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Descri ption Met hod And Apparatus For Drilling with H h- Pressure.
Reduced S¥096/1888%t ent Li qui d Technical Field SOPE30r esent -
i nvention relates generally to nethods = 1 =and appar at us for drilling
earthen formations. .Mre particularly, the present invention rel ates
to nmethods 5 and apparatus for drilling earthen formations for the
recovery of petrol eum using high-pressure, reduced solid cont ent

| i quid. Background Art 10 It is along-standing practice in
the rotary drilling of wells tREEFEBEXLNri|ling fluid. In nost
cases, the drilling f|UId Is a dense fllter cake- bui I ding mud to

protect and retg

through t he tub¥fa ] - , and
S returned to the surReda eq SodldnSontens dr| I I'string
and the sidewal | of the borehol e. This flui d cool s and | ubricates
the drill bit as well as providing a hydrostatic fluid colum to

prevent gas
Technical Field
The present invention relates generally to methods
and apparatus for drilling earthen formations. More
particularly, the present invention relates to methods
5 and apparatus for drilling earthen formations for the
recovery of petroleum using high-pressure, reduced solid
content liquid. |

Backaround Axrt :

10 It is a long-standing practice in: the rotary
drilling of wells to employ a drilling fluid. In most
cases, the drillin_g' fluid is a dense, filter-cake-
building mud to protect and retain the wall of the
borehole. The mud is pumped through the tubular

15 drillstring, exits nozzles in the drill bit, and is
returned to the surface in the annulus between the
drillstring and the sidewall of the borehole. This
fluid cools and lubricates the drill bit as well as

_ providing a hydrostatic fluid column to prevent gas

20 kicks or blowouts, and builds filter cake on formation
in the sidewall of the borehole. The drilling fluid
exits the bit through nozzles to strike the bottom of
the well with a velocity sufficient to rapidly wash away -
the cuttings created by the teeth of the bit. It is

25 known that the higher velocity of the fluid, the faster
will be the rate of drilling, especially in the softer
formations that can be removed with a high-velocity
fluia. ' '



20 ki cks or blowouts, and builds filter cake on formation in the

sidewal | of the borehole. The drilling fluid exits the bit through

nozzl es t owdlgghgeet he bottom of - the well with a vel ociRgr/esesfiéamdsrent to «
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the dense, 3' | te{o l%%.o%u'ﬁa%éﬁaq é&ﬁ@g extreme abrasive wear on the

drill bit, especially the nozzles, and associated
driilstring components when abrasive particles are in (

the drilling fluid. Use of clear water or a non-

abrasive fluid would solve the abrasion problem, but the

15 density and characteristics of such fluids cannot

substitute for the dense, filter-cake-building drilling

mud in formations that are porous or tend to slough-off.

Nor can clear water be used when high-pressure gas may

be encountered and a high-density fluid is required to

20 prevent a blowout. :
Attempts have been made to employ a high-pressure,

reduced solid content drilling fluid together with a

dense, filter-cake-building drilling mud to achieve the

_ advani:ages of _both. v.8. Patent No. 2,951,680,

25  September 6, 1960, to Camp discloses a two-fluid

drilling system in which an inflatable packer is

rotatably coupled to the drillstring just above the

drill bit. In drilling operation, the packer is

: inflated and the annulus between the drillstring and the

30 borehole wall above . the packer is filled with

" conventional drilling mud. Gaseous or reduced density

drilling fluid is pumped down through the drillstring

and exits a nozzle in the bit. The packer prevents

mixing of the drilling and annulus fluids. The cutting-

35 laden drilling fluid is returned to the surface through
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sidewal | of thengidy |5d rnﬁ&ﬂa,elﬁafvﬁér&me cldga@aem%d chttands.t forned
within the drillstrin packer near the drlléobit I n

t he drillstri nd’%ysegaﬂégFg#D“and:’r%??a%?! t AUGUSH 4 1866,
Additionally, Ydrbrough idipdlases admethodgandl apparatus for rdat 10 ity

through a160r t Yith pa&;@gefiﬂé&e :ﬂ{i lvlrﬂéﬁ NGy two-tube, concentric
drillstring is employed. Clear water is employed as the
drilling fluid and is pumped down through the inner tube
of the drillstring and exits the bit. A wall-coating
drilling mud or fluid is maintained in the annulus
15 between the drillstring and the borehole. cCutting-laden
drilling fluid is returned to the surface through the
annulus defined between the inner and outer concentric
tubes of the drillstring. The height of the column of
wall-coating drilling mud is monitored and pressure in
- 20 the drilling fluid is increased responsive to pressure
' increases resulting from changes in the hydrostatic
pressure associated with the column of wall-coating
liquid between the drillstring and borehole wall.
Returning the cutting-laden fluid in an annulus between
25 inner and outer conduit in a drillstring would be
problematic because the annulus would tend to clog and
would be very difficult to clean. Additionally,
monitoring the pressure exerted by the annulus fluid by
measuring its height in the wellbore would be extremely
30 ‘difficult to accomplish if annulus fluid or drilling mud
is continuously pumped into the annulus , which is
necessary to maintain the annulus fluid or drilling mud
over the entire 1length of borehole as drilling

. progresses.




which is likely to beconme clogged with cuttings. U S. Patent No.

3,268,017, August 23, 1966, to Yar br ough di scl oses a net hod and

appar at us felogddgedb! i ng 10 with two fluids in which @CIUsIsacior,
concentric drillstring is enployed._Gear water is enployed as the
drilling fluid and is punped down through the inner tube of the
drillstring and exits the bit. A wall-coating drilling nmud or fluid is
mai ntai ned in the annul us 15 between the drillstring and the borehol e.
Cutti ng-1aden ~drilling fluid is returned to the surface through the

annul us defi ned betwues t IEatenterNaNd 49 a0 6r, 508c Famiary 12, t abes, oftda he
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e AR war) 30 ENa.OHERF, phothe ir 11 b1t TWimen st SyRloddi® o
PCT/ US95/ 16307 necessary to ‘make-up a new.settion of drill pipe,
filter-cake-building drilling mud is pumped down the
inner drill pipe to displace the clear drilling fluid,
wherein only the dense, filter-cake-building annulus
15 fluid or drilling mud occupies: the borehole. Such a
' procedure for the make-up ‘of new sections of drill pipe
is extremely unwieldy, and:in practice is uneconomical.
. A need exists, therefore, for a method and
: - apparatus for drilling with a reduced density drilling
20 = fluid -whil_e maintairiingz a dense, filter-cake-building
~annulus fluid in the annulus that is commercially
practical. : '

25 ' It is a general object of the present invention to
‘provide an improved method and apparatus for drilling a
borehole using a high-pressure, reduced solid content
drilling fluid, while wmaintaining an annulus fluid
having a density greater than that of the drilling fluid

30 - in the annulus between the borehole and the drillstring
while drilling. _ .

This and other objects of the present invention are
accomplished by running a drillstring terminating in a
drill bit into a borehole. A reduced solid content

35 drilling fluid is pumped through the drillstring and out



‘U.S. Patent No. 4,718,503, January 12, 1988, to Stewart discloses a

nmet hod of drilling a borehole in which a drill bit is coupled to the
: |l ower endWEX96H8§08i r of.concentric drill pipes;. A firsPCT/OS463¢osity
fluid, 5 such.as oil and water, is purged down" through t he i nner

drill pipe and returned to the surface through the annul us between the
I nner and outer drill pipes. A colum of annulus fluid or drilling.
mud i s maintai ned stationary in the annulus forned between the

borehol e 10 wall and the outer of the drill When it becones
necessary to nakbeupiﬁ.nvhsseéni&heoﬁnimhﬂnqméiyid impinges:rupekecand; | di ng

drilling rmud i sqpst ﬂlﬁ'matiori ﬁaeérdall inRid¥pdraticwieh the clear
drilling fluid, erein onIy ense, filter ke- bU|Id|n Bgnnulus
15 fluid or dP¥ktin u’c‘%e BY¥LAH P de 'ﬁ%ﬁ greater, ‘thap, ¢
for the nake- uptndtnem/thetdnhklhﬁgdflhidpisecontinueuskyrpunb;duﬁnteldy,
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present inventi ggl@&ted and_eeﬁaﬁalleaeﬂrbusﬁﬂeplaneaeﬁﬁlhhsihtaﬁface
termnating in 8 formed at the drill bit at which annulus fluid mixes
with the drilling fluid and is returned along with the
. 185 drilling fluid and cuttings, and the drilling fluid is .
' substantially prevénted from entering the annulus.

