SYSTEM AND METHOD FOR OPENI NG A WNDOW I N A CASI NG STRI NG FOR

MULTI LATERAL WELLBORE CONSTRUCTI ON TECHNI CAL FI ELD OF THE | NVENTI ON
[0001] This invention relates, in general, to equipnent utilized in
conjunction with operations perforned in subterranean wells and, in
particular, to a systemand nethod for opening a window in a casing
string for multilateral wellbore construction.

SYSTEM AND METHOD FOR OPENING A WINDOW IN A CASING
STRING FOR MULTILATERAL WELLBORE CONSTRUCTION

TECHNICAL FIELD OF THE INVENTION

fooo1l This invention relates, in general, to equipment
utilized in conjunction with operations performed 1in
subterranean wells and, in particular, to a system and
method for opening a window in a casing string for

multilateral wellbore construction.



BACKGROUND OF THE | NVENTI ON [ 0002] W t hout

present invention, its background will be described in relation to
formng a wndow in a casing string for a multilateral well, as an
exanple. [0003]In nmultilateral wells it is conmon practice to dril

branch or lateral wellbore extending laterally froman intersection

with a main or parent well bore. Typically, once the casing string is
install ed and the parent wel | bore has been conpl et ed,
positioned in the casing string at the desired intersection and then

is deflected laterally off of the whipstock to forma

wi ndow t hrough the CaSingB£é§538ﬂ§g 09041 ueethe casing wi ndow is

arotating mll

creat ed,

the | ateral
[0002] Without limiting the scope of the present

invention, its background will be described in relation to
forming a window in a casing string for a multilateral
well, as an example.

[0003] In multilateral wells it 1s common practice to
drill a branch or lateral wellbore extending laterally from
an intersection with a main or parent wellbore. Typically,
once the casing string 1g installed and the parent wellbore
has been completed, a whipstock is positioned in the casing
string at the desired intersection and then a rotating mill
is deflected laterally off of the whipstock to form a
window through the casing sidewall.

[0004] Once the casing window 1is created, the lateral
wellbore can drilled. Tn certain lateral wellbores, when
drilling operation has been completed, a casing string is
installed in the lateral branch. Casing the lateral branch
may be accomplished with the installation of a liner string
that is supported 1in the main wellbore and extends a
desired distance into the lateral wellbore. Typically,
once the lateral casing string is installed and the lateral
wellbore has been completed, it is desirable to reestablish

access to the main wellbore. In this operation, a

limting the scope of the

a whipstock is

a



wel.l bore can drilled. In certain |ateral wellbores, when drilling
operation has been conpleted, a casing string is installed in the

| ateral branch. Casing the |ateral branch nmay be acconplished with
the installation of a liner string that is supported in the main
wel | bore and extends a desired distance into the |lateral wellbore.
Typically, once the lateral casing string is installed and the

| ateral well bore has been conpleted, it is desirable to reestablish
access to the nmain wellbore. In this operation, a whipstock is
positioned in the casing string at the desired |location and then a
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wellbore access window usually produces a large amount of
debris, such as small pieces of the metal casing, which
accumulate in the parent wellbore. This debris may make
the whipstock difficult to retrieve after the milling
process is completed. In addition, even after the
whipstock 1is retrieved, the debris may cause other
problems, such as plugging flow control devices, damaging
seals, obstructing seal bores, interfering with passage of
equipment past the intersection and the like.
[0006] Accordingly, a need has arisen for an improved
system and method of opening windows in the casing strings
during multilateral wellbore construction. In addition, a
need has arisen for such an improved system and method that

does not require the use of a mill that generates wellbore

debris during multilateral wellbore construction.



system and net hod of opening wi ndows in the casing strings during
multilateral wellbore construction. In addition, a need has arisen
for such an inproved system and nethod that does not require the use
of a mll that generates well bore debris during nmultilateral wellbore
construction. SUMVARY OF THE | NVENTI ON [ 0007] The present invention
di scl osed herein is directed to systens and nethods of using a
hydraul ic pressure intensifier to generate the force required to open
a windowin a casing string during nmultilateral wellbore
construction. The systens and net hods of the present invention do not

require the use of a mll gﬁl@§§£ﬁ§£gﬁﬁgggﬁﬁﬁﬂﬁgﬁrEby reduci ng the

wel | bore debris generated | bore construction.

[0008] I n ong @5Pect ppd e RLEIENT 1NNRALLOD 195 dh8GLSY perein is
directed to sgystems and methods of using a hydraulic
pressure intensifier to generate the force required to open
a window 1in a casing string during multilateral wellbore
congtruction. The systems and methods of the present
invention do not require the use of a mill to open the
window, thereby reducing the wellbore debris generated
during multilateral wellbore constructiomn.
[0008] In one aspect, the present invention is directed
to a system for opening a window in a casing string
positioned in a wellbore. The system includes a hydraulic
pressure intensifier having a housing and a piston assembly
with a differential piston area. The piston assembly is
longitudinally shiftable relative to the housing and is
initially gecured relative to the housing to prevent
longitudinal movement therebetween. An anchor assembly is
operably associlated with the hydraulic pressure intensifier
and 1is operable to longitudinally secure the hydraulic
pressure intensifier within the casing string. A window
opening tool operably associated with the hydraulic
presgure intensifier is operably engagable with the casing

