Office de la Proprieté Canadian CA 2886441 C 2017/10/10

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 886 441
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2013/10/25 (51) Cl.Int./Int.Cl. £E278 471/00(2006.01)
(87) Date publication PCT/PCT Publication Date: 2014/05/01 (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2017/10/10 £HOU, SHAOHUA, SA
85) Entrée ph tionale/National Entry: 2015/03/26 (73) Proprietaire/Owner:
(85) Entree phase nationale/National Eniry SAUDI ARABIAN OIL COMPANY, SA
(86) N° demande PCT/PCT Application No.: US 2013/066725

o o (74) Agent: FINLAYSON & SINGLEHURST
(87) N° publication PCT/PCT Publication No.: 2014/066710
(30) Priorité/Priority: 2012/10/26 (US61/719,124)

(54) Titre : GUIDE DE RENTREE MUTLILATERAL ET PROCEDE D'UTILISATION
54) Title: A MULTI-LATERAL RE-ENTRY GUIDE AND METHOD OF USE

,\,\\,
R,

O
=
A

SN
RO
o0
L [ty

*
7

2\ 4’\1
F
WA

&

N
o
\ NAR N
KRG
/.
AN

ANNEN W
R

.,/{\
L
2N

(57) Abréegée/Abstract:

A downhole tool for use In a multilateral wellbore (16) includes a guide member (20) on one end that selectively projects Iinto a
designated wellbore, where the designated wellbore can be a motherbore (12) or a lateral wellbore (16). Pistons are set radially in a
body (22) of the tool that selectively push against an end of the guide member (20) to pivot it iInto a designated orientation to guide
the tool Into the designated wellbore. The pistons are hydraulically actuated when probes that are on sides of the tool body (22)
extend outward Into contact with a lateral wellbore (16). The probes block hydraulic flow when retracted, but when deployed
outward they allow fluid communication to push the pistons against the guide member (20).
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guide member (20) on one end that selectively projects mto a designated wellbore,
where the designated wellbore can be a motherbore (12) or a lateral wellbore (16).
Pistons are set radially in a body (22) of the tool that selectively push against an end
of the guide member (20) to pivot it into a designated orientation to guide the tool
into the designated wellbore. The pistons are hydraulically actuated when probes
that are on sides of the tool body (22) extend outward into contact with a lateral
wellbore (16). The probes block hydraulic flow when retracted, but when deployed
outward they allow tluid communication to push the pistons against the guide mem-
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A MULTI-LATERAL RE-ENTRY GUIDE AND METHOD OF USKE

1. Field of the invention

[680%] The present invention relates to operations in a wellbore. More specitically, the
invention relates to a system and method for steering a downhole device mto a designated

branch of a2 multilateral well circuit.

~»

Al @

Description of the Related Art

[3002] Hydrocarbon producing wellbores extend subsurface and ntersect subterranean
formations where hvdrocarbons arc trapped. Well dfiliing techniques now include torming
multilateral wells that include branches or laterals that extend from the motherbore. While
most wellbores are lied with casing, some branched portions were lett unlined to save €ost.
However, the openhole portions tend to produce an undesirable amount of water. While a
workover on the well can be done to block water production, any workover involving entry
into a branched portion can be lengthy, costly, and introduce nsk due to uncertainfies 1n
entering the branched portion. Because branches are usually drilled using special drill
steering devices, and are not easily accessible by most downhole tools. Enfering a particular
fateral 1s often done by tnal and error using a bent-sub as a guide and rotating an associated
tool string in order to orent the guide. A measurement while drilling (MWD) device on &
tool 1s sometimes used to help orient the gunde, and a retricvable bridge plug (also dritlable)
is sometimes installed in the motherbore in connection with these techniques to act as a
temporary barrier. So if a lateral wellbore 1s tagged by any tool af the bottom of the string,
the tool string can be pulled back up and reworked mto the desired lateral welibore. This 18
not always practical because typical completion equipment has a himited torque capability
and often requires a ball operated pressure release device that precludes use of a MWD tool.
Also, rotation completion equipment accidently across the window exit from the motherbore
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can damage the cquipment. Existing sensing and guiding ool svstems are typically conveved
on ¢coitled tubmg or on wirehne., Another approach sometimes employed 1ovolves running
and sctiing a retrievable whipstock m the exact focation and onentation of a previous
whipstock {ocation, so that o can easitly guide any work string mio the lateral wellbore.
However, this approach 18 not often aftempted because setting a whipstock at an exact
tocation and oncentation along an exusting wellbore remams a challonge: also retrioval of the

whipstock may not be always assured.