According to the preferred embodiment of the

present invention, the step of maintaining the annulus

fluid under a selected and controlled pressure further

20 comprises selectively choking the return flow of
drilling f£fluid, euttings, and annulus.- fluid at the
surface to control the pressure loss across the choke.
Drilling fluid is also puﬁped into the drillstring at a
flow rate sufficient to maintain the interface between

25  the drilling and annulus fluids as drilling progresses.
The selected and coﬁtrblled pressure of the annulus
fluid and the rate of choking the drilling fluid are
monitored to insure the maintenance of the interface
therebetween at the bit.

30 - According to the preferred embodiment of the
present invention, <the method further comprises
shutting-in the drilling fluid, including the drilling
fluid and cuttings in the tubular passage, in the
drillstring at the surface and at the bit. Allength of

35 drill pipe is connected into the drillstring while it is
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within the tubular outer conduit. At least one -

enlarged-diameter tubular conduit is: eccentrically
disposed in the outer: conduit and :a closure member is
disposed -therein for selectively obstructing the
enlarged-diameter tubular conduit. The closure member
does not substantially constrict the diameter of the
enlarged-diameter tubular conduit in the open position.

Other objects, features and ~advantages of the
present invention will becomeaapﬁarent.with.reference to
the detailed:description-which'follows;

Description of the Drawings - |

Figure 1 is a schematic depiction of the method and
apparatus according to the preferred embodiment of the
present invention. o

- Figures 2 is a logical flowchart depicting .the

steps of the process of controlling the method and
apparatus according to the present invention.

Figure 3 is a cross-section view of the multiple
conduit drill pipe according to the preferred embodiment
of the present invention.

(



*25 the drilling and annulus fluids as drilling progresses. The

sel ected and controlled pressure of the annul us fluid and the rate of
schoki ng t V08618808 ng fluid are moni tored to.insure t RCHROHGTnce of
the interface t her ebet ween at the iz2.-30 According to the
.preferred enbodi nent- of the present invention, the nmethod

further conprises shutting-in the drilling fluid, including the
drilling fluid and cuttings in the tubul ar passage, in the

drillstring at the surface and,at the bif. _Alength of 35  drill pipe is
connected into the dFLOPEEri4hginid elq:!pgigudinal Weckdorggptew, taken
PCT/ US95/ 16307 along line 4--4 of Figure 3, depifcting a portifti ofntaed the

drillstring theg.k$+40 d Lnye . drilling. Accordi ng
to the preferregrhz%bggﬁﬁeﬁif8$€?%tga in S?ggﬁﬁtkrnvention, the drilling
fluid is clear waterFdgurg 5 cisriafibongitvudingl mseckion reiempuitakehl ui d
is a dense, bt L6 U 'mlfgi | i Bk Lhg to
the preferred egéaﬁbng%?egi 51 ?f% piesje' tdglbnlve'ntr?gona, %oﬁétiggﬁ%?g%ng
conprises a mul 8 é pipe i}lustrated, “prgguﬁﬁvfng an outer tubul ar
conduit for 10 trardigurei rea-6isshoulddbeornsdadatogatiier avdnérer a ]
provi ded at each qpuﬁ_ | _ onnecting the
drill pipe to o? ﬁggqggéé' ?\%258(3)#@%?{1' %e&%djélérééq esaes‘_'ttjtﬂ%% Views of o
reduced- di anet eR ereasaver ;kabiliasr for usendithithe mujtiples condufitui d is
eccentrically dagg23egipe according to the preferred embodiment of the

present invention. , :

Figures 7A-7D should be read together and are a

longitudinal section and several cross-section views of

a bottom hole assembly for use with the multiple conduit

drill pipe and crossover stabilizer according to the -

preferred embodiment of the present invention.

e iment

Referring now to the Figures, and specifically to
Figure 1, a schematic depiction of the method of
drilling a borehole according to the present invention
is illustrated. A drillstring 1, which terminates in a
drill bit 3, is run into a borehole 5. A reduced-
density or solid content drilling fluid 3 is pumped into
drillstring 1 through a drilling fluid inlet 7 at the
.swivel. The drilling fluid may be clear water or
clarified drilling mud, but should have a density less
than that of conventional drilling muds and should have
reduced solid content to avoid abrasive wear.
Preferably, the drilling fluid is water with solid
matter no greater than seven microns in size. The
drilling fluid preferably is provided to drillstring 1
at 20,000 psig pump pressure in order to provide up to
3,200 hydraulic horsepower at bit 3. The pressurized
water is carried throﬁgh drillstring 1 through at least



15 within the tubular outer conduit. At least one :
enl arged-di aneter tubular conduit 1is eccentrically di sposed in the

out er condywigosaBghea cl osure nenber is di sposed t her ei npéTyusesassTt i vel y
obstructing the enl arged-di anmet er tubyl ar conduit. The closure nenber
20 does not substantially constrict the dianeter of the

enl ar ged- di aneter tubul ar conduit in the open position. O her

obj ects, features and advantages of the present invention will becone
apparent with reference to the detail ed description which foll ows.
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Senenoh oL S0 e had fifonon 1846007, BF dhineh. ey k-
. building annulus fluid is pumped into the annulus
between drillstring 1 and borehole 5 through an annulus
fluid inlet 13 below a rotating blowout preventer 15.
Rotating blowout preventer 15 permits drillstring 1 to ‘
be rotated while maintaining the annulus fluid under a
selected and controlled pressure. The annulus fluid is
a conventional drilling mud selected for the particular
properties of the formation materials being drilled and -
other conventional factors. The annulus fluid is pumped
- into the annulus continuously to maintain a column of
annulus fluid extending from the surface to bit 3. The
annulus fluid must be GOntinuouslprumped to maintain
this column as drilling progresses. As described in
more detail below, the pressures and injection or pump
rates of the high-pressure drilling fluid and the
annulus fluid are controlled and monitored to maintain
an interface between the drilling and annulus fluids at
bit 3 such <that drilling fluid is substantially
prevented from entering the'annulus and diluting the
dense, filter4cake-huilding fluid. However, some of the
annulus fluid is permitted to mix with drilling fluid
and return to the surface through return conduit 17.
The method accordiné'to'the preferred embodiment of the
present invention is especially adapted to be automated
and computer controlled using conventional control and

data processing equipment. '
The hydraulic horsepower resulting from high-
pressure. drilling fluid delivery at bit 3 combines with




" Fi gure 5 is a longitudinal section view taken along line 5--5 of

Figure 3, depicting a portion of the drill pipe illustrated in Figure
2 4. WO 96/8890r ¢ 6A- 6H shoul d be read together and are BCT/US9S/16307

| ongi tudi nal section and several cross-segtion views of a crossover

stabilizer for use with the nultiple conduit drill pipe according to

the preferred enbodi nent of the present invention. Fi gures

7A-7D shoul d be read together and are a | ongi tudi nal section and

several cross-section views of a bottom hol e assenbly for use with the
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mud, but shoul d have a densi t ess conventional drilling
muds and shoul difhaut sub 'Fee%ée& f%BY’l’EPS"tE{‘]E"E{}?nS that, i8 carable 9%,c

wear . Preftyoving suisstintialhgghantitiesvoite rcuauﬁﬂmgsaladin fluid‘:lt ter
A e e Ty
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water is carri e dtinyiilishéd threh’ the anrdiud ' ¢esdiltingSkrom concentric

pipe arrangements, which is susceptible to clogging and

is not easily cleaned in that event. The return flow of

the drilling fluid and cuttings is selectively choked at -

the surface by a choke valve member 21 in the swivel to

insure maintenance of the interface between the drilling

- and annulus fluids at bit 3.