string such that when the anchor assembly is longitudinally



to a systemfor opening a window in a casing string positioned in a
wel | bore. The systemincludes a hydraulic pressure intensifier having
a housing and a piston assenbly with a differential piston area. The
pi ston assenbly is longitudinally shiftable relative to the housing
and is initially secured relative to the housing to prevent

| ongi tudi nal novenent therebetween. An anchor assenbly is operably
associated with the hydraulic pressure intensifier and is operable to
| ongi tudinally secure the hydraulic pressure intensifier within the
casing string. A mﬁndOM/opening t ool operably associated with the
hydraul i c pr r I I n
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which the window is opened is a lateral wellbore casing
string. In some embodiments, the piston assembly is
initially secured relative to the housing by propping a
plurality of lugs extending through openings of the pistcon
assembly in a groove of the housing. In these embodiments,
the piston assembly is unsecured relative to the housing by
longitudinally shifting a running tool to unprop the
plurality of lugs.

[0010] In one embodiment, the piston assembly includes a
first piston having a first cross sectional area and a
second piston operably associate with the first piston and
having a second cross sectional area, wherein first cross
sectional area is greater than the second cross sectional
area. In certain embodiments, the piston assembly includes

a dampening assembly operable to control the wvelocity of



first piston having a first cross sectional area and a second piston
operably associate with the first piston and having a second cross
sectional area, wherein first cross sectional area is greater than

t he second cross sectional area. In certain enbodi nents, the piston
assenbly includes a danpening assenbly operable to control the
velocity of the |ongitudinal novenent of the piston assenblyln sone
enbodi nents, the danpening assenbly is operable to control the rate
of hydraulic fluid transfer therethrough. In one enbodi nent, the
anchor assenbly nay be a latch assenbly that is operably engagable

with a latch of, the casing.strin Ln anot h enb
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[0011] In another aspect, the present I1nvention is
directed to a method for opening a window in a casing
string positioned in a wellbore. The method includes
running a hydraulic pressure intensifier having a housing
and a piston assembly with a differential piston area in
the casing string, the piston assembly initially secured
relative to the housging to prevent longitudinal movement
therebetween, positioning a window opening tool operably
associated with the hydraulic pressure intensifier at a
target location in the casing string, longitudinally
securing the hydraulic pressure intensifier within the
casing string with an anchor assembly, unsecuring the

piston assembly relative to the housing under hydrostatic

pressure in the wellbore and longitudinally moving the



pi ston assenbly to transmt a force to the wi ndow opening tool

t her eby opening the window in the casing string. [0012] The net hod may
al so include running the hydraulic pressure intensifier into a main
wel | bore casing string, running the hydraulic pressure intensifier
into a lateral wellbore casing string, radially propping a plurality
of lugs extendi ng through openings of the piston assenbly in a groove
of the housing to initially secure the piston assenbly relative to

t he housing, longitudinally shifting a running tool to unprop the
plurality of lugs, controlling the velocity of the |ongitudi nal
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running the hydraulic pressure intensifier into a lateral
wellbore casing string, radially propping a plurality of
lugs extending through openings of the piston assembly in a
groove of the housing to initially secure the piston
assembly relative to the housing, longitudinally shifting a
running tool to unprop the plurality of lugs, controlling
the velocity of the longitudinal movement of the piston
assembly with a dampening assembly of the piston assembly,
controlling the rate of hydraulic fluid transfer through
the damping assembly, engaging a latch assembly with a
latch coupling of the casing string, cutting the window in
the casing string, removing a window insert from the casing
string or penetrating the casing string to open a pre-cut

window in the casing string.



[ 0013] For a nore conpl ete understanding of the features and

advant ages of the pr
detail ed description
figures in which cor
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during multil atera
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operable to open a window in a casing string
wel | bore construction according to an enbodi nent
tion; [0015]Figure 2 is a schematic illustration
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with the

accompanying figures in which <corresponding

numerals in the different figures refer to corresponding

parts and in which:

[0014] Figure 1 1s a schematic illustration of an
offshore platform cperating a hydraulic pressure
intensifier operable to open a window in a casing string

during multilateral wellbore construction according to an

embodiment of the present invention;

[0015] Figure 2 1s a schematic illustration of a

hydraulic pressure intensifier operable to open a window in

a casing string during multilateral wellbore construction

according to an embodiment of the present inventiomn;

[o016] Figure 3 1s a schematic illustration of a

hydraulic pressure intensifier operable to open a window in

a casing string during multilateral wellbore construction

according to an embodiment of the present invention;

[0017] Figure 4 1is a schematic illustration of a

multilateral junction formed according to an embodiment of

the present

invention;



[0016] Figure 3 is a schematic illustration of a hydraulic pressure
intensifier operable to open a window in a casing string during
multilateral wellbore construction according to an enbodi nent of the

present invention; [0017]Figure 4 is a schematic illustration of a
mul tilateral junction fornmed according to an enbodi ment of the
present invention; [O0018]Figure 5 is a schematic illustration of a

hydraul ic pressure intensifier operable to open a window in a casing
string during nultilateral wellbore construction according to an
enbodi ment of the present invention;