SUMMARY OF THE INVENTIHON

({80031 Disclosed herein 1s an example of a system and method for navigating through a
multilateral wellbore having a motherbore and a lateral wellbore. In one embodiment,
disclosed horemn 18 a guide system for use i a multiplateral wellbore which meludes a body, a
probe assembly sclectively extendable from a lateral side of the body. The probe assembly
can be moved between an undeployed position m contact with a wall of the motherbore, and
a deployved posttion i contact with a wall of the lateral wellbore.  The system of this
cmbodiment mciudes g guide member projecting from an end of the body and directed
towards a designated wellbore when the probe assembly 18 1 the deployed posttion. Also
meiuded 18 a steering system 1 the body that 18w commumcation with the probe assernbly.
The steerng system 15 selectively moveable into contact with the guide member, and when m
contact with the guide member, the stecring system ¢an be moved from an orientation where
the guide member 18 directed away from the designated wellbore and to an orieniation where
the guide member 18 directed towards the designated welibore. Examples exist where the
designated wellbore 18 the motherbore or the lateral wellbore. A fluid passage can be
mciuded 1 the body that extends between the probe assembly and the steering system. In
this example, the probe asscmbly mciudes a eyhnder that extends radially outward from a
bore 1 the body and that 18 mtersected by the thud passage, a piston head axaally shdable
the cvlinder, and a probe tip connected to the piston head by a rod. In this configuration,
when the probe tip 15 adjacent a wall of the lateral wellbore, pressurized fluid i the bore
urges the piston head, rod, and probe tip radially outward mto contact with the wall ¢of the
lgteral wellbore, Further mn this embodiment, the probe assembly 1s 1n the deploved position
when the piston head 18 urged radially outward from where the passage mntersects the cvhinder
and wheremn the pressunzed flund from the bore 1s divected to the steering system through the
passage. 1hoe steermyg system can mclude a ecvhinder mtersected by the passage, 4 piston head

siidable 1n the cyvlinder, a rod projecting radially inward from the piston head that contacts the
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ouide member, and a spring biasing the piston head radially cutward., Residient members can
optionally be mncluded that attach o sides of the guide member and keep the cuide member
substantially collinear with an axis of the body when the probe assembly 18 1o the undeployed
position. In an example, the probe assembly and steening system are at substantially distal
artmuthal locations on the body, and wheretn the designated wellbore 18 a motherbore.
Optionally included arc a phurality of probe assemblics i the body and a plurahity of stcering
systems postiioned in the body, so that cach of the sicering systems are at about the same
angular position as a corresponding probe assembly, and so that when one of the probe
assernblies 15 1 2 deployved position, 8 corresponding steering systern 15 moved mto contact

with the guide member to orient the guide member mto a designated wellbore.

{33041 Also disclosed heremn 15 a ool string insertable into a multilateral wellbore having
iateral wellbores that branch from a motherbore. In this example the tool string 18 made up of
a tubing string that selectively receives pressurized thud from a tluid source, a tool body
attached 1o an end of the tubing string, a bore m the tool body mn fluid comumunication with
the pressurized tlund, a guide member pivotingly mounted m the body and having a portion
extending from an end of the body, a flow path 1 the body m thud communication with the
hore m the tool body, and a probe assembly i the body selectively moveabie 1 a posttion
that defines a flow barrier in the flow path and in contact with a wall ot the multilateral
wellbore, 0 a posttion offset from the fiow path and projecting mto the lateral wellbore, Also
mciuded with this example 18 a steering assembly mounted m the body having an end
commumnication with the flow path and moveable agamst the gunde member to an orientation
where the guxic member 18 direeted towards cither the mothcrbore or the latcral wellbore
when the probe s offset from the fiowpath. The probe assembly and steering assembly can
be set at about the same azimuthal location on the body and the designated wellbore 15 a
fateral wellbore.  Optionally, the probe assembly and steering asserably can be set at
substantially distal azimuthal locations on the body. In this example the designated wellbore
1§ & motherbore. In an cxample, the probe assembly 18 made up of a ¢ylinder in the body that
projects radially outward from the bore in the body, a pision assembly set i the cvinder
having a piston head with a inner surface facing the bore, @ piston rod on an outcr surtace, a
probe tip on an end of the rod distal from the piston head, and a spring exerting a radially
imward brasing force onto the piston head, piston rod, and probe tp. In this example, the
steoring assembly 18 made up of 8 cvlinder o the body that projects radially mward 1o
intersect with the bore i the body and 2 piston assembly set i the ¢ylinder having a pision

head with an outer surface and a rod on an mnner surface of the piston head. A flow passage
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can ¢ptionally be provided i the body, where the passage has an end connected with the
cyvliinder in the probe assembly and a distal end connected with the eyhnder m the steernng
assernbly. The tool string can further mnclude a plurality of probe assemblics, and a plurality
of steering assemblies, wherein each steermyg assembly s set at the same azimuthal location
in the body as a corresponding probe assembly. Further optionally provided are selectively

deplovable packers for controtiing Hluad How m the wellbore.

