DUAL BHA DRI LLI NG SYSTEM This invention relates to
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borehol e. Background art Milti laterals (rmultiple
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been drilled in a nunber of locations in recent years.
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producwor hole, a special small dianmeter BHA can be
| onered inside the main drill string on a wre
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W02004072437 and WO2004011766. Multiple drilling tools are also known for
driling extended perforations (typically 1 meter long by a few centimetre
diameter).

One example of a prior art system is the SCORE100 tool from Corpro
Systems Ltd which operates from a main bottom hole assembly (BHA). The
main BHA includes a modified drill collar which contains an integrated
whipstock. When the special drill collar is positioned at the required depth in the
main hole, a special small diameter BHA can be lowered inside the main drill
string on a wireline cable. This small BHA contains a core barrel, a small drilling
motor to rotate the core barrel, an anchor, a pushing system to generate
forwards movement (penetration (ROP) and weight-on-bit (WOB)), and inflatable
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cleans the small lateral. At the beginning of the
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the drill collar so as to be nov between a first
tasigplayothei smahBEW-t he drill bit is seated in the
groove, and a second position in which the bit
projects laterally fromthe groove in the side of the
drill collar.|n Diselgsuréicfthaihyemtieh er red enbodi nent
of the invention the secondary
This invention provides a drilling apparatus, comprising

- a drill collar forming part of a primary drilling assembly and having an outward
opening groove in the side thereof; and
- a secondary drilling assembly, comprising:

- a tubular drill string connected at one end to the drill collar;

- a drilling motor mounted in the drill string;

- a drill bit mounted at the other end of the drill string and connected to the
drilling motor;
wherein the secondary drilling assembly is mounted in the drill collar so as to be
movable between a first position in which the drill bit is seated in the groove, and
a second position in which the bit projects laterally from the groove in the side of

the drill collar.



drilling assenbly conprises a piston slidably nounted
inthe drill collar, the tubular drill string being
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inside the drill collar, such that during novenent
between the first position angd the second position,
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can rovi detecting pressure pulses creat
to pass anng the drill collar without moving the piston.

The drilling motor can comprise a regulator that controls the opening of
the bypass according to motor speed. It is particularly preferred that the drilling
motor comprises a siren including a stator connected to the piston and a rotor
mounted adjacent the stator and connected to the drill bit. In this case, the rotor
can be connected to the drill bit via a torsion spring. It is also preferred to
provide means, for example magnets to urge the rotor into an open position
relative to the stator.

A pressure detector can be provided for detecting pressure pulses created

by operation of the siren and creating a signal, and a control system provided for



by operation of the siren and creating a signal, and a
control system provided forusing the signal to contro
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pi ston preferably conprises a bypass to allow fluid to
pass along the drill collar y thout noving the piston.
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an elongate key on the drill string which engages in a corresponding grove in the
drill collar; or a drill string having a non-circular section which slides through a
correspondingly shaped seal.

An attachment point can be provided on the secondary drilling assembly
for connection of a retrieval line to move the secondary drilling assembly from
the second position to the first position.

A secondary piston bypass and valve arrangement can also be provided to
direct fluid flow in the drill collar to the underside of the piston to move the
secondary drilling assembly from the second position to the first position.

A drilling assembly according to another embodiment comprises a control
mechanism operable to force the secondary drilling assembly out of the groove.
In this case, the secondary drilling assembly can be connected to the drill collar



A drilling assenbly according to another enbodi nent
conprises a control nechani smoperable to force the
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A method can also further comprlse advancing the drill collar while the
secondary drilling assembly is drilling into the formation. In one case, this can
comprise alternately advancing and retracting the drill collar over a short
distance in the main borehole while the secondary drilling assembly is drilling
into the formation.

Where the main well has been lined with casing, the method preferably
comprises opening a window in the casing using the primary drilling assembly
prior to operating the secondary drilling assembly to drill through the window into

the formation.

This invention is based on a combination of a small BHA (secondary
drilling assembly) installed inside a main BHA (primary drilling assembly). The
main BHA allows drilling of a well in a substantially conventional manner. The



This invention is based on a conbi nation of a small

BHA (secondary drilling assenbly) installed inside a
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allows drilling of a well in a substantially

conventi onal manner. Themai ngBHA may contai n devi ces
such as rotary steerable systens or notors, MAD and/ or
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t he Panigatar @fodifications of the basic concept include:

- the small BHA can be instrumented so that that logging can be performed
away form the main well.

- multiple reservoir applications can be improved and developed thanks to this
double BHA.