{0018] Figure 5 is a schematic 1llustration of a
hydraulic pressure intensifier operable to open a window in
a casging string during multilateral wellbore construction
according to an embodiment of the present invention;

[0019] Figure 6 1is a schematic illustration of a
multilateral junction formed according to an embodiment of
the present invention;

[0020] Figure 7 is a guarter sectional view of a latch
coupling for use with a hydraulic pressure intensifier
operable to open a window in a casing string during
multilateral wellbore construction according to an
embodiment of the present invention;

[0021] Figure 8 is a quarter sectional wview of a latch
assembly for use with a hydraulic pressure intensifier
operable to open a window in a casing string during
multilateral wellbore construction according to an
embodiment of the present invention;

[0022] Figures 9A-9B are cross sectional views of a
hydraulic pressure intensifier operable to open a window in
a casing string during multilateral wellbore construction
according to an embodiment of the present Iinvention in a

first operational configuration; and



[0019] Figure 6 is a schematic illustration of a multilateral
junction formed according to an enbodi nent of the present invention;
[0020] Figure 7 is a quarter sectional view of a |atch coupling for
use with a hydraulic pressure intensifier operable to open a w ndow
in a casing string during nmultilateral wellbore construction
according to an enbodi nent of the present invention; [0021]Figure 8
is a quarter sectional view of a latch assenbly for use with a
hydraul ic pressure intensifier operable to open a window in a casing
string during nultilateral wellbore construction according to an
enbodi ment;qfasyhe pﬁ@@?ﬂés | YRN dNaré 0022LET QRS oRA 9B:RLE 0SS

sectional views of
hydraulic pressure intensifier operable to open a window in

a casing string during multilateral wellbore construction
according to an embodiment of the present invention in a

second operational configuration.
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hydraulic pressure intensifier operable to open a window in a casing
string during nultilateral wellbore construction according to an
enbodi nent of the present invention in a first operational
configuration; and [0023]Figures 10A-10B are cross sectional views
of a hydraulic pressure intensifier operable to open a windowin a
casing string during nultilateral wellbore construction according to
an enbodi nent of the present invention in a second operational
configuration. DETAILED DESCRI PTI ON OF THE | NVENTI ON

DETAILED DESCRIPTION QOF THE INVENTION

[0024] While the meking and using of various embodiments
of the present invention are discussed in detail below, it
should be appreciated that the present invention provides
many applicable inventive concepts which can be embodied in
a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of
specific ways to make and use the invention, and do not
delimit the scope of the present invention.

[0025] Referring to figure 1, a hydraulic pressure
intensifier operable to open a window in a casing string
during multilateral wellbore construction in use with an
offshore oil and gas platform is schematically illustrated
and generally designated 10. 2 semi-submersible platform
12 is centered over submerged oil and gas formation 14
located below sea floor 16. A subsea condult 18 extends
from deck 20 of platform 12 to wellhead installation 22,
including blowcut preventers 24. Platform 12 has a
hoisting apparatus 26 and a derrick 28 for raising and
lowering pipe strings such as drill string 30. A main
wellbore 32 has been drilled through the wvarious earth
strata including formation 14. The terms “parent” and

“main” wellbore are used herein to designate a wellbore

11



[ 0024] Whi | e t he maki ng and using of various enbodi nents of the
present invention are discussed in detail below, it should be

appreci ated that the present invention provides nmany applicable

i nventive concepts which can be enbodied in a wide variety of
specific contexts. The specific enbodi nents di scussed herein are
merely illustrative of specific ways to make and use the invention,
and do not delimt the scope of the present invention.

[ 0025] Referring to figure 1, a hydraulic pressure intensifier
operable to open a window in a casing string during multilateral _
wel | bore canrst ke khOBnbhdis ey itdbran i of Espi&y Oi Iz and gaspRl abtegmis
schematically illustrated and generally designated 10. A

sem - subne{nicRke, Pl ahher mal2 po-&ant efed Qyel sybpsged ojdesndngas
formation 14 |ocated bel ow sea floor 16. A subsea conduit 18 extends
from deck 20050k 84 f Qiedd to Melihead, | RbaldAtdon 22riQ udbng

bl owout preventers 24. Platform 12 has a hoisting apparatus 26 and a
derrick 2849l raisidyg apd |0Wsriieh Pope el | AEStisdchwas186dd | stAing
30. A main wellbore 32 has been drilled through the various earth
strata i nQlaudihg sk ek ARt bHN; ddceddio d L MR niRaBRL" wBldpo R f . Weth bore
are used herein to designate a wellbore from which another wellbore
is drillederht vicgstfgPhei Bolsda HOMEMET o thali B aRRr &Nt y@h1 AR Brring
wel | bore does not necessarily extend directly to the earth's surface,

but coul djgast aaf bema Brapehpefeyet caRQhBemaYelddRRnRe1vAeasdNthe
string 34 is cenented within main wellbore 32 The term "casing"” iIs

used her eiRpko WeehoRal @ nBsEURYL BE &t LANGhAISEH: 1 Q5| Re, armel | bor gy
Casing may actually be of the type known to those skilled in the -art

as "liner,eand gy be made ghcabya Bt efidl , a3uchast Stiel Bhposite
conposite material and may be segnented or continuous, such as coiled

