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(57) Abrége/Abstract:

A method of drilling a borehole into an earth formation using a drill string having an upper part (16a) and a lower part (16b) which
IS more flexible than the upper part, the method comprising drilling a first section of the borehole, drilling a second section of the
borehole from said first borehole section, said second section extending at a selected inclination angle relative the first section.

During drilling of the second section the drill string Is lowered through the borehole in a manner that the upper drill string part
remains In the first section and the lower drill string part extends into the second borehole section.

OPIC - CIPO 191 N




WO 02/086278 Al

CA 02445085 2003-10-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
31 October 2002 (31.10.2002)

(51) International Patent Classification’: E21B 7/06

(21) International Application Number: PCT/EP02/04516

(22) International Filing Date: 23 April 2002 (23.04.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

01303703.1 23 April 2001 (23.04.2001) EP

(71) Applicant (for all designated States except CA,
US): SHELL INTERNATIONALE RESEARCH
MAATSCHAPPILJ B.V. [NL/NL]; Carel van Bylandtlaan
30, NL-2596 HR The Hague (NL).

(71) Applicant (for CA only): SHELL CANADA LIMITED
[CA/CA]; 400, 4th Avenue S.W., Calgary, Alberta T2P 2H5
(CA).

PCT

(10) International Publication Number

WO 02/086278 Al

(72) Inventor; and

(75) Inventor/Applicant (for US only): KRIESELS, Petrus,
Cornelis [NL/NL]; Schepersmaat 2, NL-9405 TA Assen
(NL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, 7ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,

GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent

[Continued on next page/

(54) Title: METHOD OF DRILLING AN ULTRA-SHORT RADIUS BOREHOLE

16

A
W

I 2 AW AR AT A A A A B A A

A A A AR A A A AR R A AW

» T 20 SO L ST I B AN L R A A Y

PLE"

L ]
-
- -
- ~ -
T =
~

Moo\ ‘
A, F
. . \
" * ‘ - A
| - B
-, } N :
’ {1 X
. %
» 4
o
[ 3
- ? . .
. . b I NG
L 3
[ 4
>
- »
LI |
-3

“w

»

>

M~

N
e )
\ * S

N2

-

&> &

(57) Abstract: A method of
drilling a borehole into an earth
formation using a drill string
having an upper part (16a) and a
lower part (16b) which is more
flexible than the upper part, the
method comprising drilling a
first section of the borehole,
drilling a second section of
the borehole from said first
borehole section, said second
section extending at a selected
inclination angle relative the
first section. During drilling
of the second section the drill
string is lowered through the
borehole in a manner that the
upper drill string part remains
in the first section and the lower
drill string part extends into the
second borehole section.
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METHOD OF DRILLING AN ULTRA-SHORT RADIUS BOREHOL:

The present invention relates to a method of drilling

a borehole into an earth formation. In the industry of

wellbore drilling it is common practice to drill one or
more branch boreholes from a main borehole in order to

5 reach different zones of hydrocarbon containing

ph—

formations from a single surface location. Such branch

boreholes deviate from the main borehole at rather low

curvatures due to operational restrictions imposed on the

drill strings used. In case the branch borehole is to be

10 drilled into a relatively thin hydrocarbon fluid

containing layer, it is difficult or impossible to start

drilling of the branch borehole from the main borehole at

a location positioned in the layer and to proceed

drilling into the layer.

15 It 1s an object of the invention to provide an

improved method of drilling a borehole, which overcomes

the aforementioned drawback of conventional drilling

methods.

In accordance with the invention there 1s provided a

o

20 method of drilling a borehole into an earth formation

—

using a drill string having an upper part and a lower

part which i1s more flexible than the upper part, the

method comprising drilling a first section of the

borehole, drilling a second section of the borehole from

25 sald first borehole section, said second section

extending at a selected inclination angle relative the

first section, wherein during drilling of the second

section the drill string i1s lowered through the borehole

in a manner that the upper drill string part remains in

30 the first section and the lower drill string part extends

into the second borehole section.
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It is thereby achieved

that the second borehole

section can be drilled at a relatively high curvature

since the lower drill string part is relatively flexible.

The less flexible upper drill string part remains in the

first borehole section and

does therefore not have to be

bent to the degree of bending required for the lower

drill string section.

In an attractive embodiment of the method of the

invention the upper drill string part is provided with a

downhole motor, which rotates the lower drill string part

during drilling of the second borehole section.

Suitably the first borehole section is substantially

straight and the second borehole section is a curved

section. For example, the first borehole section can form

a main borehole and the second borehole section can form

a branch borehole of the main borehole.

