WO 2009/088825PCT/1JS2008/088427 METHOD AND APPARATUS FOR PROGRAMMABLE
PRESSURE DRILLING AND PROGRAMMABLE GRADIENT DRILLING, AND COMPLETION

This patent W$pAeeXss8eRaims priority to GB0708041.9, filed 26 April 2007. BHIFSEYGBOFNYENTION
A method and apparatus for drilling and completion of hydrocarbon wells is disclosed; more,

specificaliyegmsthodiorssiariishingsarisrl pReeRRMMABEEPRESEURE Hire balgcrAsembly and
selectivelyrRaigRRMINRHI ESBRANENTIRR EhaNEEAHEDRIPRImARIN At a pressure avoiding

formation damage, fluid loss, and 10 skin damage, while allowing higher drilling rates, with increased

drill bt life, minimiging AifarspEALAIRIISKRG REA P R EizPa demasiondaformesaraathered from

the formation as drilling proceeds, and a method to permanently case and cement after drilling is
completedpihfecirainiamning ¢ well bore integrity. The apparatus can provide a formation preserving
seal as drilling proceeds to facilitate an 15 open hole completion, while maintaining the well bore

integrity. A methoG{gHiss!FRA ABPAERAN oI ARG Al CEsRanbaIMEBMALRYSEBIRTMENS s

preserving seal installed across multiple zones at different formation pressures BACKGROUND OF

INVENTIQSLbREninelee, spERresRpIanaestdbling G4eiplishiid!ingaarell svihberibisadend a

hydrostatic head below the reservoir pore pressure. Managed pressure drilling (MPD) involved

"low-heagirg "BbRBIANER aIrliag B hish RelioB)helajpserst I avas kesmagiRRIMRROve or

equal to the reservoir pore pressure. Reverse Circulation Center Discharge (RCCD) is drilling a well
underbalgRgasbehits waiRiEEam SHIiNs: 25 asLreniasioNE frerarBIRtar wals ABRCRMES Aidirilling

can be considered managed pressure drilling in a generic sense, as used herein, Programmable
Pregguregiiiliggiiiga). shalkmafswangadaghee \Wellisgn St ORI CRePsRA I rill bit life,
minimizing differential wall sticking, and maximizing formation information gathered
from the formation as drilling proceeds, and a method to permanently case and
cement after drilling is completed while maintaining the well bore integrity. The
apparatus can provide a formation preserving seal as drilling proceeds to facilitate an
15 open hole completion, while maintaining the well bore integrity. A method is
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
20 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
25 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



WO 2009/088825PCT/1JS52008/088427 precisely control the down hole annular pressure within
specified environment limits by dynamically calculating, adjusting and applying a positive or negative
pressure off8&} HMMA888Aling and while cementing. Further, a ProgrammabRCTGER38108%4Rihg (PGD)
system shall mean an adaptive well construction process that employs PPD 5 methodology to thereby

allow a varahie RreemiFs HeeddWRnBRPipmiNR BredylAdNg AT IGPeRIRIdNEROMsHH merieRs of well

bore while drilling without disturbing the pressure within rest of the wellbore, resulting in a fully

programipalieinidan preseurstpigfilsanidnrgiantinpiigh dodushsti vass aa0wistedhigruvell. PPD
and PGDngou?d further be understo%dlgg?Prc?gammagg%utéomlﬁed Pressure Drilling ﬁiﬁo (PAPD) or

Programgyedie Avnagareng @H&ﬁmmé"&@%é%iggmm ECEESEKHARIRABRS GFANE BRMMGOCess

control loops. PPD describes maintenance of bottom hole pressure at a specific pressure

differentigbia)esqliing 2eae mdin iaRespalishad by stilzatosrbrocaaticharitatsrabrasembly.

A stationary seal unit installed at a desired location in the 15 borehole maintains pressure on the

proximal gigthetBRIG e PRI N wanlHAlReRESSEHEORYEICIE B @ pBIIE@ItNe WeluRigNgle
sufficient flow to effect cooling of the bit using drilling mud being circulated through the drilling zone,

and provideridipwvakeisetidgientdp sacnoasllsruiiausormiRediginindorphdie entisdingdieeal units
to the proximal side of the control and seal units and onwards back to the surface. The 20 seal permits

drilling togreBg0kE e disial sidthel vanewrelerestitPigng., whildiynairigtaingrabre safe@iferential
in the drilling zone from that pressure experienced on the proximal side of the seal. PGD

describeg thesaddipermbasngidEaninaeite idaiLierip e batactarpriientyesenvirPseahen the
formation wall, either chemical or mechanical in 25nature while performing PPD, to act as a pressure
barrier ap@ell asiristieiwhaie \WRISRASHBEB2Préghakd mdRis/ B8kdmated Pressure Drilling
10 (PAPD) or Programmable Automated Gradient Drilling (PAGD) with increasing
utilization of automated process control loops.
PPD describes maintenance of bottom hole pressure at a specific pressure
differential in the drilling zone. This is accomplished by utilization of a control unit
and seal assembly. A stationary seal unit installed at a desired location in the
15 borehole maintains pressure on the proximal side of both the control and seal unit at
a pressure sufficient to control the well, provide sufficient flow to effect 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
20 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

25 nature while performing PPD, to act as a pressure barrier as well as to strengthen



the formation incrementally thereby simultaneously providing for a movable seal unit in close proximity
to the movable control unit, where movement of both units is closely coordinated with the movement of
the drilling 2X6eP8883hventional drilling practices or OBD have typically RaIYHaR968{0%kd25
hydrostatic pressure of the drilling fluid in the well bore between the formation's pore pressure and its

fracture prRSEtiRakRoHIE LIRS EM R ysﬁhﬁw@ﬁ%wwipr&ﬁw@'wf@ RERBIONES tgamation

fluids and transport cuttings to the surface. The drilling fluid also acts to stabilize the well bore and

lubricatesnaphsaokréR iyl RittR8enmoasn IByaTPTLBREKEHErEOMBIEHRRP dp BiMizfRdhes safety
risks 10 typically associated with UBD, such as H2S release, unforeseen and unplanned release of

substantiglygepnEEBRIM Atedr aaaTReasriBlemeel hrraimgdss@npijere environmental regulations
prohibit flaring or production while drilling, with the benefits of MPD or UBD in the drilling zone. Such

methods avoid &sRaeRtIeAE WMagoprasicasugtioord albike alhseang!-knawmpradb ems-

Moreover, the 15 present invention avoids the need of drilling structure outfitted with the extra

equigment aanaraealy essstavih tHE Brpidy RRi@necing efUss &b SfleapnhiigeHeR IS, sipsed tank
batteries, multiphase separators, rotating choke devices, vacuum degassers and the like. Typically

drilling flyigbissai@erriwateragasedsresddrasestilifigdiand isossatns @8y aiieliabaolistandtiguid

admixtures to impart density, fluid loss characteristics and rheological properties specific to the well

bore condiéipnsorxReriensrel ahBresheigtor MRfgsCaRYEREABPbETHiNangStip dsdaveery bres

recognized as the safest way to drill a well despite recognizable problems created by this hydrostatic

head of dgilingfRitianeveatfonstionigs imerws!l Goreaate|dbHingdkisheressisars aighertthan the

25natural formation pressure, fluid invasion frequently occurs causing permeability WO
2009/088825PCiTHa J5redlOfRA#lion seeks to combine OBD to minimize the safety risks
10  typically associated with UBD, such as H.S release, unforeseen and unplanned
release of substantial quantities of hydrocarbons into the well bore (“a kick”) or
where environmental regulations prohibit flaring or production while drilling, with the
benefits of MPD or UBD in the drilling zone. Such methods avoid damage to the
formation, lost circulation and all the other well-known problems. Moreover, the
15 present invention avoids the need of drilling structure outfitted with the extra
equipment commonly found with UDB or MPD programs, such as nitrogen injection
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
20  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

25 natural formation pressure, fluid invasion frequently occurs causing permeability



damage to the formation, caused by washout of the formation or physical blockage from the intrusion
of the fluid and solids into the formation structure itself. UBD was developed as drilling with a well
bore fluid gre@eAv14988%45an the natural formation pressure gradient, which B$&r&l5900¥A%#i#dthe well to
flow while 5 drilling proceeds. This technique minimizes lost circulation and increases penetration rates

while mirdayzis dBMRE oTMRRshD Y SR dav B5 VLS hE HiBe e ddriRatisni &mpHiRcal iddkage

Production zones are identified immediately and detailed well profiles can be formed from the progress

of the drifigg RTINS EHaMlAE aIRNSBAINEHR IPRdiBEMARIPSRNeR & illigrtimes-especially in

marginal or 10older geological formations. Reduced drilling time, increased bit life, early detection

of formation changes wad dwiRmBiseAnGAliREMatve arrimtie franrtiandsing srled are

enhanced by using UBD. Increased drilling efficiency, along with enhanced recovery prospects from

undamageshipsmsiriRidRapResY0rer§aiansad dmliero kbl piasiieblthe welBld, ASWURGIElY

practiced, requires special surface equipment to safely and effectively drill. Density control of the

drilling flyidimg/Pisribeagiieved R nitereeigiNe CRARi M2t the el BiRShorm@armgiieaes. This
requires significant surface preparation to effect appropriate nitrogen injection. Surface chokes to

control bparRid1ePaRss SamiR CRIMIA MG ApRdgd alaa SudometiBeislaizibHP e aRRmE e lidt the

operation of the choke is not experienced by the bottom hole assembly because of the inherent lag
time. Therrstinmaticerel dhenag tigteurenoraiy e hi-dererariorignsiadasesygigmns, Ritd

multiphase flow systems are complex and difficult to model and hence difficult to predict their
responsey éeirdanRalPpiotll e AN astih S8 eI 1Bk pMYEReEA0SY 88 82 g THrokraRPHAR84E 7
underbalanced wells, leading to shortened drilling times—especially in marginal or
10  older geological formations.

Reduced drilling time, increased bit life, early detection of formation changes
and dynamic testing of productive intervals in the formation being drilled are
enhanced by using UBD. Increased drilling efficiency, along with enhanced recovery
prospects from undamaged formations, makes underbalanced drilling highly

15 desirable.

UBD, 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

20 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

25  precisely.



UBD can result in a higher risk of blowout, fire or explosion if not managed properly; moreover, it
requires rig crews to be fully trained in a totally different system, occupies large deck space and needs
additional b¥OSPERESREATH are normally very constrained offshore and is tyRfidall§2H08@8&Gensive
because of the 5 additional surface equipment required for nitrogen injection and multiphase flow

chokes and sepgRtOpRAHRTIEM- ¥ HhgheshisadobkRsa P el BxgRRidh Sl hatdekirtarein

modern drilling programs because the benefits far outweigh the costs. MPD is known in the

industry ascpeFuMRbiEsteriagirsiRrRIiselrWare the annylardresse Prefigin theemeipore.

The need to have precise control on the 10 profile of annular pressure at all times during drilling and

cementing),igac_gyﬁ,ll ééaﬁiiébefb?gse_it@@@W%HHE@garrlftﬂoH@@d’é‘daa@ﬁﬂ@lﬁéiDgé&rﬁﬂ@ébpw&iéﬁ‘daﬁécwre
pressure regimes, improving drilling efficiency due to reduced drilling risk and also avoids multiple

eXPENSIVRGHASNY SEROEsHdRaierl SHRRSIErsa ke sialind MoRe explioe st (anatians

undergo geological changes which result in unexpected 15 pressure and rock strength variations over

milligns fgaehdn SUdRIcE ERpfPraemPlRgUIRRPVGHSHIRBE M GAREIRIIPRA deRRINDIFadBEfibAuStrY

needs new ways to drill through multiple different pore pressure and fracture gradients in the same

hole sectigipkEQUayd nseinsiation Bueiisratean 6eape HIF enhdas PFrRsSerasNd sBe iswithin

desired limits at multiple fixed points in the wellbore while continuously 20 drilling in the wellbore. The

industry iyideRasERicIRSERIFRSTING Rty RIASS B aYSIE AAVBEREMS IRiabwElghitRe BEtsure equal
to or above the mud hydrostatic pressure at one point near the bottom of wellbore by applying a

positive back prerpresfigwHacA MiNesaNELUs SRIPEoREIRNSIBIEIdarteqbldalest coeaiasing
density (ECD) reduction when surface pumps are stopped. Such method and 25associated apparatus

do not alipw gyiRaraicor@dcieptiofietiarthBalpressumhasnadd WRave precise control on the
2009/088825PCT/1JS2008/088427 reduction requires altering the mud hydrostatic which is a slow

proggss. griaglealsp @anaiapreyrestiitesachanaasdonaimpgcantlifie anaulaeRiesshee Rrofilelin the
rest of the wellbore and its consequent adverse affects on the well bore integrity or inviting formation

influx. Thestagustgdsaviaraliohds dtalipaieoughiste wiwaplestap tamesieddred aminiraetween

surface and bottom hole where a change of gradient can be achieved by either injecting N2 using a
parasitic stgagupe astpiviziRolrriprovndlarinmy isfieceryabiliytof @ duetgradinng taskniededigyted to

just two gradients, the accuracy and precision in ensuring these gradients do not change during the
course obgoiiRIMNIGsIenaRiesiosive Waehtigrahiedus fediary WigoniiotialefediymBegate
wellbore. Earth formations undergo geological changes which result in unexpected
15 pressure and rock strength variations over millions of years. In order to reach
complex, deepwater and unconventional reservoirs, the industry needs new 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
20 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

25 associated apparatus do not allow dynamic reduction in bottom hole pressure as any