- A ball valve 19 is provided in return conduit 17 at
the generally uppermost end of drillstring 1 to
facilitate the making-up of new sections of pipe into
drillstring 1. The lower density drilling f£luid present
in high-pressure conduit 9 and return conduit 17 is
especially susceptible to being blown out of drillstring
1, either by hydrostatic pressure from the annulus fluid
or from formation pressures, especially when pump
pressure is not applied and when return flow is not
fully choked in return conduit 17. When drilling is
ceased, ball valve 19 is closed at the surface, thereby
shutting-in drilling fluid in return conduit 17. Check
valve 11, combined with the hydrostatic pressure of
drilling fluid above it, shuts-in high-pressure conduit
9. A new section of drill pipe then may be added to
drillstring 1 and ball valve 19 opened to recommence
drilling. Before a new section of drill pipe is
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- 8- one reduced-di ameter high-pressure conduit 9 extendin
t hrough driwdesnsseeg 1 and in fluid comunication with %95’1%?03heck
valve 11 i's provided at or near bit 3 ta 19 - prevent reverse circul ation
-of the drilling fluid, as wi |l be described in detail bel ow
Concurrently with the delivery of high-pressure drilling fluid through
inlet 7, a dense, filter-cake- bui | di ng annulus fluid is punped into
. the annul us between drillstring 1 and borehole 5 through an -annul us

fluid inlet 13 mectedtimtondrilisbuingriyak deast returnRgeaduia'g BT owout
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return conduit 17.
drive unit (not shown) that will rotate drillstring 1
during drilling. operation. According to the preferred
embodiment of the present invention, . the annulus and .
drilling fluids are pumped whenever drillstring 1 is
moviné downward, a condition associated with drilling
operation. Clearly, annulus and d:illihg £fluids should
be pumped  during downward movement of drillstring
associated with drilling. In.most_operations, the only
time that it is not advantageous to pump one or both of
the annulus and drilling fluids is when the drillstring
1 is not moving and its velocity is zero. 1f
drillstring.velocity.is not equal to zero, at least
annulus fluid is. being pumped into the borehole.
Preferably, annulus fluid is pumped automatically as a
multiple of drillstring 1 velocity at all times that the
velocity of drillstring 1 is not equal to zero and
drilling_related.operatiOns are occurring. Preferably,
‘except as noted below, pumping of drilling fluid is
controlled manually by the operator.
When tripping drillstring 1, annulus fluid is
pumped_into.the.borehole at a rate sufficient to replace
the volume of the borehole no longer occupied by
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at bit 3.
the generally u

feet. Based on the dimensions of drillstring 1 set
forth in connection with .Figures— 3-7D, and other
operating parameters, the drilling fluid is delivered
into drillstring 1 at the surface at a consistent

pressure of 20,000 psig and a flow rate of 200 gallons -

per minute. . _

Annulus fluid is pumped into the annulus at a rate
that continuously sweeps the annulus fluid past bit 3
whenever drillstring 1 is moving axially. During normal
drilling operations, this will maintain a continuous
flow of annulus fluid past the periphery of bit 3 and
will not only maintain the interface at the bottom of
the borehole, but will purge the annulus of cuttings or
other debris. The injection rate for the annulus fluid
is set as a function of the axial downward velocity of
drillstring 1. A preferred or typical injection rate is
one that would maintain the annulus fluid moving at a

- velocity double that of drillstring 1. This pump or

injection rate is maintained at all times drillstring 1
is moving. | s '

In addition to the pump or injection rate, a
selected positive pressure is maintained on the annulus
fluid at the surface, and this pressure is monitored
just below rotating blowout preventer 15. This selected
pressure is not a single, discrete pressure, but is a



facilitate the maki ng-up of new sections of pipe into drillstring 1.

The lower density drilling fluid present i n high-pressure conduit 9
and return woegsgoo 17 i s especially susceptible to bei nrinsesmeont of
drillstring 1, either by hydrostatic g essure fromthe annulus fluid
or fromformation pressures, especially wh punp pressure i s not
applied and when return flow is not fully choked in return conduit 17.
When drilling is ceased, ball valve 19 is closed at the surface,

t her eby - shutting-in drilling fluid.in return conduit 17. Check

val ve 11, conbi ngﬁleasﬁhetfﬁﬁu,dwﬁﬁsbw m%enoabout 66''drd i700pkligl d
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open choke 21 in return line 17 to reduce the
pressure loss across choke 21;
2) reduce the injection or pump rate of drilling
- £luid; and : -
' 3) - reduce the injection or pump rate of the
annulus fluid. .
Opening choke 21 is the preferred option for reducing
- the annulus pressure to the selected range. If this is
unsuccessful, the injection or pump rate of the drilling
fluid is 1reduced ' or restricted automatically,
notwithstanding the operator’s selected injection or
pump rate. As a final resort, the injection or pump
rate of the annulus fluid is reduced below the selected
- rate based on velocity of the drillstring. Reduction or
restriction in the injection or pump rate of the annulus
fluid is the last resort for reduction in the annulus
pressure because of the necessity to maintain a column
- of undiluted annulus fluid extending from the surface to
bit 3. Reduction of the injection or pump rate of the
annulus fluid as a last resort for reduction in the
annulus pressure minimizes the risk that the drilling
fluid will mix with and dilute the annulus fluid.
At block 57, if the annulus pressure is below the
selected pressure, it is increased, at block 61. There
are three options for increasing the annulus pressure:
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nonitored. This is accdaniShed by neasuring the hook | oad exerted

on, and the axial position of, the top - - drive unit (not shown) that
Wwill rotatO8¢188P&tring 1 during drilling operation. ARSFNYSHEPOT0 the
preferred enbodi nent of the present ggvention,” the annulus and
drilling fluids are punped whenever drillstring 1 is ~ noving downward,
a condition associated with drilling operation. Cearly, annulus and
drilling fluids should be punped during downward novenent of
drillstring associated'with drilling. |In nost.operations, the only
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all times. double the velocity of drillstring 1. If the injection

or pump rate of the annulus fluid is adequate, the
second option may be pursued. However, it is
contemplated that the drilling fluid pumps are operating
at or near peak capacity and that significﬁnt increases
in the injection or pump rate of the drilling fluid may
not be feasible. 1In that case, the third option of

- closing choke or valve member 21 in return line 17 is
pursued. _ .