- special junctions can be implemented to ensure circulation from the main well
into the lateral, while produced fluid enters the lateral and flows into the main
well. This technique is particularly interesting for heavy oil applications and for

special treatment of the produced fluids still the formation.
Brief description of the drawings

Figures 1 and 2 show lateral wells drilled using the present invention;
Figures 3 and 4 show a first embodiment of an apparatus according to the



Brief description of the drawings Figures 1 and 2 show
|ateral wells drilled using the present invention;
wo-e@anzw78 and 4 show a first enbodi nent of anPCT/RU2007/000473

apparatus according to theinvention; Figures 5 and 6

show detail of parts of the enbodi nent of Figure 3 and

4; Figure 7 shows a second enbodi nent of an apparatus
according to the invention; Figure 8 shows a plan view

of the siren of Figure 7; Figure 9 shows a plot of %
BYeMiHy vs. rotation for the siren of Figure 7; Figure
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iﬂ\r/érl\ﬂoinng operations (of lateral and/or main well).

Figure 15 shows a fourth embodiment of an apparatus according to the
invention:

Figure 16 shows the operation of an embodiment of the invention in accordance
with a preferred method;

Figure 17 shows a fifth embodiment of an apparatus according to the invention;
and \

Figures 18 and 19 show well trajectories drilled with an apparatus according to

the invention.
Mode(s) for carrying out the invention

The objective of this invention is to provide a system for drilling multiple
small laterals 10 from a main well 12 (see Figures 1 and 2) without the need for
trips between successive drilling operations (of lateral and/or main well).

The length of the laterals 10 is typically in the range of 15 to 100 feet, while
diameters vary from 1.5 to 3.5 inches and vertical separation 14 can be less
than 1m. Their trajectories are commonly of constant radius to reach a direction



The length of the laterals 10 is typically in the
range of 15 to 100 feet, while dianeters vary from1l.5
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than 1m Their trajectories are commonly of constant
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The small BHA 22 is a continuous system that will slide inside the main
BHA 20. Its lower extremity is in the external groove 32 of the window collar 26.
It passes from the inside to the outside of the main BHA 20 via an axial sliding
seal 34 at the top of the external groove 32 in the window collar 26. The small
BHA 22 includes from bottom up:
- a drill bit 36;
- a drilling motor 38 that can drive the drill bit 36 in rotation by means of an
extended transmission shaft 39;
- a drill string 40;
- a system which can push the small BHA 22 out of the collar 26: in this
embodiment it is a hydraulic piston 42 with a flow bypass 43, but a mechanical
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50 in the required direction. With the bend housing 48 in the plane containing
the main well 24, the plane of the lateral 50 will also contain the main well 24.
With such a bend-housing orientation, the driller only has to worry about the
azimuth of the window collar 26 when positioning the collar in the well: the
system will then drill the lateral 50 in the same plane.

Above the bend-housing 48, the drill string 40 is installed to connect the
motor section 38 to the shaft in the bearing housing 48. This can be up to 30
meters long (or longer). With this extension, the motor power section 38 stays
inside the main BHA 20 and is not flexed in the sharp curve of the lateral 50.
With such a design, the motor 38 does not suffer form the hole curvature.

The extended transmission shaft 39 is flexible (laterally) to follow the hole

curvature. Furthermore, it replaces the conventional universal joints between
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Obviously, the motor 38 and drill string 40 has to be small enough to slide
inside the main collar 26. If the main BHA 20 is 6.75 inches in diameter, the drill
string 40 may be 2 3/8 or 2 7/8 inches. Other dimensions may be appropriate.

As can be seen in Figure 6, the special drill collar 26 allows the small BHA
22 move out of the main BHA 20. This collar is equipped with an external
groove 32 terminated at its bottom by the inclined surface (integrated whipstock)

34. The top of the groove is equipped with a small axial bore and sealing seal
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In this concept, the WOB for the small BHA is generated via pressure
applied to the sliding piston 42. This piston slides in the bore of the collar 26
and is connected to the top of the small BHA 22. The piston 42 is also equipped
with a flow by-pass 43 to ensure that the fluid can still flow down the main BHA
20 while pressure is maintained on the piston 42. Depending on the design, the
fluid pressure acting on the piston could act over a surface of 10 to 15 square
inches. Up to 500 PSI could therefore appear across the sliding piston 42. This
combination could then generate a large downwards force of up to 5000 to 7500
pounds. As this is quite large in comparison of the considered drill bit size (2.5
to 3.5 inch diameter) a lower -pressure is require in most cases.

With the design described above, it is foreseen that typically 30 % of the



In this concept, the WOB for the small BHA is
generated via pressure applied to the sliding piston
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ensure that the fluid can still flow down the nmain BHA
20 while pressure is maintained on the piston 42.
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has an unsteady rotation (see Figure 9), as it tends to stay in the open position.
In particular, when the motor 38 is not rotating, the siren 62 is open (thanks to
the twisting of the coupling spring 68).

Because of this behaviour, the time-averaged opening of the siren 62
varies from 100% when not rotating to nearly 50 % at high speed (see Figure
10). The flow switching can typically be from 10 to 75 hertz . However, higher
frequency flow switching is preferred to allow easier time averaging of WOB
thanks to the inertia of the small BHA.

The “time-averaged” pressure drop across the siren 62 varies with the
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ratio for operation.

If the motor is blocked in the stalled position without release with the WOB
control system, it is necessary to pick the small BHA 22 off-bottom to allow the

motor 38 to restart as is described below.