The invention will be described hereinafter in more

detalil and by way of example with reference to the

accompanying drawings in which:

Fig. 1 schematically shows an embodiment of a

drilling system for use in

the method of the invention;

Fig. 2 schematically shows cross-section 2-2 of

Fig. 1;

Fig. 3 schematically shows a longitudinal section of

detail A of Fig. 1;

Fig. 4 schematically shows an alternative embodiment

of a drilling system for use in the method of the

invention;

Fig. 5 schematically shows another alternative

embodiment of a drilling system for use in the method of

the invention; and

Fig. 6 schematically shows a modification to the

embodiment of Fig. 5.

In the Figures like re:

components.

‘ference numerals relate to like
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Referring to Fig. 1 there is shown a main borehole 1

extending from surface (not shown) into an earth

formation 2 which includes an oil bearing layer 4 and a

cap rock layer 6 located above the o0il bearing layer 4.

The interface between the oil bearing layer 4 and the cap

rock layer 6 1s indicated by reference sign 7. A branch

borehole 8 extends from a branch point 10 of the main

borehole 1 laterally into the oil bearing layer 4, with
branch point 10 located below the cap rock layer 6. The

branch borehole 8 has an initial curved section 8a and a

subsequent straight section 8b. The main borehole 1 is

provided with a wellbore casing 12, which has an

opening 14 providing access to the branch borehole 8.

~

A system for use in the method of the invention

includes a tubular drill string 16 extending from a

drilling rig (not shown) at surface into the main

borehole 1, the drill string 16 being formed of an upper

drill string part 16a and a lower drill string part 16b,

which is more flexible than the upper part 1l6a. The upper

drill string part includes a hydraulic downhole motor 18

located in the main borehole 1. The lower drill string

part 16b includes a flexible shaft assembly 22 extending

from the motor 18 into the branch borehole 8. The

curvature of the shaft assembly 22 is relatively high

compared to allowable curvatures of conventional drill
strings, due to the flexibility of the shaft assembly 22.

A whipstock 23 is fixedly arranged in the casing 12 below

the branch point 10 so as to guide the flexible shaft
assembly 22 into the branch borehole 8.
Referring further to Figs. 2 and 3, the shaft

assembly 22 includes a flexible drive shaft 24 connected

to the output shaft (not shown) of the downhole motor and

arranged to drive a drill bit 26. A flexible tubular

orienting shaft 28 extends around the drive shaft 24, and

a flexible hose 30 extends around the orienting shaft 28.
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In the Figures, reference sign 32 indicates the wall of

the branch borehole 8. The orienting shaft 28 is at one

end thereof fixedly connected to the motor housing (not
shown) and at the other end thereof to the drill bit 26

by means of a bearing section (not shown) allowing

rotation of the drill bit 26 relative to the orienting

shaft 28. The bearing section is arranged such that the

=

axis of rotation of drill bit 26 is tilted relative to

the longitudinal axis of orilenting shaft 28. The flexible

drive shaft and/or the flexible orienting shaft can, for

example, be made of Titanium, which has a low modulus of

elasticity, or from an assembly of flexible lavers.

In Fig. 4 is shown an alternative system 40 for use

in the method of the invention, whereby the tubular drill

string 16 is applied. A tubular housing 42 is arranged in

the malin borehole 1, the housing having a guide

channel 44 including an upper, longitudinal, section 46

and a lower, curved, section 48 directed to the branch

borehole 8. The curved section 48 has an outlet
opening 50 arranged opposite the window opening 14. The

upper drill string section 16a includes hydraulic

downhole motor 52, which is slide ably arranged in the
guide channel 44. A flexible shaft assembly 54 similar to
the flexible shaft assembly 22 described with respect to

Figs, 1, 2, 3 is connected to the motor 52 and extends
through the guide channel 44 via opening 50 into the
branch borehole 8. The shaft assembly 54 interconnects

Tthe motor 52 and the drill bit 26 in the same manner and

with the same functionality as described hereinbefore

with respect to shaft assembly 22.

The housing 42 is at the lower end thereof provided

with a support profile matching a corresponding support

F

profile of a support member 56 anchored in the casing 12

by any suitable means. The support profiles of the

housing 42 and the support member 56 are such that the




10

15

20

25

30

39

CA 02445085 2003-10-22

WO 02/086278 PCT/EP02/04516

- 5 -

housing can be positioned on the support member at
different azimuth angles in the main borehole 1. The

housing 42 can be run in the borehole with the drill

string 16, at which stage the housing is hung up on a

shoulder near the lower end of the motor.