If the annulus pressure is within the selected
range, no action is taken and the velocity of
drillstring 1 and annulus pressure are continuously
monitored. If driiling operations cease, and/or the
operator reduces the injection or pump rates of drilling
fluid, the annulus pressure will drop off and choke 21
will close autoﬁatically, effectively shutting-in
drillstring 1 and the borehole, until further action is
taken. - '

Figure 3 is a cross-section view of a section of
multiple conduit drill  pipe 101 according to the

. preferred apparatus for the practice of the method
according to the present invention. Drill pipe 101

: coﬁprises an outer tube 103, which serves to bear
tensile and torsional loads applied to drill pipe 101 in
operation. Preferably, outer tube 103 has a 7-5/8 inch



Thus, at block 53, if the drillstring 1 is noving, at least annulus

flurd is being punped into the ‘borehole. If the velocity of

drill stringyglog/esddosi tive, i ndicating drilling operati por/USetis3eMNuUl us
and drilling fluids are punped into tf borehole. The drilling fluid
is punped into drillstring 1 at a pressure §d7f|0|ent to generate 20
to 40 hydraulic horsepower per square inch of bottom hole area at
dept hs between 7,000 and 15, 000 feet. Based on the dinensions of
drillstring 1 set forth in connection with Figures 3-7D, and other
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pressure, but isl@e7 are disposed in outer tube 103 and generally
“correspond to high-pressure ‘conduit 9 in Figure 1.
Because hi“gh—pr‘esu:_l:e ‘tubes 107 must ‘carry extremely -
high-pressure fluids, they are formed of API material
heat-treated to API S135 strength rating. Other tubes
109, may be provided in outer tube 102 to provide
electrical conduits and the 1like. Tube 111 is not
actually a tube, but is a portion of a check valve
‘assembly that is described in greater detail with
reference to Figure 5, below. .

Figure 4 is a ‘longitudinal section view, taken
along section line 4--4 of Figure 3, depicting a pair of
drill pipes 101 according to the present invention
‘secured together. ' As can be seen, outer tube 103,

. return tube 105, and high pressure tube 107 are secured

by threads to an upper end member 113. Upper end member

' 113 is formed similarly to a conventional tool joint and
include a 3-1/2 inch outer diameter, 10,000 psig—ratéd,

" bottom-sealing ball valve 115 in general alignment with

return tube 105. Ball valve 115 has an inner diameter

of approximately 2-3/8 inch and does not present a

' substantial obstruction or flow restriction in return
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- 12 - ressure range, preferably between about 60 and 70 psig.

< This presWoen moni tored by conventional pressure- B PGS par at us
on bl owout preventer 15. To nasre numi ntenance of the sel ected
positive pressure, at block 55, the annul us pressure is nmeasured

and conpared to the selected pressure. |If the annul us pressure
exceeds the selected pressure, the annul us pressure is reduced.

There are three options for reduci ng _the annul us_pressure;

1) open choketrPe nt0%¢ ur nBalhe VEAUS a.gguc%oxpronds to valvepaxssure

| oss across chegigsatre member 19 2}, Figdveeithe injection or punp rate of

drill h
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final resort, Iiﬁit@&tibeno&r a1 pipe r:m.e adairiat rﬁuﬂxuﬁ thibé doss

reduced below th
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extending fro e surface t . 'Reduction_of the injection or
pump rate of tIfnd memboﬁﬁ&’a-é Wu?-&c&s réq%stl%%sonsfﬁf‘ Q&g@F dhker t he

103. Split ring 121 and lock rings 123, 125 serve to
" constrain the inner tubes against axial movement
- relative to the remainder of the drill pipe 101. Unless

the inner tubes of drill pipe 101 are secured against

axial movement at each end of the drill pipe, the tubes
will be subject to undue deformation due to high-
pressure fluids and vibrations during operation.

Upon make-up of sections of drill pipe 101, the
lower ends of innér tubes (only return tube 105 and
‘high-pressure tube 107 are illustrated) are received in
upper end member 113 and sealed by conventional
elastomeric seals. A locking ring 123 mechanically
couples together the threaded joints of upper 113 and
lower 117 end members. Lower end member 117 is provided
with threads of larger pitch diameter than those of
upper end member 113 such that locking ring 127 may be
fully disengaged from lower end member 117 while carried
by threads on upper end member 113. The threads on
locking ring 127 are formed to generate an axial contact
- force of approximately one million pounds between upper
113 and lower 117 end members. Preferably, each section
of drill pipe 101 is 45 feet in length.

' Figure 5 is a longitudinal section view, taken

along section 5--5 of Figure 3, depicting a check valve



annul us pressure mnimzes the risk that the drilling fluid wll mx

with and dilute the annulus fl uid. At block 57, if the annul us
pressure WOBE1ISS0P t he sel ected pressure, it is increaPsd/USad16dbck 61.
There are three options for increasipg +he annul us pressure: WO
96/ 18800 _ PCT/ US95/ 16307

13 ‘ 1) increase the injection or punp rate of the

annulus fluid back to the selected rate; 2) increase the
injection or punp rate of the drilling fluid up to the

operat or sel ectatrangement by whichidewnwayd £luid commpnigatien san bt i ct
choke 21 in retggfablighéd between the aﬂrmua:raaﬁnéhe BYtese ethess

across choke 21, i on n on,or pu
rate is, for soﬁ%"%aaﬁges Prggf'f?@l dl[c?"ﬁ'ﬁ :h‘g] ot &GQ#JCP{" p v
annulus fluid |nomxceAs chhcimdrqime‘ asHenbly is c&iﬁpqsedleilveaoborg ti\h

drillstring 1. {fpbpe [133:07 e Gk Olal U8 Wbighiindd UaC, | S

adequate, the second _ pursued
cont enpl at ed thG@nYﬁEt§9T1F1IVI§1V¢ Lﬂl%l“?ﬁﬁrﬂ? hiaged npvagdly by.a gp P:ear

peak capacity aB?rlﬂétlfi% Perdit fmﬁmaﬁww downward1ie thijough apidl punp
rate of the dril |ng | ui be feasible. In that case, the
third option ofpi EFOsgﬂgﬂﬁﬁBk‘éﬂS %\YVe menber 21 in return line 17 is
pur sued. : |A tsomewhat usimidasur checkwivadlve t larrazigement is
_ provided in lower end member 117. The check valve
~ assembly includes a poppet member 133 and a coil spring
135 carried in a sleeve 111, which is secured to lower
end member 119 similarly to return tube 105. Unlike the
check valve assembly in upper end member 113, the
purpose of the check valve assembly in lower end member
119 is to prevent loss of fluids from the interior of
drill pipe 101' when two sections are uncoupied. Upon
make-up of tyo sections,; an extension of poppet valve
131 engages a lug or boss 137 on upper end member 113,
 opening poppet 131 and permitting fluid communication
between the interior of outer tube 103 of successive
sections of drill pipe 101. _ '
~ With this check valve arrangement, the interior or
annular portion of outer tubes 103 can be filled with
annulus fluid or the like, and one-way, downward fluid
communication - through outer tubes 103 . can be
established. This f£fluid communication is necessary to
equalize the pressure differential between the interior
. and . the exterior of drill pipe 101 at  depth.
Equalization is accomplished by pumping a small quantity
of fluid into the interior annulus of drillstring 101,
which is communicated downwardly through the check
valves to equalize pressure. : :
Figures 6A-6H should be read together and are
section views of a crossover stabilizer 201 for use with
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range, no action is taken and the velocity of drillstring 1
and annul us pressure are continuously nmonitored. If drilling
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to Figures 4 and 5.

A plurality of bores 205, 207 are formed through
crossover stabilizer 201 and correspond to high-pressure
tubes 107 and return tube 105 of drill pipehlol, as
shown in PFPigure 6B. A crossover port 211 is formed in

the sidewall of one of the high-pressure bores 207 to

communicate high-pressure drilling fluid from one of
bores 207 to the other, as illustrated in Figure 6C.

A retrievable plug 213 is provided in one of bores
207 below port 211 to block bore 207, as shown in Figure
6D. The remainder of bore 207 below plug 213 houses a
conventional retrievable directional MWD apparatus.
Plug 213 serve to prevent high-pressure drilling fluid
from impacting the MWD apparatus. Bélow'plug 213, bores
205, 207 are reduced in diameter to provide space for
another high-pressure drilling fluid bore 213 arranged
generally opposite bore 207, as shown in Figure 6E. As
shown in Figure 6F, a crossover bore 215 connects bore
207 with bore 213, such that high-pressure drilling
fluid is carried by one bore 207 and another 213, which
are arranged generally oppositely one another.

