103 is

the tieback tubing 1103. This liner hanger or tubing
additibaalye provdet evith ahkatchang tduefacel 1R dvhach tiheapablieaot selectively
downhol e in the previously set casing. Each of these
latchipg @natdrfahing Wieh latkh praTilé N10Pendhk ltielBrk 0BGt 1903 Nd
IS readily acconpllshed by drillers having ordinary

. &l rhortéq%g sﬁo@{n in . 6N BadK @bin Eq[ﬂ(?f sl bfehas to the well

ing 1 ome d i nt o engagene ["at c

sinsor R ity Sebie o oy Bl %iﬁh%&gh'ﬁsoﬂrﬁﬁﬁ"éﬂiﬁ whict

, by either mschanl cal or draul i c means, but once
time @i‘f‘ﬁbhﬁ@%%rdort W@'@eﬁ?nﬁ!ﬁre t § atiarhedderha mrexmab enorefithe tie-

the open hole below the casing 101 and the annul us
back thing & 08heThis dineabrngeboh tubingBanger e begitheg atdhe wellhead
Once the tie-back tubing 1103 is hung off at the top

at thel@rface dB38dwahdletihehe asevigusipalet casing. iBachcothebé Sipedations is
1101 , 1105, as shown in Fig. 8 adrill string DS

well léﬁcSth dh ntﬁeadt‘ﬂllﬁ’é ahd@te, anaaiBl Raefly "%cbﬁﬁ)l‘éhéﬂ' ngn%ﬂi’s@ having

an upper end providing a hang-off profile 1401

gage the BHA. As shown in Fig. 9, once
ordln%ﬁ"@g?fﬁ tb | ng DS Iatches into BHA, BHA is

[t t he, | |
I ST f"rh”?%s’ TheEhank fRibg 0305 doferhine £ &rwement of
i ndependent of the liner. Further, the up Egmjhan -

the Iq@%ng iseirfage 11 198gu e sateh orefile- ﬁ&dk‘nttbﬁld@a 1) tm%\paﬁlng 101.
surface 1201 , the drill string DS is thus |atched and

This figpingteoh de adoompishefl hheithee nbechianicdbiorghyidraglidmeeans, but
ti e-back tubing 1103 is then released fromthe casing

once | sdt&@ishdl thbysdapprevaritg fluie coAirtiniéd®n sont ite @biehlhole below

string DS supports the tie-back tubing 1103 and
the casing 101 and the annulus between the tie-back tubing 1103 and the casing
101. Once the tie-back tubing 1103 is hung off at the top 1201, 1301 and the casing
seal latch is accomplished 1101, 1105, as shown in Fig. 8, a drill string DS providing
a distal end capable of mating with the BHA and an upper end providing a hang-off
profile 1401 is lowered to engage the BHA. As shown in Fig. 9, once the drill string
DS latches into BHA, BHA is simultaneously released from the liner allowing the drill
string DS to transmit torque and weight to BHA independent of the liner. Further, the
upper hang-off profile 1401 engages the tie-back tubing mating latch surface 1201,
the drill string DS is thus latched and supported at the top of the tie-back tubing

1103.
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the BHA. The seal is maintained in casing seal 1101 to
prevent fluid communication, yet permts the tie-back

w0 iw9108e823103 t o advance into the well w th theP@DUSINS/ 088427
hol e assenbly BHA as drilli ng progresses As nore

fyly,.sho rillin idis circul d
otk iEatk tPing: F103 Teheh ettt tfaﬁq.qasmd?atgh 1101 by
di version valve in the unp/control uni t body whic

releagiag rine datce i 195es0s theedrill a‘irkﬂ‘gtBStﬁélp@Qéta the tfteH@aQKptéhlngoﬂe% and
to cool the bit and flush the cuttings fromthe bit

the Bbde. Thie sealhosl hwsntaeed pnevasingl ysedést10betb heresent fluid
and the flow of fluid represented by arrows shows the

comnfitrvieatsH, yet Fdfmlké thegtid- bacwdtdtm%)wm thadassnbly the well with the
schematically only. Mdre specitically in context of

bottoﬂt?% RSB MsseA IBBA as ﬁr‘ﬂ?ﬁ%?r%‘r’éﬁs fe%cﬁwg%cﬂ%m”” in Fig. 10,

rms an annul ar sea tie

o3 SR AT 5 5 B o e

to the drill strinp DS IS S|nultaneously sealed off to
valvergith HPW%%F@%F%OS%WW%W PEEPIS oW ﬁ@ess%%ﬂwmkheemd in the

pressure zone 110. Seal 1102 can be a packer which is
openrighe lte gaot ienbitriandi fiughathe eLdhing ianbther bitdace gihésymethod has

drilling forces fromacting on the return conduit. The

been tprevieusip iestrbed mevsih enhdsthehfldvin af flpiderepinésenieuvigtarebws shows
equal i zati on of pressures especially when renoving

the nGidS\'/e,l-rJneﬁtt o THillkeRy LRI tRRIURN, %é@sb}nﬂ%%‘cﬁéﬁﬂt%aw only. - More

fitted with a reverse circul atio

spemﬂ&%lublh%nftéﬂ'oqtp% e}n?b(?d%%m nftfo?ﬁbﬁltfﬂggé‘g#ﬁ?‘at%lf&ms an

t a subs ower OW T a

annufgf serl b wﬁhﬁ%@?'sﬁod%%rtﬁﬁ“@tggf PR b fhe AnGIRS tidlig created

tubi ng, while aIIovmnCS(Othe ng which is integral to
by digengasiig Biiviione tiedrckdubing 1103 angvatehing tq H‘@sd%ihatrmg DS is

fluid fromthe bore hole face. See Fig. 2 for nore
simultheteniusly séaletieoff toomaihiaimaat gresstiiec bamfer tadogose ther peogrammable
circulation bit. The cuttings are i medi ately noved to

pressube zoheal A Sexe M1 0Rheartbala packerdehth shesrerRladf @ansmitting and
rapid renoval to the surface wwth the flow of drilling

non- Ié%%g@aﬁﬁg RS prVeRf GRflingBRRdsRorRRGhg BrReretlirh! ddnit. The two

steps are conducted such that prevents unwanted equalization of pressures

especially when removing drill string DS from hole.

BHA will preferably be outfitted with a reverse circulation bit (RCCD) so the
drilling fluid which is diverted from the annulus will exhibit a substantially lower flow
rate than the drilling fluid moved from the surface to the control unit/pump connected
to the distal end of the tie-back tubing, while allowing the pump, which is integral to
the programmable control unit, removes cuttings and fluid from the bore hole face.

See Fig. 2 for more details of the flow characteristics of the reverse circulation bit.

The cuttings are immediately moved to the area adjacent the annulus side of the
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As noted, the hang-off profile 1401 is nechanical only

and permts drilling fluid with cuttings to be
WO eqoasssels t o t he surface. As the tie back tubi nQI/Is2es088427

into the open well, as nore clearly shown in Fig. 12,
hi s .hang- o f|| 140 % ent t

seal fti’ié‘ip'. r@ﬁkoé([ i'&gfg?ﬁo‘é{ t i”gcfélé'greP&'%Q Hivgged from
nmust be inserted |nto the well to continue drilling,

the piggrar@siatiel drillingtzeaet ot al depth of the particul ar zone
has been achieved, the drill string DS is pulled back

t Aserajedehkdtariges( pAdile 1402 Glmecdadit@bonly B0l pertrats drilling fluid
prepare to nove the BHA out of the hole. The _

with G@ihg9 s el @iumeduiontet Surfdte. PASI thieotie @b@MublﬁgﬁhgveQinto the
where BHA | atches back into tieback tubing 110

opent\;'\}glIr e ﬁleé'd‘é’erTs)h%haﬂ/ﬂWrP?:l ¢ham -8 dpr‘oFﬁFeF 1408 moves

Contr 0 uni t eact1 vat t o re%eas € Sea

adiacki e K085 108, "OREE shilsd afe gl@fﬁaqetvngea@@hersc %{ngé’%aaﬁ}must be

the BHA as the drjll string
inseriggnpiceNedvelola cHiINe qu'é"Q)pife‘?\eW(ﬂde 'thq jolel qlesP”ﬂ ¥ éhe particular

shut in while this operation is conpleted. If the
zone thasi beerusehieved niseadrilcsising P Sris mwed daekrioi engage latches 1401,
operations can be undertaken to set the existing

1201cand ng105, o1 wab! plepaee 1of nidnee tthbi BHA sowtx pantigbhele. The
casing, the renoval step described above could al so

config?.ﬂ@ﬁd)ﬁ’Pet@FnéTi!@)Vth@%c%r’uoWW WQFl@ag%rﬁéreCBHA\’l@&:ﬁes back into tie-
hrough the casing to set it inthe well bore. If the

back :t:%g?h@ghbg tf‘ler%)f) @l&.ﬁ@ﬂ@b@%@g%dﬁdm&% laqwdbtﬂen the Cc%ntrol unit

eted or t e co bé” expan ed to sup

. the.,. [l th h
C is qeanate] B elSase Peisedl 02 1Pub D8 RRGhe @f Gaf? tﬁe ri string
and wel | knomn to those in this industry
DS iprempves Ifipne e BHAdJaRg @ valve nl &Mdisr Clpée@dmi’eﬂ&HA as the drill

drilling with the assenbled unit, drilling fluid is
stringcisr withdriaaah. t ihe ugpmplateds pettiem ofTthe @rerp hateddriléddsisnthus shut in
arrangenents within the BHA reduce the fluid pressure

whileeperopnratsh fis oadorhpletdd. owrofher tldimdusdauiigisnétal tdzeing, normal
systemto mnimze any abnormal pressure on the open

ceme®h§-opER&ti g§£vbb%rﬁ)%wakéaqa ée'ﬂtr?é’ggisﬂﬁ@'c%gm‘@‘ hhthéMwell bore.

energlzed se In control unrt

If the tubing is expandable casing, the removal step described above could also
consist of moving an expanding mandrel or swage through the casing to set it in the
well bore. If the tubing is flexible conduit, the well could be completed or the conduit
could be expanded to support the lateral well bore walls in the open hole. Each of
these completion techniques are standard operations and well known to those in this
industry.