tubing. naterial and may be segmented or continuous, such as coiled
tubing.
[0026] The casing string 34 includes a window Jjoint 36

interconnected therein through which a window 38 has been
opened. As illustrated, a branch or lateral wellbore 40
has been drilled through window 38 from main wellbore 32.
The terms “branch” and "“lateral” wellbore are used herein
to designate a wellbore which ig drilled outwardly from its
intersection with another wellbore, such as a parent or
main wellbore. A branch or lateral wellbore may have
another branch or lateral wellbore drilled outwardly
therefrom. A casing string 42 in the form of a liner has

been installed in lateral wellbore 40. The upper portion
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[ 0026] The casing string 34 includes a wi ndow joint 36 interconnected
t herein through which a wi ndow 38 has been opened. As illustrated, a
branch or |l ateral wellbore 40 has been drilled through wi ndow 38 from
main wel | bore 32. The ternms "branch” and "lateral” wellbore are used
herein to designate a well bore which is drilled outwardly fromits
intersection with another well bore, such as a parent or main
wel | bore. A branch or lateral wellbore nmay have anot her branch or

| ateral wellbore drilled outwardly therefrom A casing string 42 in
the formof a liner has been installed in lateral wellbore 40. The

upper portdon jff IdcBehgSkbi A9 42phSroMPReIed Walhihg cashing S4riAg
34 in main well bore 32. [0 27] To gain access to main wel | bore 32

bel ow t he jdilusikhabedemy tilateral junction, an access w ndow nust be
formed through liner string 42. As explained in greater detail below,

a hydraul i GoagSSuresi Rf8Rsi éc‘:@éss“ﬁtbs WEGUr §8118bdd N8k SidiRg ¢Ke by
an anchor assenbly depicted as a latch coupling 48 that is operably

engaged wiihi.ackateh pssemloe8 Lahetesanest ed divl nibhenust rH89

42. Thereafter, operation of hydraulic pressure intensifier 46 causes

“ﬂndom/Opﬁﬁh%&dtQQ&o%%thHnEQVQﬁ%inHQQW inabiRep181Rdd9iA2greater
detail below, a hydraulic pressure intensifier 46 is
secured in liner string 42 by an anchor assembly depicted
as a latch coupling 48 that is operably engaged with a
latch assembly 50 interconmnected within liner string 42.
Thereafter, operation of hydraulic pressure intensifier 46
causes window opening tool 52 for form a window in liner
string 42.
[0028] Even though figure 1 depicts the present
invention in a vertical section of the main wellbore, it
should be understood by those skilled in the art that the
gystem of the present invention is equally well suited for
use in wellbores having other directional configurations
including horizontal wellbores, deviated wellbores, slanted
wells, lateral wells and the like. Accordingly, it should
be understood by those skilled in the art that the use of
directicnal terms such as above, below, upper, lower,
upward, downward, uphole, downhole and the like are used in

relation to the i1llustrative embodiments as they are
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[ 0028] Even t hough figure 1 depicts the present invention in a
vertical section of the main wellbore, it should be understood by
those skilled in the art that the systemof the present invention is
equally well suited for use in well bores having other directional
configurations including horizontal wellbores, deviated well bores,
slanted wells, lateral wells and the like. Accordingly, it should be
understood by those skilled in the art that the use of directional
terms such as above, bel ow, upper, |ower, upward, downward, uphole,
downhol e and the like are used in relation to the illustrative

enbodi ment& A bRty nai@e $6BLELET tHetBfudtIUEScHibE WRMALD toward
direction béing toward the fop of the corresponding figure and the

downwar d Cl'.il'feeCttE?n Bei nghd oL deLREnR0Ld ORiQf,ENea 8T reRPORELAGara
figure, the uphole direction being toward the surface of the wel T and

the downhqisg di-reqt i e gwhpd@r G d NBoE O Ofot NEpYeldor Al38na gy SN
t hough figure 1 depicts the present invention formng a windowin a

lateral welihore lderystdidnas; ideshullhg undenhst agd byt of

skilled in the art that the present invention is equally well suited
for use inyeOrjahAg g WM RALOYL T JRe JT8LR: 6] | DOfE, GaRIaRG %_héhﬁge_ of

[ 0029] Referring now to figure 2, a systemfor opening a wndowin a

casing strifag f4ni ng MUd i | ater aly |EQ@%rEOES%Eg§EEQntHE %Qgsent

present invention is schematically depicted and general 'y designated

100. In theyhlushratsehiggbodi mRRko, e wel{hane 132,ad d.at ef e,

wel | bore 40 have
string, it should be understcod by those skilled in the art

that the present invention is equally well suited for use
in forming a window in the main wellbore casing string.