Arrangement of bores 207, 213 opposite one another
tends to neutralize any bending moment generated by
high-pressure fluids carried in the bores. As described
above, other bore 207 houses an MWD apparatus, as shown



APl material heat-treated to L80 strength rating. A pair of 2-3/8

I nch outer dianmeter high-pressure tubes 107 are disposed in outer
tube 103 wuovspsseor al | y correspond to hi gh-pressure coREHPEISH6IN
Figure 1. " Because. hi gh-pressure tubeglGs nmust carry extrenely

hi gh-pressure fluids, .they are fornmed of APl materi al heat-treated to
APl S135 strength rating. OQther tubes 109, may be provided in outer .
tube 102 to provide el ectrical conduits and the Ilike. Tube 111 is
not actually a tube, but is a portion of a check val ve assenbly
that is descri bekh iRFiguneat66. dErassoverhstabilizesr20tcis connested toe| ow.
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PCT/ US95/ 16307 assembly 301 and bit 401 accarding to the tphefamed

Ball valve 115 coifCsRadds 6P,¥ﬁhvﬁmﬁ&ent_invention. _Figﬁie_7A is . a
longitudinal section view of bottomhole assembly 301 and
bit 401.  Figures 7B-7D are cross-section views, taken'
along the length of Figure 7A at corresponding section
lines, of assembly 301 and bit - 401. As seen with
reference to Figures 7A and 7B, bottomhole assembly 301
includes an upper outer tube 303A, which is coupled to
crossover stabilizer 201 as described in connection with
Figures 4 and 5. An eniarged~diameter lower tube 303B
is coﬁpled to upper outer tube 303B to provide more
space in bottom hole assembly 301. Lower outer tube
303B is threaded at its lower extent to receive inner
tubes 307 and 313, which maintain the opposing
arrangement established by crossover stabilizer 201.
Return tube 305 is sealingly éngaged with lower outer
tube 3038-toﬂpermit rotation and-facilitate assembly.
A port 315 is provided in the sidewall of return tube
305 and is in fluid communication through a check valve
assembly 317, similar to those described in connection
with Pigure 5, with the interior annulus defined between
lower outer tube 303B and the tubes carried therein.
Thus, fluid from this interior annulus ﬁay.be pumped
into return tube 305 from the interior annulus, while
preventing fluid in return tube 305 from entering the
interior annulus. ' '
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m|1ion pounds jpgpgaN FIRREA" o om*nunﬂ:ﬁtiaﬁ h@’éﬁr r&%ﬂrﬂ”éuﬁﬁ”@ﬁgs '

Preferably, each section Qi Wf feet In
Figure 5 is a |ongi {AEi'dPﬁﬁFh§Q€FilBﬁ £ 40% ngeﬁhe 1"%‘?&‘&%%'["’6’#%1’ 5 of
Figure 3, depi dsi ngeturéackbyalaeconventional, threaded pin-and-box

connection to the lowermost end of lower outer tube
303B. Bit 401 includes a bit face 403 having a
- plurality of hard, preferably diamond, cutters arrayed
thereon in a conventional bladed arrangement. A return
passage 405 extends through bit 401 from an eccentric
portion of bit face 403 into fluid communication with
return tube extension 323 and return tube 305 to
establish the return conduit for drilling £luiqd,
cuttings, and annulus fluid mixed therewith. :
Four diametrically spaced high—pféssure passages
407 extend through bit 401 and intersect a generally
transverse passage 409, which is obstructed by a
threaded, brazed, or welded plug 411. A plurality of
nozzles 413 extend from transverse paséage 409 to
deliver high-pressure drilling fluid to the borehole
bottom. Preferably, the total flow area of nozzles 413
is 0.040 square inch. Preferably, the bit is an API 9~
7/8 inch gage bit used in conjunction with the 7-7/8
inch outer diameter drill pipe 101.
The method and apparatus according to the present
invention present a number of advantages. Chiefly, the
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- 16 - arrangenent by which downward fluid communi cation can be
est abl i shegyogagiiggen t he annul us defined between the | NPET/U$9516307105,
107 and outer tube 103 of drill pipe 1. A check valve assenbly is
di sposed in a bore in. upper end- nenb 113. The check val ve conpri ses
a conventional valve nenber 129 biased upwardly by a coil - spring
131 to permt fluid fl ow downwardly through drill pi pe 101, but not
upwar dl y. A sonewhat simlar check val ve arrangenent is

provided in | OW? réd¥htEiip@éntdon px?cbei&aew welthed and afspatutus ngérides a
poppet nenber 3

is secured to I dia Cgﬁg‘ ﬁgrl ngdﬁ%ns‘i}rﬁ?'har“ ?%ﬁlg'tjﬂgskiﬂﬁé ]%él nh Ch_

Unli ke the n&ﬁ%n:&aiminge & sdenEs ﬁnltglp-ecaleercbmbldmg 1213314 hin the

P emont Loss or séjl:‘ ;/{smam%hé Oéﬂ{?{ dr|I p| e 1%“?‘1\/\/:12&?%

prevent | oss of
sections are uncAppAratusgye more rﬁq{’@‘%ﬁf’iﬁ lypracticaile jthan on of

poppet valve  attchpt¥ldagdaddd tivhal oaﬁzéﬁeﬂmapaeeoeadnqemrtﬁ&

D
)

o=

openi ng poppet 131 and pefrmtt] flyi n

interior of out &¥® '10%“‘6?-“%% engVe g'?%i'lg'ns a&ap#at W%S{'p @%01
Wth this check astomated and esonputdr contaralkedr - ~annul ar portion of
outer tubes 103 can Dfnd ivichtidd) has bedi'dbieribucuetn! Bérbitfice %6
one-way, downward f1 ul comuni cati on out er S 103 can
be est abl i steel. preferred, enbg ﬁT‘Eatfrl!ﬂFq 'nece%%arjf B° thus

equal i ze the prepgmi€edibitcisnsusteptivientd modifiication and variation (

without departing from the scope and spirit of the
invention.




*and the exterior of -drill pipe 101 at depth. Equal i zation is

acconpl i shed by punping a small quantity of fluid into the interior
.annul us ofwopéisses ri ng 101, whi ch is comuni cat ed dowRGEYERY¥16387 ough
the check valves tao equallze pressurgy - Fi gures 6A-6H shoul d
?e read together and are - - section views of a crossover stabilizer 201
or use /18800

PCT/ US95|5}“IWH}I“ “l“““ﬂmﬂ -17- drill pipe or
drill-stri*ng®104 atcdﬁdlng to the preferred enbodi nent of the present
invention. Figure 6Ais a | ongi t udicdalimegection view, while Figures
6B- 6H are cross . section views, taken along the length of Figure 6A at

correspondlng section |lines of crossover stabilizer ossover

Stabilizer 201 Ra fobnBethedm L& Ayldlipgca b°r°tb?1?\oﬁﬁﬂgﬁ?:?%grr§f"€ri al
to avoi d interf gtepseogit h measurenent-while-drilling ("M/\D

equi pnent. Crossover st abi e of a

section of dri I é‘ Fof ﬁ%@%%@ﬂﬁ?j&&% H‘: ng'é'r]fce%q' to
Figures 4 and _Si_nto a borehalpljurality of bores 205, 207 are formed through
crossover stabili zerPg% ad gogeamad g&{agl&mr&nunéulﬁﬁigﬁ and

bort 2111 for #bropgh the (GELLISkREg apdoMtorthnbEFynuBeEela dWR, oc
207 to corrmﬂimam hmmdmm@s dipon and disintégratesoxmation bores
207 to the ot heg te%ial %lt %Qra@iohg%ri%hfsghe bit;
_ continuously pumping an annulus fluid having a
density greater than that of the drilling fluid into an
annulus between the  borehole and drillstring while
driliing formation material, wherein the annulus fluid
- extends substantially from the surface to the bottom of
the bit;
returning the drilling £luid and cuttings resulting
from disintegration of formation material to the surface
through a substantially unobstructed tubular passage in
the drillstring; and
maintaining the annulus fluid under a selected
pressure in the annulus wherein an interface is formed
at the drill bit at which annulus fluid mixes with the
drilling fluid and is returned along with the drilling
fluid and cuttings and drilling fluid is substantially
prevented from entering the annulus.