As previously explained above, in order to commence drilling with the
assembled unit, drilling fluid is circulated through the system. The pump and valving

arrangements within the BHA reduce the fluid pressure experienced from the flow of
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mai ntains this pressure difference even while the
ti e-back tube 1103 and BHA are drilling forward. This
w@emb/0gdses ef ore acts |i ke a downhol e stri ppi ngP@I/U820081088427
preventer, allowng the tie-back 1103 to slip through
.. Whi l.e maintain t he. seal around the tube. This
drilinfohifady the SYRSBEAO ARETREEAAY SDReTaR BERRUre. 6N enaben hole.
used because the tube is non-1oad bearing and need not
The hv&rwl&ﬁeaé, dd@ildn icegpinafiain yish an enargized seatrifecantel ua&r@ 1102
tube 1103 only acts as a conduit to provide a neans
maintaors tespressurd aifferance £vpneasisile thef tienackdub@dri0B8odred BHA are
pressure. The exact flow of drilling fluid can be

drillingC €sriird Shethid®ysadl afrbrefdralr adts hkdé 4 egbwniasies srrwp)mgﬂgolow -out
at | ower operating pressures, or can be acconplished

prevéﬂﬁéﬁ”%ll‘b@rﬁﬁ%s’rﬁecﬂré BHtiRig 1‘?1‘3 & idi g r%fqrf %Hﬁenhﬁrﬁt%urﬁﬁtf the seal

pressure b d up at t e bit e maX|mZ|ng

arour e F | TRCE) st b Be FPPREH alf shehPR Theh s couia be

permt the novenent of dr|II|ng fluid and cuttin%s .

used |Q$F§U§‘Préh%é'1‘ﬁer 5 NeRieacReating gRddiaad net havgyaly sRegiglized tool
excessi ve di sturbance of the well bore wall in the

joint girEacelsol e tierbanks e 4203 oshbactsrasna condieis to puavidengsneans for
and drilling fluid would only be required to be lifted

sealirg thel ainuled gresisard frdmstheropenwiete erédstyewoul d be mi xed
with the full pressure circul ation above the seal of

t hper sgddtaflowr bf Hrrmﬁgf’fluiddcér?tbér %cé?ﬂﬁrbﬁ%ed fbyasﬂjrfdard drill bit
trip is needed witholUt the need to repl ace

con S B éeprggégrraé%rﬁanzgsznrwrred

drill Dpi.pe i ner_.can._b ulled out of t
revers cireu BB Gl S & avip izp B sscu bl padt e Shig whie
point, liner 1103 hung off as usual, allowing the
maxigiinth e cytiings removat, @”dﬂ@@%ﬁ‘%ﬁ@”@@%%g&e drilling industry.
t hereby keeping the drilling zone pressure P2
Revemessisculatithn diill bigss petromihregmoivendinit lof delling rigidoshd outhiegs into the
pulled fromhole with the bit and ot her BHAconponents.
centr&i puttoi e treeatill Ry \ifrtbut alxeesdivd Histiibanbe lod thextvell &8¢ wall in

tenporarily for a bit trip, the pressure zone pressure
the opén Ite SNAYRe! BreGkAt efnbodiEnithedd (cOttF@e &% drilling fluid would
only be required to be lifted a relatively short distance where they would be mixed
with the full pressure circulation above the seal of the regular drilling fluid return
system.

If a bit trip is needed without the need to replace the existing tie-back or liner
hanger 1103, as shown in Fig. 12, for example to replace the bit assembly, the drill
pipe and liner can be pulled out of the hole, past a downhole safety valve 1801 to the
last latching point, liner 1103 hung off as usual, allowing the downhole valve 1801 to

close as the BHA passes it, thereby keeping the drilling zone pressure P2 preserved,

while allowing the drill string DS to be pulled from hole with the bit and other BHA
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acconpl i shed wi thout withdrawing the tie-back to a
prior latching point. Fig 14 is a schematic view of
wWa bh@9ogssent i ng operation that can be acconpl i sheduk3008/088427
PGD programTabI e gradient drilling nmethod. Once a well
u this sysiem ng section of
compgpntncpBchithe SeAbTI ApabduaneLrdd hthol %&'P@ﬁtgt@ﬁé%ﬂrﬂ'a'y for a
seal remains in place and can include a pluralit .
bit tripx e iessEal 20ng Rressdee RL ashawd Behisht1& t@&sﬁglhdflp can be
cenmenting operations can then be commenced and
accomphgiest widhout withdrawerg thieate-dadstonaprior laltctieg pbint.
pressures preserved behind the seal. This can be

aFepd i ighed deyietsitiod vidwe orlthe pe@hehen@bdpéragdnt (M can be
the control unit Cto design a casing string with

accor‘nérrent | By PR ng%gsrgﬁ{?ﬁ%]blFgﬁa@l@nﬁ&lllﬁﬁg'ﬂé}h%d.S(t)ﬁeég W&fhas been

systemthat contro

irculatin syre cross .t he zane, bei.
drilleq’y rHéE %‘ Ryl r?gl?ﬁ PRiidls R: Sole Af tQ% iMBermeable
depl eted zone a | |jght wei ght sIurr woul d be injected
formalli@ﬁrﬁireé‘%%%uﬁg Segk{eneing dh Ptacs: a@%san.'r@wd%@. ngHrfallty of external
slurry to be selectively placed across the depl eted
sealsz dneorder o ai pneseamenigat esingscementing oraiatons ¢an then be
this portion of the cenenting job. Fig. 14 is a

comnsaiustiatand complatedt me ecenamiérnthaipdoas i mot vivddtec e pressures
acconpl i shed by programmabl e pressure drilling nethod

presér@ed?%gﬂlr% ehé ré%a‘{"eh'his QaReHEHdcRehplishtd 15 lusiHy S I\Bell profile
| onered providing the hang-off |atch 1401 to engage

obtan?)%c?%ﬁkg{fggéﬁ’c%lluﬂﬁtce O‘Bro%fs ?](%gﬂw\%eétﬂn XhitH %’qtﬁﬁgféélh%grs that

F OVI he dri
nd.t he

DS e- back tubi 1103 sho
can B3 adloetise slac FIR PRIt HPBdgh CoMaNals BYslFmeBahapytrols the
val ve 1801 or already incorporated in BHA as fully
cwculahmr@e%%uewf eereat BermSs Hie PR keieg W%ﬁe@aépﬁ@r dingly, for
drilling. The downhol e punp 2105 is run wth the drill
exampte,itageDEntAndepleted zonser light veeighbslerr® MGuld draumjeaied using a
power it. Downhol e punp 2105 is connected such that it
packdragRemt Sudminat the oight Reigitrelling td b beleo@ily rddddadross the

its output is delivered to the annul us between DS
depleted zone only and preserving the rest of the zones from this portion of the
cementing job.

Fig. 14 is a schematic view of the cementing operation that can be
accomplished by programmable pressure drilling method to complete the well. A
cementing drill string DS is lowered providing the hang-off latch 1401 to engage tie-
back tubing latch profile 1201, an external casing packer 2107 to provide a seal
between the drill string DS and the tie-back tubing 1103, and a casing shoe 2101
capable of insertion through the bottom assembly valve 1801 or already incorporated

in BHA as fully understood by those familiar with the art of casing drilling. The

downhole pump 2105 is run with the drill string DS. An electric wireline cable 2103 is
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and casing 101 above. The purpose of the downhol e punp

is only to provide downhole control on pressure. A
waeobagss2tenenti ng set up is used as nornmal i NPCT/US2008/088427

coordi nation with the downhole punp so that a

differen ressure gradient can he achjieved. in the .

run G petehd DT PERD 248 cRENesler Buchhanlt (Rl s input from
is expected that |ess surface punp pressure will be

the apaglypriedhe epgndwlerandhts eulpel js deliarad totthe annulusrkaiveen DS
the open hole portion of the cenenting zone as cenent

and casingldHl tabovee Tivee phdaseanhuhe sdowitteold opurhpl is palypto provide
therefore adds energy into the systemso that fragile,

downBRbRS 86 tPoISEM Prés3(Pe Z OABSUrRRIR BEMeHGSE et Wpl ¥ gsserEesbrmal in
wi thout fluid or cenent | oss often experienced in such

cooro‘?r?éf@nefv'itﬂrlﬁe c%\ﬁr%cflé?rd%ﬂi oot 'agglﬁﬂeréﬁnﬁr%§§ur%ing%dfri]éfglcan be

control on punp’s opération and Ity to mai

soriel 5768 Al B AE BESpbORURE b o RLEF P gypecin

pressure could be instantly regulated to prevent

that IgpHRHAGCS UMM Eregsehe il LEMgaUTedr briauss ®elbguldBelys removal of
excessive pu pressure. Cenment would circul ate down

fluid remothet h@erprhgp&portmseﬁm gementiegizongods cament fike adged to the
hol e and around the distal end of the casing to

openbolapareigus.NEhe elommthojelpunty thigefone adklsl energlyriahthe system so
drilled and drilling fluid has not been allowed to

that fEadileYbAdBurE-QERASItIVESoRES aRthd BuEbEssANRUbeReARd WItRGUt fluid or
i N nost conventional drilling prograns, the formation

cemeft llésg,hgf‘(& g&{)ér]i&cgdl ﬁ'1e§lfc%ag&n@féﬁpﬁg.n@%tcitr@\{vﬁggrﬂf I8P sensors

can De readiTy and easily acconmplished, w i pr oved

aive FELSHR S b6 otk SBS AR AShnlEh 5 bkt giference
zones, separated by external casing packers, while

acrosgeiiatsgan 140112104 a8d A1908; Sirce HiecvmPy2 IS isderated in the well,

productive zone throughout the drilling of the well.
pumpShneseureacdulg besssiaatly oegulatedi td gmevéntddowimgenlitahe lopebyole well
control unitC, such information can be used for

formatiene BecagseP of Fé)@:@g_si?/@n@hrﬁﬁeﬁﬁes%td‘l egeiehe @ dd circulate down
pressure zone gradi ents throughout the drilling

belomgg | E@é.gﬁé dﬁ%ug%%gpgm%éﬁgm GhicteChsahble Shd SFERY He distal
end of the casing to complete the cement job. Since the well is freshly drilled and
drilling fluid has not been allowed to circulate around the bit and up the annulus as
found in most conventional drilling programs, the formation will have little filter cake
and cementing operations can be readily and easily accomplished, with improved
bonding of the cement to the open hole wall. This technique could be used for any
number of production zones, separated by external casing packers, while

maintaining the pressure zone integrity of each productive zone throughout the

drilling of the well. Since each pressure zone is identified immediately by control unit
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gradient drilling and conpletion while performng PPD
using a novabl e control unit C and a novabl e and
w0 nepessses al | y depl oyabl e seal unit S. I n addi P€DOS1008/088427

perform ng the functions necessary for PPD as al ready

expl ai.ned earlier, contr unit C can alternativel :
C. SHE‘S nfenaie])  ¢an ¢ be Péegeﬁ?rofeé“%tglgarﬁu@eéﬁs aSongistent  with

intelligent mud cake or a mechani cal barrier such as a
eXpeWQM@S@ﬂﬁee?mjﬁ‘@’ﬁﬂlﬂj‘t%F@@U@h% th@ldé'”mllFPFS’gl’c?é%cr i bed

herein. Alternative enbodi nents could provide an

e kigeen dlbiAN- &5 p addpéet, a achepiioad lsteps as aohiesingt BGOWragrammable

i s depl oyed by a swage against the interior wall of

gradiémed sk and comphstibrolhigs péﬁbmmp FRD &5y & movable control unit C
stabi li zat| on currently available in this art.