10 long open hole sections with compressible drilling fluids, lack of control on formation fluid influx,
requirements to circulate continuously at all times and lack of downhole measurements all along the
wellbore.  WOREMIASEERT invention seeks to obtain all of the benefits of un®érbAISIN08@88#HIIng
accompanied by all of the safeguards of conventional overbalanced drilling by 15 controlling pressure

adjacent fhg (i RiFHlslrBS MBI rRSAATY @ &R A iBAGLOA SR PRRIZSS, t'hﬁé;f%’ﬂ;%ii@a while

drilling. The present invention also seeks to overcome the shortcomings in current MPD practices by

preciselyrganifalia fsseniangeassun piafiedheouahanhina: priiere fhsieAieyelicprovides

a unique solution to the industry for all the problems and costs associated with design, 20 cleaning and

maintainigg drdlims filisisd TW@@%W%M@W@@%H@MM@HMrﬂ@@ﬁiydpiﬁ@fmhgdri"
u

exploration wells underbalanced thereby increasing the chance of finding new productive zones

previoushsavateakad By TrRVRMIRNR QB iesTiauesal gradiedtssidlingvheHBatdmsyigasought a

solution to these problems. For 25example, United States Patent No. 5,873,420 discloses using a

contsol vailied WEIROSHNE8R 25 2 bel Erd00B1esiR4 RSl adipeard e raHdRit i Igigarmeicantdthe mud

mixture to lighten the hydrostatic head based upon sensed bottom hole pressure and other fluid

measureacwa%um,e@immé@iﬁfwﬁagr@gr@qga%mesﬁm@wla, doRvaksnRlynpoNgtisnrgduced

or eliminated thereby relying upon the column of dense drilling mud to control the S5formation pressure.
Sim”a”y,isU'ﬂﬁédcﬁﬁ’éﬁﬂil?atﬂﬂbNéuﬁﬂé%&%ﬂimWdhi’r'ﬁ@t@t'ﬂctBU PraSigradiBig)gteencentric

casings which allow a column of drilling mud to be maintained in a well bore annulus to control the well

from blovs gsiirddierrigireelseAistlesssriting ssdagpiaysaty Jalvo tesanyeftbakgrmbalemedions
when the drill bit 10 assembly is pulled for service or replacement. In neither prior art device is there
any disclgsdig| Rignaernedeiprsrinhelg desnehapl sErrROIBeNHIY UNIEFeONAAS factors such as
10  long open hole sections with compressible drilling fluids, lack of control on formation
fluid influx, requirements to circulate continuously at all times and lack of downhole
measurements all along the wellbore.
The present invention seeks to obtain all of the benefits of underbalanced
drilling accompanied by all of the safeguards of conventional overbalanced drilling by
15  controlling pressure adjacent the drill bit and bottom hole assembly and sealing
and/or strengthening the formation while drilling. The present invention 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,
20 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

25 example, United States Patent No. 5,873,420 discloses using a control valve



Prior art down hole plug arrangements intended to protect open hole underbalanced drilling, such as
shown in U.S. Patent Nos. 5,954,137 and 7,086,481, have required drill string manipulation to set and
release the WENWARYSEHRYY. 15 SUMMARY OF INVENTION The present appfidadd0$48fdaes a
method for programmable pressure drilling comprising the steps of at least sealing an annular space

creating 3diEtdHesnErampf andraisasendiPIRRS U ZONR) Ifndipd RO By RN KEPRGSPESEAIcDOth the
first pressure zone and the second pressure zone; adjusting pressure between 20 the first pressure

zone anchiiiSBESBH RISSSUSBARE HHAGHIENSIE pREsHifdrasaubmaiaslinntaess shling\wHBH the first
pressure zone in the well bore while dynamically adjusting pressure in the first pressure zone. This

e e S S et e
or eliminated thereby relying upon the column of dense drilling mud to control the
5  formation pressure.

Similarly, United States Patent No. 6,732,804 discloses a dynamic mudcap
system utilizing concentric casings which allow a column of drilling mud to be
maintained in a well bore annulus to control the well from blow out. The patent also
discloses using a deployment valve to seal off bottom hole portions when the drill bit

10 assembly is pulled for service or replacement. In neither prior art device is there any
disclosure of means for open hole formation strengthening or preservation.

Prior art down hole plug arrangements intended to protect open hole
underbalanced drilling, such as shown in U.S. Patent Nos. 5,954,137 and 7,086,481,
have required drill string manipulation to set and release the downhole plug.

15 SUMMARY OF INVENTION

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

20  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



WO 2009/088825PCT/1J52008/088427 pressure zone; and advancing the drilling in the first pressure
zone, after equalizing, and sealing at a different point in a well bore. This method can further
comprise th&ex@WP$8aPaulically isolating the first pressure zone to preveRGAGE2YHPEYPEsS of
drilling fluid or hydrocarbons from a 5 sealed pressure zone. The step of strengthening can comprise

one of thgillqwingsieledrd BRBRERCIHERRIlIHBAANS dreistsrsiuere dshEoMmiadgganehgore with

a sealant; deploying a sleeve, cementing a casing in place, expanding an expandable tubular,

inserting gng SieRlAYIRG AV iIREPERCKHIBGAKIQHAUSSHEIP, or gravel packing. The method further can
provide the step of continuously monitoring formation 10 pressure and depth within the first pressure

zone providing FgiseaatRgdetantiatpiaighsdl e s wpl 0P HRIRENE, NESISHAR Ih¢ifyist

pressure zone and measuring the streaming potential to determine formation pressure and

permeabjiyssurel FerB el peVdnisigress st erdusthsr ditivigentng siehrireeatboRsishoexeiting the
formation with sonic energy and measuring sonic velocity in the 15 formation while modulating

pressureda 4Ry fispb H58F8 HEHEO NI RIEBY I SR ERBEhER g tancharastRdsERe \withretiiReiHgy the
first pressure zone; and/or, transmitting well information dynamically while drilling from the first

pressuregaetéel tRRMBERCRRREISIRLING theomse rianalrdbakdrapdheetEroR bordgith a

communication of well and formation information can be transmitted through 20 wired drill pipe.

MOVeOVeééBiéﬁﬁQ!@@%%ﬁ@@@ﬁib’v@@Wﬁ@@ Heiasmiying MR ESRHBNBME IRl BiRRrmBIESSUre
ein

zone in the well as it is g drilled in the first pressure zone, thereby providing intimate well and

formationiptaenanearasdhmyelbisidpimpdiiiaeoghmy tenneediostipher griveypacringtudy after
drilling. Since the method
The method further can provide the step of continuously monitoring formation
10  pressure and depth within the first pressure zone providing a streaming potential
profile of the drilled well; or modulating pressure in the first pressure zone and
measuring the streaming potential to determine formation pressure and permeability.
The method of this invention can further provide the step of continuously
exciting the formation with sonic energy and measuring sonic velocity in the
15 formation while modulating pressure in the first pressure zone thereby detecting
formation characteristics without fracturing the first pressure zone; and/or,
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
20  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

25 contemplates instantaneous measurement while drilling, the method can further



25contemplates instantaneous measurement while drilling, the method can further WO
2009/088825PCT/1JS2008/088427 permit steering a drill bit within the first pressure zone utilizing
information W&EAMABISEY a control unit communicating with one or more sBRIGSAWBAEHWithin the
first pressure zone. As may be appreciated this method for programmable pressure drilling of a 5 well

bore foregghaitlisnastisgarnayiabrealimpxin @i diga o’ 2oidl RifeRY IRMRMAtbA bottom

hole assembly, said annular seal allowing continuous movement of a drill pipe; engaging the annular

seal withdBeweihBarsyia fesm aHR'GsHenammieiRiRI SPRNTSHE 8P ABRYISSrRYGACRINHY Rptiam hole
assembly below the seal in said well bore; drilling the well bore utilizing the bottom hole assembly 10

while majRafpiHRe affeuaheeal; and, maintaining the well bore pressure on a distal side of the seall
during the drilling of the bore at a pressure differential from a pressure on a proximal side of the seal.

This method capdurfsr Benapirediareaving didibHug-apdgraRaa BsopaR satd Srivgtery

releasing said seal, wherein the pressure in the open hole well bore is lower than the pressure in an

annuyjus QieAbARORPRIBES ISR A ulah FeRlseal Prmmdtéoé NstEpling Brid RrGspHR in a

drilled well bore comprises establishing a moveable well bore seal between a drill pipe and a well bore

face neaggigipainalaird af asltdratringeserse s firssdididpieserreahe WRIWeGe fetimnsia second
pressure in an annular space between the well bore and the drill string on an 20 opposing side of the

well borerggaéraditsting thaIPfRpeLendiadingvelbarmiase Syapuimpingdlwiiresreheowelhaia face
through the well bore seal into the annular space while drilling; and, moving the well bore seal as

drilling prggsessesaribrrvpteeelfdasean annull§edjareablesarittan PR@ERENBREHRIGRI a
tractor; or by moving a 25screw. This method can further comprise depositing a well bore seal on the
well the seal in said well bore; drilling the well bore utilizing the bottom hole assembly
10  while maintaining the annular seal; and, maintaining the well bore pressure on a
distal side of the seal during the drilling of the bore at a pressure differential from a
pressure on a proximal side of the seal. This method can further comprise removing
drilling fluid and cuttings through said seal without releasing said seal, wherein the
pressure in the open hole well bore is lower than the pressure in an annulus on an
15 opposing side of the annular seal.
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
20 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

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



WO 2009/088825PCT/1JS2008/088427 bore face. The well bore seal can be a sleeve; a sealing agent
reacting with the well bore face, as it is compressively pushed against the well bore wall by either the
tractor or th&Ec2eWR/ei¥d3igement; an expandable casing which is expandePOTERFAH G 2K ell bore
wall; or an interlocking strip which is unfurled from a coil and 5 would helically around the well bore

wall faceggangrae 1 iner BekingLBrERFER ad| 667k Ok SEIGIG &y & fFEERRIWith tHDRel

programmable pressure drilling apparatus of the present disclosure comprises a drill assembly

connectaplpdoracdisad anGsOtarApresEINEnAJliIShBEP SRR SCRRONHNPBarE RraNimRIbitRetehdril

assembly; a seal selectably engaged to seal a 10 distal end of the drill string from an annulus formed

between galHibSIHG 86-AN A¢REEhEREY fﬁfﬁr@k]@@hwcﬂlewbgé?n@e%ﬁmei% vepEmREYWard
a

progress of the drill assembly or remains fixed and allows for a tubular to slide through the seal as a

sealed fl@adade IHONBItbHBrEeRRANY HFeRS WecPRIRMIISPIRSRMhRR 78 OPRPRIBGDAE Plonidreal for
comparatively measuring the pressure differential between the distal 15 end of the drill assembly and

the annulysuRNAeRtiBRShRAMBUING (DdIeBeNe iid fier RnetgaqROipee Mt ek pishaddhe dril
assembly past the seal to the annulus. The programmable gradient pressure drilling apparatus can

further cainarizapdoshatigthetienethnragigeal, wherein the seal is a sleeve, and the adjacent 20
circumferential wall is either the well bore or a casing. The seal can be an interlocking helically wound

coil. The propiiamprggrararagisat pressure dirlintgaripyattrsadfuthkerpeewde aiscpdara end of
the sleeve which is latched to a casing prior to deployment against the formation, which can then be

deployedcontipeisesn balpagsBianlp toseatRibtS s engitiandhe bIranativstrifdge Afifsopissumpleted.
Because of the nature of the
sensor disposed proximally to the drill assembly; a seal selectably engaged to seal a
10  distal end of the drill string from an annulus formed between said drill string and an
adjacent circumferential wall, which seal moves with the forward progress of the drill
assembly or remains fixed and allows for a tubular to slide through the seal as a
sealed fluid return conduit; a second pressure sensor disposed on an opposing side
of said seal for comparatively measuring the pressure differential between the distal
15 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.
The programmable gradient pressure drilling apparatus can further comprise
a formation strengthening seal, wherein the seal is a sleeve, and the adjacent
20 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

25 strengthen the formation while drilling is completed. Because of the nature of the
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WO 2009/088825PCT/1JS52008/088427 formation, this apparatus is designed to maintain the integrity
of the productive formation by having the least impact of drilling fluid or cuttings. Accordingly, another
feature of thYEQIRBMIEISRESs the preference for using a drilling apparatus hawed /& yeAs(eg8€lrculation
center discharge drill bit and an underreamer, although a 5standard pilot hole drill bit could also be

utilized indpsABHNGRASSEPIAYafds 36 RIESIYRBHOE Thifindf WM Gregrity18%- théskddaieach a

schematic diagram of a method of practicing programmable pressure drilling. 10Fig. 3 is a schematic

view of af@HﬁHliHH”BthBdiﬁ InatRG Sladters locaitthigsidRibe dnavrie pRRBAYNAI I RsRage
annular pressure differentials. Fig. 4 is a schematic diagram of a method of practicing

png_rafm%’ﬁ@l'ﬁ@r@ﬁWée dﬁ@&i%d@@)thlé Lﬁ@@@ﬁ@@'f@@‘(ﬂ? Séadiﬁmr@iéﬁﬁé@w wathifpazrasing,
providing a secondary return conduit through which to control the pressure 15using a movable control

unit closedodhgbigircul dtigs- 2kt epsehingial Genepratindews aienarasihed farRmggicing the
PPD programmable pressure drilling and completion aspects of the present invention.

5  standard pilot hole drill bit could also be utilized in this drilling assembly.

DESCRIPTION OF THE DRAWINGS
Figs. 1 and 2 are each a schematic diagram of a method of practicing
programmable pressure drilling.
10 Fig. 3 is a schematic view of a pump utilizing coordinated bladders located
inside the movable control unit to manage annular pressure differentials.
Fig. 4 is a schematic diagram of a method of practicing programmable
pressure drilling (PPD) by using a non-movable sealing unit stationed within a
casing, providing a secondary return conduit through which to control the pressure
15  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
20 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

25  hung off the tie-back string.
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Fig. 5 is a schematic view of an embodiment of the programmable pressure 20drilling system showing
the positioning of a bottom hole assembly in a profiled latch disposed on the distal end of a tie back
string. FOB18949%# 8 matic view of the alternative embodiment being |RASr&G28HE34¢h on the
distal end of a cased well. Fig. 7 is a schematic view of the bottom hole assembly seated in the

latch and 25hung@figthe digdprik stiEnGew\IPRBAYEBAP ReRCadPBRPGIRSAAG the BTGB

schematic view of the bottom hole assembly awaiting the landing of the drill string to continue the

drilling intfedana@iifio cohtthutithe arMpigaHavier e daedatched drill string with the bottom hole
assembly before unlatching the liner (tie back tube) to continue drilling. 5Fig. 10 is a schematic view of

the unlatched dilet9ds2pdsiardiacticubm allonosdalioto Brmcanshalsishodngdtisrrifiog fluid
flow paths Fig. 11 is a schematic view of tie back string pulled back to latch in the casing to further

allow the fidbAEROLRMG ErilhiitéRIAgareith et e B nebe) M BsHLa%IAAY. LWD, downhole
pump) to be tripped out of the hole
5 Fig. 10 is a schematic view of the unlatched drill string and tie-back tube
allowing drilling to proceed also showing the drilling fluid flow paths

Fig. 11 is a schematic view of tie back string pulled back to latch in the casing
to further allow the drill string and drill bit (along with other BHA not shown such as
motor, LWD, downhole pump) to be tripped out of the hole

10 Fig. 12 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 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. 13 is a schematic view of the drill bit at total depth for the tie-back liner in

15  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.