2. The method according to claim 1 wherein the step of
maintaining the annulus fluid under a selected pressure
further comprises the steps of:
selectively choking the return flow of return
fluid, cuttings, and annulus fluid at the surface to
control the pressure loss across the choke;
. pumping the drilling fluid into the drillstring and
out the bit at a flow rate sufficient to maintain the



A retrievable plug 213 is provided in one of bores 207 bel ow port 211

to bl ock bore 207, as shown in Figure 6D. The renmai nder of bore 207
bel ow pl ugw&b@,lmses a conventional retrievable di rpgamnsy
appar at us. Plug—213"serve to prevent Jigh-pressure drilling fluid

frominpacting the | ow pl“fg 213, bores 205, 207 are
reduced in di amter’r@!ﬂmﬂmﬂu ﬁl)uﬂn for anot her hi gh-pressure
drilling fluid bore carcangec * generally opposite bore 207, as shown
in Figure 6E. As shown in Figure 6F, a crossover bore 215 connects

bore 207 wihkebeate? J&tﬁé&h that drﬂfmfgesauae afirididg9f1uia fsuid is
carried by one gﬁcﬁﬂ' 07 and _anaot her whi - are arranged generally

oppositely one g progresses;, FQ gerrent of bores 207, 213 opposite
one anot her ten dnnii(hom'd.ngr dihe esaebgcbed d pressarentof) ebhheaamiulns

hi gh- pressure fﬁ_hq_%iar bﬁgkliﬁ tgg Qﬁ%eariﬁigas%hggf 18800 above, ot her

bore 207 houses ratu ~as's
PCT/ US95/ 16307 - 18 - ' in Figure 6G

Crossover st abi i, zerrnaohdtaoaomn@to clalift® 1U FRetiext 1@1:@‘ a

bot t omhol e assegﬁey %0 whi ch conprises a section of drill pipe
generally sim|l pFo°lfhat described with reference to Figures 4 and 5,

but havi ng i nneshutitdagadinanybe tdridlingpdfithid; h inolaxding thes,
207, 213 of cro 2 h g
Figure 7A-7D ar eailg'g'g't [ %In F’ \%ué\%rg‘do%httg'%ﬁ 2#] h@ tubulEE %%s@@e, in
the drillstring at the surface and at the bit;
connecting. a 1length of _drillpipe into the (
drillstring while the drillstring is shut-in; and

opening the drillstring to continue drilling.

4. The method according to claim 1 wherein the drilling -
fluid is clear water.

5. The method according to claim 1 wherein the drilling
fluid is clarified drilling mud.

6. The method according to claim 1 wherein the annulus
fluid is a dense p filter-cake-building drilling mud.

7. A method of drilling a borehole comprising the
steps of: -

running into a borehole a drillstring including at
least one high-pressure conduit and at least one tubular
return conduit within the drillstring, ‘the drillstring
terminating- in a drill bit;

pumping a reduced solid content drilling fluid
through the high-pressure conduit and out the bit p
wherein the drilling fluid  impinges wupon and
disintegrates fcrmation material in cooperation with the
bit;



" assenbl y 301 and bit 401 according to the preferred enbodi nent of the

present invention. Figure 7TAis a | ongi t udi nal section view of
. bot t onholwoasisse| v 301 and bit 401. Figures 7B-7D REX/EI9546302ect i on
vi ews, taken W@Tﬂ‘g‘t‘hﬁm B g4re 7A at correspondi ng section

| i nes, of assenbly As seen wi ## reference to

Fi gures 7A and 7B, ”m“m ly 301 i ncl udes an upper outer
tube 303A, which is*coupltedwtos '« crossover stabilizer 201 as descri bed
in connection with Figures 4 and 5. An enl arged-di aneter | ower tube

303B i s coupl econtinppusliyutpumpimg adsEannupusyifilaidorbaving qoace in
b hol
ottom hol € asgenyl Ci)ﬂﬁ%ha‘t@!’e{:hﬂﬂt ‘éﬁgi“@f JHae dﬁgﬁﬁi@ fi\% f&806tt & an

| ower extent to re I nner Ich- msu ntaln

the opposing annulus ;ketwesn dhephanehels éF‘éss‘S’&HiﬁFéH‘gl Mile:
Return tube 30%rii31iewy Iﬂﬁmﬁmﬁﬁﬂteﬁiﬂl | siddirediti @dhe anndlde 3™ to

D1 oL b hE s B11R Bk, pog, aftsE8Eh, £ kg RO S

check val ve theaddd&bly 317, sinmilar to those described in connectlon

Wi th Figure 5, W th deh@urining tQ &fmﬁﬁgqe..fufaeanae&&eefngs reéﬂﬁneuter
t ube 303B and t he tubes carrled there| lurd™fromth

interior annul JF9hydiRintegration °f'ntf(?’-'in@cf1}tq{' t%%e‘%% f PO t‘ﬁ%"?ﬁﬁ erior
annul us, whil e annulud ®leid 80 thai surpacet thirohglhetid Sdielar tethurty t he

::?;Er/e [JlsgrS / ?ggg;%sbnduit inw’z:h%md%:gﬁqgtring ; 19 -
maintaining the annulus fluid under a selected
. pressure in the annulus, wherein an interface is formed
at the drill bit at which annulus fluid mixes with the
drilling fluid and is returned along with the drilling
fluid and cuttings, but drilling fluid is substantially .
prevented from entering the annulus; :
periodically shutting-in the drilling fluid in the
‘drillstring at the surface and at the bit;
subsequently connecting a length of drillpipe into
the drillstring while the drillstring is shut-in; and
subsequently opening the drillstring to continue
dri.lling.

8. The method according to claim 7 wherein the
‘'shutting~-in step comprises:

closing a valve member in the return conduit of the
drillstring at the surface; and

closing a valve member in the high-pressure conduit
of the drillstring proximal the bit, wherein all fluid
in the drillstring is substantially prevented from
exiting the drillstring. '

9. The method according to claim 7 wherein the step of
maintaining the annulus fluid under a selected pressure
further comprises the steps of:



A sol enoi d-actuated fl apper valve 319 is disposed In return tube 305
and is rated at 10,000 psig to hold pressure bel ow val ve 319. Fl apper
val ve 319 wao 9ghsseed to capture ffuid in return tube 30ECTBIN/1630F ppi ng

drillstring 1. A pai ”lmlum I 321 zage_ di sposed i n passages in
the | ower portion of H"INN@E 03B in communi cation with
hi gh-pressure tubes 307, 313. " s As described with reference to Figure 1,
~check val ves 321 prevent reverse circulation of drilling fluid up
hi gh- pressure tubes 307, 313. A return tube extension 323 is threaded

to the |lower portion gdldctiprenitit ehoking the IfRntm idomdmitormatinitizei on