[0029] Referring now to figure 2, a system for opening a
window in a casing string during multilateral wellbore
construction of the present invention is schematically
depicted and generally designated 100. In the illustrated
embodiment, main wellbore 32 and lateral wellbore 40 have
been drilled. Main wellbore 32 has a casing string 34
cemented therein. Casing string 34 includes a window joint
36 interconnected therein through which a window 38 has
been opened. Lateral wellbore 40 has a casing string 42
cemented therein. Casing string 42 is in the form of a
liner string, the upper portion of which is supported
within casing string 34 in main wellbore 32 by liner hanger

102. Interconnected within liner string 42 is a latch

14



been drilled. Main well bore 32 has a casing string 34 cenented
therein. Casing string 34 includes a wi ndow joint 36 interconnected
therein through which a wi ndow 38 has been opened. Lateral well bore
40 has a casing string 42 cenented therein.Casing string 42 is in the
formof a liner string, the upper portion of which is supported
within casing string 34 in main well bore 32 by |iner hanger

102. Interconnected within liner string 42 is a latch coupling 104.
As explained in further detail below, |atch coupling 104 preferably
has a unique profile including a plurality preferenti al

CirCU”ferQﬂhkﬁhn@|hﬂ@ﬂenbsekﬁgﬁaiﬁe&hﬁﬁ Eﬁrﬂﬁg¥Eﬁ&é&ﬂﬂ’ﬂé%%@ivgaECPar

| atch assenbly therein and | ocate the latch assenbly in a particu

ci reunf er enhiirali ngr iQn %ﬂ'é’ﬂ;ra@lﬁo Y ef connges ed Wit nsLiDgdi R ring

42 is a window joint 106 through which an aCccess w ndow can be

for med. plurality preferential circumferential alignment elements
that is operable to receilve a latch assembly therein and
locate the latch assembly in a particular circumferential
orientation. Also interconnected within liner string 42 is
a window joint 106 through which an access window can be
formed.
[0030] In the illustrated embodiment, a tool string 108
has been run in liner string 42 on a conveyance 110 such as
a drill string 112. Tool string 108, includes a latch
assembly 114, a hydraulic pressure intensifier 116 and a
window opening tool depicted as a cutting tool 118.
Preferably, latch assembly 114 has a unique outer profile
that is operable to engage with the unique inner profile
and preferential circumferential alignment elements of
latch coupling 104. As explained in greater detail below,
hydraulic pressure intensifier 116 1s operable to provide
work downhole in the form of a longitudinal movement with
sufficient force to enable a window to be opened through a
casing string or other metal tubular. Cutting tool 118 is
designed to make a cut through liner string 42 responsive

to the axial movement and force generated by hydraulic
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[0030]In the illustrated enbodi nent, a tool string 108 has been run
in liner string 42 on a conveyance 110 such as a drill string 112.
Tool string 108, includes a latch assenbly 114, a hydraulic pressure
intensifier 116 and a wi ndow opening tool depicted as a cutting tool
118. Preferably, latch assenbly 114 has a unique outer profile that
is operable to engage with the unique inner profile and preferential
circunferential alignnment elenents of |latch coupling 104. As
explained in greater detail below, hydraulic pressure intensifier 116
is operable to provide work downhole in the formof a |ongitudinal

moverrent i iJ) SULf | Glant fiatce Lo enabl.e A pihgow o heonenad 11q

t hrough a casing string or other netal (MgYe]

desi gned 0, ik a gul JOLOHORLEDSE SHLLNG A2, ECSRORSHYELOLNE, o
0 rate y hydr Yier

axi al movenent and rce gene aul i'c™ pressure 1 ntens

116. Pref erapl y, ,¢utfhpd 558°'wi£t%ﬁgf%%h%‘éri‘8§ ne "i’!e”dn‘?é"éxsfe‘%}nédggcé gfe!s

cut fromliner string 42 such € W ndow sectT on ca

etrieved 10 48 SULLARRON L. 109!y o 11010308 Lieaylnd, ansgpen, i dow

120 in liner strin een in figuar erring now

to figure ]%gne§ %%%ESE‘ i?,r aoso%%isggsgen in figure 4.

[0031] Referring now to figure 3, a system for opening a
window in a casing string during multilateral wellbore
construction of the present invention is schematically
depicted and generally designated 130. In the illustrated
embodiment, main wellbore 32 and lateral wellbore 40 have
been drilled. Main wellbore 32 has a casing string 34
cemented therein. Casing string 34 includes a window joint
36 interconnected therein through which a window 38 has
been opened. Lateral wellbore 40 has a casing string 42
cemented therein. Casing string 42 is in the form of a
liner etring, the upper portion of which is supported
within casing string 34 in main wellbore 32 by liner hanger
102. Interconnected within liner string 42 is a latch
coupling 104 that has a unigque profile operable to receive
a latch assembly. Also interconnected within liner string
42 ig a window joint 132 that includes a pre-milled window

having a window insert 134 positioned therein.