20 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
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10Fig. 12 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 while the through bore created due to their removal is shut
off using a ABAAMNESFEMIe located in BHA left in hole thereby maintaining PHRESES 983427 Fig.
13 is a schematic view of the drill bit at total depth for the tie-back liner in 15preparation for the setting

of the next casingestring.is a Righdhistie sEagramticoriawef theudidinidaselaspiaBiE Aot shown
such as motor, LWD, downhole pump etc) being pulled to surface after drilling is finished, while the

through Qﬂé%ﬁé_ﬁfﬁeﬂﬁw@ﬂlﬁ%éjmﬁﬁeggﬁﬁ&grﬂsﬁmliﬁ@%ﬂh@@ﬁ@%@%‘ﬁﬂéﬂ&%ﬂﬁﬁ in hole
thereby maintaining a pressure seal. 20Fig. 15 is a schematic view of the cementing operation that can
be acconplishgshby 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 inveriion 81548 SeAEARRIR BRIFahRRE S8 MBI YY) SRRMOSBBRORSpHARISS VB @88427

Fig. 17 is a schematic diagram of one embodiment of the apparatus for practicing the PGD

progsamripaiigdiddie e PIBTY g eatplasienypadienpeaseng iaMariispletion. Fig. 18 is a schematic
diagram of a tractor arrangement of the apparatus used 5in practicing the PGD programmable
gradient drilling pd cample@dther embodiment of a tractor arrangement of the present
invention.
Fig. 20 is yet another view of an alternative embodiment wherein the tractor is
driven by a mud motor.

10 Fig. 21 is a schematic view of the expandable screw embodiment used in
practicing the PGD programmable gradient drilling and completion of the present
invention.

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.

15 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.

20 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

25 programmable pressure drilling using a moveable control unit C located inside a
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Fig. 19 is another embodiment of a tractor arrangement of the present invention. Fig. 20 is yet
another view of an alternative embodiment wherein the tractor is driven by a mud motor. 10Fig. 21 is a
schematic VIEQ/29PPHBERPandable screw embodiment used in practicing the® PLESHIiHnhable
gradient drilling and completion of the present invention. Fig. 22 is an analytical schematic view of the

varieties @ﬁmﬁ%aagéa%ﬁbﬁfyr@m whigh Mayie 0696 1iAgPasItah RlRMIsahparbna daRBt agmingt a well
bore wall. 15 Fig. 23 is a schematic view of the tractor arrangement used in practicing the PGD

Dfogram@@éé?r@l?dé@éﬁr%i”@lﬂwéﬁ%ﬁ%fﬂégﬁﬂ EahReloPIdheB/88ERt Wéﬁ"ﬁ@r’é W@H.Z‘Uérﬂr@?quemim
schematic view of one method for practicing the PGD programmable gradient drilling and completion

aspects Qi CRIRRIGSdaVBRSINBes & enisind aisdrReRSITaHseEwHf €2 IBdPRRRINRG &rRidea Ry ment
drilling assembly used in practicing the PGD programmable gradient drilling and completion aspects of
the presesy EvieiRdNEd Bz afeBiRMahh&llc ANV BLRIMESETtelemetry by wired casing or any
5 other method well known in the down hole measurement and control art. Seal unit
106 can either be fixed, but moveable, or a moving dynamic seal. If fixed, the seal
unit 106 allows the movement of the drilling assembly through the seal 106. If
dynamic, the seal unit 106 moves with the movement of the drilling assembly to
maintain the seal of the pressure zone and to deploy, in the programmable gradient
10  drilling (PGD) context a formation stabilizing or sealing material on the well bore wall.
This feature will be further discussed below.

Control unit C also controls the flow of fluid into and out of the programmable
pressure zone 110 by a choke/pump system, in coordination with the pump pressure
in the drill string. For example, if the programmable pressure zone required lowering

15 of pressure to avoid overbalancing the drilling, control unit C would choke off fluid
from reaching the drill bit or increase the rate of flow out of the programmable
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

20 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

25 normal manner. This pump P coordinates with the choke/diversion valves of the
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Figs. 1 and 2 are schematic diagrams of a method of practicing 25programmable pressure drilling
using a moveable control unit C located inside a WO 2009/088825PCT/1JS2008/088427 drilling

assembly aNO280488825106 forming an annular seal around the drilling asRefbh WAL Bither an
adjacent casing or an adjacent well bore wall. Control unit C disclosed provides sensing and

measuregiFGINThRAE EOBRTRAISFRIIG-A0E SeteenteMiRA LY A ABRMAINIGRIB8ahdiectRglse
telemetry by wired casing or any 5 other method well known in the down hole measurement and

control aglPeaigiDE & aneiARGRR sl Js i YRARIRI SR B VB GubNAsaiFesant. Hfixags the seal

unit 106 allows the movement of the drilling assembly through the seal 106. If dynamic, the seal unit

106 moveg ayitoetROVRINARE QSdhecAERY sesaTidYiso derintindd mseal O Hier pmesarrRAgne and to

deploy, in the programmable gradient 10 drilling (PGD) context a formation stabilizing or sealing

material paddedvall remevaliificenieniHtavdrscivyieliflianusRee ey backCeniel siftded!so

controls the flow of fluid into and out of the programmable pressure zone 110 by a choke/pump

systgm, igscoglidigajjorkmaRthadupdtessysgrieribedirihsteng. Bar exarapifing the pragigmmable
pressure zone required lowering 15 of pressure to avoid overbalancing the drilling, control unit C would

choke offfiyistaramagesiineohedini dil o e rgasa St rpirtflon ulie) heidragsasm e gressure
zone 110, or both, to achieve a desired pressure in the programmable pressure zone. Measurements,

such as f’eﬁéamg?}mwéﬂﬁé Rkt camiPe éndiscammdhR @R sisid mresseiecidgemaintaiged in
e

the programmable zone while 20 drilling if such desired pressure is not known initially using other

reservoirsayaetpazalIe N0t Bt REA0NE ChBIABes needB P UNPrEviBEHofHity les ated piithismntrol unit
C can move drilling fluid from the programmable pressure drilling zone 110 to the annulus 112 just

above the|gpridavesad Kiouhee e didlisadiyid mesbedbyomarpitiiedin ke mslasadtaosenormal
manner. This pump P coordinates with the choke/diversion valves of the
10  experienced in the art, while the programming of flow, one of the purposes of this
invention, is performed by pump P to maintain the programmable drilling zone
pressure at the optimal pressure to protect the formation, for instance, to protect the
formation from excessive hydraulic pressure.
Flow from the surface pumps can be diverted to recirculate through the
15 annulus at the direction of the control unit C to reduce the flow into the
programmable pressure zone. Sensed pressure in the programmable pressure 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
20 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

25 Fig. 2, a RCCD drill bit arrangement can preferably be used to further minimize
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WO 2009/088825PCT/1JS52008/088427 control unit C to divert a first portion of total drilling fluid flow
from surface inside the drill string DS to the annulus 112 outside the drill string DS just above the
annular seaM¥HES§AZMe percentage of which is determined by the hydP&llieea8§8HEeded to
create sufficient annular velocity to lift all the cuttings back to the surface 5 as already known to those

experiengeglifythaiar-ais RO HRUBIB G ReEpReRiinay - enBtrobine, itvept doserantoartigs of
drilling fluid into and out of the programmable pressure drilling zone. The total volume percentage of

this secofdromierwedsiETInas Y phesiarenassied orminyide cPaBNe regiireait wylFrirhaglivering

enough hydraulic energy needed by the bit to drill as known to those 10 experienced in the art, while

the prograsmiig abitloxndP e thdecouiRgsemrIIBIS eriinitnds parfoenesLipPPma] tonaintain the
programmable drilling zone pressure at the optimal pressure to protect the formation, for instance, to

protect theigraatieniiene pearsive belumyhfiesssuress taarTea HifiviyncR Monnalga0dwydiverted
to recirculate through the 15 annulus at the direction of the control unit C to reduce the flow into the

progsamipebleSissesiZzeming opeedtRiessure in the programmable pressure zone is further
managed by the pump P controlled by and adjacent the control unit C which also removes drilling mud

and cuttings fropding BRELEOMIIMAIBWS RPhIDLIMYSR PiAGHIMG 6P D RAVESPRIEE DT THEMATR

hydraulic motor (not shown) to avoid 20 the need to provide power from the surface. Existing

technologycigErang SRCIHGRISTVIGRRIBYIGRG iaihgaMe freadiersHrigsarcaoxalao tenditiraibyithout

departing from the spirit of this application. A standard mud motor, used by the bottom hole drilling

assemblyweibrISeiRe) Usaskiseetae tGBuUmMEsP likely arraligertdha saasssdritorsrdaldmtdient
schematically shown in Fig. 1, as shown in 25Fig. 2, a RCCD drill bit arrangement can preferably be
used to fuiihesgnismMmese\6h 2889M8ETF28RE Pildhp200#08f et éssive cavity pump provides

10  superior performance over a centrifugal pump in abrasive applications. Both the
motor and the pump will be formed with hollow shafts. For the motor, this will allow
only the necessary amount of flow for powering the pump to be passed through the
motor. For the pump, this shaft will provide the drilling fluid allowed past the drill bit to
bypass the pump itself.

15 To perform Programmable Gradient Drilling (PGD), control unit C activates
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

20  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

25  zone by setting external packers, all in a manner well known in the drilling industry.
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drilling fluid influx into the programmable drilling zone, yet sufficient to clear cuttings from the well bore
in said pressure zone. Drilling fluid flow required to sufficiently cool the bit and lift the cuttings through
the control YHR 0PUBEEP and valve arrangement is expected to be significRTW f2888thEs42he drilling
fluid normally used 5in overbalanced drilling operations. Using a mud motor allows approximate

matchingTefigQipdasssres B the ariddnal o d3enRidBYL B 6 GRS BMRAIIAG IhRgREAJPIHRRgear

box. A transmission (wobble joint) is expected to be most likely arrangement to account for a different

number qfbssran Wi engae aiKGAIKER- 281ReRr RS eBrhSctANARY PBHRSPAIRS 18isePefifing

performance over a centrifugal pump in abrasive applications. Both the motor and the pump will be

formed witheaotR seafls. inoah@veekalahiis avibeHigiornin thrdRRCeR Y AMQUINFHnAiRsPowering
the pump to be passed through the motor. For the pump, this shaft will provide the drilling fluid allowed

past the gdthbihio DreREGE® MUEAP Mgkl Jresererfarmimyoaiamreaklie Graskierieriling (B&P),

control unit C activates seal unit 106 to deploy a sealant such as an intelligent mud cake or a

mechanigyrzamtiewan arepaletvn apawonetfuly derclibadhatemt\isimadrrepreigiRis could

provide an expandable packer, an expandable casing system which is deployed by a swage against

the interior wall afithaPraler ties arseodTeriermresboraddnnla siabilzationedrepiycnmiakle in this
art. Finally, once the zone has been drilled and strengthened or stabilized, the control unit C can

permit thgranvglieéign Witbressiicetn Hieliareradenesdirenenbl rbhibecundarealangegemse 110
and release the seal for further operations in the well bore. Alternatively, the method can provide for

zone isolggen €héhsusisdslizaddeprona i STty extersRBrESthalldreadnatrguaeatignaare in the
drilling industry. WO 2009/088825PCT/1JS2008/088427 This process can be repeated as often as

necessaryftpgiegationtintg)tpesinanidhe avehapreariiircdetr sEpeke peoRES 406 GABHDISLIOR and
perforation. Since drilling does not occur in an overbalanced condition in these zones and the
formatioraremas yncloggesiprithelighdireom i @l iBrappbsaKatePEsG va st tivee minute
would be sufficient to provide the hydraulic power for the mud motors and still retain
a high rate of penetration of the bit. Low torque bits, such as the nutating drill bit
found in U.S. Patent No. 6,892,898, could be used in this application. Other existing
conventional drill bit designs, well known to those in this industry, could be
15  substituted without departing from the spirit or scope of this invention. The use of
RCCD bit technologies is highly desirable to avoid contact of the drilling 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
20 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