Another approach to control is to use a centrifugal regulator. The motor 38
can be arranged to drive a centrifugal regulator from its upper end which is
connected to the flow bypass port. At high RPM, the regulator closes the flow
by-pass port, increasing the pressure drop across the sliding piston 42 thereby
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retraction 6f the of the small BHA 22 inside the main BHA 20 at the end of the
drilling operation.

The clamping system can be made of two eccentrics (such as the contact
paths of a cased hole tractor) . These eccentrics preferably have even contact
area with the drill string to avoid local deformation.

When drilling in sliding mode, it is important to ensure that the motor 38
operates at its proper RPM. To address this issue, the modulation of an
acoustic signal in the drilling fluid by the siren can be used. The frequency of
the modulated signal is directly proportional to the motor RPM. At surface, this
signal is detected and its frequency is a measurement of the motor RPM. If this

signal indicates that the motor is operating incorrectly, the driller can take
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An additional method is required to detect that the small BHA is the end of
its displacement stroke. A simple method is to provide a gap between the piston
and the bore in which it slides, so that the pressure drop across the piston is
drastically reduced when the piston reaches the gap: this can be observed at
surface. The piston can be re-engaged by lowering the main BHA by a small
displacement (e.g. 1 ft) to reengage the piston in the bore and re-established the
pressure drop. By successive movement, the driller can have full confirmation
of the end of stoke detection.

Depending on the design, the stroke of the sliding piston may be less than

one collar length (e.g. 10m) or up to 30m or more.



formed of straight segnents, e.g. 0.5ft, connected by

angl ed portions which shift the groove by the
wapppomorat e di stance 80 to give the angul ar skCT/RUD07/000473

the stator and hence the signal (Figure 14). Thus

peaks X w || appear for eachj§.5 ft penetration of the

smal | BHA 22. It nmay be necessary to neke the

nmechani cal phase shift alternatively to the ri ght and

the left to avoid |arge nechanical rotation of
syst B sliging gisten 63@8%9&%& ofa pisLpistan warcaéﬂreeﬁ directly in
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| owering the nmain a small displacenent (e.g.
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ERREeTRE U TS S TN aroVig S BERRE e inagnd
ﬁdl@ntﬁill? I&ges VOBRB atetheciubbBBr clis BaR @adapt eakdiedidatdténbore when
the stroke of the sliding piston may be | ess than one

nedlin the ¢allagin gectipn. 10m or up to 30m or nore. The

| .
| CHRBRAE B g Ty Ry 2 A 89 ror
ahaiousty aeedctibnviotdueathat ipiiest bel tearmntitted odﬂtr&?:n'(aa\:ﬂnlhgoltar 26,
while.Adhe Same ige sawing pua) divelacainant ke el BHAR inside
thE Pf&5in EB1%A ?be M é sPstnfS S Gorttiditel %g?ﬁﬂ@ulﬁﬁs} gFéV?MS%rﬁd for

or nore f eX|b| Ity, the piston can qui ppe
thist ubber cup which slides in the collar bore. This

0,5 L B 3 BRGHSH T AR EhFT i stces n
SISafitRE galfanke is§8idni bf thd AatifEolldBeas the rubber cup
can adapt to large dianeter bore when not in the

-dosmall pipeissattadhed. abnve thetraetog §8g diis mipeshashz length equivalent

it bRy #Forefil oo By vl St e 22y s

gige tveRixmIgWith tHosmall BHA 22tindige tie bbR sfaie maifcollar 26.
| owi ng axi al displacenent of the small BHA 22 inside

al
Trn% Ping PasRikey @roove everdisswbale lapgthe dhkeyiis aitached to main the
JORGF 28 lélt ?r{é éfoﬁfl(?rfl ﬁfs”t %go(/é’ thd m&or 38 (when is it retracted in the main

collar 26).

- A drill string 40 of elliptical shape. This elliptical pattern slides into the
equivalent shape guidance system of the main collar 26. This pattern allows
torque transfer from the small BHA 22 to the main collar 26. The sealing is also
possible as both ellipses are well defined.

When the small BHA 22 is fully retracted, the fluid flow driving the motor 38
has to be stopped. This is achieved by means of a sealing system at the top of
the small BHA 22: when fully retracted, a sealing block sits at the top of the flow
channel connected to the small BHA 22 so that no flow is possible.

It in necessary that the small BHA 22 can be retracted inside the main
BHA 20. Several systems are possible for this operation.