[300S] Further disclosed berein 18 an example method of selective msertion into a designated
wellbore, where the designated wellbore 1s part of a multitlateral wellbore. The method can
mclude providing a stecning tool having an elongated guide projecting from a body of the
steering too], mserting the steenng tool nto the muldistateral wellbore, wdentifying an entrance
to a lateral wellbore by sensing a wall of a2 wellbore surrounding the body, and directing the
ouide towards the designated wellbore based on the step of idenlitying the entrance to the
tateral wellbore. The step of mdenbityig the entrance can wmvolve urging probes radially
outward from the body 4t azumuthally spaced locations arcund the body, and wherem probes
proxungte the entrance extend past probes distal from the entrance. In one cxample, the
designated wellbore is the lateral wellbore, the ginde 13 directed towards the lateral wellbore,
and wherein when the designated welibore 1s the motherbore, the guide duected away from
the lateral wellbore,

BRIV DESCRIPTION OF THE DRAWINGS
{38306] So that the manner tin which the above-recited features, aspects and advantages of the
mvention, as well as others that will beecome apparent, are attamed and can be understood m
detail, 4 more particular description of the mvention briefly summarnized above may be had
by reference 1o the embodiments thereot that are illustrated in the drawings that form a part of
this specification. It 15 to be noted, however, that the appended drawings illustrate only
preferred embodiments of the mvention and are, therelore, not 10 be considered limmting of
the mvention's scopce, for the mvention may admait 1o other cqually ctfective cmbodiments.
G0071 FIG. 118 a sude partial sectional view of an example embodiment of a downhole tool
tor guiding a downhole string mnto a designated wellbore of a multilateral well and m
accordance with the present mvention.

[B008] FIGS. 2 and 3 are stde partial sectional views of the downhole tool of FIG. | steering

o a designated wellbore 1 accordance with the present invention.
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{8009 FIG. 4 185 a side sectional view of a portion of the downhole ool of FiG. 1 1n

accordance with the present mvention.

{GOT0] FIGS, 5 and 6 are axaal sectional views of the portion of the downhole ool of FIG. 4

taken respectively along lines 5-5 and 0-6 and 1n accordance with the present invention.

0311 FIG. 7 18 a side sectional view of the portion of the downhole tool of FIG. 4 during an

cxample of operation and m accordance with the present ynvention.

{33121 FIG. B8 an axal secnional view of the downhole tool of Fi(. 7 taken along hines 3-8

and m accordance with the present mvention.

16813] FIGS, 9A-9E are side sectional views of an example of activating the downhole tood

of FIG. 1 m accordance with the present mvention,

186141 FIGS, 10A-10D are side sectional views of the downhole ool of FIG. | mnuse 1 a

multilateral well and in accordance with the present imnvention.

{GGI5] FIG. | 18 a side sectional view of g portion of an alternate embodiment of the

downhole tool ot FIG. 1 1n accordance with the present mvention.

[B0161 FIGS. 12A and 128 are side sectional views of the downhole tool of FIG. 11 1 use

a multilateral well and 1 accordance with the present mvention.

0171 FIG, 13 18 a side partial sectional view of an cxample embodiment of a downhole 100l
ouiding a downhole string mto a designated wellbore of a multdateral well and m accordance

with the present snvention.

DETAILED DESCRIPTION OF THE EXEMPLAKY EMBODIMENTS

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[3018] Figure 1 18 a partial side sectional view of an example of a downhole tool 10 disposed
in g motherbore 12 that extends through a tormation 14, The tool 10 18 adjacent a wmndow 15
that defines an entrance io a branch or lateral wellbore 16 shown extending at an angle
obligue 10 an axis of the motherbore 12, Further m the example of Figure 1, the motherbore
12 18 hined with casing 14, whereas the lateral wellbore 16 of Figure |1s uncased or open. A
tood euide 20 18 included on the tool 18, wihich 18 an clongated member that extends axially
from an end of a body 22 of the tool 18, The tool 10 s shown deploved on a lower end of a
tubular string 23, wiuch m an example can be a string of drdl pipe or a length of coiled

tubmg.

{319 o Fieure 2, tubular string 23 has been lowered to urge the tool 10 deeper mto the

motherbore 12, so that a portion of the body 22 having probe assemblics 244, 245 18 past the

5.



CA 02886441 2015-03-26

WO 2014/066710 PCT/US2013/066723

mitial part of the window 15, Probes 245, 24, are shown having probe tips 264, 26, on their
outer ends distal from body 22; each of the probe tips 264, 26, are 1 contact with a wall of an
adiacent wellbore. As the tool 10 has been urged past an upper cdge of window 15, the side
of lateral wellbore 16 angles away from the body 22, allowing probe tip 26, to extend
outward mto contact with wall of lateral wellbore 16 and revealing a rod 2&; on which the
probe tip 26; 18 mounicd. As will be deseribed 1 more detasl below, by extending probe 24,
radially outward from body 22 tool guide 20 18 pivoted with respect 10 an axis of the body 22;

and oriented for insertion into lateral wellbore 16.