16



wi ndow in a casing string during nultilateral wellbore construction
of the present invention is schematically depicted and generally
designated 130. In the illustrated enbodi nent, main wellbore 32 and
| ateral well bore 40 have been drilled. Main wellbore 32 has a casing
string 34 cenented therein. Casing string 34 includes a w ndow j oi nt
36 interconnected therein through which a wi ndow 38 has been opened.
Lateral well bore 40 has a casing string 42 cenented therein. Casing
string 42 is in the formof a liner string, the upper portion of
which is supported within casing string 34 in main wellbore 32 by
| i ner hang 2. Inte a1 jthin.li trin [ a
coupling 1€d£3€2ﬁat hglg %ﬁgn?gg%%%%eﬁe&gﬁg?%flg' t% ggé%i \%%?# a{[%%:
assenbl y. j.ot onnegt LLthin |jne ri 42 i i nd
Toint 132 Harae Fudeata ifle i Pl (ST Hiafistakd Bl Mok
134 positigﬁq th ing ]Ln i d odj o]
string 13 aggbegﬁgru%nf%gggﬁeﬁ's%?ﬁﬁ% %gé%ﬁg%$c8%32y5%g§g?£631%§0|
string 13 i d C e y_ 144 h Ul Le .
intensifi Fef%gkgngﬁggﬁ%iﬁﬁ%% g%gngﬁé ﬁoéﬁﬂaﬁ%i%@%ﬁﬂgg%gﬁ%e??§é§g?d
tool 148. efe at S |y uni r.profjle
that is oﬁ%%a I%g?%%gﬁgagggﬁftﬁggﬁe 5%?%82g§% brE%?%?iggégﬁb#¥u£$#
coupl i ng . . i S .4 nt i i er [ er t 0.

SHE oM BoReRBR S AN, (ot ? BRUERG e i

provi de wor “tormof a 1ongi nove

Ul CLentr0nitghe SpABLeps PN dsEiol 300 0 56 eeselpdsc
o the axidentmeit e aot 1 ce “4Enetat ol By rur 01 | BT egk or dore Ve
nsert 130T NaE i Aowhlertt 13 daRaE el eiinlbp M en

STl o o idd 80Pl EIG 190 J-oRHLT G AR RPR N 1R0pkl b} DELcq

I
seen 1n figurée 4.

string 42, _ _ _ ( ferring mowto Trgure 5,
a systemfol RENLG B, w.AdeWL D 3 6api g, STT kDO, JUFI NG Tl L) At gral
vel 1 bore ConstTuctron of ‘the present 1 matically

nvention I's sche

depi ct ed %!&%igggs r aéaé y rgﬁaaggatﬁeﬁl%a%@ LG40, usiLated, gbod] rent,

mai n wel | boré and | atéral "welTbore havé
window jolnt 132 responsive to the axial movement and force
generated by hydraulic pressure intensifier 1l46.
Preferably, retrieval tool 148 captures window insert 134
such that window insert 134 can be retrieved to the surface
with tool string 138 Ileaving an open window 120 in liner
string 42, as best seen in figure 4.
[0033] Referring now to figure 5, a system for opening a
window 1in a casing string during multilateral wellbore
construction of the present invention is schematically

depicted and generally designated 160. In the illustrated

embodiment, main wellbore 32 and lateral wellbore 40 have
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been drilled. Main well bore 32 has a casing string 34 cenented
therein. Casing string 34 includes a wi ndow joint 36 interconnected
therein through which a wi ndow 38 has been opened. Lateral well bore
40 has a casing string 42 cenented therein. Casing string 42 is in
the formof a liner string, the upper portion of which is supported
within casing string 34 in main wellbore 32 by |iner hanger 102.
Interconnected within liner string 42 is a latch coupling 104 that
has a unique profile operable to receive a |latch assenbly Al so
interconnected within liner string 42 is a wi ndow joint 162 that

ncl udes g, pindgut Pt er n 68 RIAIGUL ! hef ehie faorcaegaafggpeasr % 34

scori ng or erw se pr ef erent Yy weakeni ng certaln
inner or QuiRK, L 3Hr %ﬁgﬁe%} W RO | t%%g%fs 45 c{lfé M, AdQW. 9Lk, 162
will open in a predictable manner. ustrate
embodi ment, 6}19&[’} éc@.%dleg%%}%% ei?ﬂ'r u "hiérﬂe& %Il 4339 Oﬂaé
conveyance 17 ool string i nc es a | asse 174,
hydraul i ¢ I eSSY& dqnt G%AE%;%{JT efﬁbj] e 2y nelow Qﬁggéiﬁ%t QEJ:u?ggphEt ed
as a penetration too | at ch asse
uni que OUtcf‘elfmeBrt%' e Q% IS g;b é%ge'l&agf w4 h t‘n@e % Q”er
profile of latch coup |ng 104. u I C pressure 1 ntensi |er
oper abl e tfﬁﬂ%&ovggflﬂgvl<the upper portion of which is supported
within casing string 34 in main wellbore 32 by liner hanger
102. Interconnected within liner string 42 is a latch
coupling 104 that has a unique profile operable to receive
a latch assembly. Also interconnected within liner string
42 is a window joint 162 that includes a window pattern 164
pre-cut therein, for example, by scoring or otherwise
preferentially weakening certain areas on the inner or
outer surface of window Jjoint 162 such that window Jjoint
162 will open in a predictable manner.
[0034] In the illustrated embodiment, a tool string 168
has been run in liner string 42 on a conveyance 170. Tool
string 168, includes a latch assembly 174, a hydraulic
pressure intensifier 176 and a window opening tool depicted
as a penetration tool 178. Preferably, latch assembly 174
has a unique outer profile that is operable to engage with
the unigque inner profile of latch coupling 104. Hydraulic

pressure intemsifier 176 1is operable to provide work
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downhol e in the formof a |ongitudinal novenent with sufficient force
to enabl e opening of the pre-cut wi ndow 164 by penetration tool 178.
Penetration tool 178 is designed to open pre-cut w ndow 164 along its
score lines without creating debris. For exanple, the score pattern
of pre-cut wi ndow 164 may enable the wi ndow to be open by fol ding
back two door sections such as in a bonb bay door style, |eaving an
open wi ndow 180 in liner string 42, as best seen in figure 6.