and 4, 'n‘ik?\)l ﬁc@?ﬁerﬁﬁ% gmﬁb% Qéaq f 8. 1928dltidR 16°F8forming

strengt e cont uni t W |

the fwﬂ%%'nﬁd%%s?é?y“ 5 bR AS S %‘ﬁ')‘é@&g ERTieL sorttdi Lnit ¢ can

further operations in the well bore. This ocess can
a'terr@é'V%p?ééW@EP 3Ral gniteh t‘é@%@e@§§?V”B§U%@§e£bﬁ‘tt%{|'9§ﬁturHUd cake
a simultaneous fashion to preserve the integrity of
or a trhechaslical poareier icheagea erellboge | stkerigiheningssleeve as more fully
conpletion and perforation. Since drilling does not

descritsetiineriein . aAltenative | smntsedi menits could provide s expanuablepdcker, an
the formation remai ns uncl ogged with high pressure

expafiddbld icAgindus) sterk vhier REBapIGed ™ 4 ISR gedtfdimattae iekkior wall of

prepar ati on ‘"does not have bé un ertaken t'o commence

the p%%l%??&t érﬁ}ﬂo h '&%rrquéf“b&%sr‘?&é%?%n %%oﬂ%Yﬂé‘ﬁﬂg aIQ/H ?%IIetln this art.

seal” unrt ent a

1 t the di taI nd of stri rior to,..
o Tenoregaraate sqre%S%ﬁeEOﬂsPEa%b@eBmdé"'ed ano
wall in a strengthened or stable formation 102, bel o
streng@gnﬁg theicontrgl glnltﬁ,B/llagg@aliz;ee@reeﬁ@eslgtthewegpalam@d zone 112
programmabl e pressure zone seal 106 agai nst an open
with therendesbalahaed 2ane 10 ahe reteasadghaesal far fusthabloperaions in the
bore facelO02. Fig. 15C shows the continued drilling

well breh Tihid prodest chibdrippatddas oftah ab0fecaRsami auipterdgitally in a
agai nst the strengthened or stable well bore face 102

simul %Pfeébu% Ya s ﬁgg Jéragé}flg% rmt%ﬁﬁff‘@ﬂ BeRPE bBFe, UhifdGetBefify likely
zones for completion and perforation. Since drilling does not occur in an
overbalanced condition in these zones and the formation remains unclogged with
high pressure drilling mud cake, expensive and time consuming well preparation
does not have be undertaken to commence production.

Fig. 15A describes the movement of a control unit C and seal unit S adjacent
a drill bit 105 at the distal end of a drill string DS prior to engagement of the seal
against a open hole well bore wall in a strengthened or stable formation 102, below

casing 101. Fig. 15B describes the setting of the programmable pressure zone seal

106 against an open bore hole face within the strengthened or stable well bore face
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progranmmabl e pressure zone 110 is controlled by

control unit Cto remain below the formati on pressure
wW@roonfosdses t he pore pressure frac pressure W neOIURY008/088427

removing drilling fluid fromthe programTabI e pressure

n he overb ed anpn ve the
102. SB& 755 SWANSHr et s diing i Cug it 08 SipKane Seal 106,
bl ow outs and the like. Oher drilling equipnent, such
previgusly|i seicagainat taei $Ur$m9jh§'9%¢e¢f53t&’ﬁ$%s\ui3@qb@fﬁl face 102 into an
drilling (MAD) units, additional formation eval uation
uncorsalidate melulnste’amvpbdidmoﬁmeslbbré ddle 10dhePdssute gy the annular
i ndustry could be additionally supplied bel ow the

progréAmatsie presdure 20nkthPrg isteinaiolled byf daridl et Pid Fémaih below the
purpose of this disclosure. Additionally, the drill

forma?tb@ B2 E5eS BP Withir e %re i}?&suréﬁfahccﬁfbsl%ﬁ délj%lll&% by removing

ing, conposite tu i ng any ot con

drllllngoﬂlglrdn{r%r' | h%?g@gﬁ%’mﬁﬂpﬁ?ﬂ?%g& %ﬁp%nm ﬁtcgrtﬁgsg erbalanced

conti nuously sanple natural f|low fromthe g
annulgr zgpe @erV%fth$ realhtoWaih rravidesruifirentoral té(rfEPm well blow outs

conmuni cate such information to the surface for
and thedikgs Osheydrillieg eguinarent, sucts applinedtionalodrilling: sstests, Inyeasure
in an automatic down hole control system all in a
whilenaritieg (MWD) kuntits, | additioreal afotmatiivm evatuztiopr sgstamsawelt know to
pressure zone 110 is mai ntai ned bel ow the pore
thosePEIBRSH ire tROBFIMAY NRd &ty ééélblrtfé aéﬂﬁﬁoﬁ@l@@%éllé@ﬁ@élow the control
nmeasurenents are all available wth existing

unit dmﬁlftﬁa\goé)%ﬁfaw l{l%‘%rﬁ fhet ehtn&' &nqﬁ}%% %@QH Q%Ec%u?é %{dﬁltlonally, the

mud ca OCCUr 1n

arill Sijng b?&?%&%[jﬁﬁ%ﬁ% she 3@%&%@%% #@ﬂmr cdMisite tubing or

productivity of ers through which drilling is being
any O&f&QfofFﬁﬂdUétH@d etusp rdééfﬂ%@j-l ﬁdmﬁh%prqgramm%l@ jragsswre zone of the
formati on can be readily measured using techniques
presestigivensionhat described in U S. Patent Publication No.
2006- 01 25474, which is incorporated herein by

r fopitronoRit CThgn BehaMicredsahbld hatur# flasomethehpdre structure of
drilling provides an opportunity for dynamc well

the uH%&rﬁSéd(lelgrétet%‘;]%Wn%ﬁﬁhé/ aﬂchfdn‘?r:rﬁléFr}g:ltaﬁe QGérﬁ:ldgoErﬁgﬁonrgfs@fH@ Surface for
analyg BV%&;"Spér%Ycﬁrér gupply it for use directly in an automatic down hole
control system, all in a manner well know in this art. Since the programmable
pressure zone 110 is maintained below the pore pressure bottom hole pressure, and
compositional measurements are all available with existing technology prior to
casing or strengthening of the well bore with mud cake, as might occur in normal
drilling operations, detailed information is made available regarding the geophysical
structures and productivity of layers through which drilling is being accomplished.

Streaming potential of the adjacent formation can be readily measured using

techniques such as that described in U.S. Patent Publication No. 2006-0125474,
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extended reach well systens. Fig. 15D describes the

steps of strengthening the open well bore after
waengiossg2and rel ayi ng all necessary i nformati oPCT/US100&088427

surface. By mani pul ation of the drill string, as nore

. des bed ein the or nat i S t ened or
WhictE R BPPIPPERI ST IR TRIPTHEE  wih? NGREPRsheRITy (o Meastre while
o Stren%t heni ng can consi st of seali nfg? by i nterposi ngi
drillingeB¥Aes &n @@%ﬂrwﬂltYd‘QEUM@@mt%‘éerv@ﬂP D PEC iRy diffieuikto obtain,
without Iimtation slotted liners, sand screens,
for exappledambbees dhd well @atfs to crpmaaimwimirgrtlae'ehospiapno;ducﬁt\se teyers of
wi th open hol e packers, and expandabl e tubul ars.

extenEéQ&@déth%lltegbtdnﬂé.S such as sand screens can expand
from33%to 55% of their original outer di anet er.

SHATIR SRR i A iy 08 v cenn
and r%hy r\?%aﬁﬂ%e??%g%gwnﬁ%ﬁagp%yﬁdw& O' | ﬁyﬁ n ulg' rf%??he drill

porti ng menmber, as descri bed |n Un| ted St ate
Strlngpé‘ﬁerﬁ%e ge %@@@s@e@ﬁu the dorgnafion ean b@eg@qggwq%o%qagmzed to

detail later in this application. Chem cal skins can
allowdlgbenwel slevetoprgnh Strengibering dani erysistofasaling by interposing
repl acenent by a steel casing thereby extending the
a mebbhawribal sedlanghaithst thedvellsberestargl such asvwigioutrlinfitation slotted
the well to be conpleted as a single dianeter i.e.

linersTBBAQ YcPeerld, %&bﬁﬁ@@bl@eéa%'dnsdréeﬁ@ @d@?‘PHbI@%’ﬂavépback casing with
setting a sl eeve against the wel|l bore surface

opencﬁdle eth@e%?&rﬁc?%%Eﬁn{inl tru?)ﬂ%trg‘.eﬁxbﬁﬁqé)d?gncugﬁla?s %ﬂgh as sand

nte structu

scree?%?q'ﬁﬁ%‘%@% Bhh eS80 P th%gﬂi’ﬁ%ﬁo»?t‘ﬁ? ARG Gy tners

pr ogr ammabl e pressure zone drilling and nothing
are “Hdﬂﬂdatch@dpﬁ@‘ﬂ egenesalbubgtwrert o‘iw/stanﬁgd 6 of i thetr | Qf@"ﬂfh'l diameter.
di scl osure to any particular manner of well bore
Interlatkihg Istrzsst woith ¢t be ddpdoyenr fram ooils aistheesigtdeenaiid evhich upon
stabilized 102, pressure in the programmabl e pressure

instal&Riol oM Becomintdui Z&hpartiny embidr &5 daktibdeasl United States
exi sting above the seal 106 and the seal released, all
Paterd§ B59,348 | ahFNOBR0/334F 0 d@Scrived in more detail later in this
application. Chemical skins can also be set to form a temporary bridge to await
replacement by a steel casing thereby extending the borehole length drilled as a
single diameter or for the well to be completed as a single diameter i.e. monobore.
Disclosed herein is an embodiment for setting a sleeve against the well bore surface
as drilling progresses to strengthen the open hole and preserve the integrity of the
open hole structure. Applicants believe all known well bore strengthening
techniques can be adapted for use with this method of programmable pressure zone

drilling and nothing contained herein should be construed as limiting this disclosure

to any particular manner of well bore stabilization. After the formation is
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Fig. 16 is a schematic diagram of one enbodi nent of an
apparatus for practicing the PG programuabl e gradi ent

wa@leioblossses and conpl etion of the present inventPCHUSHI®088427
1 fromthe surface drives a nud notor 2 which

r ov n iV wer to an .electrical enerator
strenGhgnefl a2 s aRlae b 302 SestiednBe Mogarapaleser bl 4 %ﬂme can be

and control system4 . A seal or pressure boundary
normakizachme® thee Nygpstatio hgad evaling BbayRathses§2lal@6i @nd the seal

adapted to nove along the bore hole wall 28. The use
releasdd,tadieas mone tplyeshommdinl Figet5Ehoul d not be i nterpreted

to describe the physical relation of the two chanbers

WHid) 16SiBest sdrenidtRY idiagramnoe drie enfydiimenadiesn Gigpabgtus for
geocent hcal | y above the upper chanber in horizontal

pract% rid[ LHé‘@é[P pg%gfa‘?'@ﬁlab@ rd SR Bﬂl'll CHY 86 He&b%r Bfa% present

e sea 'S a I nch- mor arrange 8~not
mvenﬁhﬁmn in detall-mhere two packers are alternately
P8ssurized and "inched" as drilling progresses to
na|nta|n a continuous seal wth the well bore wall

of iR 1stEam Rer BHFCReHIvVasSad M iRt ddvhigh rPéPWP&Qant'Ve power
nmoveabl e seal between the upper 39 and | ower 25

to anc¢lantrieak gagerdton Biasythsr elpctresl wowes goUtep don & rpwWerogistribution
the spirit or purpose of this arrangenent. Yet another

and centrotisyatain 4.0% sthleor preksureb@indany @fisolbtesntbeaaipee 39emid lower
is discussed below. A first electric notor and nud