[3028] Figure 3 sHhustrates further wnsertion of the tool 10 mto motherbore 12 with lowerng
of the tubular stning 23, and where an end of tool guide 20 distal from body 22 mtersects the
window 13 and extends into lateral wellbore 16, Also, as the tool 10 1s mserted deeper mnto
motherbore 22, the distance mcreases between axis Ay of motherbore 12 and a distal portion
of lateral wellbore wall W, which allows probe tip 26: to extend radhally farther outward
from the body 22 and from us position of Figure 2. Addiionally shown mn Figure 3 18 that
probe 26, extends out mio contact with casing 18 showmng rod 28 projecting radially
outward from a side of the body 22 distal {rom rod 28:. In the example of Figure 3, body 22
shifts radially within motherbore 12 towards lateral wellbore 16 therehy allowing exiension

of probe 26, away from body 22,

1383211 Fiogure 4 15 a side secuional view of a portion of tool 10 and ulustrating that rods 28,
28, are reciprocatingly disposed in cyhinders 30;, 36, thal are formed m the body 22 and
project radally outward from an axis Ay of tool 10, The respective diameters of eylinders
304, 30, transiizon mward proxumnate the outer surface of tool 10, Springs 324, 32, provude
one exampie ot how the rods 28;, 2&; can be urged radially outward from ool 10 and against
wall W as the lateral welltbore 16 angles away from motherbore 12 (Figure 3). Further shown
it Figure 4 are piston heads 34, 34, that mount on onds of the rods 284, 28, distal from probe
tips 26, 260, In an example, the outer surfaces of piston heads 344, 34, secalingly contact and
are slidable within the larger diameter portions of cylinders 30, 30., whereas the smaller
diameter portions define a backstop to piston heads 34y, 34,, which prevents piston beads 344,
34, from shiding out from body 22, Rods 28, 28; however are ireely shidable through the

smaller diameter portions of cvhinders 38, 30,.

130221 Axually spaced away from probes 24, 24, are piston assemblies 36,, 36, shown
disposed 1o cylinders 38y, 3%, In the example of Figure 4, cyvlinders 33y, 38, are tormed

radially within the body 22 of 100l 10 and spaced axially away from cvlinders 36, 383, and
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towards the forward end of tool 10, A passage 40, 1s shown having one end mterseciing a
side of cvhinder 30, extending through the body 22, and having an opposiie end that
intersects with oylinder 3§;. Passage 404 thus provides communication between ovlinder 30,
and cylmder 38;. Smmlarly, passage 48, extends through body 22 and connects and provides
communication between cyhnders 30,, 38,. The piston assembhlies 36y, 362 of Figwre 4
further respectively mclude an outer piston 42, 42, shown disposed in cyvlinders 38, 38,
distal from axis Ay, Inner pistons 444, 44, are shown in a portton of cvlinders 324, 3%,
proximate 10 axis Ay piston rods 464, 46, connect inner pistons 444, 44, with outer pisions

21, 42, Springs 48, 48, are set between mner radally facing surtaces of outer pistons 424,
47> and a bhackstop m oyilvders 38y, 38; proximate to axis A therehy outwardly biasing the

pision assemblics 304, 36,

(843231 Blongated resilient members S, 53, are shown cach having an end connected with a
wall of an axaal bore 52 formed o tool body 22. Ends of resihient members SO., 50, distal
from the wall connect 10 lateral sides of a portion of tool guide 20 shown inseried mito bore
532. Bore 5Z has a reduced radmus on an cnd of the tool body 22 distal from probes 24,4, 24, 10
define a collar 34, In the example of Figure 4, the coliar 54 has an mner diameter i close
contact with an outer diamcter of tool guide 20, 50 that the 100l guide 20 Can pvotf about a
circular mterface where tool guide 20 sclectively contacts collar 54, Further, movement of
the tool guide 20 can be dampened by stretching of the resilient members 580, 533, In an
cmbodiment, tension in restiicnt mermbers 584, 30 can be selectively set to maintan ool
outde 20 substantially parallel with axis Ar. An upper end of bore 57 termmates at a
bulkhead 56 that ocxtends across the diamcter of bore 52; and which provides a backstop for
an end of the tool guide 20 inserted within tool body 22, Another bore 3& 18 shown axially
formed m tool body 22 on a side of the bulkhead 56 oppostte bore S2. In an example,

bulkhead 56 1solates bore 52 from bore 58,

{3024 Figures 3 and 6 iliustrate axial vicews of an example embodiment of a tool 10A, where
instead of a pair of probe assemblies, as shown m Figures 1-3, up to & probe assemblies 24—
24¢ are illustrated set 1 the tool body 22A.  Smularly, ;n Figure 6, a series of 8 piston
assembiies 36,36« are shown st within tool body 22A. In the examples of Figures 5 and 6,
the probe assemblies 24245 and piston assembilies 30,30 are each oriented to project
radially mward 10 the center of tool body 22A and along paths that are at cubstantially
cquidistant angles with each adjacent path. Further shown m Figures 5 and 0 are that