In Fig. 5 is shown a further alternative system 60

for use in the method of the invention, whereby the
tubular drill string 16 is applied. The system 60 is to
some extent similar to the system 40 of Fig. 4, except

that the drill string 16 is guided through a tubular

element 02 supported from surface instead of being guided

by the housing 42Z2. The tubular element 62 is arranged in

the main borehole 1 and has a guide channel 64 including

an upper, longitudinal, section 66 and a lower, curved,

section 68 directed to the branch borehole 8. The curved

section 68 has outlet opening 50 arranged opposite the

window opening 14. Similarly to the embodiment of Fig. 4,
the upper drill string section l6a includes hydraulic
downhole motor 52 slide ably arranged in the guide
channel 64, and flexible shaft assembly 54 which is

connected to the motor 52 and extends via guide

channel 64 and opening 50 into the branch borehole 8.

The tubular element 62 can, for example, be a

drilling tubular for conventional wellbore drilling, or a

production tubing for conventional hydrocarbon fluid

production from the earth formation.

In Fl1g. 6 1is shown a modification to the embodiment

of Fig. 5, whereby the lower, curved, section 68 of guide

channel 64 is formed by a whipstock 70 fixedly installed

in the guide channel 64.

During normal operation of the system shown in

Fig. 1, the main borehole 1 is drilled, the casing 12 is

installed and the whipstock 23 is positioned at the

desired location. After milling of the window opening 14

in the casing, the drill string 16 is lowered into the
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main borehole 1 until the drilling device 18 is at the

position 1ndicated in Fig. 1. Next the drill bit 26 is

oriented for drilling of the initial curved section 8a,

by rotating the orienting shaft 28 over a selected angle

5 until the tool face of the drill bit 26 is at the desired

orientation. Drilling of the branch borehole 8 starts by

pumping drilling fluid through the drill string 16 so as

to operate the downhole motor 18 and thereby to drive the

drill bit 26 via drive shaft 24, while the orienting

10 shaft 28 1s kept stationary. Simultaneously, the drill

string 16 1s gradually lowered from surface so as to move
the motor 18 i1n downward direction through the main

borehole 1. As a result the flexible shaft assembly 22 is

guided by whipstock 23 via window opening 14 until the

15 drill bit 26 contacts the rock formation. Continued

R

lowering of the downhole motor causes the drill bit 26 to

cut 1nto the rock formation and thereby to drill the

initial curved section 8a of the branch borehole 8. When

the curved branch borehole section 8a assumes a

20 substantially horizontal direction, the orlenting

shaft 28 1s rotated continuously during further drilling

by rotating the entire drill"string 16 from surface. It

is thus achieved that the tool face orientation of the

drill bit 26 varies continuously, which results in

.

25 drilling of the straight section 8b of branch borehole 8.

After finalising drilling of the branch borehole 8

the drill string 16 and the whipstock 23 are retrieved to

surface, where after suitable production equipment is

installed in the main borehole 1 and/or the branch

30 borehole 8 for production of o0il from the branch
borehole 8. |

r—

Normal operation of the embodiment shown in Fig. 4 is

largely similar to normal operation of the embodiment of

Fig: 1, except that the downhole motor 52 is guided

35 through upper section 46 of guide channel 44, and the
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flexible shaft assembly 54 is gulded by the curved

section 48 of guide channel 44 1in the direction of the

branch borehole 8. Furthermore, prior to start of

drilling of branch borehole 8 the tubular housing 42 is

oriented on the support member 56 in accordance with the

desired azimuthal direction. If desired, the housing 42

can be re-oriented after branch borehole 8 has been

drilled in order to drill a further branch borehole in

another azimuthal direction.

i

Normal operation of the embodiment of Fig. 5 1s

largely similar to normal operation of the embodiment of

Fig. 4, except that the downhole motor 52 i1s now guided
in vertical direction by guide channel 64 and the

flexible shaft assembly 54 is guided by the curved

P

section 68 of guide channel 64 in the direction of the

LR

branch borehole 8. The desired azimuthal orientation o:

outlet opening 50 is achieved by rotating the tubular

element 62 from surface. Similarly to the embodiment of

Fig. 4, the tubular element 62 can be,6 re-oriented after

drilling of branch borehole 8 in order to drill a further

branch borehole in another azimuthal direction.

Normal operation of the embodiment of Fig. 6 1s

similar to normal operation of the embodiment of Fig. 5.