[ 0035] Referring next to figure 7, one enbodi nent of a latch coupling
operable for use with a hydraulic pressure intensifier for

mul til at ergl wehbbofe const radehi 0grof 4 t he,priesaRh 1nvrﬁmgn%t' Swith
depi cted and generally designated 200 Lat ¢h coup?lng I's

repr esent CQLHLa%chgo%@léﬁbﬁﬁy-@?ﬁ}Q%EQn@bQMQ_ Q@WEM€rw1ﬁﬁo

di scussed above, each latch coupling ve a uni que inner profile

and prefergntigl cldeuglersit 'LfHola| hgprent pe SIBNLS L NAL.RI 878 s

different fromthat of other latch couplings to enable selective

engagement; \W;thog [t &@eﬂg p% rRti 09,8y e&s@r9&b£§ gﬁstgegg %Eﬁé‘s

| at ch assenbly Accordingly, latch coupling 200 1S descri erein

to il ustratecube type; of RLNENTS a0d GonbiDatinh Hlo.8l eapeLsy that

can be used to create any nunber of uniq profiles as contenpl at ed

Pﬁbhlhgr pr?&%’”‘%u‘t“‘éﬁ@f&o@ﬁ 1&4305519}'-%5%180%@4& NGl has e9eqssAl by
folding back two door sections such as in a bomb bay door
style, leaving an open window 180 in liner string 42, as
best seen in figure 6.

[0035] Referring next to figure 7, one embodiment of a
latch coupling operable for use with a hydraulic pressure
intensifier for multilateral wellbore construction of the
present invention is depicted and generally designated 200.
Latch coupling 200 is representative of latch coupling 104
depicted above; however, as discussed above, each latch
coupling will have a unique inner profile and preferential
circumferential alignment elements that are different from
that of other latch couplings to enable selective
engagement with a matching or mating outer profile of the
desired latch assembly. Accordingly, latch coupling 200 is

described herein to illustrate the type of elements and

combination of elements that can be used to create any
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202 and may be coupled to other tools or tubulars such as |iner
string 42 via threaded connections 204, 206. Latch coupling 200
includes an internal profile 208 including a plurality of axially
spaced apart recessed grooves 210a-210h that extend circunferentially
about the inner surface of latch coupling 200. Preferably, recessed
grooves 210a-210h extend about the entire circunferential internal
surface of latch coupling 200. Internal profile 208 al so includes an
upper groove 212 having a | ower square shoul der 214 and an upper
angl ed shoul der 216. Internal profile 208 further includes a |ower

groove 218 hawng, 2 LRVgke a?9$§ﬁ§10§£d%Bn%@r@pfﬂQecﬁnb#pgﬁé_ ?QQE@Ht
shoul der 222. [0037]Intérnal profile 208 also has a plurality of

preferentigly&icheynf erential alignnent el ements depicted as a
plurality of slots disposed within the inner surface of |atch

coupl ing 2ffhsehn thestlh Ué&ﬁﬁiﬁg; espedhaEnt, er-818y e tliBHiasehbsapf
two slots that are disposed in different axial and circunferentia

posi tions Of> | QLAth QNS tRIJ & d MH8TerSWloase o@f thidhighy SOouRth NG
200. For exanple, a‘first seét of two slots or recesses 224a, 224b

(collectivelpe, r868$8€%2224), f\ﬂ%rc]e‘éﬂd%ﬁo%%ﬂn%wéﬂs thes ] NgE, Surfack of

| at chcoupl 1 ng200at subst anti al | ythesane circunferential positions and
di fferent éBﬂﬂyinBO%bb'qg§1uées an internal profile 208 including a

plurality of axially spaced apart recessed grooves 210a-
210h that extend circumferentially about the inner surface
of latch coupling 200. Preferably, recessed grcocoves 210a-
210h extend about the entire circumferential internal
surface of latch coupling 200. Internal profile 208 also
includes an upper groove 212 having a lower sguare shoulder
214 and an upper angled shoulder 216. Internal profile 208
further includes a lower groove 218 having a lower angled
shoulder 220 and an upper angled shoulder 222.