25 cHitibers éHcPusCQGéFBt@HH%%BVeFﬁPW 1166 HoFd Pl QaIIZE! The use of the
control system4 to deliver nud through the pressure

term gﬁgér an‘tlg\;v%z ulﬁoﬁkﬂ rﬁérpb@teﬁet%oﬂ‘éjsc‘?ﬂbgct:n%' ﬁnﬁa‘? relation of

Slm novi n

7 thelo rcha er to t er chanber us
the  {ish AN BngSsbas r & %@%'Evsﬁri S chBolows capir can be
| ower chanber and a second pressure sensor 30 in the
geoceipfealbnhab@e thetunrpes shempler ¥y bodrpniakdijlling sityationspeeds

of the electric punps to achieve the required pressure

nmdhagboest hae lcomct chterfame 26, theheseabybatyhi Evisngn inch-worm

condi ti ons equival ent to underbal anced drilling
arrangeinzot8-toe showpl inc@éthtnwhardtwo packers are alternately pressurized
and “inched” as drilling progresses to maintain a continuous seal with the well bore
wall 28. Other seal arrangement can be adapted to maintain a moveable seal
between the upper 39 and lower 25 chambers as drilling progress without departing
from the spirit or purpose of this arrangement. Yet another embodiment for the
implementation of the moveable seal is discussed below.

A first electric motor and mud pump 5 are controlled by power distribution and

control system 4 to deliver mud through the pressure seal 7 utilizing conduit 24. A
second electric motor and pump 31 acts similarly by moving mud through seal 7 from

the lower chamber to the upper chamber using conduit 15. Using a first pressure

sensor 29 in the lower chamber and a second pressure sensor 30 in the upper
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expense of the surface equi pnment normally required. It

shoul d be noted that the placenent of one or nore
WQL@9ssases sensors, such as the one represent edPEL/US2008/088427

pressure sensor 29, can be at any location within the

r ogr amabl ressure.zone W t hout departi fromthe .
chanBef Sh2GHONT $VREE th suiS st asath dtanersietiein g b achieve
program being carried out. The nmud fl ow t hrough o
the regniadt PrEssuse dmaRAgemMeRt cPfr dawear | ghpneleerd 2% sﬁmeby achieving
through the bit 11 and reaner body circul ati ng conduit
condifi@ns hequighlenh etounueleremamced. AJrilidd  withautmiimnecomplidations and
known to the drilling industry. This reversed
expedd ofltaé | SURfdckbody @ipircat Morindfy reqlirsdit Iti grarild et Réted that the
flow - ultimtely to be transported to the surface via

et BISGORHBROEGHEN el e TOTSLc 8 16, 8f Sebrsnic
oo £ 38kt GTBE SV RLal A, 1R 5 R e cone

.. transport container 18 and thereby permtting the .
withop 9%8%8% framnthe aeere af this tﬂ”&OB?%,eaftpH%e%%%fQFShe drilling program
connection to the sl eeve-seal 19. The reverse
beingctarged @ut.on conduit 15 joins upper chamber return flow
conduit 2 1 downstream of the connection with flow

cahduintud2 Aopr dwiodghgcbnduid 151 evdrawdr frem rivtolatiagidconduits 10
punp 5 to avoid the cuttings being recircul ated

throu§RREYt Pi bind kedRfbr R wch?atﬁgfjccﬁ]duﬁVﬁ #foligRMhe underreamer
protection valve 34 affords additional protection from

12, a@utﬁ‘t??i r‘h%ﬁép%% { E)Wnntot et(jﬂ’ﬂlié&%sﬁgaﬂgrre%g?e:aaﬂﬁrci%aétion flow

Il .
ngs and exhaust 1 ows o d notor

cuttings flow conduit 15 are returned to th rface ,
entraib bidok fufiiaRin A Betie Blraieh dhdnisoepcties I Strface via
borehole wall 28, all in a manner well known in this_
telesgaping tGondulk Adcinr eumanngs sialilae tesall opesegireelatian ydillieg mud
flow through reanerrecirculation conduit 13 such that
systebwt hThéhédelestoding acmhduitadtrcarhelotsy avithatrencadingl #6/ to permit the
conditions appropriate to their cutting needs, which

sleevbloaal ' o ilse ¢oadddlftorsl the $@edcd iimBtsbiraneY®t container 18 and
di stribution and control system4 .

thereby permitting the transport container 18 to traverse the casing connection to the

sleeve-seal 19.

The reverse circulation conduit 15 joins upper chamber return flow conduit 21
downstream of the connection with flow conduit 22 providing fluid flow to drive motor
and pump 5 to avoid the cuttings being recirculated through bit 11 and reamer 12
and a reverse flow protection valve 34 affords additional protection from such
cuttings return to the lower chamber 25. The cuttings and exhaust flows of the mud
motor 2 and the cuttings flow conduit 15 are returned to the surface through the

annulus between the casing 16 and the borehole wall 28, all in a manner well known

in this industry. A recirculation valve 14 is used to vary the flow through reamer
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The second electric notor 6 rotates the reaner 12 and

a third electric notor 26 rotates the rotary steerable
WG y@be8astRSS) 27 for controlling directional sSPEBDEIV08/088427

of the bit 11 for drilling a pilot hole 40. The casing

ext end urface and. is to be left_in place.
recircbair Gt Sveh A ST Bt e FRABT 32 B eSaigiced flow
to w dt h sufficient to allow insertion of the casing .
condifigns gpprafi@te & et Wtingreeds oypighiiem @ieiseenireled in real time
system equi pnent will then be recovered to the surface
by powera@idthieutibn &hd egnirel systgrhelt e t hr ough t he casi ng 16.
The seal -carrier 18 is latched to a second section of
C FheNEbcdRdadEcttiBirfolios 6crNaRe! e reantdiel X angta s@et élebtric motor
of casing 16 using a rotary bearing 17. This rotary

26 roPfté¢ tH@rd‘tZg‘nﬁeE%ﬁé’Q Stern fﬁ?%‘r rﬁfblﬁﬂt}ﬂglréétbﬂal steering of

casing 16 transp rt c ner and second

te b d ot Sel o ‘é@f"”lge. Ccantained in the

seal -carrier 18 and is fed out over rollers 20 which
pUREt GASING: dexenasnicstnersyriacesarieftoska left & plgcee Hpdereamer

a bondi ng agent 36 which sticks and seals the
12 isgequired de aipenotheopitdicale 40 tsomedthedufficientatoealiow Hesertion of the
rollers 20. The forward notion of the systemis
casinget@rimonthe byret holes pred padgraheeatsie Sgebsre systemgequigment will
that of drilling. Sensors can be deployed in the

then Bé fEMRePERto thd dUurticedHdtheldrillfRy |§rc,‘@S‘r’rﬂt‘;Tet‘”erﬂﬁ\rcﬁ}g%t Beasing 16.

seal curing thereby providing a signal to the power

d*rfﬁlarééﬁl'-tdaﬂf%ra’i‘ﬁ’ |§‘P gb O}U”ﬁ\ tseéoﬁ&’ Ce%ﬂbh%‘ ‘i”rﬁ"@'?da?d this is

e COOI'

ure rate of the eeve- S : :
conn%ﬂsd or g, 136 erioh ! <oe ABow Bas Eoery ?&Pﬂpgﬁ-tﬂt@ rotary
i nput to the surface to adjust the casing descent .
bear"ﬁ@dl?l ipdaekable Thiat shever metq Bat firstgasing ﬂgdar]dntra@%port container
time to the surface, can be provided by the wred
18 anit ithé seicped camtiemdfmasmg Bi7ocan e ybaded wigethdrbas ineaded. The
and controlnodule 4 to control the draw works/top

sleeveidest 19)is cOMaAREM Bk gteseanior 1B8n¢ AMedsaier rollers 20 which
information is provided to the inch-worm sl eeve-seal

punctgge/ ‘gﬁc é{?%‘%@gﬁﬁ éh% s‘g’éel%]v%oébét"' 19td Rte &85 bNSbnkinGSigkht 38 which
sticks and seals the sleeve-seal 19 to the well bore wall adjacent the rollers 20.