25 alternate chamber and bladder absorbing fluid and cuttings and thereby maintaining
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5 consuming well preparation does not have be undertaken to commence production. Additionally,
the use of the present technique is optimized by continuous drilling ahead with reduced drilling fluid
flow into the ' PTH§83ahd thus depends upon the successful deployment BEBMIPHIPHE¥EATblies that
are low torque, high rate of penetration bits, providing maximal hydraulic horsepower per square inch

of bit 10 gigadidSdlirt im eRepief iaaiflanid airsselrp inE a2 15908 i Beorividiesaeld be

sufficient to provide the hydraulic power for the mud motors and still retain a high rate of penetration of

the bit. LawdRsihin BEReTHIST Rrdberivgting idstitieHper Wdve RatRNHYReS &N HigaH!g be used

in this application. Other existing conventional drill bit designs, well known to those in this industry,

could be J&substisatawithoutaapartiog iiomatansoib AfsSeABA/AT HsTovEMa(C T e §SFRBRCCD

bit technologies is highly desirable to avoid contact of the drilling mud with the PPD zone well bore

wall. TS depe asghereptcbagrrinLf angthshenpeMnanertevidon caqrshnaiadipegder pair
BL1 and BL2 which are inflated or deflated from the 20 pressure differential between the

progsamigaity) RiGsseEel 2dNdhenil? 1008 26K R RTBdrsRiIRES Waddeabane dbatrsR e

pressure zone through the mediating adjustment of a flow rate of pump 1000. Pump 1002 moves

hydraulictigi¢drrairesan@iag $adia sRanged eirmpresdusipaiddasdteriataly maveskd medfluid and

cuttings from the programmable pressure zone into the annulus, while the expanding 25alternate

chamberqib|addesMpsaprngSuil angdond s intsl e ErMUMSIREIMNG prééSure P1.
2009/088825PCT/1JS2008/088427 the pressure in the programmable pressure zone at P2. This

further providesthe adaiinnalibensiief plevBritEsPeFSyIe3sbaskalsavpdraatormpispeat b fluid into
and out of the PPD zone. Valve arrangements shown as 1006 V1(C) and 1008 V2(C) connected to

chamberdgfed, mednalveidicanaespantad OR8N 1(R) aisirt0sp piva{Ddconikeetied s ghambsr 1005,

on each coordinated bladder, are controlled by the control unit C as shown in Fig. 1 and previously
disq@ssegxapsid|udoiRigdantouldobragertam alts HressulithZeisnanst Wi dhevaundin e \tng

pressure P1.

bladder into full inflation. A mechanical net or device would be placed around the
bladder and upon signal from the control unit C would pull in the net to contract the
bladder thereby emptying the bladder of the drilling fluid and cuttings which it had
been drawn into the expanding chamber in the programmable pressure zone.
15 Valving arrangements would again regulate the movement of drilling fluid and
cuttings into and out the bladder 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
20  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

25 secondary return conduit 115 to slip through the seal unit 106, either using the
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The coordination of the two bladders of Fig. 3 can also be accomplished by other means without
departing from the spirit or intent of this disclosure. For 10 example, a bladder could be inserted into a
vacuum cha¥¥®aeasmisiizvould move the bladder into full inflation. A mechaRICBIU I/ t§843¢e would be
placed around the bladder and upon signal from the control unit C would pull in the net to contract the

bladder tW%ﬁEhY SMAYIBAIHAR Riaseribpf Gelyiling plus %Fi:éué?iﬁ_ﬁéd‘%chrﬂl hadmy ersdiag into the
Vi

expanding chamber in the programmable pressure zone. 15 Valving arrangements would again

regulate {he nisyeaRe fdmingslividandireritgs pemanthautiim Slasdsidmanpidprersugvave

shocks to the managed pressure zone and maintain the drilling zone pressure below the natural pore

pressure asiiagml th @ eyice 059 By ifatichamaiinrijasean of gy mediodnl RieeliiRgRaDalso

programmable 20 pressure drilling and completion by using a non-movable sealing unit 106 stationed

within a GReNAeh YNSRI S8EARARIIRAE FARPIITHERNWHIGE 112 PReSSHECRPIMEGshB9Y@ble control
unit close to the bit is controlled. Drill string 114 and the secondary return conduit 115 are

mechanically conpirdsaaeihrinésingr isperatétapwbisataipwedill stidnegl 4. retatewmighrespect

to secondary return conduit 115 and the 25secondary return conduit 115 to slip through the seal unit

106, eitheppaing ©&siMEO11808/8RBRE A A/l IsiRRg B 9a&t 4 imgight o tham2idliaarsaeBptrer by the

push force applied to drill string DS using the top drive at the surface, thereby permitting further

movemenRYgf haexddhasresibr anfl kit HSdRYysamis PIaHaaReMpdi0LMajnian dealatomand also
prevent ingress of annular drilling mud in the annulus 112 into the PPD zone 110. 5 A pressure zone

110 is creaiddRyrisiaintng Sesmoiliog semisgliavaieh oettinga eved o taerpiasrig il string
114 creating a centralized annular space 113 between the outer wall of the drill string 114 and the

inner walbpfdbatensing tLh thesmasmittioncoesemapalefl drifbrgdinidsne priiraseeTRsgnto the

annulus 113 by control unit C in the manner discussed above. Programmable pressure drilling is 10

thengforetnghafyiedavhriedy iiecpegsstie piébslretisinthel Birtoncoale seeiomdElrisgbairtamed at

pressure P2 while the pressure just above the control unit C inside the annulus 113 is typically higher
pressurei® lméethgdesuregsiora Prolenyiet aspycieibigsrasinet tlensbiieoeniiie opasitele in

which to further case and complete the well.
the annulus 113 is typically higher pressure P1, thereby resulting in a single yet
easily alterable gradient along the entire open hole in which to further case and
complete the well.

15 As more fully shown in Fig. 5 et seq., another alternative technique for
accomplishing programmable pressure drilling is disclosed derived from the 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

20 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

25  at an external surface of the distal end of the liner, once set in place in the previous
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15As more fully shown in Fig. 5 et seq., another alternative technique for accomplishing programmable
pressure drilling is disclosed derived from the methods described above. A liner 1103 with a bottom
hole assemMY @MAESHSIuding the underreamer and bit already made up RGEEHABEFHEan be run
in hole and hung off below the surface using a liner hanger set in previous casing operations. Drill bit

20 is sueh iy lcerndogisehipugs! B aBH argrdateamswy Hﬁ@‘ﬁrﬁ@ﬁf&gm@tmdhgﬁwmﬁ@ﬂ” the

art. BHA includes control unit C and seal unit for programmable pressure/gradient drilling as already

explained &y egfiRe dREHRHEBRAMIERISAIORAIE TRamniRMYla PrELKL(L \YiRe @t eokrmpsiap@ble

systems (RSS) (all of which are well known in the art and not shown in full detail here). A mechanical

seal 25aisaR|exteraalsHeacmhofdlRe-idisiag Edrf the liner, once set in place in the previous WO
2009/088825PCT/1J52008/088427 casing, could disengage itself from liner and allow the liner to slide

through an innerggal e QIR DSChaumRWea WiYlesmaiaiiRtha RiRsPkiadlifaranee aoss the
seal, Le. as a downhole stripping BOP. Then a drill string DS, as shown in Fig. 8, can then be run

inside thegipre @t BiEAeH Wt ittt dstemtheiesy dpubanrong yHeBraingdhe tREIA from

the liner and allowing the drill string DS to transmit torque and weight to BHA.. The liner can then be

released framdingaianaey ansl drickadhiy DEllBiIR@ NS RIGURIBEJAMIGHIO BHRNTIY ifgance,

that allows the drill pipe and BHA to rotate relative to the liner. The liner would then hang from drill pipe

providingcarngansye raneydee anshi insesrinaertaadnaforrd RoQyiliRgoR SRHN G NStathecaest. No
drilling torque or weight on bit (WOB) is transmitted to the liner by the drill string DS or the BHA.

After drillgieciageiaeaerst inashteranapearsvsees drnnpiseatdeBHA &Rrobssetiatviace ansl
cemented and drill pipe retrieved. A liner could be an expandable steel type or a flexible tube structure
pre-loadeg gvitiTrBemisaky Rl Braviste Rahglaropeiany isRlatiproairhigtar resinacetbivithoonrysterl casing.
10  resetting the liner and providing a second return conduit. No drilling torque or weight
on bit (WOB) is transmitted to the liner by the drill string DS or the BHA.
After drilling to total depth in a different pressure environment, the liner can be
set in place and cemented and drill pipe retrieved. A liner could be an expandable
steel type or a flexible tube structure pre-loaded with chemicals to provide a
15 temporary isolation and later replaced with one steel casing.
More specifically, as shown in Figs. 5-14, the methods of the present
invention can be used to both drilling 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
20  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

25  previously discussed herein which are used to sense and maintain the open hole
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More specifically, as shown in Figs. 5-14, the methods of the present invention can be used to both
drilling in a programmable manner and cement the open hole upon completion of the drilling. This
alternative MeRG00/88&own in Fig. 5, entails providing a landing profile 1 RATIH$AO%HISERENd of
casing string 101. The 20 bottom hole assembly BHA is made up or engaged on the distal end of a

tie-back gy édbing bt e3pmbiceobiddiemisrTion areamandarssdurar imenbrsdr fimdeispnduit

having sufficient strength to support the BHA and maintain a seal at the pressures which are

experienged R 5mS iBritintyené ddlingsrTviserorherRHArice MinBUTE. basradesn 909 it an

under-reamer and the pump and control unit 25previously discussed herein which are used to sense

and mairgaitbRARCPraviacl Qi PIRRINAg RS HAdS 2AUBORBAA ir ST esHR|

differential from the annulus pressure, if required. The pump is hydraulic, driven by the flow o?lmud

from the gisEigipR, IMe disarh g RaH 183rnsoperEianaly eriavisled wibiedrynmegrface 1105 which is
capable of selectively latching and unlatching with latch profile 1101 on the tie-back tubing 1103. 5 As

morg fully showpadmige GulilfesHevRG Fuping IHOBdsHawetesiffa fos Wwelbwershsiaada Welling

operations to the distal end of the casing string 101 at which time a liner hanger or tubing hanger 1201

is attachediteytizeapeaarianatiemg Ppbrtiehads tdngstaPdnd s inechamrgeseingitioy hangserean be

either at the wellhead at the surface or downhole in the previously set casing. Each of these

operationgrg Hlime! Heryun ot theidglinoisiustyrrddadenddyigeneppisitagl ndriemerasing

ordinary skill in this art. As shown in Fig. 7, the tie-back tubing 1103 is lowered into engagement of

the latchipgckutiligegl 1 903vitTHaiahBraide ddOdrnube §linta gaddithrecaisieg 401nd Niellatsdding can

be accomplished by either mechanical or hydraulic means, but 15 once established the seal prevents

fluid comgtunEalier e &Y iBevARssIdMethepre i sRsH $8diagd echrsTultieseedpepitititstig-back
tubing 1103 and the casing 101. Once the tie-back tubing 1103 is hung off at the top 1201, 1301 and

the gasingsealdateh imagroranplippdntileiny1308, RS s iadoiemplisHéd! BifirEilRPsprAIHEY 2
distal end capable of mating with the BHA and an upper end providing a hang-off 20 profile 1401 is
lowered igr@ingage ket A8 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 ke §hewi-untiFag. the thepes-hag-alibiigite1 0303 engears ite ttrgagkrdnngmating
latch surface 1201, the drill string DS is thus latched and supported at the top of the tie-back tubing
the latching surface 1105 with latch profile 1101 in the distal end of the casing 101.
This latching can be accomplished by either mechanical or hydraulic means, but
15 once established the seal prevents fluid communication from the open hole below
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
20  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

25 1103.
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251103. WO 2009/088825PCT/1JS2008/088427 The tie-back tubing 1103 is then released from
the casing latch 1101 by releasing the latch 1105 so the drill string DS supports the tie-back tubing
1103 and th& @RI T§8825eal is maintained in casing seal 1101 to prevent fIBITEOYAIASA843ioN, yet
permits the tie-back tubing 1103 to advance into the well with the 5 bottom hole assembly BHA as

drilling progre_sseﬁeﬁtw&fqubiﬁlgowmdg 49 tHéh M@&é&i%ﬁﬁiﬁﬁéa&@iﬂgwmﬁ}? ‘iﬂibﬁt'w?g _DS to
the control unit and diversion valve in the pump/control unit body which permits low pressure tluid to

be used fbgsaRehBosén aaRlshe bt & adill4emi De Hilkpoehbadibiaceubig e d s been

previously described herein and the flow of fluid represented by arrows shows 10 the movement of

drilling flygkthgHah theapseadly sehamatieatheanin Massisgeaéapliy ¥ soniexprérsasenlid
embodiment, control unit C once activated forms an annular seal 1102 with the tie-back tubing 1103

such thaichipminitdsshal s peatnd MedisepsaringiRGIA10aMdiadafcs it théQvcandilatging to the

drill string DS is simultaneously sealed off to maintain a pressure barrier across the programmable 15

pressure gsws HlS a8k ey cBHRE AsPdeiiegVirsris8e8-10r¢l trarsmitlipgrswimpnagadipearing to

prevent drilling forces from acting on the return conduit. The two steps are conducted such that

prevents ghiwantdeqsadizalianal aeRasures eanesiany \DERg eRw \daateillsinend ftersigale. BHA
will preferably be outfitted with a reverse circulation bit (RCCD) so the 20 drilling fluid which is diverted

from the aarelus el soivprearfrbISiaRt Gy AWRER Qerrale toan shesSurNEUIkIG Be R & amriee

surface to the control unit/pump connected to the distal end of the tie-back tubing, while allowing the
pump, wiysbrishbleaeakisothadisigrananiaisle grneottngt renrevRe eittiass. armhituiddtrsythadore hole

face. See Fig. 2 for more details of the flow characteristics of the reverse circulation bit. 25The cuttings
are immashaieiyre\ayasl yodescarrri athasens tRetaB Muuws sidriief t8eresented by arrows shows
10 the movement of drilling fluid through the assembly schematically only. More
specifically in context of present embodiment, control unit C once activated forms an
annular seal 1102 with the tie-back tubing 1103 such that the annulus that is created
by disengaging BHA from tie back tubing 1103 and latching to the drill string DS is
simultaneously sealed off to maintain a pressure barrier across the programmable
15 pressure zone 110. Seal 1102 can be a packer which is non-load transmitting and
non-load bearing to prevent drilling forces from acting on the return conduit. 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
20  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.