In a modification to the embodiment of Fig. 5, the

tubular part of the drill string 16 between the downhole

motor 52 and the surface equipment is replaced by a cable

(not shown) suitably connected to a hoisting device (not

shown) at surface for lifting and lowering the drill

string 16 through main borehole 1 and branch borehole 8.

In such application the downhole motor 52 has a fluid

inlet (not shown) at its upper end, and during operation

drilling fluid is pumped to the motor 52 through the

tubular element 62. The resulting differential pressure

cr

over the motor is utilised to generate a downward thrus:

on the drill string to generate WOB and overcome
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frictional forces on the flexible shaft assembly. For

both configurations, i.e. the tubular drill string

configuration and the cable configuration, the return

stream of drilling fluid flows from the bit into the

5 annular space between the tubular element and the

casing 12 and/or open hole.

In the above-described method it is achieved that a

branch borehole 1s drilled from the main borehole, which

deviates from the main borehole at an ultra-short radius.

10 Thls procedure allows the branch borehole to be initiated

at a location below the cap rock laver, with the

advantage that no stringent sealing requirements are

imposed on the junction between the main borehole and the

branch borehole since the cap rock layer prevents oil

15 migration to surface.
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AMENDED CLATIMS by letter of 22 April 2003

T A i

W — ————

1. A method of drilling a borehole into an earth

formation using a drill string having an upper part and a

lower part which is more flexible than the upper part,

the method comprising:

= drilling a first section of the borehole;

= drilling a second section of the borehole from said

first borehole section, said second section extending at

a selected inclination angle relative the first section,

wherein during drilling of the second section the drill

string is lowered through the borehole in a manner that

the upper drill string part remains in the first section

and the lower drill string part extends into the second

borehole section, the first borehole section being

substantially straight and the second borehole section

being a curved section, wherein the lower drill string

part is guided from the first borehole section into the

second borehole section by means of a tubular housing or

a tubular element arranged in the first borehole section,

said tubular housing or tubular element having a passage

through which the drill string extends, sald passage

having a lower end part directed towards the second

borehole section.

2. The method of claim 1, wherein the first borehole

section forms a main borehole and the second borehole

section forms a branch borehole of the main borehole.
3. The method of claim 1 or 2, wherein the tubular

housing or the tubular element is cylindrical.

AMENDED SHEET
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4. The method of any one of claims 1-3, wherein the

passage has an upper, longitudinal, section and a lower,

curved, section directed to the second borehole.

5. The method of claim 4, wherein the lower, curved,

section 1s formed by a whipstock.

i

6. The method of any one of claims 1-5, wherein said

tubular element 1s one of a2 drilling tubular and a

<

production tubing extending from surface into the first

borehole section.

7. The method of any one of claims 1-6, wherein the

upper drill string part i1s provided with a downhole

motor, which rotates the lower drill string part during

drilling of the second borehole section.

8. The method of claim 7, wherein the downhole motor is

a hydraulic motor located in said passage.

9. The method of claim 8, wherein the motor is driven by

a stream of fluid pumped through the passage.

10. The method of claim 9, wherein said stream of fluid
exerts a downward force to the downhole motor so as to

move the drill string in downward direction during

drilling of the second borehole section.
11. The method of any one of claims 7~-10, wherein the

lower drill string part is provided with a drill bit

which is tilted relative to the longitudinal axis of the

lower drill string part, wherein an orienting shaft

extends between the downhole motor and the drill bit for

orienting the drill bit in the borehole, and wherein the

method further comprises rotating the orienting shaft

over a selected angle so as to orient the drill bit in

the second borehole section in correspondence with the

desired direction of drilling of the second borehole

section.

AMENDED SHEET
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12. The method of claim 11, wherein the orienting shaft

15 a tubular shaft through which the lower drill string

part extends.

13. The method of any one of claims 1-~12, wherein prior

to drilling the second borehole section the tubular

housing or tubular element is oriented in accordance with

a desired azimuthal direction.

14. The method of any one of claims 1-13, wherein, after
the second borehole section has been drilled, a third
borehole section 1s drilled from the first borehole

gty

sectlion in another azimuthal direction than that of the

second borehole section.

15. The method of any one of claims 1-14, wherein the

tubular housing 1s at the lower end provided with a
support profile matching a corresponding support profile

P

of a support member anchored in the first borehole

section, whereby the tubular housing is positioned on the

support member.

16. The method of claim 15, wherein the support profiles
of the tubular housing and the support member are such

that the tubular housing 1s positionable on the support

member at different azimuth angles in the first borehole

sectilion.

17. The method substantially as described hereinbefore

with reference to the drawings.

F'=\OA\TS6285PCT
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