Variety | i's ERARGR R SRR Eiehird Hhde eedhe, o ciiSkerlteT

connection to thend ower nost end of | ower outer tube 303B. Bit 401

ncl udes a bit face 4Gy N@rAl1ing Pietbal {Inth MeRd, WighpARlsure
di anond, cutters arradye t hereon ,i.n %conﬁgntlogﬁ: bl .arran‘ggrrent.
A return p ﬁ@@x?gﬁdm&ifgkﬁ i 209¥ F&rea? %
portion of bit fEchntdin itie sklactedopressurs iand whehinterfacebetvedn

R ' 323 5 | dui
For - ari11ing i eifidg Cegld ehfine, R s Wetiltng (frditoncapi |

Four dianetricalanpdspaced. hi gh-pressure passages 407 extend through

bit 401 and interseCtygnflesi®(yiy | ¥ne selldcted Présfnréage 4lie ammuiuss

obstructed by a ._ , threaded,” brazed, por_wel |.u a4 Aplurality of

nozzl es 413 ext chtaid AR r&?%\fé‘?%lgfﬁs‘éﬁgté‘ﬁ ej&;ﬁngg flags‘éiq'\/er'

hi gh-pressure drilling fluid to the borehol e - ~bottom Preferably, the ‘

total flow area nozghes 4l UasfaimCh Fhekeinbl tnet he
£0. "O7EhE" fdthod aqcra i) FRVERRTY VRS

bit is an APl 9- . I'n conjunction wth the 7-7/8
inch outer di amedeilling|£fpaid igiclear water. The net hod and apparat us

according to the present . invention present a nunber of advantages.
Chiefly, the '

11. The method according to claim 7 wherein the .
drilling fluid is clarified drilling mud.

12. The method according to claim 7 wherein the annulus
fluid is a dense, filter-cake-building drilling mud.

13. A method of drilling a borehole comprising the
steps of: _

running into a borehole a drillstring including at
least one high-pressure conduit and at least one tubular
return conduit within the drillstring, the drillstring
terminating in a drill bit; '

pumping a reduced 'solid content drilling fluid
through the high-pressure conduit and out the bit,
wherein the drilling . fluid impinges upon and
disintegrates formation material in cooperation with the
bit; : _
maintaining an annulus fluid having a density
greater than the drilling fluid at a selected pressure
'in an annulus between the drillstring and borehole by
pumping drilling fluid into the high-pressure conduit



WD 96/ 18800 PCT/ US95/ 16307
- 20 - present invention provides a nethod and ap%ar atus for
Ldrilling WQ9s/ illing fluid.while fning a
dense, filter-cake- the 25 = anfitfus as drilling
progr esses. The mmmﬂmwwumappar atus are nore commercially
practicable than pr Addi tionally, the nethod according
to the . present invention is particularly adapted to be aut onat ed
and conputer controll ed. The invention has been described with

reference to andtﬁbepla@ﬂ@ﬂ-ﬂéd st #ate ther asnulus) at sflew rakes .
limted but is mgf@uﬂt a-.d Qlafi?d:'afi'rpah' Phtérfavé 'hetiudth the cuvnmgug

departing fromt SCO ri i nventi on.
96/ 18900 and afRifud"F13fd a8 &1iling oregteReRsfoso7
- 21 - returning the drilling fluid and cuttings resulting

from disintegration of formation material to the surface
through the tubular return conduit in the drillstring,
wherein an interface between the drilling and annulus
fluid is formed at the drill bit that substantially
prevents the drilling fluid from entering the annulus;
' selectively choking the return conduit at the
surface to control the pressure loss across the choke;
~and _ o
monitoring the selected pressure, choking, and flow
rates.

14. The method according to claim 13 further comprising
the steps of: :
periodically shutting-in the drilling fluid in the
drillstring at the surface and at the bit;
subsequently connecting a length of drillpipe into
the drillstring while the drillstring'is shut-in; and
subsequently opening the drillstring to continue
drilling.

~15. The method according to claim 14 wherein the

shutting-in step comprises:

closing a valve member in the return conduit of the
drillstring at the surface; and

closing a valve member in the high-pressure conduit
of the drillstring proximal the bit, wherein all fluid
in the drillstring is substantially prevented from
exiting the drillstring. :

16. The method according to claim 7 wherein the
drilling fluid is clear water.



1. Anethod - of drilling a borehole conprising the steps of:

running a drillstring—termratingin a drill bit I nto a borehol e;
punpi ng a webdasseosol | ent drilling fluid t hr oughPCTIESSM1630?Sst ri ng - -
and out the bit, vvheia mﬂﬂhuﬂ" Himl | ing¢f Iui d i npi nges upon and

disintegrates formati c N a8 in cooperation with the bit;

conti fiuously punping an annulus fluid having a - density greater than
that of the drilling fluid into an annul us between the borehol e and
drillstring while drilling formation nmaterial, wherein the annul us
fluid -ext ends sulThHeanmethbs | facmording utbaceslaimt 13 bwhepeinf the the

bit; Al i L] i s resulting
from di sint egra#ghﬁgﬁil%}#g'ﬁ g’r? r‘r%thg.?'ifgieut grtia'g'iglgﬁ ?nggg t hrough a
substantially unobstructed tubul ar passage in - the drillstring; and

nai nlt ai nmg the ﬁrlnul';ﬁéflﬂaénaag%c@%ﬁﬂr@t edt ?laim-pleSSghfrétﬂnt h_meh
annul us wherein an interface i,s fornmed . _,,.at the dri} | iC
annul us fluid naRBRLRS v‘i%‘ﬁ@ is a éﬁ?’?ﬂ iw‘fﬁﬁ'#}ﬁ%%?@q’e‘f%r Vﬂl%g
with the drilli mmd. fluid and cuttings and drilling fluid is

substantial ly: prevented fromentering the annul us. . 2. The
nmet hod according to.claim 1l wherein the step of . maintaining the

annul us fluid udder Fhemehhed paserding to clajm A& whanainddhe wteR eps
of . . oY fhlinedliningokhadahfiflast #14id! & #iséPéctied pressurdii d,

cuttings, and annulus fluid gt the surface tQ . control the pressure
| oss across the fd’rﬁ?i’@,r comprises S:S‘ﬂ:)lsﬁ&pt RE*drilling fluid into the
drillstring and selectiiivelly t adttexringwthe e floW | gtahe tar mwhich n the‘

drilling fluid is pumped into the drillstring.

20. A multiple conduit drill pipe for use in drilling
earthen formatibns, the drill pipe comprising:

an outer tubular conduit for transmitting torsional
load; '

. means at each end of the tu_hu‘iar outer conduit for
'connecting the drill pipe to other similar sections of
drill pipe; - . ' . '

at least one reduced-diameter tubular conduit for
.conducting high-pressure fluid through ‘the drill pipe,
the reduced-diameter tubular c_onduit being eccentrically
disposed in the tubular outer conduit;

at least one enlafged-diameter tubular conduit,
having a diameter greater than that of the reduced-
diameter tubular conduit, the enlarged-diameter tubular
conduit heing eccentrically d’i.spos_ed in the outer
tubular conduit; and - , .

a closure member .'dispoed in the enlarged-diameter
tubular conduit for selectively obstructing the
enlarged-diameter tubular conduit, the closure member
not substantially constricting the diameter of the
enlarged-diameter tubular conduit in an open position.
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- 22 - I nterf drilling and annulus fluid as
Ldrilling Wo9Wisstdes; mu “ﬁﬂl‘ nitoring the sel ect edPETUSUI630T0f t he

annul us fluid a ngy o the deigging flu1d 3. The nethod
according to cIa|n11 further~conprising t he 5t°eps of:

shutting-in the drilling fluid, including the drilling fluid and
cuttings in the tubul ar passage, in the drillstring at the surface and
at the bit; connecting a length of drillpipe into the

drillstring whi2®.t rvaietirmulltsimlmgqr@ driill pipe accordingopentchgimhe
drillstring to @@nfﬁftﬁéﬁﬂ¢6ﬁgfmgin 4. The nmethod according to claim1l
wherein the drllllng nmet hod
according to claim1 vﬂ’%}’él ‘*T‘ﬁ’ﬂj“wet tyhlax s"‘?ﬂdd'}qre‘?q'ed drilling
mud. 6. The rmluicéahmam agnﬂnitl dispdsed onentiticallwlinsthe

fluid is a densghtéélt@ﬁB&f&f'qgéﬁgﬁfg df$£|i89rgygng. an electrical
conductor in the drill pipe. |

22. The multiple conduit drill pipe according to claim
20 wherein the closure member is a ball valve operable
from the exterior of the drill pipe.