25 The cuttings are immediately moved to the area adjacent the annulus side of the
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WO 2009/088825PCT/1JS2008/088427 seal for rapid removal to the surface with the flow of drilling
fluid being diverted from the programmable drilling zone. As noted, the hang-off profile 1401 is
mechanical W@ @AA@§88mits drilling fluid with cuttings to be returned to the RUHES2008982 Tie back
tubing moves into the 5 open well, as more clearly shown in Fig. 12, this hang-off profile 1401 moves

adjacent §ag | SeRIrabRi réMN6eINRSthars.rdiaeankrPME RV 850 HYYIUTUSE PR IBRRIRE ifkhine well

to continue drilling, if desired. If the total depth of the particular zone has been achieved, the drill string
DS is pullge pasirierprapedataesdid®1, 1201 and 1105, 1101, to prepare to move the BHA out of
the hole. The 10 configuration returns to the position shown in Fig. 9 where BHA latches back into

tieback tubing 1AQheEeCIsiRgSHD AsTIIYa gRashRBigRli AR HERESAMES dIitG fuid

deactivated to release the seal 1102. Thus, as shown in Fig. 12, the drill string DS is removed from the

BHA andygtvad(aiifaLits slosetliindietditeasuns il AginadstwithserWobingereuydaiag pegion of

the open hole drilled is thus shut in 15 while this operation is completed. If the tubing used is metal

casing, ngpaal pameatineneRer alis Candeninderigkento sr theryisingeamna yothewgekyore. If

the tubing is expandable casing, the removal step described above could also consist of moving an

expandinggjagedteher Sea0e10moughree easiRgdrSabbibhte Aritheredsing B1Ring imdiaxide

conduit, the well could be completed or the conduit 20 could be expanded to support the lateral well
bore wallg g el aprNthe | aidiiashcahtirie GaMiy ciiabiariianesarstalarRARdor RREATaRR aRE Well

known to those in this industry. As previously explained above, in order to commence drilling with

the assedhedraytbeaingAiddds ciralgtacstarRy @sthe pustRMbddietsuwsnpaas! sabrHed 1401,

25arrangements within the BHA reduce the fluid pressure experienced from the flow of WO

2009/083f#p Ghd J$P098/0864 2 6lripirg drad3dn hevey Hesn BHAINBOZANabRBIg1al pregsure on
the open hole. The hydraulic seal 1101 in combination with an energized seal in control unit C 1102

mairgaingdhifguiespii edliifeere thevisoswbieshevie iratly tebeHereBHA RBitthesadtlllinsfaavard.
This seal therefore acts like a downhole stripping blow-out
back tubing 1103 thereby closing the annulus mechanically and then the Control unit
C is deactivated to release the seal 1102. Thus, as shown in Fig. 12, the drill string
DS is removed from the BHA and a valve 1801 is closed in the BHA as the drill
string is withdrawn. The completed portion of the open hole drilled is thus shut in
15 while this operation is completed. If the tubing used is metal casing, normal
cementing operations can be undertaken to set the existing casing in the well bore.
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
20  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

25 arrangements within the BHA reduce the fluid pressure experienced from the flow of
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5 preventer, allowing the tie-back 1103 to slip through while maintaining the seal around the tube.
This seal need not be rubber and metal-to-metal seals could be used because the tube is non-load
bearing andWea0adB¥ase any specialized tool joint surfaces. The tie-backRUBAI208/ W2 Acts as a
conduit to provide a means for sealing the annulus pressure from the open hole pressure. 10The exact

flow of dighngduicieaniRameaysrlinhes MinkiandagddrdbhbAeEINresFaNoR I IMET Aprsating

pressures, or can be accomplished using reverse circulation drill bits to minimize the pressure build up

at the bitfpeenyhieuMASERIZAND R GN8N AR %'hi@r?e@méé‘é?“rk%m'ﬂdﬂdh@ grijlifgpindustry.
Reverse circulation drill bits permit the movement of drilling fluid and cuttings into the 15 central

portion opiam i SN YréBeuiexirerdyR disleRanpfctibeiwalblrrewa hifodangeB MAIgrtn the
present embodiment, these cuttings and drilling fluid would only be required to be lifted a relatively

short disigmeAgviBFR I8y WaWR beaaixeskratBrdedulsPIResUEe BBaHIRBRD Bfysiige BRAUNe

regular drilling fluid return system. 20If a bit trip is needed without the need to replace the existing

tie-back @r@ﬂéﬁﬂé@ﬁ%bw, e shewadr Ma032idosipxamlede whRiRCaiBmRiimsgemBlysdae dril
e

pipe and liner can be pu out of the hole, past a downhole safety valve 1801 to the last latching

point, lingfrddAg eraupié asTsyaeallowiey Hit dewbpiervahe hatd-te-pealaschs BblAdPBeSes I,

thereby keeping the drilling zone pressure P2 preserved, 25while allowing the drill string DS to be

pulled framdiplseeHhdbariu! fité dhRoRIHAVYERRGIHREASEE bt INSA) P Pe2iakasPRIeNTS.

Since the seal 1101 and valve 1801 will hold, at least temporarily for a bit trip, the pressure zone

pressurejbiat 85 Faeud) IMiHatid-bable b iPeB ditasermplisheshdithegtpriidewintk it tierback to
a prior latching point. Fig 14 is a schematic view of the cementing operation that can be
sealing the annulus pressure from the open hole pressure.

10 The exact flow of drilling fluid can be accomplished by standard drill bit
techniques running at lower operating pressures, or can be accomplished using
reverse circulation drill bits to minimize the pressure build up at the bit face while
maximizing the cuttings removal, all in a manner well known in the drilling industry.
Reverse circulation drill bits permit the movement of drilling fluid and cuttings into the

15  central portion of the drill string without excessive disturbance of the well bore wall in
the open hole. In the present embodiment, these cuttings and 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.

20 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,

25  while allowing the drill string DS to be pulled from hole with the bit and other BHA
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5 accomplished by PGD programmable gradient drilling method. Once a well has been drilled using
this system, a long section of open hole with the impermeable formation-strengthening seal remains in
place and c¥¥i3e¥88382pIurality of external seals. In order to run and cemdME HER280#))88denting
operations can then be commenced and completed in a manner that does not violate the pressures 10

preservedd}RPBKERTS SehcEiieC38:0a $0404RRIIGERE A8 oFINAItABIW el nERidetaRipBIanIlf 95 Hhe

control unit C to design a casing string with isolating packers that can be selectively staged and

cementegiusifg ariowRiIarRY S thAt SQTEolsAha STHIRINGPISES IS OftREIBRNTRACKARS He zone

being cemented. Accordingly, for example, to cement a depleted zone a light weight slurry would be

injected %%@pﬁ%ﬁwmﬂ@{ﬁtmwﬁmm@%@tigbbww& %JH&Mé@c%g%%iMely I0|61C_ed across th?
depleted zone only and preserving the rest of the zones from this portion of the cementing job. Fig.

14 is a schematgyieyd ofghe cepEBOPAEROBhHCaphRRRrRINRISEIREAY RFdracamakle
pressure drilling method to complete the well. A 20 cementing drill string DS is lowered providing the

hangsoff latebrigMSheieng RESDIDRSGHa FRiRB IR G AT RIARAY, MBtAYIEr OH caaiNgenake bddA’ to
provide a seal between the drill string DS and the tie-back tubing 1103, and a casing shoe 2101

capable gfinserigingrenigh systeaitor asrgmbbiieh ol 883 alsadwintomeraigseimfEbias fully

understood by those familiar with the art of casing drilling. The 25downhole pump 2105 is run with the

drill stringdpafiéhesteAgneeese reAidlAdsinVBa cVaRE 8RB éld PAAHIYEFt skmaio power

it. Downhole pump 2105 is connected such that it takes its input from the annulus in the open hole and

its outpuisieielivarefiderthe anAUBHdbebmesit RS eitingpstmdhtiag oypetdiRpRyIrpanetatiedownhole

pump is only to provide downhole control on pressure. A surface cementing set up is used as normal

in 5 coorginatesnadl taadlovsrpletedma s@ thairmeifferint aerssuietgradian ane berasbifeed in the
open hole during the cementing operation; although it is expected that less surface pump pressure will

be nequirpebbepastseoehig tifelysamomakotaridisoartemitendw|epaitipiy ofibevweimerdfig zone as
cement is added to the openhole annulus. The downhole pump therefore adds energy into the system

so 10 thajiftagitd Messtie-sensdvamprefocaasignsHeeasAty Mrkrmenterd akihing tohdkers eratent loss
often experienced in such completions. Electric wire and local sensors give full control on pump's

operatiorcancthabigiettiveainiaigedpsessverdifienesnr s ietheoralsybishh, il centiald @Be Since
the pump 2105 is located in the well, pump pressure could be instantly regulated to prevent blowing
out the oppouralidgv@fessure of cement across the zone being cemented. Accordingly, for
example, to cement a depleted zone a light weight slurry would be injected using a
15 packer system such that the light weight slurry to be selectively placed across the
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
20  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

25 downhole pump 2105 is run with the drill string DS. An electric wireline cable 2103 is

-25.-



15 formation because of excessive pump pressure. Cement would circulate down below the preset
pressure zone seal 1101 into the open hole and around the distal end of the casing to complete the

cement job. VBthe¥NESRA| is freshly drilled and drilling fluid has not been alRWFEeSEY B8 around
the bit and up the annulus as found in most conventional drilling programs, the formation will have little
filter cake 20 BNEIVRERENTINEARESRII QP ERR 15T RReby ABetEaIilcACERMRIighe? wethpHeyRd
bonding of the cement to the open hole wall. This technique could be used for any number of

productich Z ¢SS RAMHE bBE S HEIE R RS DRRRHEES deiier SptBiARINthRIUY eRtWEsEP DS integrity
of each productive zone throughout the drilling of the well. Since each pressure zone is identified

immediatgli by RIRY oL oMt IS, 20GHEBEEARRE TEHIBROMRIRRBART BushENsniaIationeider Used

for cementing purposes consistent with experienced pressure zone gradients throughout the drilling

program dowrtigfe ketisiEoneplelsaneenalicrpiciepsabaghi\Wes S>3 RIssHagMaHe Araslient

drilling and completion while performing PPD using a movable control unit C 5 and a movable and

increynenéatydigplRypNarsert LadwnHoladsliviep o pederaimngdhentuprdionsaepassany PP as

already explained earlier, control unit C can alternatively activate seal unit S to deploy a sealant such

as an inteligRNVENUA aakeopen Meiehaninn hAEieEREIAG DY@ AIeRAIGRNING BRpUetag more

fully described herein. Alternative embodiments could provide an expandable packer, an 10

expandalig CRUBEYRIEE YIME iSRRIy SHIDYE RARIRAJSRSILES STtene i\ réneavacksr, or any

other form of bore hole stabilization currently available in this art. Finally, once the programmable

pressureffaaeraas BasdosHetor peHrIpbrMRA cHagttPonié Gavilkkpauaize poereUre ithéhe

overbalanced zone 112 with the underbalanced zone 110 and release the seal for further operations in

the 15 weldmslel BnBIase TheaadynieReaterings kes G NegeS ens Qfyinate neatayytéhd so
simultaneous fashion to preserve the integrity of the well bore, while detecting likely zones for

completionzarfengeEortiesunemdiiia-gnes BahaseUsbRBSRIDaENeatbaoRdiion indlkrsee zones
and the formation remains unclogged with high pressure drilling mud cake, expensive and time

consumirgmweR ieRAttsm Sxpbdpes sl ha\¢ibie tofpgieisioRiectirente Rivdustiansenshrg. 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 V& fuibttmeoDaacenpef tirerbagaiashbimgetd holsinalhbarereedureaditiemrgitened or
stable formation 102, below casing 101. Fig. 15B describes the setting of the programmable pressure
zone seajcross the seals 1101, 2107 and 2108. Since the pump 2105 is located in the well,
pump pressure could be instantly regulated to prevent blowing out the open hole well
15 formation because of excessive pump pressure. Cement would circulate down
below the preset pressure zone seal 1101 into the open hole and around the 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
20 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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25106 against an open bore hole face within the strengthened or stable well bore face WO
2009/088825PCT/1JS2008/088427 102. Fig. 15C shows the continued drilling with drill bit 105 below
the seal 100VPr2A0%§28et against the strengthened or stable well bore fadTABIAN/ %427
unconsolidated or unstable portion of the bore hole 104. Pressure in the annular programmable

pressure @ong k0 imisrtEllss aponbe! vrEE tfbrere_éiﬂérﬂlag the HéEaatisheregsHreAtvithin
the pore pressure frac pressure window by removing drilling fluid from the programmable pressure

zone 11G:iperibn Qe Hrakssined-aneurs drnesabryedhsutenb drlingiphogravides sufficient safety from
well blow outs and the like. Other drilling equipment, such as directional drilling systems, measure

while drilling (Mg, units. esidlitlepalifersation sialbpriaspaysteamiephl e o o glapsmakied in the

drilling industry could be additionally supplied below the control unit C without departing from the spirit

or purpoggAitHs shinahesare: asilfienahywiir FeHRRME PO &igovhpfe-cbrirdaimaeccoiled

tubing, composite tubing or any other conduit to return drilling fluid from the programmable pressure

zonesof thadPresaBlEMENHAA. ikelePhditialpiide slapanatisumushitse MpleaBattion {owdresmhiegpore
structure of the unconsolidated formations and communicate such information to the surface for

analysis pyetharIRiRoneessaYy iiorym deealbsiugneulamaticainmear helsheentiisystesn all in a

manner well know in this art. Since the programmable pressure zone 110 is maintained below the pore

pressure iitagtibely scasawssaIdiAl SAMBepIbYNRISESARYISBANES aie iAlcigdablaydtbarésting
technology prior to casing or strengthening of the well bore with mud cake, as might occur in normal

drilling opgrafienscHatadar byeieraanHs ssade wumiakie seaaiinthing asephy sl pbrstynay and
productivity of layers through which drilling is being accomplished. Streaming potential of the adjacent

formatioriearitRteReyimeAReragtainshiSdarnBitidesosie RS IdatHieespbrddbld Sadh@ierin
Publication No. 2006-0125474, WO 2009/088825PCT/1JS2008/088427
10  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 programmable pressure zone has been driled and
strengthened, the control unit C will equalize pressure in the overbalanced zone 112
with the underbalanced zone 110 and release the seal for further operations in the
15 well bore. This process can be repeated as often as necessary or incrementally in a
simultaneous fashion to preserve the integrity of the well bore, while detecting 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
20  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

25 106 against an open bore hole face within the strengthened or stable well bore face
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which is incorporated herein by reference. The heightened ability to measure while drilling provides an
opportunity for dynamic well profiles previously difficult to obtain, for example to steer the well path to
remain withiWen988¥83foductive layers of extended reach well systems. SPJ/U$I908888425es the
steps of strengthening the open well bore after sensing and relaying all necessary information to the

surface. Byznapipgyiainn shipsoHEsEl i R FRSWiReAHeTBIN 16 BuBatigCcaedero6,
strengthened or stabilized to allow further well development. Strengthening can consist of sealing by

interposipgeR iBleghasival spalit auningtdngeidrrerfasasiicnas ikheuttioutayion siade@AO liners,
sand screens, expandable sand screens, open hole gravel pack, casing with open hole packers, and

expandablecfridneatBarandablasieo wersorHeh 8fSBBFLSAEIENORN PrESEEE oM RR%AAAGEY. Of their

original outer diameter. Solid liners are limited to expand generally between 5% and 16% of their

original dipgyiahriHEBIROSKRS HERDME HICRNMHSIAYBY BamtrePiiniRGhS reifiaGe Badw/fieh upon

15 installation form a continuous supporting member, as described in United States Patents

6,256, 38Randfoh /FrésdursesienatiedHB Here préailatemaciiseaplisaiit swepieahriingcan also

be set to form a temporary bridge to await replacement by a steel casing thereby extending the

boreholedemeiy drillgdmsma gl riigrasierasiiorshasuat tabreompleied aga halbdiantier ie.

monobore. 20 Disclosed herein is an embodiment for setting a sleeve against the well bore surface as
drilling prasfiessesdacsHBGRR Se2pAa2 RN ASIEVRRRY defiigidAtegifhpfibin QRENDIe Slitdcture.