- The drill string 40 is equipped with a |ong key
(over its length) which slides in a slot of the

w@rioglarso® system of the main collar 26. - A snsdT/RP002000473
is attached above the notor 38. This pipe has a | ength
equi valent to the drill strinpg 40 (or maxi mum

drillable length of the snmall BHA 22). This pipe noves
axially with the small BHA 22 inside the bore of the
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gliek-liggeab Heftgonnectad toythe smaltBHA, 22 durirg theswhpledrilling of

| notor 38 has to be stopped. This is
tgéhsﬁé/]gﬁ‘%él'neans of a sealing systemat the top of

t he Anaiher BbItidR is these fa'lpirésyerreUif&érbade iratheesyisterg to generate
bl ock sits at the top of the flow channel connected to
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reversedi de;mmelm:g omw thepesitien bha didwoftap 82. YWkeerthe flow ﬂap 82is
slick-lIine The slick-1i '

h a fishing tool _ _
Frsio ok R OLbe Tl Bpwe kolBRhe Raiar prSsaga, 5 (id drive the bit

38 fbotaict) e Thdl mmatowt §o&dtd B Whirl BRIAS20 diark%rﬁbr%lé}m
42 (see Figure 3). Thenh the slick-line is pul

sqoanddy. by-pass pogs |86388h d hisstlowgenerates i n’resstufe dfﬁﬁenentlal
he fishin

TSl VR histofa 2] FhIEH wilned ARuliatiS fand Pt e bit 36

difwﬂm\hat@ts? | Tee fibREf) 82 kahibdeogeteddgnd elbbed ®YNRE CBAtrbuNit 44.
the smal [ BHA 22 during the whole drilling of the

Wihgnithe flap 3 is casednarsnadll flaw will movedipysards vig a bycpass

SBrHEi605P. Thid HowHELEILS GRIBIA G HR"RLARIAR P pass

0 re rac “the shal
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ston 42 can be reversed depending on th
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force onto the sliding piston 42, so that the small BHA 22 is pulled back inside
the main BHA 20.

The reversal effect can even be stronger when a dual flow flap system is
used: the second part of the flow flap (not shown) allows flow through the
primary by-pass 86 to be shut'off. The two flaps are always in opposite
positions (one open, the other closed)

Several control unit technologies can be applied in this invention. One
approach is to use a slick-line to control the latch and the flow flap valve 82. At
the beginning of the job, the slick-line can pull following a proper sequence to
unlatch the small BHA and toggle the flow flap valve 82. At the end of the job,

the same slick-line can be used to retract the small BHA 22 and toggle the flow



36 in rotation). The main flow goes to the main BHA 20
via primary and secondary by-pass ports 86, 88. This

wo bawoggoner at es a pressure differential acrossPChRUWIB000473
pi ston 42, which is pushed downwards (and pushes the
bit 36 downwards). The flow fijgap 82 can be opened and
cl osed by the control unit 44. Wen the flap 82 is
closed, a small flow will nove upwards via a by-pass
ﬁonnection 90. This flow then passes %gmards t hr

he, . h
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ap valve 82. At the end of the job, t sa
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I ; preTIns 17 as well as

t?éetﬁ'lggt% ci?ﬁlgﬁémg ?ﬁgﬁalyagﬁc% in t"g;é mai n BHA 20.
Al t eWitht suohl systereit csoeasylio dadide #4he amall A L2dshanld either in

Bt ML B0 6 aibERIRE o dliper i rorin advantage of a
Rydrh@ic mReRanicantomitdt ink 5 theldimpneitdm > igdlhtenance and
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| s Ciioaf Lot YBRlog Sh Pisb R ok They ol bfded 8n o
dirdctiohs| tefdmety fbridettinilaiid cvntidls Trredletttichl edritrblWystem can be
the proper sequence. - Hydraulic bit setting by change
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rate: this can be valuable if measurements are performed while drilling the
lateral.

The drilling of the lateral takes some time (from a few minutes to 1 hour).
During this period, the main BHA 20 may be left in static mode. This is quite
hazardous, as the risk to become stuck is not negligible. To minimize this risk,
the system is designed to allow constant movement of the main BHA 20 in the
main well 24. The main BHA 20 can be move up 20A and down 20B over short
distance (typically in the range of a few meters). This movement is allowed
thanks to the external groove 32 in the window collar 26. As soon as the small
BHA 22 doe not need side push from the inclined plate 34 (the bit 36 is fully
engaged in the formation 30), the main BHA 20 can be moved down slowly as
the bit 36 is now self guided in the lateral 50. Obviously the down movement of



the start of a flow period. Then, by passing from no
flowto high flowto nediumflow (or different
woeagwerso®), at predetermined timngs all ows theCBRE100M00473

to begin start drilling the |ateral or to cease
drilling. Wth such system i¢$ is easy to decide if
the small BHA 22 should either in the retracted and
| at ched node or l|iberated for drilling. The nain
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typl ca in the range o ers).
limitiegréhe risks obstuckwpipe indhkdatecalt he external groove 32

in t i nd | | 6.  As th || BHA 22
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ngv&araé td ShéaY the SRARBEA afthEhEndtRNBdthveBn 3R mdiR @ndBhteral
HA 20 can be noved down slowmy as the bit 36 is now

wellsi s adaws ifreeing thetmain BEA, lioitiigthellgss.he down

nov in BHA,20 .is Limt to the u r end

o ¢ T8 i 44 FB B PRor Sl iy ol aliSiahe Kugh s
difectibf amiddeciiitionOlochhRsistivitprcrosSael redistivity: etdseRéll sonic,
the main BHA 20 can al so be slightly oscillated right

aled | eft (typi cally 45 degrees). Drilling fluid flows

ci vt pafer s dHcRiRE ng s BHATA R 1l witya sick-
Iineetratyhntherhaindtill skhing. ahedishlblesplag 160l (Eigure 8) iarddndithe
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broken small BHA or opening of the window for installation of other tools in the
lateral. These other tools can be mechanical or electrical. They can be lowered
via slick-line or wireline cable. Some of these tools allows technical intervention
in the lateral (such as placement of simplified completion) or logging in the small
lateral via slim wireline tool).