The forward motion of the system is determined by the speed of sleeve-seal
19 curing and that of drilling. Sensors can be deployed in the sleeve-seal 19 (not
shown) to determine the state of seal curing thereby providing a signal to the power
distribution and control unit 4 to continue forward optimizing the speed of drilling. The
coordination of the sleeve-seal cure rate of the sleeve-seal 19 with the forward
drilling speed provides critical real-time input to the surface to adjust the casing

descent requirement. This information, transmitted in real time to the surface, can be

provided by the wired drill pipe connection 32 from the power distribution and control
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Under normal drilling conditions, the seal 7 would be
retracted (i.e. the inch worm packers both defl at ed)

W@ aaplossedt her area requiring pressure nmanageneel/Usmges/ 088427
encountered. \Wen a region of formation is encountered

r requir dthelnc Worm s
modufinds § Sairal e drah MR OP TR Ao SpEe ol dstemt. The same
order for casing 16 to rotate and for seal-carrier
speegdaiprmatiant ist provistest &0 (the iaghiwprihelesygrseal oia Hatniy moves in
exposed to a rotating casing before it is set). The
unisonoditrethesgastireg 8 @s-it ishadvaniced mibdiné becehab@t shown)
woul d drive out the sleeve seal 19 as the system
diundes rdead drilling domelition! the eabis 78vawmd! sk pdtarté@\(Pe t ®ie inch
take the drilli ng reactive loads fromthe bit 11 and
worn! GECReYs pgtn, d3nde0] Ihdarigher S ey r8spurg rp@fgement was
e the torque The main pressure sealing work
enco%@p?eocfned during drilling is achieved by i nchvvorm
seals 8 until the s|leeve-seal 19 is cured or se

suyherpdrgicp qfcfomat@rb@seéu:oyatqrﬁ@ WhAre sealingis @&Pé{ Reite inch-
annul us pressure. Alternatively, the novel nethods

wormdzeals Biare emergized ahditbelcasingdoek-pnebsisireleasad ingydardat casing
the drill bit and reaner of a bottom hole assenbly can

16 tobetate compiar Seattchiriedtboely 18 het tatotdte ¢olmaidntmnd sealFdom being
exanple, as shown in Figs. 17-20, a tractorable

exposéd %%'roﬁitﬁﬁ?V@aéﬁﬁ@ BroRs Qv iigladt)t oTHE trolfs 'ézlysﬁéﬁi 20 - whrch is
bet ween the Nower cChanber (such ’'as 270 in

motoreffegj ﬁL t shgwn;}%)%ﬁdjn}g P%gré slgévég _Ee% 9 8£ %b?ﬁgﬁ%ﬂ@ ahead.

The i?a&\{%gmg%s bed Ig%rlseclgﬁg\éqlwg)t ﬁ tﬁg\% Irg&?r?@@ap\b%s,loads from the bit
electronntive means or nechani cally, such as

11 anguigamsrol2. dioi minigizerhis effect, thert ﬂaaﬂ cﬁea@ﬁér‘?§aﬁ be rotated in
pul | / push dependi ngon its rotation direction which

oppositautidetimndriobatariog theitbfquei. pe rotati on or any ot her
energy avail abl e down hole. As shown in Fig. 17,

t maetrpainiresone édaﬁrﬁ@@ﬁorh%ﬁo?ﬂr@d&!u&rr?' drilpeplsyacraevedBy inch-

on drill pipe 220 which is seal ed by nam c seal s
worm?éhls 8 until the sleeve-seal 19 is cured or set sufficiently to be exposed to the
full casing-borehole annulus pressure.

Alternatively, the novel methods described herein of isolating a pressure zone
adjacent the drill bit and reamer of a bottom hole assembly can be accomplished by
other alternative embodiments. For example, as shown in Figs. 17-20, a tractorable
toroidal sleeve can be provided to act as a seal between the lower chamber (such as
270 in Fig. 17 or 380 of Fig. 18) adjacent the drill bit of this system and the upper
chamber (260 in Fig. 17 or 370 in Fig. 18) as described herein. Motive power for this

tractorable toroidal sleeve can be provided by electromotive means or mechanically,

such as by the mud motor drive of Fig. 19. The tractor exerts a pull/push depending

-33 -



10

15

20

25

Alternatively, toroidal seal carrier 230 can be
rotatably connected to drill pipe 220 and pressure
WO 210a/0888%) r ot ary bearings can be substituted PCF/US2008/088427
dynam c seal s 240 thereby providing the neans by which
.the toroidal i ven by pushin nd
on i, pIAIAY GiFatRE Which Spigese ahivet bY lrflgSReaorERE oryany otner
novi ng between tractor 250 and tractor body 230, al ong
energy aveilehie dewpthalgalAs hewn 1 Figiel 4. terater 2 @3/ reldracier body 230
surface dragging alone the formation 2 10 woul d cause
are slideatiycairiéd250dtilbpipki 220 whieh is sealedrby dyna23i0.seals 240.
Al ternatively, as shown in Fig. 18, carrier 320 can

upgterritivelyl, abroial tsear karrieR 280rgirdeé réfatsig cdhRetted to drill pipe
engage Wi th mating tractor body 320 which again is

220 drﬁio@n‘e%‘?%ﬁéﬂfe@élﬂf@t r%%]g%&éé{'rlrgé C?or Ce%tuttﬁbﬂ‘fb@&ifﬂaméss%als 240

he novenent

erehydralifiib e it B B h BB G0y faﬂgetﬁiw&h@@ﬂbgﬁ'vsnr%ws“'ng

rmtor stator 530 with rotor 547 and stator 546 nov ag

and pullig g8 the gyillspige 449  BYillingy g T9r¢ibly @eﬁ@gsﬁ@fw(?\?@rtr ctor 250
the castellated tractor 530 and tractor body 550. In

and tedatorebody 280, atemghwith ithe Migtionay foreepf the, trastorrs gxteror surface
the speed of carrier rotation 230, 320, 530 has to

draggimg alore therfoahatioat Davduld @zatiednige sreb250 e sEdebter its carrier
with drill pipe novenment requirenments. Alternatively,

230. as shown schematically in Fig. 2 1, a spiral grooved
interior surface of the seal 510 nates with a spiral

d%lt}éfﬂéﬁ% é/aré!sséﬂo@vril?n F ego fébdcaalrrlérr §?6 g%)w lﬂgéugﬁgllé’[fbnt BScks on

ke alarg ber SCT ew

tormd?iﬁ AN 2ot o6 Rectas o Ce80 ik BG5S Fotataoly

onpression of the seal 510 ag al nst the well bore wall
Connqqedttﬁ&r@wpaé%a‘iﬂmllaw as ﬁBOWﬁrlér@Qhéﬂ theemedive faece for the

the interior surface is turned inside out against the
moveaxardr obrthewetiractbord8onand 2keyveabb0 i resaltseinorar thveelHydkandie force
in the down hole drilling additives industry.
associated with the movement of a mud motor stator 530 with rotor 547 and stator
546 moving a drive ring 543 thereby moving drive dogs 545 over the castellated
tractor 530 and tractor body 550.

In either case, whether in Fig. 17, Fig. 18, or Fig. 19 the speed of carrier
rotation 230, 320, 530 has to match a target traction/tractoring speed consistent with
drill pipe movement requirements.

Alternatively, as shown schematically in Fig. 21, a spiral grooved interior
surface of the seal 510 mates with a spiral drive mechanism 511 (toroidal tractor)
mounted on the drill pipe like a large rubber coated screw 512. Spiral grooves on

the interior surface of the seal 510 contain chemical sealing agents 513 activated by

the compression of the seal 510 against the well bore wall 210 thereby being
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See Fig. 21A-21C for schematic representation of

several alternative neans for delivery of these
w@e@biosss2agents to the borehole wall. The corrRPQERUSZHIODO88427

spri ng | oaded grooves of Fig. 21A while sufficiently

cal tro to,bear the | ongitudinal |
availdtis S alreforhibe e s e alestor Seffeis fddio 5%%%@qgalnst the
radial forces created and is expanded as in Fig
exterigs welk boreevall #dResllaint arWGQHQUNtﬁ"ekb@\ﬁdllnn@&agléwﬂshde drilling
borehol e wall thereby rel easing the chem cal sealing
additizgemdustnyom t he corrugat ed pockets as shown in Fig. 2
1C when expanded radially. Wether acconplished by the

de¢eCRigs RAOWR 1@ 16t §chématic FéisreBastalidr df Weneehli dirtigtive means
out such that the outer surface sticks to the wall and

for d%f\‘%r% pf‘ es%u%%a:}ﬁg dégz%rﬁg'tggh oY &blE QLR e?Lhch(ﬁ')trh‘g;ef‘%(%f ®Wspring

ich is conpresse

oade BRSS9, F@h“’%??w% . SR ﬁe%%%é%éyhéﬁ%%egﬁar the

of the vveII bore, The chem cal reaction created by the
longiteidingh |qagling C@ll‘ﬁﬁdo*a)g the) Fagigang e ralatively Mreatt ag@mst F@P"a' forces
the well bore 210 fornms an i nperneabl e seal as the

creategd oawk §s oexpanged! ssvie Fég.edsB adietheesleeng agkas. a Tihien around
exterior surface of the sleeve 510 is designed to

exparididy against doretolawall theesbyt @ledding the decra@zi setling agéifits from
and is al so conpressed agai nst the borehole wall by

the cbhﬁgéﬁéi‘)‘ Bbciels o @ﬁonHelnt Pigmzi@ V&He'hcb%andréti sadigty.alwhether
force F as shown in simlar to

accorﬂgﬁ%}gegof@y\fﬁ?lfo%gcfeegﬁo@nq% ﬁﬁgﬁ 9‘@ Bﬁé %ge’%ﬁ%?r%qde out such
that '%?ﬁ%é:&r it Jioke (e ul @%'ﬁﬁe %ﬁéfﬁq%&%{}@% gn forward

al so hel ps inpregnate the chem cals that are rel eased

by the iserew 19d 0sgyi tha! slgttesb membgravhish isentessrs & aaen the chemical
forma strengthening pressure barrier to permt

sealanbrikir depdymant fagairst i e, Aelimboee fwall,y eablowpravidesi @. chemical
22, although principally intended to deploy the

streng@ehingPsd of arael Hotd. PYachéiidan ecadtioh desedv®) the drishing of
tractor grooves 510 nmesh with the grooves on
the bgg ﬁbﬁs?'ﬂ?&e‘éeja%é%t W%t the weRldrd 23@Lick@s an impermeable
rengt t he
seal as the grooves of the sleeve release the sealing agent. The exterior surface of
the sleeve 510 is designed to reduce friction as it has to slip/slide against itself and is
also compressed against the borehole wall by the radial force of the toroidal tractor.
This radial force F as shown in Fig. 22, similar to the compressive force of the screw
against the bag and adjacent well bore wall shown in Figs. 20 and 21, also creates a
seal between the well bore section below the toroidal tractor and the section above
and also helps impregnate the chemicals that are released from the spiral grooves

against the borehole wall to form a strengthening pressure barrier to permit working

of the formation.
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formation freshly drilled by drilling assenbly 105,
all as previously described. The open hole 110 is
W@ e@besBsey om t he annul us 112 by the engagenent POF/US1968/088427
tractor T. In this enbodinent, control unit Cis
nbi ned th the tr r T.. The seal i ng ha
o BBoore hG AR ' BBq 220 1ogHSH & Bt Biengerigedeploy the
as areel (simlar to coiled tubing CT) and then
sealing: ppeyBEMBEr 1I9Re293igsh heowakbore ayas, ;the dractas gropves fJ0 mesh
The sequence of setting this type of spiral seal
with thebgrdorestoni expangable Beesei $12&s drivéesttalant B0d. to strengthen the
23A-23E. A latching packer 710 in Fig. 23A would be

formaiivh ﬂre@ﬂy@bmé@ dyagtillifg Hs8emBne 408 b thsapréhvicRisiyn@eS&ttbed. The
packer system common i n the industry. The sealing bag

open?@bﬁ?@&?@%ﬁ%?ﬂoﬂ %gr}lflgﬁaﬂgggtﬁ e?’téﬂré @ﬁﬁetng%'fhh &#8ctor T. In
this egr?b Eﬁrg égpg%gumgéc%lgﬂme g@ﬁ'ﬁﬁﬁﬁ%gagh at surface.