Applicants believe all known well bore strengthening techniques can be adapted for use with this

method drcaemeabithBressurey Zenesiling anehathineceapiainedinesckystonl] hteagopérued as
limiting this disclosure 25to any particular manner of well bore stabilization.Atter the formation is WO

2009/0883=# @il d$ 2MB/088d2 s Steriptivpre dorhssabiizedal 02t pries§utents thirehraaun ieable

pressure zone can be normalized with the hydrostatic head existing above the seal 106 and the seal

releg@sedtiedsasgrineri finlrahemining fiwiby. could bE.ddilischarhesuppfstiagsisw ahensoptrslodiment
of an apparatus for 5 practicing the PGD programmable gradient drilling and completion of the present

inventionunit g-loithédtemBphringrfiane dityepititroreunotelomMiitdiselddiirg matdaioaaEs, then
electrical generator 3 as the electrical power source for a power distribution and control system 4. A
seal or pgrgbgiaP DS ayohvisatateigshe BpperiZEagghlaeetoiled tubing, composite tubing or
any other conduit to return drilling fluid from the programmable pressure zone of the
present invention.

15 Control unit C can continuously sample natural flow from the pore structure of
the unconsolidated formations and communicate such information to the surface for
analysis by the operator or supply 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

20 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

25  techniques such as that described in U.S. Patent Publication No. 2006-0125474,
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10 25 chambers and is adapted to move along the bore hole wall 28. The use of the term upper and
lower should not be interpreted to describe the physical relation of the two chambers with respect to
gravity sinceVB&ue8sE3amber can be geocentrically above the upper chaR{FeFRM8MasA3al drilling
situations. The bore hole contact interface of the seal body 7 is an inch-worm 15 arrangement 8--not

shown in Gl yvinRet PR ke Ar® RiFerariBbePraF R nesshaskbdnshie) & Hidltisareragrersses to
maintain a continuous seal with the well bore wall 28. Other seal arrangement can be adapted to

maintain gNAYSSHIFEES PEBHBBR UM RREAATaANE (QMEpRTIRRAFIEGISLAR it P¥BdsBasVithout
departing from the spirit or purpose of this arrangement. Yet another embodiment for the

20implemsniatian oIkt Bawpable sral isisausran fplavinlitabelaeticonRioeans pyskownp 5 are

controlled by power distribution and control system 4 to deliver mud through the pressure seal 7

utilizing coreHded re fas Nl elpsisiggnotor 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 25 sensor 29 in

the lgwer chamipgg arsEAREKHIE BIBRESHIEZEHEOI SRGhEMNdPIPRY oPER well bore after sensing
2009/088825PCT/1JS2008/088427

and relaying all necessary information to the surface. By manipulation of the drill
string, as more described herein, the formation can be strengthened or stabilized to
allow further well development. Strengthening can consist of sealing by interposing
a mechanical sealant against the well bore face such as without limitation slotted
10 liners, sand screens, expandable sand screens, open hole gravel pack, casing with
open hole packers, and expandable tubulars. Expandable tubulars such as sand
screens can expand from 33% to 55% of their original outer diameter. Solid liners
are limited to expand generally between 5% and 16% of their original diameter.
Interlocking strips which can be deployed from coils at the surface and which upon
15 installation form a continuous supporting member, as described in United States
Patents 6,250,385 and 6,679,334 are described 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.
20 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

25 to any particular manner of well bore stabilization. After the formation is
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chamber, the control system 4 adjusts the speeds of the electric pumps to achieve the required

pressure management of lower chamber 25, thereby achieving conditions equivalent to underbalanced
drilling withOuOtHYBIcations and expense of the surface equipment noRAAINSAIB8(1¥ 2Tt should be
noted that the 5 placement of one or more pressure sensors, such as the one represented at pressure

sensor 2y eag iR d Ry Kedlinew oD, hrpsessam iRbIR Sy RRPRaRIRNS- B4 dIREt AsRaE O oM the
scope of this invention, as needed for the drilling program being carried out. The mud flow through

conduit 1oieiiven Rt Cifr! ajascReaniitebl LOBIPIORBROitAd apdireRBeaRedmeirseAting

conduit 13 through the underreamer 12, all in a manner well known to the drilling industry. This

reversedgiisadaiipaflew fidrainghshgk mittigog gEthe flow - ultimately to be transported to the
surface via telescoping conduit 41 in a manner similar to all open circulation drilling mud systems. The

telescoping conpligt 4leceaneceidthdtie @g%é?grﬂ@dp BRENESodmRIRe VsSR! ABsarha aded from
n

the surface in its transport container 18 a ereby permitting the transport container 18 to traverse

the casingrgeficifgtine PO siteveasaabie %raﬁk@]teaﬁnﬁﬂg%ﬁwlaém;ﬂ@ﬂsﬁitdf&ifénﬁr@@@ﬁf
0

chamber return flow conduit 21 downstream of the connection with flow conduit 22 providing fluid flow
to drive migpr&hand 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 Bow he fofinee aueass ataidO e eidne Giod 2NRHIER grslidiag wiiae flgywepnduit 15

are returned to the surface through the annulus between the casing 16 and the borehole wall 28, all in

a mannefgvgh lnewnchigéRisrinerSras/ttiecEaaiinn vawerl 4ds iéseebiod povbe HRiBuaoeh
reamer WO 2009/088825PCT/1J52008/088427 recirculation conduit 13 such that both the bit 11 and

reamer 12RpYErAIRBFSE MO, POBEHI BISAEPS0RSIBISLISIRGITCidbiateseRdsu pUUE B3I A datrvisr
controlled in real time by power distribution and control system 4.

10 25 chambers and is adapted to move along the bore hole wall 28. The use of the
term upper and lower should not be interpreted to describe the physical relation of
the two chambers with respect to gravity since the lower chamber can be
geocentrically above the upper chamber in horizontal drilling situations.

The bore hole contact interface of the seal body 7 is an inch-worm

15 arrangement 8--not shown in detail--where two 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

20 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

25 sensor 29 in the lower chamber and a second pressure sensor 30 in the upper
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The second electric motor 6 rotates the reamer 12 and a third electric motor 5 26 rotates the rotary
steerable system (RSS) 27 for controlling directional steering of the bit 11 for drilling a pilot hole 40.
The casing WOSRMEAEEAS the surface and is to be left in place. Underreame?ARGS2¢0§(¥ et To open the
pilot hole 40 to width sufficient to allow insertion of the casing 16 into the bore hole. The programmable

pPressure §ysiene e aH P BeR ¥k JAEIANMPS diRety fFRAJELEESHI e BRRSTODURIPBAE sermplgte

through the casing 16. The seal-carrier 18 is latched to a second section of casing 37 and this is

connectegén Ha firelcseHias Of aRIRR AFoHRIN IOt Geairke: ThiS roReYdISATinghi isdockable

- not shown - so that first casing 16 and transport container 18 and the second section of casing 37

can be roigirstionethayasnendad. Trridmalarracseaiilifds satainede thempicansiay hand is fed

out over rollers 20 which puncture compartments in the sleeve-seal 19 to release a bonding agent 36

which stigk anseserlsHiesaiesye-sopidRéathrowstiBorequmbadiacsnbing Kilaistda. Hae iprvard

motion of the system is determined by the speed of sleeve-seal 19 curing and that of drilling. Sensors

can ke deplexpskint the deeversenbld (Hreisd0eheuRsdpsdeieiningsthb st reprbsuFrg thareby

providing a signal to the power distribution and control unit 4 to continue forward optimizing the speed

of drillingprEg weoEdingtion®f dan PearessraluaRoRiRigfitntelenygranmEBIwipHéas fasvarskdrilling
speed provides critical real-time input to the surface to adjust the casing descent requirement. This

informatigiHERMIBPERENG R iME SedpR BifRREINGaN tsh2aBraYisesHo thBavied i ibidgeam

connection 32 from the power distribution and control WO 2009/088825PCT/1JS2008/088427
being carried out.

The mud flow through conduit 15 is drawn from circulating conduits 10

10  through the bit 11 and reamer body circulating conduit 13 through the underreamer

12, all in @ manner well known to the drilling industry. This reversed circulation flow

entrains the rock cuttings in the flow — ultimately to be transported to the surface via

telescoping conduit 41 in a manner similar to all open circulation drilling mud

systems. The telescoping conduit 41 connects with the casing 16 to permit the

15 sleeve-seal 19 to be loaded from the surface in its transport container 18 and

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

20 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

25 in this industry. A recirculation valve 14 is used to vary the flow through reamer
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module 4 to control the draw works/top drive system speed of descent. The same speed information is
provided to the inch-worm sleeve-seal so that it moves in unison with the casing 16 as it is advanced
into the bordWa[209/08883nder normal drilling conditions, the seal 7 would bBGEHFS20¥#8&2The inch 5
worm packers both deflated) until another area requiring pressure management was encountered.

When a regiop PAdBAMEIHILIE £PGRIEA R MAtRTthESsING IaRacidERRdh ¢ nehVOBRISREEITIBIE
energized and the casing lock-on 17 is released in order for casing 16 to rotate and for seal-carrier

body 18 gghiftisiatasireyiadne arat EamileeHbdl, AMOsTBIPAKOI3HhFBREW RGP tihe Set).

The roller system 20 - which is motorized (not shown) would drive out the sleeve seal 19 as the

system dpllpaeadidiie ifieh WREESERMS Syyrifdflso have to take the drilling reactive loads from the
bit 11 and reamer 12. To minimize this effect, the bit 11 and reamer 12 can be rotated in opposite

directions to balpRgesti I BIEckRTHRIBAR RIRTsY thacliaavork pedosmerdeiieg’ritibeols
achieved by inch- worm seals 8 until the sleeve-seal 19 is cured or set sufficiently to be exposed to the

full casing@rseiieletABdATPERSE-IBlC SKAEWQP%QSMW%H@MF%t@ﬂﬂ@éﬁé@ﬁ%ﬁﬁﬂé@fﬁ@&f

isolating a pressure zone adjacent the drill bit and reamer of a bottom hole assembly can be

accomplighegiby Rfradfgnalte hirsiveorsngpdiments. 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 380rptFigsiy) aeiesesrideacsitidiaties aysiesnanss dtunnane8auhgeeelnarrig. 17

or 370 in Fig. 18) as described herein. Motive power for this tractorable toroidal sleeve can be

provided 1 RjaelsRiRede Bpansies PrshaBiealy, #bsuakthasusidieatmodaneondeyeosf 6iantS. The
tractor exerts a pull/push depending WO 2009/088825PCT/1JS2008/088427
casing 16 into the bore hole. The programmable pressure system equipment will
10  then be recovered to the surface once the drilling is complete through the casing 16.
The seal-carrier 18 is latched to a second section of casing 37 and this is
connected to the first section of casing 16 using a rotary bearing 17. This rotary
bearing 17 is lockable — not shown — so that first casing 16 and transport container
18 and the second section of casing 37 can be rotated together as needed. The
15 sleeve-seal 19 is contained in the seal-carrier 18 and is fed out over rollers 20 which
puncture compartments in the sleeve-seal 19 to release a bonding agent 36 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
20 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

25  provided by the wired drill pipe connection 32 from the power distribution and control
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on its rotation direction which could be driven by drill pipe rotation or any other energy available down
hole. As shown in Fig. 17, tractor 250 and tractor body 230 are slideably carried on drill pipe 220 which
is sealed byVQ89310888s 240. Alternatively, toroidal seal carrier 230 can BEFO{a288HP¥RANected to
drill pipe 5 220 and pressure retaining rotary bearings can be substituted for dynamic seals 240

thereby piRyadied4he BeRmnsI mevbiehvoiRten aRabVELitResiban by Justdng anersding on the
drill pipe 220. Drilling mud forcibly moving between tractor 250 and tractor body 230, along with the

frictional {oreeq0fifsrinaion S&eoatedfRr e apingvaiPnesiae jarsmi o2 1N quicheqseihe toroid
250 to slide over its carrier 10230. Alternatively, as shown in Fig. 18, carrier 320 can use

castellatigRigaseiniereisiahglaevas3phaRRERe With thatigrémar body 320 which again is
rotatably connected to drill pipe 310. Similarly, as shown in Fig. 19, the motive force for the movement

of the tractor 530 it sAervrRPEAINAGUESERBARE e sudicAarer b ms sesiatesivitle thramawament of
a mud motor stator 530 with rotor 547 and stator 546 moving a drive ring 543 thereby moving drive

dogss 545 yef Hisckariabairdbmsion PaRtRzmMsmeobRaslYSplking prdsseitiensaagementheal Fig. 17,
Fig. 18, or Fig. 19 the speed of carrier rotation 230, 320, 530 has to match a target traction/tractoring

speed cogkigentam®. 20 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)yramieebgibmerdalriR ke anatimisRRPveRACEINYVIS e PRIG HBEaAEeS on the
interior surface of the seal 510 contain chemical sealing agents 513 activated by 25the compression of
the seal Yidaosiass tharyalhege ud'hAd AHBIgY d fded-o A 2ROYREHOR G dbI 330084085427
16 to rotate and for seal-carrier body 18 not to rotate (to avoid the seal from being
10 exposed to a rotating casing before it is set). The roller system 20 - which is
motorized (not shown) would drive out the sleeve seal 19 as the system drills ahead.
The inch worm seals 8 would also have to take the drilling reactive loads from the bit
11 and reamer 12. To minimize this effect, the bit 11 and reamer 12 can be rotated in
opposite directions to balance the torque.
15 The main pressure sealing work performed during drilling is achieved by inch-
worm seals 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
20  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,