.
+

cylingers 3(h 30, and cylimders 3838 extend only along a portion of the radial thickness of

=7
- f -
’
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the tool body 22A. Reterring back to Figure 4, while probe tips 264, 26, project radially
outward past an outer surface of tool body 22, outer pistons 42, 42, remain within thew
respective oyvhinders 38, 38;, which are set radially mmward from the outer surface of 100l
body 22, Smular to that of Figure 4, m the example of Figures 5 and 6, probe assembhies
244-24¢ and piston assemblies 363645 are iHustrated 1 an undeploved position. Moreover,
while the too] 10 18 1n the undeploved state, tool gurde 20 remains substantially paralie] with

AX18 f/-\'f.

H025] Figure 7 18 a side sectional view of the tool 10 of Figure 4 1 an exampie of a
deploved state and simidar {0 the embodiment of Figure 3; wherein probe assembly 244 has
extended radially outward from tool body 22 in response 1o the anghng away of lateral
wellbore wall W,  An example of positioning probe assembly 244 into a deploved state
inciudes pressunizing bore 3¢, as ilustrated by arrow A, which urges the probe assembly 244
and pmiston head 34; radially outward., Continued wrging of the probe assembly 24, with
pressurized flud shdes piston head 34, in cvhlinder 30, past an entrance to passage 40,
Moving piston head 344 as shown opens a comumunication path between bore 58 and cviinder
3R via cylinder 30 and passage 40;. When the commumication path 15 open, pressurnized
thud flowig through passage 40 mmparts a radially mward force agamnst an outer facing
surface of outer piston 42, Providing the fluid above a designated pressure maintans the
force on the outer piston 424 at a value that exceeds the outward brasmmg force of spring 4¥;.
Overcorning the force of spring 438, urges piston assembly 36 radially mward and so that
mner piston 44, pushes laterally agamst the tool cuide 20, Inner piston 44y contacts tool
outde 20 within borce 52, at a location axislly offsct from a mud-portion of tool guxde 20
thereby prvotimg tool guide 20 about collar 54 and 1n a direction of rotation illustrated by
arrow Agr, As shown, resihicnt member 5Oy stretches when the tool guide 20 18 pivoted, the
urging torce from piston 444 also overcomes the centralizing force excerted by restiient

member 50, onto tool guide 2{.

{3326} Further tllustrated in Figure 7 1s that probe tip 26, of probe assembly 24, 18 1n contact
with casing 18 linmg the motherbore 12, and thus probe asserably 24, remains retracted and
adiacent tool body 22 i an undeploved state. When probe assembly 24, 15 undeploved,
piston head 34, 18 behween passage 40, and bore 58 and blocks communication of pressurized
fhud i bore 38 10 piston assembly 36, via passage 405, As such, the piston assembly 36;
remaimns biased radially outward and away from contact with tool guide 20, In this example,

strategically porting flow through a passage in the tool body between a probe assembiy and
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piston assembly that are at about the same azimuth on the (00l body 22 can orient a ool guide
20 1nto a lateral wellbore branching from a motherbore. Although the example of Figre 7
iiustrates two probe assembhes 244, 24> and two piston assemblics 364, 36, the
crabodiments of Figures 5 and © having up {0 eight or more probe and piston assembiies are
inciuded within the scope of this application. Figure 8 shows an axial view of the exampie of
the tool 10 of Figure 7 and {aken along himes 8-8. Fgure § iHustrates an example where up to
cight piston assemblics 364-30¢ can be emploved in the tool 10A and where one of the

assemblics 36, 1s urged radially mward o pivot the 100l guide 20.

[G627] Figures 9A through 9E Hustrate how flud may be selectively circulated axually
through the tool 10, and then directed within the 100l 10 for actuating the piston asserablies
306430y (Figure 5). Referring to Figure 9A, a circulating sub 60 is shown which defines a
part of the tool 10 upstream from bulkhead 56, CUirculating sub 60 1s a general annular
member having a bore 62 along s axis and a generally disk-like flapper valve 64 shown m a
closed posttion to block flow through the bore 62, and on an upstream end of the sub 60, A
sleeve 66 15 coaxially set n the bore 62 mside a mud-portion of the circulating sub 60 and
extends along a length of the bore 62, In the example of Figure 9A, the sleeve 060 15 set
adiacent ports 68 formed radially through a sidewall of cuculating sub 60, thereby blocking
communication between bore 62 and outside of sub 6{h, Referring to Figure 98, the flapper
valve 64 18 shown moved from a closed position of Figure 9A o an open position; where
the valve 64 1 10 2 plane that s generally parallel within axys of the sub 60, Arrows A
tustrate an example of fluid flow circulation through the bore 62, past sleeve 66, and
radially out from the sub 60 through ports 70 that project through g sidewall of sub 60, Fhuid
flow can be supplied by a fhud source (not shown), that 1 an example meludes mud pumps
on the Harth’s surface adjacent an opening of the motherbore 12, The ports 70 are axially

past an end of sleeve 66 and on a sude of sleeve 66 distal from flapper vailve 64, In the

exampie of Figure 9B, the flow can be recirculated back up the wellbore i which tool 10 1s

mserted, ¢.g. motherbore 12 or lateral wellbore 16.