Deill pipe 740 in . 23D is then |lowered in the well
t Hhsbﬁ?@hﬂa@age%mbwiw%rttﬁ@%'& Fidl 22 CaBtks stpsed PR surface as a
cl osed or deactivated position. Once the tractor on
reel (singladito coilesd pdingedhasddhen depioyad fydewvesng trtotwell bore prior to
packer 710, it is inflated/activated to mate with the
drillingpThalseguenvesf esattingehisetgpe of ispirar sedl esnlsddicent in &ivgell bore is
23E. The upper end of the seal is then latched to the

descr‘i’déd b FP‘@eZ3ﬂQ@3‘E“ I\ i dtBhiRGOSE@&@P €A10 (P FRY. A28 A tRQd Ode set just

I's the sleeve down to match the drill1ng speed. The
abové ?%ﬁ qa%"%p?rﬁoéﬁ@ﬂngz%\\r}vér%ﬁ g?ﬁ%eft gé‘éger.a%y(sttgr% &?rgh]?’es'éétﬂe industry.

The SERG BBGCart e i FERIPVEs By dia 1t B0t s aéqqhﬁmﬁgﬁ@éﬁsn?%) and
contact with borehole wall while at the sane tine

its Iower sl 145 datchiedainto thetrackeat’d Oatfig mgéeie e eupper end of the

strengthening barrier in the open hole, all as
sleevpfseai @88 ligy trescuti drethivey offrat Bunface yDrill ngoep7 4Q) ira Figal213® is then
gradient drilling can pernmit the drilling and

lowerstd Ml tienansls thiotighl that iseal efithsttid pefoidalWraetor WBDN in closed or
depl oyed agai nst the well bore wall would stabilize

deactﬁqu?l&%@i@ibh b'ﬂ%g“ﬁﬁé 'tra%g)él 4 onwgpgélr%beqw S%@ft%% ximal to

out the need for a cia

the pg&PérO%’{B%”. is |an§| rd/é)ct(?/ t&ﬂo ﬁ%téXN YFP{’H% spiral grooves on the seal's

internal surface in Fig. 23E. The upper end of the seal is then latched to the drill
pipe. As drilling progresses, toroidal tractor pulls the sleeve down to match the
drilling speed. The lower end of seal 725 stays fixed at the packer 710 and its upper
end moves down as drilling progresses. The sleeve or bag reverses on itself in the
open hole such that the interior surface reverses and comes in contact with borehole
wall while at the same time releasing chemicals that create an impermeable

strengthening barrier in the open hole, all as previously described herein.
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tubul ar structures in well is well known. See U S.
Pat ent No. 6,679, 334 and 6, 250, 385, both of which are

w0 nongsseat ed herein by reference. This strip PCT/US2008/088427
technol ogy can be adapted to add the stability to the

adj acent_wel | bo the drilling pro
oI | g PEATERa P SRren AMlingy G4 (HegTip das adui and
simlar to those previously described herein provides
simultaneoggdnstpbatian elsifippiagerhigh yvhar\od%@igye%agams thgawelh bore wall
that the helical strips 2201 described in the prior
would stadyierec addagypporathe el as naondidubg driiinglprodrriesges without the
assenbly as drilling progresses. Helical strip 2201 is

need T8 @ddfibag §|bk§cf|élIC@qmlgﬁienizol%edééﬁloéflﬁ%nﬁ@m @krifs oPfhefically wound
wel |l bore where it is carried by the punp assenbly and

tubul & RURILEINNE R isS gﬁéns ﬁﬁﬂfg 2B§eé leﬁ‘s t b%téh’toﬁba@gg%,%34 and

pressure zone throu e ‘entry seal

6,25d( ?ﬁ%§§ﬁ’%?&)| ?129?‘55% |pgpg{or€tlgldqb fqhb ? r%a%alnf tr‘fh@s% t%?:ﬂnology
Aegpl icator arm 2203 nmpves as the assenbly is rotat

can e, adgpied R add, ihe siabdity de el adipesn ‘OCﬁlérbé?r?oW%'i &2l the drilling
roller 2215 conpresses the adjoining strips into

progressesact with the well bore thereby providing support
and stabilizing the well bore formation while drilling
pAsgness efully Alésaribatieiry FigpRHi catavitlingr mppaeitus aiilabeo those
notori zed (not shown) and nounted using the rotating

prewé@sfl d%géwbéd)héﬂélr‘i’P(rd\hdé@tHéeadi&flé‘rﬁﬁq’ebﬁu‘ﬂ@I%‘F%dﬁﬂﬁ #blicator 2203
| string DS at controlled speed. Since drilling

o) th%tJ tHg(he%ngl 5tAbs t2?61%% g@@éc&j.r%;épprwr%%% éosayl%l}é%@éﬁg is moved

Iversi on val ves COﬂtI‘O va

atesth fl ow dr|II|n t
by th&@féb%@&ﬁﬁ@ b PRIl g SheoreRFes fieliced i 421 nisamayed from
the formation natural pressure. The reverse
surfage reell 240bAoyanpernsuluher gruskRoremies et @deatysthe pump
in the sane manner as the punps in other enbodi nents
assemblyt and BHAethrough emirg shal 1I2204gamahdntei tingl progeamsnable pressure
depl oyment of the interlocking strip material of the

zone RRRUGAt e 22051 OTh@enirytsbas 2204 ay e Raktris sgalthat afidwemthe dril

in a programmabl e pressure zone drilling of the
DhH@&S V] r I ri
strlnge(lfq);SI gﬁgntp@ BH?—‘}]%‘ t\%é 'F?I%Wé‘c@ tHe Hittib| 2204 . 7 Idpplicator arm 2203

moves as the assembly is rotated to move the strip onto the well bore where toroidal
roller 2215 compresses the adjoining strips into contact with the well bore thereby
providing support and stabilizing the well bore formation while drilling progresses.
Alternately, applicator arm 2203 could be motorized (not shown) and mounted using
the rotating seal 2204 to allow it to be rotated independent of drill string DS at
controlled speed. Since drilling fluid 2220 at the standard pump pressure is diverted
by diversion valves 2210 and flow control valve 2212 regulates the flow of drilling
fluid into the programmable drilling zone, pressure is maintained at the formation

natural pressure. The reverse circulation pump P of the present embodiment
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protection of the formation with the engaged

interlocking strips which can be |ater conpleted with
w@orvgmesiseonal conpl eti on techni ques. Appl i cant BCTEk1008/688427

the present application presents a substantially new

or unit to safely . drill in fqrmations. previ ly. .
opereffﬁ%ubfn erPagiPieat 416, BHMRS 18 RIRES EFTROCHREIS; C?Téﬁls invention.
rams. Near instantaneous pressure changes can
The @@b'@@qﬂﬂ%ﬁé@'@eéuﬁﬂﬂié@yrﬁﬁnhef r”é%t'ntle@@ﬁkinqﬁéptrﬁateﬂa| of the
can be adopted for use with this programuabl e pressure
present rirevethtioh | pemgn itsetaie oy e el areeginpiote ctonr ie aarprag rpoineatile giressure
of the strata adjacent the bottom hol e assenbly coul d

zone el g asTUR € PréBens Aehtion Civitiistaitaed dtime Srtgr@qlﬂpn@nlt \m&h the full
nore fully described in U S. Patent Publ. 0

protedtfoif 6f thé“‘?&rnﬁ)é’c[clﬁ‘lt ﬁ/ﬂhr}ﬁ rg%ag;%fdr RGIRRER & | s"J\JvI'nch car‘hbe later

purposes, which can |n or mat1 on ~pressure Wwhi

n.then be ired b the control unit in
Compi%ﬁ? Wit sl venriohaa &}ﬁ?g&?’ﬁec St1ing fluid into and
out of the programmable pressure drilling zone. If th
sOPRHGA S 'ﬂ@V&n 8 r Breseat SARRICEHYPSPresaels & SU@SB?”“a”y new
depl eted strata, drilling fluid pressure can be
oppottanier da safelyr évibnin fasimatioos epreyidusholtheughd facofagie to permit
hydrostatic pressure of the drilling fluid. Simlarly,

succedsfiilodningopregrassur e Nears érssarttaheolisivereissaree ahetiges can be
drilling fluid pressure can be increased to nmaintain

accor‘nBF’l’shﬂﬂﬁ)t By & nBR®eP W Sukdht lteéH'r*ﬁ’(ﬁuééOﬂwta‘tQ,‘énC’ée taaépt%‘ for use with
coul d be cased Because of the |limted size of

this p%@%é’rﬂﬂ%@l ] eB5GreSHife gfluh{;'rﬂgth%) Pﬂ%ganﬁrfss?%a?’nlng potential

S Ccan be rea Yy COﬂ

ust rre ti mum perf nce
of i S RepBRlaganT gh%atrcgf) il BrsamHEN T Ralid, Eé‘gm@?;sur@fi By sonic
t hef ormati on. i's pOSS|bIeto switch at_any
eXCIt&ttO@nopr@gﬁéaﬁﬁaall@Sprmg%uulé/ desreingd; in Wiy E’@ienbé’ublarApp 2006-
open loop drilling when such drilling is not required.
01254Y hencepboaiedeherein iby reféecryt fomallapliiposes havger can indicate
having a slick interior bore allow ng a sealing
formaiiohf pestife SEath aainPeer & rddl @ag Ulised ®yethd cbhirdigunit in

progresses while permtting the |ongitudinal novenent

conjufttiéh With! fow Ftb8@f BRTIIRYSMid o and out of the programmable pressure
drilling zone. If the strata formation pore pressure drops, such as in a depleted
strata, drilling fluid pressure can be lowered to prevent well bore wall collapse from
the hydrostatic pressure of the drilling fluid. Similarly, if formation pressure is sensed
to have increased, drilling fluid pressure can be increased to maintain the natural
pressure until that portion of the well could be cased.