25  such as by the mud motor drive of Fig. 19. The tractor exerts a pull/push depending
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available to strengthen the wall as the interior surface is turned inside out against the exterior well bore
wall 210, all in a manner well know in the down hole drilling additives industry. See Fig. 21A-21C for
schematic r¥P98H AT of several alternative means 5 for delivery of the2& BASRAPAERA3E to the
borehole wall. The corrugated or spring loaded grooves of Fig. 21A while sufficiently mechanically

strong todeathedamsituslieatisacingcrresrikbbdhaRsIOBPcRIE pRlRtivs PRk AGRpssRshal forces

created and is expanded as in Fig. 21B as the sleeve makes a turn around expanding against

borehole galtdhesehyatsle R tHSIéheﬂg%&ﬂﬁ”fﬂgﬁgemﬁ fred02b0 eRdusatest 39S shown
in Fig. 21C when expanded radially. Whether accomplished by the device shown in Fig. 21, the bag

512 tumegldngideanly erhdbasihainpsealemRiicks seahawgltgRd e sumes sudace is being driven

forward by the screw 510 or the slotted member which is compressed to open the chemical sealant for

deployment agappedrigiveal) bere iwalls eac bprryi g3d acahapeicatalaohjrepa g t%eéhﬂ’fﬁlFfé well
bore. The chemical reaction created by the crushing of the bag 512 against the adjacent wall of the

well borea0faems dsirP esaaaRl rotahabdBardio sl Hibsinauairaleasaireicealing 2ggnt. The

exterior surface of the sleeve 510 is designed to reduce friction as it has to slip/slide against itself and

is also cafyHasFARESinG tH RRERTOIS WSl the fartiad dPseapivba P Eaddi@ctey. Ushing radial

force F as shown in Fig. 22, similar to the compressive force of the screw against the bag and adjacent

well boregpallghmg & Fies 2 piske2d2alsDenaate et EiBiverving wellruse serion stow the

toroidal tractor and the section above and also helps impregnate the chemicals that are released from

the spirakbgi®enaicropast Beoberehelewrrltiie felcichalranad &TiigePiRRIDIR kattérvio fefade working
250f the formation. WO 2009/088825PCT/1JS2008/088427 As more fully shown in Fig. 22,

although qrasej PRy wlbriengiediéprdanéty 2ne sesalirgdare npbefoid 25gadslideovel horeavrdlh the

tractor grooves 510 mesh with the grooves on expandable sleeve 512 to drive sealant 801 to
stremgtherghe formation freshly drilled by drilling assembly 105, all as previously described. The 5
open hole 110 is sealed from the annulus 112 by the engagement of the tractor T. In this embodiment,

control unit C isspsahinreyithshshtaeion Fig. 18heseringAvaeemixyivastsishnntiadkig o2 can be
stored on surface as a reel (similar to coiled tubing CT) and then deployed by lowering into well bore
prior to dtdlioigal BR806 BFTeOERGHNY With tyReing Ipicbsasd @R imeithiagavelshotatsoly
connected to drill pipe 310. Similarly, as shown in Fig. 19, the motive force for the
movement of the tractor 530 and sleeve 550 results from the hydraulic force
15 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
20  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

25 the compression of the seal 510 against the well bore wall 210 thereby being
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10 described in Fig. 23A-23E. A latching packer 710 in Fig. 23A would be set just above last casing
shoe using a wireline set packer system common in the industry. The sealing bag can then be
deployed byWOrRHA8B82Surface coil 720 (Fig. 23B) and its lower end 725 |aR€H&USHeS 8433 cker 710
(Fig. 23C). The upper end of the sleeve/seal 730 is then cut and hung off at surface. Drill pipe 740 in

Fig. 23D s/ HeB|éIdoyiegtie gy albinsRusl thesPRrl stia daaidalpiial Gy s50dg4ilesanor

deactivated position. Once the tractor on the drill pipe reaches a position proximal to the packer 710, it

is inﬂatecgﬁ@ﬁ@rte\ﬁéﬂ’_%*@ HN theepisal wq&mm@hmakﬁawemaﬂ@r&wrha@ dakinghe
upper end of the seal is then latched to the drill pipe. As drilling progresses, toroidal tractor pulls the
sleeve deiyRitR.&aaldLEip20 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 thisinteidorsisiaaereyeseealicrelne seseniest oritebershalerritivdinairise same
time releasing chemicals that create an impermeable strengthening barrier in the open hole, all as

previpushyderariaey GRIREE\EAPGOHREERI 6 e 1SEPRRORBA2 TThe EbAlYatBE BFOSHARYNable

gradient drilling can permit the drilling and simultaneous installation of stripping which when deployed

against theawed grsowad vsp uldgtapilixe\antks upRipsidhyWalbas serEnyedib il adregersIrg without
the need for additional special equipment. The deployment of strip or helically wound 5 tubular

structurepiiyigdifanebdmeeauzed YyShBatartdNagbabd Feigthand Re2kO0a3n Si0doni vibieBare

incorporated herein by reference. This strip technology can be adapted to add the stability to the

adjacent grelteareavalligs ékpahidieeD pEoGieFsgs. ABmase thdly slescebeashikebith 2dra diingd
apparatus similar to those 10 previously described herein provides the additional feature of a strip

applicatog XzZ@dsegt gfaiRethsdies SsingaR 20drdeycréressinghe o ivierafese Reei rap aligattefrdi;m moved

by the drilling assembly as drilling progresses. Helical strip 2201 is moved from surface reel 2200

dowp thetiganidnzghewgiberEgsVASreHbISEaNIBHL2HE RUTBR aBgrinbbaarsuiiiy thygHethentry seal
2204 and into the programmable pressure 15 zone through seal 2205. The entry seal 2204 is a

rotating seddhasl Riiusuhersisilieliog BroanditheigHAtotHiaadebAy e tiodee inkine? 301 shpalicator

arm 2203 moves as the assembly is rotated to move the strip onto the well bore where toroidal roller

2215 conpsessedtheraslieiasrgssichas it soniicaMdtitndenvweH e dbatcbyingouiiias somasd and
stabilizing the well bore formation while drilling progresses. 20 Alternately, applicator arm 2203 could

be motorizethenetrheVE10cod thw didaed shigriber rataiihgiseanigidb tedltovojda bieretaiatical
independent of drill string DS at controlled speed. Since drilling fluid 2220 at the standard pump

pressuredealivetrtédrbyeliveysiemi adgesnd? 1thandgnwoopstralaialivea2B 1 Hreddeses thethdavicaf drilling
fluid into the programmable drilling zone, pressure is maintained at the formation 25natural pressure.
The sevesseeatjtheatiog seanpRie thellvesenTrebiesimiesitreaction created by the crushing of
the bag 512 against the adjacent wall of the well bore 210 forms an impermeable
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.
20  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

25  of the formation.
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WO 2009/088825PCT/1JS2008/088427 operates in the same manner as the pumps in other
embodiments of this invention. The drilling and simultaneous deployment of the interlocking strip
material of tWOPAE8@88%2Vention permits safe overbalanced protection in a BfIFRANEAsE Pressure
zone drilling of the present invention, with standard drilling rig equipment, with the full 5 protection of

the formation win theope GagP SRR RKIRGSIIDS WikheugRoPR dRiaNFaRtelfigd witiepryetienal

completion techniques. Applicants believe the present application presents a substantially new

opportungydarizaiely; il rRgersaRoag AIrRY avsIwEICHe S taailr %H%etffﬁdiéf"giﬁo%’lfé‘@ﬂ(ﬂ gAY

programs. Near instantaneous pressure changes can be 10 accomplished by a number of current

tEChniqU%tﬂ‘%é%}@&/ég%ﬁeéiﬁéh@ﬁb{@t@%@wa@fﬂﬁb@ HEQRFHBAPNS diflingimaingd For
example, streaming potential of the strata adjacent the bottom hole assembly could be measured by

sonic exqiatRNien thesHitariflReynarmiigadesaigchos)) & Ratere R aesaR0s) 0 1RR4 74

incorporated herein by reference for all purposes, which can indicate 15 formation pressure which can

thenge agsuhradiant Uﬁg%ééﬂ@aﬁﬁ&ﬂtfﬁbbﬁﬁwﬂl@@ﬁjW@éPfhé/@M@@éFﬁ@ﬂ of eiidlipgdigidrintmand out

of the programmable pressure drilling zone. If the strata formation pore pressure drops, such as in a

depleted ipiiatam Bodingty E prasswigicenddednuried Watargwe ramelt rore wall collapse from the
hydrostatic pressure of the drilling fluid. Similarly, if formation pressure is sensed 20 to have

increased, drillinchBUidHIRGIEE erURIINITESEEVR TaMERIRZheaRater ateies B SuAHEB abpertion of
the well could be cased. Because of the limited size of the programmable pressure drilling zone

110, presagiqslifigsentaleirrntipirRpA) epattakeddptoydiy e ingdatovesiaio rRPYbHITO

performance of the drill bit while safely maintaining the integrity of the WO

2009/085s4fiR- Tid SeQ0SINSS 62 s detintpties - tije pesphie eandeibetmeritmedrasnseesagmable

pressure zone drilling to regular open loop drilling when such drilling is not required. Other
embodimgsssritsdude FRILIMBAXBE handetdrant packisk Tieriar Pigre Zlawing @ S8 lisegt Sugfiace to

seal as programmable pressure zone drilling
above last casing shoe using a wireline set packer system common in the industry.
The sealing bag can then be deployed by run in from surface coil 720 (Fig. 23B) and
its lower end 725 latched into the packer 710 (Fig. 23C). The upper end of the
sleeve/seal 730 is then cut and hung off at surface. Drill pipe 740 in Fig. 23D is then
15 lowered in the well through the seal with the toroidal tractor 750 in closed or
deactivated position. Once the tractor on the drill pipe reaches a position proximal to
the packer 710, it is inflated/activated to mate with the 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
20  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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5 progresses while permitting the longitudinal movement of a drill string through the slick interior bore
are described below. The isolated and drilled zone could then be cemented, cased or stabilized with
appropriate W8 3ging solutions well known in the drilling industry. SIREEUFREBAFERunit is
capable of sensing well bore conditions in the managed drilling zone, substantial open hole information

can be 10 colleqtaghnd nguipearan PRI RiptRINOui e NtasfeBRAMRY e siarPEsaUTe
n

overwhelming the porosity or flow characteristics of the open hole. This dynamic well profile will allow

future majiagRaIess @S REMAdReoValHBRies RricHilpYIde topetratalmsotiectinm zne infarmation

previously hidden by regular drilling techniques. The covariance of data collected from nearby wells

with drillingdf iRfernadonir reabior sheulbnesitentslrtionafindoprasies sasfidlihvisethasis.

Fracture networking and propagation in tight reservoirs can be studied when using this programmable

pressure yoae il meR0GpR dackUBiheROITHEMABIe RIRFRUE SONE dreHdrA IRRVRsSLAENEr
pressure and temperature changes in offset wells providing a guide for geophysical interpretation of

the wellstgpd fieciwigsiirddeiROfilll tadgestudhown. TSeedeygopmaanpfNiys Be7essshoatd increase

the ability of a driller or an automatic trajectory control system (at surface or down hole) to steer or

allow thegleyelopEan il GUIhRIBEArHIHNS- aRREAEISS Bihidicrener! tThinarpatenmidgiata

collected by the control unit C, including any formation evaluation data, to guide 25the drill string to the

approprigggriapgehaapted¥e 289 UNB &6 Tid IRE08G/ASEH2Well SIREaAE REcTRatdRRvgd

provides a complete well profile obtained by the control unit as drilling progresses, a cementing
program gasykResEradily designed and implemented which permits each strata encountered in the
entire well bore to be cemented in the most efficient and formation-preserving manner. For example, if

an 5 unconsoliggiethaegerigiyegeei@thaicameny singy eorsisient Apbnraeoraativmn peespgg:can be
delivered to the formation once isolation packers are set to isolate that zone, all in a manner well

knowgn inghe, it §if degetlseimestidng orriaienselAgditienel fearedshmBrpile: pptissise 2pdtg zone
method permits the use of specifically designed cementing programs for each problem strata. 10It may
also be readity ey eriptet dipe 20 thikuitgsing disclosoredhabrised applications is moved
by the drilling assembly as drilling progresses. Helical strip 2201 is moved from
surface reel 2200 down the annulus of a well bore where it is carried by the pump
assembly and BHA through entry seal 2204 and into the programmable pressure
15 zone through seal 2205. The entry seal 2204 is a rotating seal that allows the drill
string DS and the BHA to rotate relative to the strip 2201. Applicator 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.
20  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