Figure 17 shows a further embodiment of the invention with a simplified
design. The small BHA 90 is contained in a external groove 92 of the drill collar
94 and connected by means of a hinge 96. The small BHA 90 is also flexible..
When a lateral is to be drilled, a mechanical control mechanism 98 pushes the
front of the small BHA 90 to the outside. At the same time drilling fluid flow is

commences through the small motor 100. As the small BHA 90 starts to enter in



appropriate rate to lift the cuttings over the |ength

of the lateral up to the main well. The small BHA may
w@b®oosw79rove up and down for cutting cl ean- uppenau2007/000473
limting the risk of stuck pipe in the lateral. If the

small BHA is stuck in the |apgral, the main BHA can
then be pulled upwards to shear the small BHA at the
junction between the main and lateral wells. This

Brdpiaen it SR 9P 9 sl e FoleNronaastiBaiitooement o
the WrhalPHA STk e RAhatioh! IMAEIAHRLI AR fseédu)‘iébé/d fvith a

cross-well resistivity, cross-well sonic,
Q&mbhwm@rthmbatefalwﬂ bersgeered@vwaﬁolrmam naain iRll. f i shed
with a slickline trough the main drill string. The
fishable plug 60 (Figure 6) around the bottom of the

smal IA farfienhMadimbht ofahé snveriBhiude Priaviler bheadtbPil the main
flap val ves and control unit to be fished. The ability

BldArtp shlvenee hiemsmalbBhif Thigssyistgm searmeperptast treva wireline

ns he' m3ih& %?Wn freb $h l&riﬂhi i(?ﬁow to
%‘{% ?gé'g‘ R't(ﬂJie ﬁéral ese o{t@ {go?s caﬁqﬂ‘e

wadksahe @&iaIICB HAl eiich ambystdindy flegibldas Iutamr mdve oger long
cillck line or wireline cable. Sone of these t

ol
sieBes: f@&fh?'&%fﬂaf'Yﬁ & 9r glachical sopkel! ‘I"?ﬁyel'téqouf%ﬁ'gﬁ bgsbased
I
B ORI Phors T apler SRR eI WIRA Witslife ke i

usefd, theneable r(rbmﬂ optionallyf theheontrol amit) snowerdd arior to the lateral
|if Th 90 i t ai di
ST g Felrisie dme d aEaIGRT ) nr o9 mag " @

connected by nmeans of a hinge 96. The small BHA 90 is

also flexible.. Wen a lateral is to be drilled, a
mec h\damams of doal BHAsystems sesadbgsligbeve care beusetin chsed wells.

tfidERyea 479 i B Bl S R rePlackfe® odl iing bt (and
wEipstockP0. As the smal|l BHA 90 starts-to enter inthe

formation, main BHA 102 is slowy noved forwards
ensuri ng di spl acenent of the small BHA 90 into the
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a) Both small BHA retracted drilling/milling with bit on main BHA,

b) Top small BHA in drilling mode, bottom retracted; and

c¢) Top small BHA retracted, bottom small BHA in milling mode.

The lateral may have more complex shape than shown in Figures 1 and 2.
In one embodiment, this is achieved mechanically , for example via special
shape of the groove which guide the key of the reaction torque extension.

For some field applications, the lateral 104 may need to have a S-shape
as is shown in Figure 18. This ensures that the end of the lateral is nearly
parallel to the main well 106. To provide this trajectory, the tool face of the
small BHA is rotated by 180 degrees at the middle of the displacement. The
motor reaction is transmitted to the collar via the upper “reaction” torque

extension and the key groove makes a 180 degree spiral in the collar. “'When' the



wards the small BHA. Such as systemis flexible as it

can nove over long distance. As an alternative to an
we@bkmemesocal control unity, it could al so be barerRG2007/000473