Because of the limited size of the programmable pressure drilling zone 110,

pressure differentials can be readily controlled and adjustments made to obtain

optimum performance of the drill bit while safely maintaining the integrity of the
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slick interior bore are descri bed bel ow. The isol ated
and drilled zone could then be cemented, cased or

W@ e@biogdszed wi th appropriate chem cal bridgi ngPCT/US2008/088427
solutions well known in the drilling i ndustry Si nce

t he cqntrol e of s nsi n
formagir [ 505Dt He' SFEh 8t oy I T ded amable,pregsure zone
open hol e informati on can be coIIected and | oggi ng may
d””'ngéOé@@hﬂﬁé@l@ewqum”"’dgwé/hieﬁtséllchéi’f@ﬁ@elscﬁpt Y@Mt at i c
pressure overwhel m ng the porosity or flow
c dharcembodinerss pinctude sgitmg diner HEmger dgwiagi & shel interior bore

profile will allow future managenent of not only the
allowi) la dgddiingd shfacei td suaviade hanabial ppesivet z6Re drilling
zone information previously hidden by regular drilling

progrb%ér%\/\%‘d@ %Hveﬁtnﬁotﬁ@rlmgﬁfdu%l b enfedt lof &t ﬁﬂllfs"tr‘ﬂ{through the

ng I nformation in real
. Shoul i .nf n,.qn . fi Id W

slick wg%ﬁ'%r%%ﬁaameé%ﬂé?ﬁmmg BRI Ghg RefiBo oGt fhen be
reservoirs can be studjed when using this prog rannabl

Cemepied seREY SR eSIaPHIFeH nyithedmsaPriaier P*g t?rhjgéﬂg solutions well
progranmmabl e pressure zone wel| can cause ot her

knowprie deedeillmgdndestper Singestheheoryey unit isfcapeblenef $ensing well bore
provi ding a guide for geophysical interpretation of

conditibes ielthe rmadadadcdtilingszone, tdubstartiatl opedetolstinflymalibe can be
devel opment of this process should increase the

coIIecﬁ@d'érﬁd’ 18§gingdridy! Bk €6m®%téUWﬁﬁ@Gﬂ @né rificpreteice of hydrostatlc
control systém (at surface or down hole) to steer

press%lré %‘ygf\pﬁelﬂﬁmi(ﬁltﬁé’g%%s@; ?taHB\I?/ aerﬁfzﬂteﬂgtléjsr bk 'trbj;??)gen hole. This

ormati on an

| ted.b t C di ) )
aynaiffh well gl Al Foidigminegertant @ aelconly iR Yeatl grited but wil

to the appropriate target zone.Since the present
prOV'%ﬁHBﬁtaﬁF ighpredsclion sape drfermation preyfipydy dlifdambey regular drilling
the control unit as drilling progresses, a cenenting
techniqueg: anmTenchvarieeadi by didai gplledtachdrompheandyt ackllsghwdh drilling
permts each strata encountered in the entire well

inforri@tich trord2g tieedrenbeld perniiheomaiatioridriislopmbtiom®n field-wide basis.
formati on-preserving manner. For exanple, if an

Fract%%@?@?ﬁéh@@tﬁﬁ]f)%ﬁ aglgﬁghecgﬁﬁ%sé’rvwg%% (5é Yiddfed when using
this programmable pressure zone drilling method. A fracture in a programmable
pressure zone well can cause other pressure and temperature changes in offset
wells providing a guide for geophysical interpretation of the wells and fractures in the
field under study.

The development of this process should increase the ability of a driller or an
automatic trajectory control system (at surface or down hole) to steer or allow the
development of auto-steering drilling assemblies which accept the information and

data collected by the control unit C, including any formation evaluation data, to guide

the drill string to the appropriate target zone.
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pressure can be delivered to the formati on once

i sol ati on packers are set to isolate that zone, all in
w@20vakssses wel | known in the art of oil well ceP@nURIVg8/088427

operations. The use of the programTabI e pressure

dejlli zone meth perm s the e of specific
asticsn it BERERT T MR R P eS &rEogiiaRten WD iR et saipired by the
It may also be readily appreciated in view of the
contrelosndyas AL!liag PEperesees.ihagmeating Pregram cai betieadiy designed and
bore strengt heni ng acconplished in the open hole
impledrentéd rvghiph quaranits peach stretd bpcodriterqar og theamenbitee well bore to be
pressure drilling apparatus significant sections of

cemenfsd ethle rhBsEefigiknbang dsefatidri-preseFIn® Bedrhe aFdR@xample, if an
thereby creating a full bore well to the productive

unco@?i@%té’éﬂ LRALT isr ﬁéferc'te‘da'cgnéevméntt E%r@‘s%:Snglgtetrﬁewﬁﬁsthegformatlon

& cemnted i Nt o l'e préserving t

pressyf SRR gdiverd aﬁ@%eﬁ?*’rﬁ%ﬁ Rt SolftigharediEie ot Bghidsolate

can be obtained fromthe well mhlle preserV|n
that Zopgeegl |'rt§r%$”rtq{é/"?ﬂ'8?ﬂ)’&@ iroer i RELI ¥1e !t GanoRIyR gQ/\?fP%rﬁt'OHS The
the well is drilled because of the nonobore production
use ohdhagppegramnoakiet praassuset diilinggzand smethodogesmits the use of
progranmabl e pressure drilling. Programmabl e pressure
specifitallyl dewigreedicgrmeptiagpriyremgrfadeactt prbbléri sticatper m t
near instantaneous adjustnent of pressure differenti al

bﬁr\‘?ﬁ?%léd“@efr@éd"ﬁl ia eSS H GiedNdf %%efo}‘@jdlné’@ﬁs%losure that, as
annul Us pressure.” There is no reqU|renent to al mid

a resgjptfilo‘f‘cthgr%/r%o' trgérebgﬁg gtlﬁ% ngf% ﬂéhéd“elﬂgﬁ%ng%hglgolg drilling

ant ane usS neasure

dril ers such press. , _Wweight on ..
progrginy perGigtE tnd s A oLaANiDe e saend LBG: Poris Snificant
drilling nanager or drilling control system by the

sectignsnet te well tbore pradpecased vets atrponeperef Gasipg thafeby creating a
characteristics and the productivity of all strata

full besegpeeil dndbd prbduetivir zbhesgiithast vedttictamssinothe siae aifitbe casing.
testing and characterization of the well (build ups

OnceddBnéiitay ifvyade ORRild praveaditg ede iinteghy ofithe Wl belatisstause of
formati on and sent to the surface for analysis. Wile

the V\%p ﬁrﬁ@%&ﬁ?ﬁ%@e%@%%ﬁ’e&@nﬂ|H€er§tﬁ5nf, HigheP preduétibrt 85h be obtained
from the well while preserving the integrity of the production formation through which
the well is drilled because of the monobore production casing permitted to be set
using this method of programmable pressure drilling.

Programmable pressure drilling and programmable gradient drilling permit
near instantaneous adjustment of pressure differential between the formation
pressure and the well bore annulus pressure. There is no requirement to alter mud
characteristics based upon formation changes during a drilling program. Near

instantaneous measurement of drilling parameters such as flow, pressure, weight on

bit, torque and drag can be sensed and sent to the drilling manager or drilling control
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unconsol i dated formati on, the volunme of such

production will be small and control | abl e down hol e by
wo baoogsses ol unit C and no adverse pressure di PEBUSIV0E688427
will be experi enced at the surface fromthese mni mal

ree es. resent nlflcan appl.i cat,ion
Svsteﬁhlog fe ntgL it TRt StibiRdo QoL PRten cigtactristios and
nber of uncertalntles exi st; for exanple, nud design
the p&@@J(ﬁwﬁbefPft alé§trraéaqtﬂ>qp@aen@%¢Mf@ledéglllgg, asowehtaoshort duration
eval uation and testing technol ogies to be used. By
testindegpicoghiargctiehizatiomottite wel| (bplergisoarsd didw dbenaptan be measured
drill exploration wells with mnimmrisk as nud

in thgeah&shsulibibtdae femmatlont iapd, seAsitogthe @diaed, for analysis. While
measurenents obtained of well's productivity while

hydro@?%drisngmﬁﬂétﬁ&ﬁt 5%&?@&%0&‘3%9@@1 W%@bﬂrlﬂﬂnh"\?@lﬁ@ from the

e nost curate a very irst determnatio

uncorese@‘@w%i ool VA RO R sAf brafERbh oD e Sfall ang

diments and alternatives thereof have been
Contrﬂ'i%t&¢ gowa hajgibydheconiebyRit & ard e adversepiggsydre fifferences will
best node belief in carrying out the invention as
be experiengsdaatdheysunfrcendiond thesenmarial meteageb. pddds Hresents a
al ternati ves have been di scl osed. For that reason, the
signifiaapapplichtionnafttals teshoiguelie gxpesetivn wellehers d Rrg@thumber of
to be restricted to the above disclosure, but is

uncer‘téﬁﬁh@@@x%@ fBF—‘eﬂﬁﬁ]{)f@%@@@e@@ﬂ%ﬁ&ﬁﬂ)ﬂé‘t‘hééﬁécﬂﬂ@%n@ﬁﬁng design,

cl ai ms. is clained A met hod

formaltiolid ‘?z%’%%ﬁ Bhﬁs?é{értuﬂad'ié%r{o’k?y&é’“ﬂ%”b% edSed! dH@plS{hng this

ular Space crea pressure zone a

e B Y TS REOAT TG

pressure zone; adjusting pressure between the first

desigpr agls upe sioifiged qasingse d6AHCE e SRRABIIOMARBIS PARiRPdyef well's
a specific pressure gradient; and,

productivity while drilling without formation damage, thereby allowing the most

accurate and very first determination of reservoir or productive zone’s exact location
and the reservoir or zone's true potential.