{BU28] An example of mutiation of a steering function of (ool 10 18 illustrated n the example
of Figure 9C wheremn a dart 72 has been dropped down 100l string 23 {(Figure 1) attached to
an upper end of the tool 10 and falls mnto the bore 62, In the example, the dart 72 includes an
clongated body with a conically shaped head on a tower end of the body. A series of disk-
hike ridges circumsceribe the body and are axaally spaced apart, each ndge having an oufer

circumterence less than an mner circumierence of sleeve 66, The dart 72 turther includes a
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frusto-conically shaped base whose guier diameter exceeds an mner diameter of sleeve 66, s0
that the base lands on an upper end of sleeve 66 whereas the head and ridges masert withan
sicove 66, A bypass 74 15 formed axially through the length of dart 72 that provides a flow
path through dart 72, but whose cross sectional arca 15 less than that of bore 62, As shown n
Figure 9D, while an amount of fluid can flow through the biypass 74, flowing pressurized
fluid mto bore 62 and above dart 72 goncrates a toreg that s apphicd onto an upper surface of
dart 72. Flowing enough pressurized fhind through bore 62 and dart 72 generates g suificiont
force onto dart 72, which transfers to and disiodges sleeve 66 from its location i bore 62 of
Figure 9C into that shown m Figure 9D, In Figure 9D, sleeve 66 15 shown moved axaally
downward away from flapper valve 64 landed on an intermediate stop ring 76 shown
coaxially set m the bore 62, Intermediate stop ring 76 18 an annular member strategically
iocated m bore so that sleeve 66 15 adjacent ports 68, 78 when i lands on stop ring 76, When
adjacent ports 68, 70, sleeve 66 blocks communication through porws 63, 70 and fthud s
trapped mside bore 62. As such, when tool 1 18 1n the configuration of Figure 9B, thud flow
cntering the bypass sub 6{) passes through bore 62 and flows nto bore 38 downstream of

slegve 606.

G028 Figure YE dlustrates an exampliec wherein steermng operations have been completed,
and circulation 18 deswred to take place. In this example of operation additional flow is
provided to sub 60 {0 mcrease fluid pressure drop through dart 72, which transiates 0 an
increased axial force being apphed to sleeve 66 and ntermediate stop ning 76, Intermediate
stop ring 76 18 shdable with an apphcation of a suthicient amount of apphed torce.
Accordingly, pressurce 1 the bore 62 of Figure 9E 1s greater than pressure in the bore of
Figure 9D, Figure 9EF ddlustraies an example of when a sufficient amount of force 18 applied
to miermediate stop ring 76, via sleeve 66 and dart 72, and mtermediate stop ring 76 begins
to shide axially untd contact 18 made with a lower stop ring 78, Lower stop ring 78 18 axially
fixed within sub 60 and in mterfering contact with intermediate stop ring 76, s0 that further
axial movement of the dart 72 and sleeve 66 15 prevented by lower stop ring 7%, Lower stop
g 734 18 strategically located 50 that when intermediate stop ning 76 lands onto lower stop
ring 78, an end of sleeve 66 distal from intermediate stop ring 76 18 past ports 68, thus
allowing flow trom bore 02, out of ports 68, and into an annulus between tool 10 and walls of
a wellbore o which the tool 1018 mserted.

{G338] Figures 10A through 10D illustrate operation within a multilateral wellbore circuit 79

-
h

formed m formation 14, In the exampie of Fisure 10A. motherbore 12 mcludes lateral
i |
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wellbore 16 and also a lateral welibore 0. Window 81 defines an intersection between
motherbore 12 and lateral wellbore 20, where window 81 18 farther downhole than window
15. A water producing zone 82 18 shown miersecting wellbore 20, and that condributes waler

into the multilateral wellbore 79; water flow 1s represented by arrows in lateral well 80. As

shown in Figure 10B, an example of addressing the mflow of water includes mounting the
downhole tool 10 on a downstrearn cnd of an solation cloment 84, and then mserting the
assembly into lateral well 8O adjacent water producing zone &2, The above described
assembly and operation of the tool 10 allows the 1solation clement 84 (o be steered into the
fateral well 80, which 1 one example 1s referred o as a designated wellbore. A work string
R, 18 shown attached to an end of the wsolation element 84 distal from where 1t attaches {o the
tool 10, The work siring 86 15 shown as g generally tubular member and can be made up of

cotled tubing, drill pipe and other members for disposing clements downhole.