25 natural pressure. The reverse circulation pump P of the present embodiment
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a result of the well bore strengthening accomplished in the open hole drilling program permitted by this
programmable pressure drilling apparatus significant sections of the well bore can be cased with a
monobore CYEIGAHEFEBY creating a full bore well to the productive zones WARBUB8H8E s in the
size of the casing. 15 Once cemented into place, while preserving the integrity of the well bore

because gbdrgraethpiiodisphiained kar s BESAIMIBY G EIAePIBRBIORNATRIECSF GAR Revebined from

the well while preserving the integrity of the production formation through which the well is drilled

because Pﬁ@“@lﬁﬂ%%@f@ BIPRMHEHRIGI S RFMBIHE LIRS FelciRiBriNySsHpiadtatiaragrangnable

pressure drilling. rogrammable pressure drilling and programmable gradient drilling permit near

instantansiseACIHEERESH Qfé?fﬁﬁ&%f@iﬁ%@ﬂﬁﬁérﬁ%ﬂ’?@@t%éﬁrﬁﬂaﬁ%@%ﬁ%ﬁ@@@%@%m bore

annulus pressure. There is no requirement to alter mud characteristics based upon formation changes

during a dgl@gmIpY aMdereRsiaHoBsaYe, WRASItEBaR! atifMiniradarpeient, svieh e fraw,
pressure, weight on 25bit, torque and drag can be sensed and sent to the drilling manager or drilling

control WS13eA88B3ReRErMbliaR0RTD 83 2hgrgiem iRciscRRIYretiput WMt disercesgs to well

formation characteristics and the productivity of all strata experienced while drilling, as well as short

duration tesHpeesylehesteerdtpriddhweabitedsvesesd draw downs) can be measured in the

unconsolidated formation and sent to the surface for analysis. While 5 hydrocarbons may flow to the

surface mixed in@)RieENeg HeueEorthiheprasensodgpirdtisinaiiesetite \@lwusseastigh pigskction will
be small and controllable down hole by the control unit C and no adverse pressure differences will be

experiengppartiitfpuidacfepm dRgstmnTorimatioels aprsyidhinPresriyBtateig Nfisgind applissien of this

technique in exploration wells where a large number of 10 uncertainties exist; for example, mud design

and propetiies ssfilirewl FRping slpsions. formeiion pseivsescrd seliatecihnelagiss tehe peed. By

deploying this invention, operators will be able to drill exploration wells with minimum risk as mud
design wileeraiphedbgasingmissiueedumeastsentegieohirined oforeieapedursiviigeviilendrilling

without formation damage, thereby allowing the most 15 accurate and very first determination of
reservoirtalsPppeyRivEZDIE B RSICIrD RN ARNIhE eNEBRIVOF G graeiBIE UStRRiANHg! potential
of the strata adjacent the bottom hole assembly could be measured by sonic
excitation of the strata, all as more fully described in U.S. Patent Publ. App. 2006-
0125474 incorporated herein by reference for all purposes, which can indicate
15 formation pressure which can then be acquired and used by the control unit in
conjunction with flow rates of drilling fluid into 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
20 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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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 possiHe MHEeWYes have been 20 disclosed. For that reason, the sdSpEERAMPHEHAON of the
present invention is not to be restricted to the above disclosure, but is instead to be defined and

construegobin HiR APPRNFESHISHINS t&-5MIHES W%&Stﬁ’@émﬁﬂﬂsprb?PaPﬂﬁﬁB%fWr@éggféf&m?@e
|

pressure drilling comprising: sealing an annular space creating a first pressure zone and a second

pfeSSUre&ﬂﬁﬁdﬁcﬁr@@”@@&ﬁieﬁ%ﬁ@rﬂﬁﬂ%ﬁ QiR Bt PrRISwQUARe and the second
pressure zone; adjusting pressure between the first pressure zone and the second pressure zone to

achieve a specifiiseesHER GrAdieRT indidBG ¥R dhmBrsh argRsUia iRg&IRITER wrltiBesondile
dynamically adjusting pressure in the first pressure zone; and strengthening the first pressure zone in

the well kgrawiryle driliagling. Tipraraihes of¢dpinag fordparAREBISINgragyaigingopiesefrg the first
pressure zone with the pressure in the second pressure zone
5 progresses while permitting the longitudinal movement of a drill string through the
slick interior bore are described below. The isolated and drilled zone could then be
cemented, cased or stabilized with appropriate chemical bridging solutions well
known in the drilling industry. Since the control unit is capable of sensing well bore
conditions in the managed drilling zone, substantial open hole information can be
10 collected and logging may be complete without the interference of hydrostatic
pressure overwhelming the porosity or flow characteristics of the open hole. This
dynamic well profile will allow future management of not only the well drilled but will
provide substantial production zone information previously hidden by regular drilling
techniques. The covariance of data collected from nearby wells with drilling
15 information in real time should permit correlation of information on field-wide basis.
Fracture networking and propagation in tight reservoirs can be studied 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
20 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

25  the drill string to the appropriate target zone.
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3. 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 4. The method of claim 1 further comprising

hydraulicalPMORAMRSEBS first pressure zone 5. The method of claim 1 wheR€HHR2088&4\58427
strengthening comprises one of the following selected methods for stabilizing the first pressure zone:

coating the well§iareWHB PrastAR R IBLRIGIES e cORMPRIENG/SICARIM%IbBIARTEHARENT an

expandable tubular, inserting and deploying an interlocking continuous strip, or gravel packing. 6. The

method QfcH#HaN drfie BaelRRAPHIRiEAeSeBUNUALS RO DG iRmmaliBresstiERMARRtA Mthin the

first pressure zone providing a streaming potential profile of the drilled well. 7. The method of claim 1

further_ CQH‘?BI@?H&{@@WRHHQ@%%Jr@é@ﬁhﬁfﬁﬁé RISSSURRFEASIRNHdNEREH INEIhe SlEcaNBY
potential to determine formation pressure and permeability. 8. The method of claim 1 further

ComPprising GRIMEH IHINEHENGANa Rt BAY TBIET SAPERRAVNGANE IARAS F hideSMpNelacd in the
formation while modulating pressure in the first pressure zone thereby detecting formation

chargcteigiiehuaitpiibl aghiingsthediestate ssuce #rie- slurhnecoraiReeref aimiddurdrargrRmprising
transmitting well information dynamically while drilling from the first pressure zone to the surface and

receivingresligis gaalpdaghveraytie sgfraentiibheomeshied alisiipadkeRetetn sae waldnhesmation
is transmitted through wired drill pipe. 11The method of claim 1 further comprising determining
productivihapteiialiPin a manner well known in the art of oil well cementing operations. The
use of the programmable pressure drilling zone method permits the use of
specifically designed cementing programs for each problem strata.

10 It may also be readily appreciated in view of the foregoing disclosure that, as
a result of the well bore strengthening accomplished in the open hole drilling
program permitted by this programmable pressure drilling apparatus significant
sections of the well bore can be cased with a monobore casing thereby creating a
full bore well to the productive zones without restrictions in the size of the casing.

15 Once cemented into place, while preserving the integrity of the well bore because of
the well profile obtained by the present invention, higher production can 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.

20 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

25  bit, torque and drag can be sensed and sent to the drilling manager or drilling control
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each pressure zone in the well as it is being drilled in the first pressure zone. 12.The method of claim 1
further comprising steering a drill bit within the first pressure zone utilizing information determined by a
control unit BEAMIABEIAG with one or more sensors located within the firsPEEYS2VESATHE.71 3A
method for programmable pressure drilling of a well bore comprising: disposing an annular seal

proximal §9A515) aRE ebAtFBIIUNRE GRinTRRAS Y HEGREIBMNBAlFRTRAIDR I Enerit RMES srdl

allowing continuous movement of a drill pipe; engaging the annular seal with the well bore to form an

alterabletﬁgng}@dgaw o an %ﬁtﬂuéﬂﬂéﬂ%ﬂ‘@/\mﬁomim‘h ,asselly feleMotnessealighsaid well
bore; drilling the well bore utilizing the bottom hole assembly while maintaining the annular seal;

maintainiRa; g wied BREFIRTBUROANR RIS WeN(BLA IR SeRlrurie daanrElisarobénmeasa die
pressure differential from a pressure on a proximal side of the seal; and - 43 - strengthening the well
bore whilg d{ing ireRsbia dusteloRBISYERIMEBAt to the surface for analysis. While
5 hydrocarbons may flow to the surface mixed in the drilling mud from the
unconsolidated formation, the volume of such production will be small and
controllable down hole by the control unit C and no adverse pressure differences will
be experienced at the surface from these minimal releases. This presents a
significant application of this technique in exploration wells where a large number of
10  uncertainties exist; for example, mud design and properties required, casing design,
formation evaluation and testing technologies to be used. By deploying this
invention, operators will be able to drill exploration wells with minimum risk as mud
design will be simplified, casings reduced, measurements obtained of well’s
productivity while drilling without formation damage, thereby allowing the most
15 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

20 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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14. The method of claim 13 further comprising removing drilling fluid and cuttings through said seal
without releasing said seal. 15. The method of claim 13 wherein the pressure in the well bore is lower
than the pressure in an annulus on an opposing side of the annular seal. 16A 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, theswell bore seal into the annular space while drilling; and,  moving the well bore
seal as drilling progresses at the well bore face, wherein the well bore seal is a sleeve. 17.The method of
claim 16 whereinMire mdemadsiesseal is made by energizing a tractor. 18The method of claim 16 wherein
the moveable seal is made by moving a screw. . o
1. A methaod for programmable pressure drilling comprising:
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;
drilling within the first pressure zone in the well bore while dynamically adjusting
pressure in the first pressure zone; and
strengthening the first pressure zone in the well bore while drilling.
2. The method of claim 1 further comprising equalizing pressure in the first
pressure zone with the pressure in the second pressure zone.
3. 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.
4, The method of claim 1 further comprising hydraulically isolating the first
pressure zone.
5. The method of claim 1 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.
6. The method of claim 1 further comprising continuously monitoring formation

pressure and depth within the first pressure zone providing a streaming potential

profile of the drilled well.
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19The method of claim 16 further comprising depositing a well bore seal on the well bore face. 20. The
method of claim 16 wherein the well bore seal is a sealing agent reacting with the well bore face 21. The
method of claim 16 wherein the well bore seal is an expandable casing. 22. The method of claim 16
wherein the well bore seal is an interlocking strip. 23A programmable pressure drilling apparatus
comprising: a drilt asseMiBIyeBeiettaiind uiiaeal @RPOTROIMPEMIRANINY ArassYisréssieeii&dnsor disposed

proximally to the drill assembly;  a seal sele%abl enga ed to sefill a distal end of the drill string from an
%relssure ZOI’I% nﬁ rt'neasurln e trea % .80te tlal t ete”mn%.fﬂrmatl?n .
annulus formed between ‘said drill string and an adjacent circumferential wall, which seal’ moves with the

forward progress,@bthe @fll pesseabiy. @ second pressure sensor disposed on an opposing side of said
seal for comparatively measuring the pressure differential between the distal end of the drill assembly and
the annulus; 8. The method of claim 1 further comprising continuously exciting the formation

with sonic energy and measuring sonic velocity in the formation while modulating
pressure in the first pressure zone thereby detecting formation characteristics without
fracturing the first pressure zone.
9. The method of claim 1 further comprising transmitting well information
dynamically while drilling from the first pressure zone to the surface and receiving
control signals back from the surface.
10. The method of claim 9 wherein the well information is transmitted through
wired drill pipe.
11. 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.
12. 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.
13. 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;
engaging the annular seal with the well bore to form an alterable annular
pressure in an annulus adjacent the bottom hole assembly below the seal in said well
bore;
drilling the well bore utilizing the bottom hole assembly while maintaining the
annular seal;
maintaining the well bore pressure on a distal side of the seal during the drilling of

the bore at a pressure differential from a pressure on a proximal side of the seal; and
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at least one pump to remove fluid from an area adjacent the distal end of the drill assembly past the seal
to the annulus; and a formation strengthening seal. 24. The programmable pressure drilling apparatus of
claim 23 wherein the seal is a sleeve. 25. The programmable pressure drilling apparatus of claim 23
wherein said adjacent circumferential wall is the well bore. 26. The programmable pressure drilling
apparatus of claim 2BaRgieeEIRcARIVER Qe i BiiRg énaaRlRIH e ar vedingvelPPMERE programmable

pressure drilling 1aaopareﬁ]us Oftﬁl)%imf 23iwl1%r$in the seal is an inter_locgirﬂl%gﬁﬂcdml}t{ wonﬁjtnd coil. 28. The

. e of cla urther c rising removin cuftings .
programmable pressure armlng apparatus of claim IIRREREIR & proximal &'Sié&Ve is latched to a

casing prior to depiRymesnt agai ihdue fRRRiPRid42all he programmable pressure drilling apparatus of
claim 23 wherein the drilling apparatus is a reverse circulation center discharge drill bit and an
underreamer. 15. The method of claim 13 wherein the pressure in the well bore is lower than
the pressure in an annulus on an opposing side of the annular seal.
16. 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, wherein the
well bore seal is a sleeve.
17. The method of claim 16 wherein the moveable seal is made by energizing a
tractor.
18. The method of claim 16 wherein the moveable seal is made by moving a
screw.
19. The method of claim 16 further comprising depositing a well bore seal on the
well bore face.
20. The method of claim 16 wherein the well bore seal is a sealing agent reacting
with the well bore face.
21. The method of claim 16 wherein the well bore seal is an expandable casing.
22. The method of claim 16 wherein the well bore seal is an interlocking strip.
23. A programmable pressure drilling apparatus comprising:

a drill assembly connectable to a distal end of a drill string;
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a first pressure sensor disposed proximally to the drill assembly;

a seal selectably engaged to seal a distal end of the drill string from an annulus
formed between 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
comparatively measuring the pressure differential between the distal end of the drill
assembly and the annulus;

at least one pump to remove fluid from an area adjacent the distal end of the drill
assembly past the seal to the annulus; and

a formation strengthening seal.

24. The programmable pressure drilling apparatus of claim 23 wherein the seal is
a sleeve.

25. The programmable pressure drilling apparatus of claim 23 wherein said
adjacent circumferential wall is the well bore.

26. The programmable pressure drilling apparatus of claim 23 wherein said
adjacent circumferential wall is a casing.

27. The programmable pressure drilling apparatus of claim 23 wherein the seal is
an interlocking helically wound coil.

28. The programmable pressure drilling apparatus of claim 24 wherein a proximal
end of the sleeve is latched to a casing prior to deployment against the formation.

29. The programmable pressure drilling apparatus of claim 23 wherein the drilling

apparatus is a reverse circulation center discharge drill bit and an underreamer.
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