MAD and rotary steerable systens technol ogy. Wen a

wireline cable is used, the gpble (and optionally, the

control unit) is lowered prior to the lateral drilling

and retrieved at the end of the operation. Vari ants of

dugl BHA systens, descri bed above can,be use i case .
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nesdsra displacenent of appreximatedd21 mates angd ther |atﬂl'a|$t¢ﬂ§1 make two
t er "reaction" torque extension and the key groove

es a 180 degree spiral in the collar. \Wen thekey
fromthe "reaction" torque extension reaches this
position the small BHA is forced to nake a half turn
on itself. The pitch of the spiral is preferably
extended over a distance of a few neters to avoid high
twi sting of the bend housing at the other extremty of
the small BHA. For other applications, it may be
beneficial to drill corkscrew shape |ateral 108 around
the main well 106 as is shown in Figure 19. To achieve
this pattern,



the bend housing azinmuth is continuously adjusted to
steer the notor away fromits current plane. To
w@ziop/ese74 hi s tool -face setting, the key groovisCEARUZNN7/000473

gui des the reaction torque key of the "reaction”

torque extension is providedyn th an appropriate

spiral. For exanple, the lateral can be drilled on a
"cylindrical surface" which has a radius of 5 neters

with a pitch of 15 neters,.,This nmeans that the well is
inclined at 45 degrees reF®M® to the main well. Each

" Al fif st cosipRkipgerent of approximately 2 1

meters and the laterals can make two turns.Claims 1. A
o drill cellprdpmaingtpast ofca ppimasy dgllingassembly ared having an outward

ormn rt. of a primary drilling assenbly and havin
éﬂ?”g?ﬂﬁah‘%% edrﬂg?ﬁ" %'g%gthgg%;ﬁ %ﬁfjthe gi de thergof; andVI- g
saag@mﬂfarydﬁilihbia@,ge?mg@mhyprismg’mrisi ng: - a tubular
e

drill strlngstconnec at one end to the drill collar;

-- a tuhylan drilbstring spnReetsdad ong ensktodhedrillgollarg; - a
dr i b t , . end of the drill stri
ar Rl mABr i B HITGAnGTC L or e the |

sea dnitl ditymounted iat theasthenizing of thedrilhstrthg and benrisdtéd to the

(&ﬂ‘_lar so as to be novable between a first position in
NG MORRS, drill bit is seated in the groove, and a

RGP S cohary il 834 By A} the it bo g to be
rovable bgtweeaa dirstpasitiar ini wisidhitihe drithbihid seatiedriritine groove, and

SRR ool e ToR S rioctT BReraly o RelisiPug in the side of

t#feidrl celiaf.ng bei ng connected at one end to the piston
and extending inside the drill collar; wherein, during

nd dsifingtapparalus rastclainied ix claios il t wbareimthe secansiaoy drilling

SR orb it B0 SABIERGE T8 oy hd Mot cr
hRg Beihgt donnecravat drsend td (IR piBRIh dry\extefdihgsihsigente drill
up to the outer surface of the drill collar. 4. A

epllar;| ing apparatus as clained inclaiml1, 2 or 3,
WRERH, JUkRG rIEUR{Ent Setween the first position and the second position,

the piston is advanced in the drill collar.

A drilling apparatus as claimed in claim 1 or 2, wherein the groove has an
inclined lower end sloping up to the outer surface of the drill collar.

A drilling apparatus as claimed in claim 1, 2 or 3, wherein the groove is
referenced to the tool face of a drilling tool connected to the drill collar such that
orienting the tool face in a particular direction serves to orient the groove in a
corresponding manner.

A drilling apparatus as claimed in any preceding claim, wherein the drill collar
has a sliding shutter that is moveable between a first position in which the
groove is covered, and a second position in which the groove is open.

A drilling apparatus as claimed in any preceding claim, further comprising a
retraction system for moving the secondary drilling assembly from the second

position to the first position.



referenced to the tool face of a drilling tool
connected to the drill collar such that orienting the

wo owb/0tsace in a particular direction serves t OPOI/RE2M07/000473

10.

11.

12.

13.

14.

15.

16.

17.

18.

the groove in a corresponding manner. 5. Adrilling
apparatus as clainmed in any pgeceding claim wherein

the drill collar has a sliding shutter that is :
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ng apparatus as clained in claim9, wherein
t Addriteray apparatussasigamhedincciaion Bsers! (g wheteinitbe dieagng hbusing
%{grjllin a ar:t-xtus_ as claimed in claim9 or 10,
ESeFRMr B@l"i H§VIEB®si ng cont ai ns measur enent
dRwirf fusclid Elhinfst APRRT Bttt Qhith, Whereih it
pregeg}%n%a%rgi m wherein the pist oﬁﬁ‘;furt her conpri S%lgon

farthee sempédses i pressure veliefoaiid tovaliovwfldidito pass slengihe drill

t dr.| | | 1 i t. [ h [ . 13, A
%é@fﬁ'%&%ﬁ%g{}ﬁ@?%@gﬁf airmngijn?ntcleaf)wtlg,n wherein the

dAidrliliftPap®dratuscaBlainsas infclaPg YR aivherdin de BAITKEG Phétof he
openi ng of the bypass according to notor speed 14. A

enmpriserya sppdater thatoonypls thewnaninghgf thedamaiss @cepeding to motor
%&ee{dein the drilling notor conprises a siren including
Stator connected to the piston and a rotor

A drilling apparatus as claimed in any preceding claim, wherein the drilling
motor comprises a siren including a stator connected to the piston and a rotor
mounted adjacent the stator and connected to the drill bit.