[3831] St referning to Figure [OB, the 1solation element 84 mclodes an annular body 88 and
having packers 90 on 1ts outer surface. Packers 90 are shown axaally spaced apart on distal
cnds of the body 28, so that when packers 94 extend radially outward mito contact with walls
of lateral wellbore 8O, they plug wellbore 8 above and below where waler producing zone
82 mtersects wellhore 80, As such, communication between the water producing zone 82 and
fatcral wellbore 20 15 preciuded by mstallation of the wsolation clement ¥4, Figures 13 and
10D dlustrate disconnection of the work string 86 from 1solation clement ¥4, thereby icaving
wolation element &4 1 place o continge bluocking commumcation between the waler

producing zone 82 and lateral well §0.

{3032] Refornng now to Figure 11, a side sectional view of an alternate embodument of a

downhole too! 10B 1s shown. In this example, probe assembiy 24, 1s shown retracted and set
against the body 228 of tool 108, On a cwcumicrence of body 228 distal from probo
assernbly 24, 1 probe assembly 24, shown extended away from body 228, In the exampie
of Figure 11, the number of probe assemblies ¢an range from two up 1o eight or more. Thus,
when the number of probe assemblies 15 greater than two, probe assembly 24, 1 1 one
cxamplic on an opposite arumuthal postion from probe assembly 24, Further, m the
cxampie of Figure 11, probe assembly 24, 18 retracted mward duc to contact with casing 1«
that lines a motherbore 12, whereas probe assembly 24, 18 adjacent (o where lateral wellbore
16 branches outward from motherbore 12, and thus 18 able to bias ocutward from pressure
within bore 58 and mto contact with wall W. Unlike the arrangement of Figure 4, the

communication of fiuid 18 between probe assemblies 24, 24, and piston assemblies 26, 264,
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that arc on opposing azimuths on the tool body 22B. More specifically, passage 40B,, 18
shown having one end connected 1o oyhnder 30, and a distal end connecting 10 ¢vimder 38,
As such, extending probe assembly 24, causes piston assembly 36, 10 project radially 1nward
and pivot the tool guide 20 1n a direction oppostie from where probe assembly 24, 18 set on
tool body 22B. Thus, m the example of Figure 11, unbke i Figures 2 and 3, tool guide 20
will confinue to project into the motherbore 12 rather than lateral wellbore 16 as tool 108 15

urged deeper m motherbore 12.

168331 Figures 12A and 12B ilustrate operation of the tool 10B of Figure 11 and as shown

Fioure 12A idlustrate how projecting probe assembly 244 rachally oubward {rom tool body

228 causes tool guide 20 to pivot mnto motherbore 12 rather than mnto lateral wellbore 16.
Figure 12B illustrates further movement of tocol 10B o motherbore 12 so that ool 10B can

be guided mto motherbore 12 and not into lateral welilbore 16,

{3034} Iigure 13 llustrates a partial sectional view of ol 10B bemng used to gnde and steer
a completion string 92 mio a motherbore 12 that 1s part of a multiateral wellbore 79, In thas
cxampiec, the motherbore 12 18 not cased, thus the lateral wellbores 16, 80 are drilled by
open-hole sidetracks, which reduces well cost. Further in this example, the completion string
92 mchudes control valves 94 along its length for reguiating flow through the string Y2 and
isolation packers 90 set at axially spaced apart locations along the length of the string 972,
Optionally, a controd line 98 may be meluded with string 92 that extends along the length of
string 92 and for delivering and/or recerving control signals throughout string 92, In this
cxample, strategic operation of control valves 94 allows selective production from wellbores

12, 16, 8.

[3633] Having described the invention above, various modifications of the techmiques,
procedures, materials, and equipment will be apparent to those skilled in the art. While
varions ermbodiments have been shown and described, various wmodifications  and
substitutions may be made thercto.  Accordmgly, 1t 18 to be understood that the present
invention has been described by way of tliustration{s) and not lmmitation. [t 18 infended that
all such variations within the scope and spurit of the mvention be ncluded withim the scope of

the appended clanms.



What 1s claimed 1s:

I. A guide system for use in a wellbore having a motherbore and a lateral wellbore,

the system comprising:
a body;

a probe assembly selectively extendable from a lateral side of the body between
an undeployed position in contact with a wall of the motherbore, and a deployed position

in contact with a wall of the lateral wellbore;

a guide member projecting from an end of the body and directed towards a

designated wellbore when the probe assembly is in the deployed position; and

a steering system in the body responsive to a change between the undeployed
and deployed positions of the probe assembly to selectively move the guide member from
an orientation where the guide member is directed away from the designated wellbore
and to an orientation where the guide member is directed towards the designated

wellbore.

2. The guide system of claim 1, wherein the designated wellbore comprises a

wellbore selected from the group consisting of the motherbore and the lateral wellbore.