Numerous embodiments and alternatives thereof have been disclosed. While
the above disclosure includes the best mode belief in carrying out the invention as
contemplated by the named inventors, not all possible alternatives have been
disclosed. For that reason, the scope and limitation of the present invention is not to
be restricted to the above disclosure, but is instead to be defined and construed by

the appended claims.
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drilling within the first pressure zone in the well
bore while dynam cally adjusting pressure in the first

WEe@9mssses zone. 2 . The nmethod of claim1l furtPer/US2008/088427

conprising strengthening the first pressure zone in
e well bore while drilling. 3 . The nethod of claim
urther conprising equalizing pressure in the first
pressure zone with the pressure in the second pressure

Whatzggkaimad is:;The met hod of claim 1 further conprising

1.

advancing the drilling in the first pressure zone,

aft metheglfar progrgmnasinle peedsung datling atinfiprégimgit poi nt in

a well bore. 5. The nethod of claim2 further
sé‘a(nﬁgrarslaﬁgulbv@béééld?@étir}g bSPbEpigdguidi2ohé rapid @rséééhld ressure

zone. 6 . The nethod of claim2 wherein the step of

st r efHN |ﬁQiW@H%Bﬁ?r'$es one of the follow ng selected

nmet hods tor stabilizing the first pressure zone:

sl BsblfE it M8 frstbldhstrd 3083 ndéﬁ%Eﬁﬁ%‘ i frdbsure zone;

andabl e tubul ar, inserting and depl oyi ng
anHgtE}Q BEGSSHEE RstveRadhe st |R593%Feg¥§iﬁela”6amﬁ A§cgnd pressure
The nmethod of claim 1 further conprising continuously
noni Zane tegdhigvead Spacific Psesauee gratlieripandwi t hi n t he
first pressure zone providing a stream ng potentia
drihirg liteinofhet firgt gradsuesl zoet lin tiie wellltsorewtythirddwiamicallynadjusting
further conprising nodul ating pressure in the first

Pr esseE8ureqReh&RESt RESIIre BBnkhe streami ng potential to
determ ne formation pressure and perneability. 9 . The

excﬁfﬁuﬁ%c{qﬁe?'&%u% f1“'fdrﬂ?efrt§d?ﬂ§ﬁéuﬁb ;‘%E&gﬂl’iéﬁl Utﬁlayflrst | pressure

formati on w neasu
sonic.v r mati on whil e nodul ati ng

plzggglﬂ’@qwelﬁ QrQY"M dﬁﬁagsure zone thereby detecting

formati on characteristics without fracturing the first
prlBgsmiethadeé claim 1 further comprising equalizing pressure in the first

pressure zone with the pressure in the second pressure zone.

The method of claim 1 further comprising advancing the drilling in the first
pressure zone, after equalizing, and sealing at a different point in a well bore.
The method of claim 2 further comprising hydraulically isolating the first
pressure zone.

The method of claim 2 wherein the step of strengthening comprises one of the
following selected methods for stabilizing the first pressure zone: coating the
well bore with a sealant; deploying a sleeve, cementing a casing in place,
expanding an expandable tubular, inserting and deploying an interlocking

continuous strip, or gravel packing.
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10 . The nethod of claim21 further conprising
transmtting well information dynamcally while

waleaoblossses from the first pressure zone to the BUF/DS08/088427

and receiving control signals back fromthe surface.

1 The, ne d of m 10 wher.e e wel | . :
EH‘S *]C’é]oiog'aim aﬁé‘:’ﬁ”ﬁ%@’?ﬂ?%ﬂ% W%PPBQU%IY imenifaripg, formation
. The nethod of claim1 further conprising
d@f%ﬁ’slwfhlﬁwj ﬁe@émw'm}ﬂt@epﬁfsén@reéﬁur(ﬁ Z@a@hp@V@@ﬂJr% streaming
zone in the well as it is being drilled in the first
p petesitiaeproditecof theldrilleditveellret hod of claim 1 further
conprising steering a drill bit within the first

PTesSHthdPde didinl MZiurthdr Ndomprdihg meeliating Needssiredin the first
control unit communicati ng w th one or nore sensors

'g?@és%ge%ﬁg dtll?%agbﬁ tHH @ﬁ ggzgpfentiéf1 %oremédformation

programm e press e dr|

0 i an annul ar seal proximal to a
d%g%)seﬁu d "i%gﬁ‘“%’ pi pe equi pped with a bottom hole
assenbly, sajd annul ar seal allow ng, contjnuous
rrfﬂ?@ri@ﬁ%oélf ofzClaim (1 Tupthge COMPAGINGCRHIURHALY @fCitiigaihe formation
with the well bore to forman alterabl e annul ar
pmétdis $oBicC engrgyarangl useasljringe sonicheetasityoin Hbeeformation while
assenbly below the seal in said well bore; drilling
t heodmtingopressute lim zhedfirsherdesiure monel theasis\e mdetectingi foemation
mai ntai ni ng the annul ar seal; and, maintaining the

W@hbré@:%r%tllééQﬁ%ﬁ?frﬁ&tuﬂn@'tﬁé%Fst%réi%u?é Zbhe, seal during

%he drilling of bore™at apressure differenti al
Tﬁg@ ‘?neﬁﬁ@& #f %I%&mqlﬁﬁﬁﬁlra{rﬁé&rﬁ n‘pé)l tsrérﬂsgnﬁ‘tﬁﬂdo wé? information

?rglylgérlgln {/L\&h@e éﬂ rtolmn%etfll}sto gss%er“e dzosn%alto \%e surFace and
receiving control signals back from the surface.
The method of claim 10 wherein the well information is transmitted through
wired drill pipe.
The method of claim 1 further comprising determining productivity potential of
each pressure zone in the well as it is being drilled in the first pressure zone .
The method of claim 1 further comprising steering a drill bit within the first
pressure zone utilizing information determined by a control unit
communicating with one or more sensors located within the first pressure
zone.

A method for programmable pressure drilling of a well bore comprising:

disposing an annular seal proximal to a distal end of a drill pipe equipped with a

bottom hole assembly, said annular seal allowing continuous movement of

a drill pipe;
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15.

16.

17.

18.

19.

16 . The nethod of claim 14 wherein the pressure in
the well bore is |lower than the pressure in an annul us

wWo@rooanssspposi ng si de of the annul ar seal. 17 .PEI/Iei0h®aBs427

for controlling fluid pressure in a drilled well bore

conprii tabI| bl e |l bore seal
eriidiase, g aniip gl wig BBl Buee ¥ 40T nad, Sirable annular
termnal end of a drill string; sensi a first fluid

pr esgp8Urgt inzarannulgs egljacené t%@@@e@%ﬂ@%ﬁ@%ﬂb@'%ﬁ’fhe seal
an annul ar space between the well bore and the drill

st riingamhwah bopggosi ng si de of the well bore seal;
adjusting the pressure at the well bore face by

drilingittg dilberd reinzihgetheebdttdiar folé agss et p udild Atai@iding the

bore seal into the annul ar space while drilling; and,

rmwé],gﬁ I% J)ore seal as drilling progresses at
t he we bore tace. 18 . The nethod of claim17

mpPEFIR hEvAPGE rEs TR rt & oSl Y of i e fin8 the criting of

noveabl e seal i's made nmovi nfg a screw. 20. The net hod

of dN§i t?ﬁ@?‘“f%ﬂ?ﬁeﬁur%cﬂﬁ%?rie@ ialgTaEnd AressigeLel Progpal side of
seal on the well bore face. 2 1. The nethod of claim

17 vihers€iah the well bore seal is a sleeve. 22. The

met hod of claim 17 wherein the well bore seal is a

s@aki mgthadesftclaieaddifoghev tdmprlisingebmolyimgediling flukiBand cuttings
The nmethod of claim 17 wherein the well bore seal is

afhr@ﬁ@ﬁ%%ﬁpé@alQﬂﬁioﬁ‘ﬁrel@ésmé_%ld@ééwd of claim 17

wherein the well bore seal "is an interlocking strip.
Conpfrpgfrfb%‘" Wg%%&g@gﬁ%%g cdréééé@?a@ﬁgétﬁ/g&g%gre s |ower than

of adrill stri

i Blasiuts nan annulgontbbobposife SERIng EMRClar seal.

A method for controlling fluid pressure in a drilled well bore comprising:

establishing a moveable well bore seal between a drill pipe and a well bore face

near a terminal end of a drill string;

sensing a first fluid pressure at a well bore face and a second pressure in an

annular space between the well bore and the drill string on an opposing

side of the well bore seal;

adjusting the pressure at the well bore face by pumping fluid from the well bore

face through the well bore seal into the annular space while drilling; and,

moving the well bore seal as drilling progresses at the well bore face.

The method of claim 17 wherein the moveable seal is made by energizing a
tractor.
The method of claim 17 wherein the moveable seal is made by moving a

screw.
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a seal selectably engaged to seal a distal end of the
drill string froman annulus forned between said drill

waeovngssahd an adj acent circunferential wall, BI/UB2008/088427
seal noves with the forward progress of the drill

assenbly; a con ressure sensor, di sposed on .an
20. o 3PEaTRbog oreTa A2 TERA PO BRS B8 oS G Wealdsie seqbon the
the pressure differential between the distal end of
t Melldarerfagssenbl y and the annulus; and, at |east one
punp to renove fluid froman area adjacent the dista
21. efdeohethod afrcddiin b4 skebdin tha stelltdoee seal istaosiebee.
annul us. 26. The programmabl e pressure drilling

22. agparaewedalf daitd N7 whdreihttherwsliPbdrel Sadlds a Jealinglagent reacting
strengt hening seal. 27. The progranmabl e pressure

(o [P M of claim?25 wherein the seal is a
5 :WnJh th@%e@lf’&%%%&é

sl eeve. e programrabl e pressure drilling

a r of, cl.aim 25 wherein i d jacent :
23 CRREfelPaR AL} Aelifiie fehtals 3ga06 Hhgpandable casing.
programmabl e pressure drilling apparatus of claim?25
24. \ABRANANSIG] CRinatemnersin dug@ll ore gealigian interiocking strip.
casi ng. 30. The programmbl e pressure drilling
25. apprrograrsmeible pegssurssdiilieg @ppardies semlprisingan
interlocking helically wound coil. 3 1. The
a grib gsseriblyl conpiee bl & dididthl el apparifstringef cl ai m 27
wherein a proximal end of the sleeve is latched to a

10 a At DREsRIF QEnddt JISRdSRYTBOKIAAR oXhe (dif ds8EmBly;0n. 32.
The programmabl e pressure dril'ling apparatus of claim

o LS8R Siodlid 1 B8R IPHEHALT bR AFEERS rom an o
undefBFr%ggEtgétween said drill string and an adjacent circumferential wall,
which seal moves with the forward progress of the drill assembly;
a second pressure sensor disposed on an opposing side of said seal for
15 comparatively measuring the pressure differential between the distal end
of the drill assembly and the annulus; and,
at least one pump to remove fluid from an area adjacent the distal end of the drill
assembly past the seal to the annulus.
26. The programmable pressure drilling apparatus of claim 25 further comprising
20 a formation strengthening seal.
27. The programmable pressure drilling apparatus of claim 25 wherein the seal is
a sleeve.

28. The programmable pressure drilling apparatus of claim 25 wherein said

adjacent circumferential wall is the well bore.
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29.

30.

31.

32.

WO 2009/088825 PCT/US2008/088427

The programmable pressure drilling apparatus of claim 25 wherein said
adjacent circumferential wall is a casing.

The programmable pressure drilling apparatus of claim 25 wherein the seal is
an interlocking helically wound coil.

The programmable pressure drilling apparatus of claim 27 wherein a proximal
end of the sleeve is latched to a casing prior to deployment against the
formation.

The programmable pressure drilling apparatus of claim 25 wherein the drilling
apparatus is a reverse circulation center discharge drill bit and an

underreamer.
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