A drilling apparatus as claimed in claim 14, wherein the rotor is connected to
the drill bit via a torsion spring.

A drilling apparatus as claimed in claim 14 or 15, further comprising means to
urge the rotor into an open position relative to the stator.

A drilling apparatus as claimed in claim 16, wherein the means comprise
magnets on the rotor and stator.

A drilling apparatus as claimed in any of claims 14-17, further comprising a
pressure detector for detecting pressure pulses created by operation of the siren
and creating a signal, and a control system for using the signal to control

operation of the secondary drilling assembly.



nount ed adj acent the stator and connected to the drill

bit. 15. A drilling apparatus as clained in claim 14,
wob@pe28974 he rotor is connected to the drill bPECT/RU2002/000473
torsion spring. 16. A drilling apparatus as clainmed in

19.

20.

21. ¢

22.

23.

24.

25.

26.

27.

28.

claim 14 or 15, further conppygsing nmeans to urge the
rotor into an open position relative to the stator.
1A.drflirdy amérangmmalaimed maany: br—:éoedmg claioh,avinerefh the piston
wherein t

&0iEbGees & BTpaSST aRE s e o 0t dilFedr i groving the

ﬁ,lsﬁjnms 14-1 7, further conprisi ng a pressure det ect or
for detecting pressure pulses created by operation of
t Aedridlingeapparatusraselaimged insaanef claingl 14-1% nonmrlssqgsm@aﬂs for

ABEaliRL PR A Atar B BRTHIE oo SebBdamysriting

Q@sd?htﬂylﬁfﬁﬁi/dsrtomyd@t‘r@sﬁhdm@ pdsition. wherein the piston
TH)I‘ISGS a bypass to allow fluid to pass along the
.

ilingoaprara Staﬁadﬁm%imgamaopwbetmn theymeangrqampriges a
@%B@%ﬂi#ﬁeg@ﬁn{egéﬁ@r;ﬁ%ﬁng@; 9E¥m°§u c%' é;ﬁré%ﬁ/ ﬁp% rotor locating key

sldesras the mdndawtdnlhragsasmnlslqanWy drilli ng
he second positjon.

TN pRAsan AR adned i ARG DIPLING G, WheTerbire drkcolar
RERESS SHTIIrS6E, dabAR o I cih ok ofhd 3hoHRiaiing

a cam surface al ong rotor locating
assenhialy saclo thitropedation ohtheatesicebtioyclampdbe seondary drilling

drill di |
Saarunik % ARG bolfar S el e Ml calpC ol fy
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such that operation of the device to clanp the
seaondany grilling EEsermyblysaliovs ndependrntanevament ofdhe primay and

coI |ar to nove the secondary
%%qﬁﬁ?%d@ﬁgé%%%ﬁwg ‘operation of the device to
I eAcRHivgt dspFanuiaciginged In ¢lagn 22 swhblein e emping device
i ndependent npvenent of the primry and secondary

ERMPTiseRA Rk @tpivaiad epgentric @pmq& argsmspmf@twoagary drilling
g in claim?22, wherein the clanping device

conprises a pair of pivoted eccentric bodies acting on

t Addridlegoaplzargtudrad claimgedidsamppseceding claim, further comprising

means for resisting torque resulting from operation of the secondary drilling
assembly.

A drilling apparatus as claimed in claim 24, wherein the means comprises an
elongate key on the drill string which engages in a corresponding grove in the
drill collar.

A drilling apparatus as claimed in claim 25, wherein the means comprises an
extension of the drill string above the drilling motor, the extension comprising an
elongate key on the drill string which engages in a corresponding grove in the
drill collar.

A drilling apparatus as claimed in claim 24, wherein the means comprises a
drill string having a non-circular section which slides through a correspondingly
shaped seal.

A drilling apparatus as claimed in any preceding claim, further comprising an
attachment point on the secondary drilling assembly for connection of a retrieval



24. A drilling apparatus as clained in any preceding
claim further conprising neans for resisting torque

wo zeeh1s9my from operati on of the secondary dri®di/RO2007/000473

20.

30.

31.

32.

33.

34.

35.

36.

37.

assenbly. 25. A drilling apparatus as clainmed in claim
24, wherein the neans conpriges an el ongate key on the
drill string which engages in a corresponding grove in

lirfeetodmolvé tleseamdabpdriling miskémibly fipmathatsesond pobiiomdd the first
in.claim25, wherein the neans conprises an extension
RASHAL drill string above the drilling notor, the

eAtO?ﬂﬁigoéb;%ﬁHRfs'a% A8infed B AMPpicRelify QBIn, rfﬁrtﬁér‘ (I;dm%rlsmg a

stri ng whi ch engages in a correspondl ng grove in
smoaniaooplrsmn bypass andrvalve agaagpmeat apetable:toaadineal fiuid flow in

e oher B et SERRY oY I<. 70T o Seotnebir g
S¥entislp Giodh 1 secihanRsditirdto. thd SirstAbaditidd.i ng appar at us

as clalmed in any precedi n(IJ] claim further conprising
aft ddt"trwca*ﬁfmblbamalmedtln ajechfuehgr epmprising aseadrabl v

r"ngf:hgrggﬁle&ﬁ rgplle% f&JeQBé's?)ﬁan]éié&]eq Llﬂw é’seerﬁllﬂg out ?1; tg\ﬁa groove.