23. The multiple conduit drill pipe according to claim
20 wherein each of the conduits disposed in the outer
tubular conduit is secured at each end thereof to the
outer tubular conduit.

24. The multiple conduit drill pipe according to claim
20 further comprising:

a closure member at each end of the outer tubular
conduit that is closed when the drill pipe is not
connected to another section-of drillpipe, but is open
when the drill pipe'is connected to another section of
drillpipe having a corresponding reduced-diameter
tubular conduit.



7. A nmethod of drilling a borehole conprising the st eps of :

running i orehole a drillstring including at | east one
high-presgﬁ$@%e§W8uit and at | east one tubul ar r et ur n BPCEUSHSI6307t hi N
the drillstring, the drillstring termnating in adrill bit;

punpi ng a reduced solid content drilling fluid - t hrough t he :

hi gh-pressure conduit and out the bit, wherein the drilling fluid

i mpi nges upon and disintegrates forff6 on material in cooperation with
t he bit; WD 96/ 18800 -
PCT/ US95/ 16307 - 23 -

continuously punping ap=aaul us fluid having a density greater than
that of the drillingf1uid Rgho an - annul us between the borehole and
drillstring while formati on material, wherein the annul us

fluid ext ends Rubg a2 bm the surface to thegoottom of t he
bit; 7+ et gihi AT\|ling fluid and cuttijngd resul tinh01
. . . '4 . 9 . .

from di si nt egLdLiOf O\ material and excess s annﬂyzg uid to
the surface @TI et urn condui t_ifp the dri/l I string;

mai nt ai ni ng the anjys & in the '
annul us, wherein aif i ; U [
annul us fluid m xegq i /) ﬁh»along with

SUBSTITUTE SHEET (RULE 26)



" fluid and cuttings, but drilling fluid is substantially prevented from
entering the annul us; periodically shutting-in the drllllgg fluid
_in the womiasonlstrlng at the surface and at the bit; CI/T

subsequent|ly connecting a length of drillpipe into the drillstring
while the drillstring is shut-in; and - subsequently openi ng the
drillstring to continue drilling /, . The nmet hod accordi ng
to claim7 wherein the shutting- |4? ﬁ%p conprls cl osi ng
a valve nenber in the return conduit of the drlllstring at the
surface; and ' cl osi a val ve nenber in the high-pressure conduit
of the drillstring prof wherein all fluid in the
drillstring is substanN ght ed from exiting the drillstring.

9. The nethod according to c aim 7 wherein the step of mai nt ai ni ng
the annulus fluid under a se pressure further conprises the
steps of: W 96/ 18800
PCT/ US95/ 16307 '
choking the return condui
across the choke;

\-

- 24- . sel ectively
ace to control the pressure | ¢ss

DRILL STRING
VELOCITY # 0 ?

PUMP ANNULUS
FLUID AND
DRILLING FLUID

ANNULUS
PRESSURE > YES
SELECTED
PRESSURE ?

‘ (?9

OPEN RETURN
CHOKE AND/OR
57 : REDUCE DRILLING
FLUID PUMP RATE
AND/OR REDUCE
ANNULUS FLUID

ANNULUS
PRESSURE <

SELECTED PUMP RATE
PRESSURE ?
INCREASE
ANNULUS FLUID :
PUMP RATE : F/G.' 2

AND/OR INCREASE
DRILLING FLUID
PUMP RATE
ANDI/OR CLOSE
RETURN CHOKE

SUBSTITUTE SHEET (RULE 26)



‘punping drilling fluid into the high-pressure conduit and out the bit

at a flowrate sufficient to mai ntain the sel ected pressure and the
i nterface WO98890 the drilling and annulus fluid as drf¢NP$p§/16307
progresses; and nonitoring the selected pressure of the
annul us fluid and the choking of the drilling fluid. 10.
The method according to claim7 wherein t/p drilling fluid is clear
wat er . 11. The method accordin té.clai 7 _wherein the
drilling fluid is clarifie i fl | ng nud. 2. met hod accordi ng
to claim7 wherein the ann . fluid gnse} 1 fil O3 ake-bui |l di ng
drilling nud. 13. pd} of drijlgi 4 bof ¢Molle conprising the
st eps of: r unp a{boreholle} a ifl | spyi Lnhcl udi ng at
| east one hi gh-pressure {co tllehdlat | ead¥f o ttubu return
conduit within the drilljs#r Mkheldrillstirfn I A4ting in a
drill bit; p i bdyiced solf t ing fluid
t hrough t he hi gh-pressurje u a;d OS5 , esein the
drilling fluid inping AN d 4gr a |pgn nateria
I n cooperation with the b it ai nnul us fluid
having a density r gat an {the dril fil ui g l|@at ed
pressure in an anrgdl u beny the drg miﬂﬂ{ r ghol e by
punping drilling fluid it gh}- press qtf 119
1
127
1
Ciis \
J-113
1051
103

"5 FI6. 4

SUBSTITUTE SHEET (RULE 26)
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and the annulus fluid into the annulus at flow rates

sufficient to

<mai ntai n A0 D6I1888¢ ace between the drilling and annul upciriushéheder
drilling progresses; returning the drilling fluid and cuttings
resul ting fromdisintegration of formation material to the surface

t hrough the tubul ar

return conduit
interface between the drilling and annuH&t@?

in the drillstring,

wherein an

fIU|q is fornmed at the

drill bit that substanti prevent syt fluid fron1enter|ng
t he annul us; S el y choki the returndgcpnduit at the
surface to control the prje | gss acrdsp the choke 3nd
nonitoring the selected rg, |choki ng’] and fl ow rates. 14.
The net hod accordi ng t 1B 1urther npri sing e steps of:
periodically shuttingqi rjllling flYigd in the illstring at the
surface and at the bit subse n iAgja | ength of
drillpipe into he st rilng whiljel th IIZﬁ ng,{$ shut-in; and
subsequent |y opening ft sfrilng to t 4 drATH. _
~125
~123
19
y I
135
105~
127
] -133
' - 137
129
131
i, j
.(||5 \“3
/
105~
/]
/1
Y/ :
103
_ Y/
1 Vi FIG. 5
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(57) Abstract

A drillstring terminating in an drill bit (3) is run into a borehole. A reduced solid content drilling : 21
fiuid is pumped through the drillstring tubes and out the bit, wherein the drilling fluid impinges upon and ;
disintegrates formation material in cooperation with the bit. An annulus fluid having a density greater than
that of the drilling fluid is continuously pumped into the annulus (5) between the borehole and the drillstring,
wherein the annulus fluid extends substantially from the surface to the bottom of the drillstring. Drilling
fluid and cuttings resulting from disintegration of formation material are returned to the surface through
a substantially unobstructed tubular passage (17) in the drillstring. The annulus fluid is maintained under
a selected and controlled pressure in the annulus, wherein an interface is formed at the drill bit at which : S
annulus fluid mixes with the drilling fluid and is retuned along with the drilling fluid and cuttings, and
drilling fluid is substantially prevented from entering the annulus.
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