3. The guide system of claim 1, further comprising a fluid passage in the body that

extends between the probe assembly and the steering system.

4. The guide system of claim 3, wherein the probe assembly comprises a cylinder
that extends radially outward from a bore in the body and that 1s intersected by the tluid
passage, a piston head axially slidable in the cylinder, and a probe tip connected to the
piston head by a rod, so that when the probe tip is adjacent a wall of the lateral wellbore,
pressurized fluid in the bore urges the piston head, rod, and probe tip radially outward

into contact with the wall of the lateral wellbore.

- 13 -
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5. The guide system of claim 4, wherein the probe assembly 1s 1n the deployed
posttion when the piston head 1s urged radially outward from where the passage intersects
the cylinder and wherein the pressurized fluid from the bore is directed to the steering

system through the passage.

6. The guide system of claim 3, wherein the steering system comprises a cylinder
that 1s intersected by the passage, a piston head slidable in the cylinder, a rod projecting
radially inward from the piston head that contacts the guide member, and a spring biasing

the piston head radially outward.

7. The guide system of claim 1, further comprising resilient members attached to
sides of the guide member, so that the guide member 1s substantially collinear with an

axis of the body when the probe assembly is in the undeployed position.

8. The guide system of claim 1, wherein the probe assembly and steering system
are at substantially distal azimuthal locations on the body, and wherein the designated

wellbore 1s a motherbore.

9. The guide system of claim 1, further comprising a plurality of probe assemblies
in the body, a plurality of steering systems positioned 1n the body, so that each of the
steering systems are at about the same angular position as a corresponding probe
assembly, and so that when a one of the probe assemblies 1s in a deployed position, a
corresponding steering system 1s moved into contact with the guide member to orient the

guide member 1nto a designated wellbore.

10. A tool string insertable into a multilateral wellbore having lateral wellbores that

branch from a motherbore, the tool string comprising:
a tubing string that selectively receives pressurized fluid from a fluid source;

- 14 -
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a tool body attached to an end of the tubing string;

a bore in the tool body 1n fluid communication with the pressurized fluid;

a guide member pivotingly mounted in the body and having a portion extending

from an end of the body;
a flow path 1n the body 1n fluid communication with the bore 1n the tool body:;

a probe assembly in the body selectively moveable from in a position that
defines a flow barrier in the flow path and in contact with a wall of the multilateral
wellbore, to a position offset from the flow path and projecting into the lateral wellbore;

and

a steering assembly mounted in the body having an end in communication with
the tlow path, and moveable against the guide member to an orientation where the guide
member 1s directed towards one of the motherbore or the lateral wellbore when the probe

1s offset from the flowpath.

11. The tool string of claim 10, wherein the probe assembly and steering assembly
are set at about the same azimuthal location on the body and the designated wellbore 1s a

lateral wellbore.

12. The tool string of claim 10, wherein the probe assembly and steering assembly

are set at substantially distal azimuthal locations on the body and the designated wellbore

1S a motherbore.

13. The tool string of claim 10, wherein the probe assembly comprises a cylinder in

the body that projects radially outward from the bore in the body, a piston assembly set
in the cylinder having a piston head with a inner surface facing the bore, a piston rod on
an outer surface, a probe tip on an end of the rod distal from the piston head, and a spring

exerting a radially inward biasing force onto the piston head, piston rod, and probe tip.

_15 -

CA 2886441 2017-07-12



14. The tool string of claim 13, wherein the steering assembly comprises a cylinder
in the body that projects radially inward to intersect with the bore in the body, a piston
assembly set in the cylinder having a piston head with an outer surface and a rod on an

inner surface of the piston head.

15. The tool string of claim 14, further comprising a flow passage in the body having
an end connected with the cylinder in the probe assembly and a distal end connected with

the cylinder in the steering assembly.

16. The tool string of claim 10, further comprising a plurality of probe assemblies,
and a plurality of steering assemblies, wherein each steering assembly is set at the same

azimuthal location in the body as a corresponding probe assembly.

17. The tool string of claim 10, further comprising selectively deployable packers

for controlling fluid flow in the wellbore.

18. A method of sclective insertion into a designated wellbore that is part of a

multilateral wellbore, the method comprising:

(a) providing a steering tool having an elongated guide projecting from a body

of the steering tool;
(b) 1nserting the steering tool into the multilateral wellbore;

(¢) identifying an entrance to a lateral wellbore by sensing a wall of a wellbore
surrounding the body with probes that are urged radially outward from the body at

azimuthally spaced locations around the body; and

(d) directing the guide towards the designated wellbore in response to radial

movement of the probes.

- 16 -
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19. The method of claim 18, wherein probes proximate the entrance extend past

probes distal from the entrance.

20. The method of claim 18, wherein when the designated wellbore is the lateral
wellbore, the guide is directed towards the lateral wellbore, and wherein when the

designated wellbore 1s the motherbore, the guide directed away from the lateral wellbore.

- 17 -
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