secondary ing assenb cond posi

t A drifiingf asseimbip ais tolaimedaA clandBO Whergiretheasetondarsdrilling
cI aimed in any rec%ldl n cl ai further conprising a

. ARSCHMANIS C dril.golag By @NBgRangement oper abl e
tﬁéfgirllgl ssfelp‘rﬁgaglc%ﬂeﬂ ih Rk 30 bhg?,l WhErdi tﬂehgnll t]rllnﬂg

e plston to nove the secondary
feesdldebl y from the second position to the first
30. Adrilli asc{almedlncl%

DR irerassdninib abclaitpeddn STATT. WadiRit el saonran ¢
<Yl f&rﬁﬁ%ﬁd@bbévﬂé# H&ViOS |2 theQHIl llak,RRe tubular drill

groove A drilling assenbly as clainmed in claim
song \blsmgemnrtem;edsetcmmamy taithe ¢criamderaderdemand iextending inside the

c@rﬂ{%‘?ﬁfd to the drill collar by a hinge. 32. A

g assenbly as clained in claim30 or 3 1,

whériein, Riring rilovément bétiveehthé Klﬁstld@isﬁnon%d thed;ddohdrrﬁ)smon

asserrbl as clained in claiml, wherein the secondary
tBquriiYVl@@ d&é@@ﬁ’éﬁ?”@‘%ﬁ%ﬂ@@éﬂ”ﬂ ‘collaiv er devi ce | ocat ed

'C)§ rﬁfﬁﬂ@}gdédéée{ntﬁg E%ﬁadmteaq 93%8!\;&%@. La\}ﬁlft WH@Q%H%Q Brimary
drilirendssamblyds denfidiered to drill a window in well casing though which the
secondary drilling assembly can be advanced.

A method of drilling a borehole using a drilling apparatus as claimed in any
preceding claim, comprising:
- drilling a main borehole;
- positioning the apparatus at a predetermined location in the main borehole;
- operating the secondary drilling assembly so as to advance the drill bit away
from the first position an drill laterally into the formation surrounding the main
borehole and form a lateral borehole; and _
- withdrawing the secondary drilling assembly to the second position.

A method as claimed in claim 35, comprising using the primary drilling
assembily to drill the main borehole.

A method as claimed in claim 35 or 36, further comprising advancing the drill

collar while the secondary drilling assembly is drilling into the formation.



drill collar; wherein, during novenent between the
first position and the second position, the craw er

waolewbogsors advanced in the drill collar. 34. Apdr/RUbiongoos73
assenbly as clainmed in any preceding claim wherein
the primary drilling assenblygis configured to drill a

wi ndow in well casing though which the secondary
38. dAirhéthod azsdsirdd/incaainb87 afiviBE e6mpRSingAlteehdtet; advancing and
drilling a borehole using a drilling apparatus as
r@FrQPH%ﬂl%d%JhWIIﬂ’éUQH?@OSI ‘Hﬁtﬁﬂc%ﬁh%ﬁ @@Hgbor-ehe}q Vhiley §1e
' d A rtFolalp tus at a
B A R e IR R0 T BRARIE o °
39. openethod@st diainsztionalainy 38y whéneimgthesmairbivell hasdeendined with

advan%e th% drill bjt amq¥_fronht e first gqsition ?P
GAsiNg. the methed FomprigingRPEIRGAMWIBHOW |? %A $IRg usig the

- f | .
(T By RO L EoTEhy THORNG Ob B O BB Rilihg aesembly to
driitbralighotbietwiodowdato therfetrhaiibras cl ai med i n cl ai m 35,

0. SRIRERBHDR S RRY B 45 bt HAAPBERE RN % spoondary
drlidasserably 36 drifl & laka sl sereRbleSVilYan®L8RgHEIY the dril |
collar while the secondary drilling assenbly is

41. dhimethad asplaimadinfamneltclaims33p-23, eempasingdisinagthesspgondary

I dTaemBiyi4 B M5 BABAoRI A BYFLY tafLag] no. and

Inhg th ar over a ce in
the main borehole while the secondary drilling
assenbly is drilling into the formation. 39. A nethod

as claimed in claim35, wherein the main well has been
lined with casing, the nmethod conprising opening a

wi ndow in the casing using the primary drilling
assenbly prior to operating the secondary drilling
assenbly to drill through the wi ndow into the
formation. 40. A nethod as clained in any of clains
35-39, conprising using the secondary drilling
assenbly to drill a lateral borehole with an S-shape.
4 1. A nethod as clained in any of clains 35-29,
conprising using the secondary drilling assenbly to
drill a lateral borehole with a spiral trajectory.