[0037] Internal profile 208 also has a plurality of
preferential circumferential alignment elements depicted as
a plurality of slots disposed within the inner surface of
latch coupling 200. In the illustrated embodiment, there
are four sets of two slots that are disposed in different
axial and circumferential positions or locations within the
inner surface of latch coupling 200. For example, a first

get of two =lots or recesses 224a, 224b (collectively
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second set of two slots or recesses 226a, 226b (coll ectively recesses
226) are disposed within the inner surface of |latch coupling 200 at
substantially the sane circunferential positions and different axial
positions. Athird set of two slots or recesses 228a, 228b
(collectively recesses 228) are disposed within the inner surface of
| at chcoupl i ng200at subst anti al | yt hesane circunferential positions and
different axial positions. A fourth set of two slots or recesses
230a, 230b (collectively recesses 230) are di sposed within the inner
surface of latch coupling 200 at substantially the same

circunter %:rgcje%lsegosé}i‘)Onarén%i%ip%ggﬁem:ttﬁﬁinal tRQSiitrﬁggs'surface of
latch coupling 200 at substantially the same
circumferential positions and different axial positions. A
second set of two slots or recegses 226a, 226b
(collectively recesses 226) are disposed within the inner
surface of latch coupling 200 at substantially the same
circumferential positions and different axial positions. A
third set of two slots or recesses 228a, 228b (collectively
recesses 228) are disposed within the inner surface of
latch coupling 200 at substantially the same
circumferential positions and different axial positions. A
fourth set of two slots or recesses 230a, 230b
(collectively recesses 230) are disposed within the inner
surface of latch coupling 200 at substantially the same
circumferential positions and different axial positions.
[0038] As shown, recesses 226 are disposed within the
inner surface of latch coupling 200 at a ninety degree
angle circumferentially from recesses 224. Likewise,
recesses 228 are disposed within the inner surface of latch
coupling 200 at a mninety degree angle circumferentially
from recesses 226. Finally, recesses 230 are disposed
within the inner surface of latch coupling 200 at a ninety

degree angle circumferentially from recesses 228.
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[ 0038] As shown, recesses 226 are disposed within the inner surface of
| at ch coupling 200 at a ninety degree angle circunferentially from
recesses 224.Li kew se, recesses 228 are disposed within the inner
surface of latch coupling 200 at a ninety degree angle
circunferentially fromrecesses 226.Finally, recesses 230 are

di sposed within the inner surface of latch coupling 200 at a ninety

Preferably, recesses 224, 226, 228, 230 only partially
extend circumferentially about the internal surface of
latch coupling 200.

[0039] Profile 208 including the preferential
circumferential alignment elements creates a unique mating
pattern operable to cooperate with an external key profile
associated with a desired latch assembly to axially and
circumferentially anchor and orient a window opening tool
in a particular desired circumferential orientation
relative to the window joint of the casing string. The
specific profile of each latch coupling can be created by
varying one or mere of the elements or parameters thereof.
For example, the thickness, number and relative spacing of
the recegssed grooves can be altered, the axial and
circumferential spacing of the preferential circumferential
alignment elements can be altered, the axial and
circumferential thickness of the preferential
circumferential alignment elements can be altered, the
number of preferential circumferential alignment elements
can be altered and the like.

[o040] Referring next to figures 8, an anchor assembly
depicted as a latch assembly operable for use with a

hydraulic pressure intensifier for multilateral wellbore
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degreeangl eci rcunferential |l yfromrecesses228. Preferably, recesses
224, 226, 228, 230 only partially extend circunferentially about the
internal surface of latch coupling 200.

[ 0039] Profi | e208i ncl udi ngt hepreferential circunferential alignnment

el enents creates a unique mating pattern operable to cooperate with
an external key profile associated with a desired |latch assenbly to
axially and circunferentially anchor and orient a w ndow openi ng tool
in a particular desired circunferential orientation relative to the
wi ndow joint of the casing string. The specific profile of each |latch

coupl ing cap.heserealed, by arvLag.ane alpmeonf Lhe £lateats orq

par anmet ers ereo or exarrpl e ness reI ative

spaci ng of glgg_ﬁﬁge%%%qggéegﬁe%san DSl LMyl 2 Andllthes 8

circunferehti a acl ng e preferential circu erent|

el ements Gan hey,g h!’s?ﬁ% n%5£ nﬁa)ﬁg:iea!ﬁoi%%QLeal ES“?&%F@A&' o %ﬁﬁﬁ%&r&f

t he preferentla clrc er ent’ nment el enents can be altered

the numberg %fnhprﬁ?feﬁ%[f%g%f EQE&EPQ“ %téﬁé?ﬂ@m § §WEQE1§e§§dee

al tered and i ke 0 eferring next to ures 8, an anc

assenbl y connections 254, 256. Latch housing 252 has a plurality of
elongated openings 258 formed therethrough. A plurality of
spring operated keys 260 extend through elongated openings
258. Keys 260 are radially outwardly biased by Belleville
gprings 262, 264 that urge conical wedgeg 266, 268 under
keys 260 from above and below. Alignment between keys 2690
and openings 258 as well as appropriate spacing between
keys 260 are maintained by latch housing 252, which also
limits the ocutward displacement keys 260.
[0041] The anchoring and orienting functiong of latch
aggembly 250 with a latch coupling having the appropriate
mating profile are performed by engagement between external
profiles 270 formed on each of the keys 260 and inner
preofile and preferential circumferential alignment elements
formed in the latch coupling. Different profiles 270 are
formed on keys 260 of latch assembly 250, to correspond to
different radial portions of the inner profile and

preferential circumferential alignment elements formed in

the latch coupling. When latch assembly 250 is disposed
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depicted as a |atch assenbly operable for use with a hydraulic
pressure intensifier for nultilateral wellbore construction of the
present invention is depicted and general ly designated 250. Latch
assenbly 250 includes a |latch housing 252 may be coupl ed to other
tools or tubulars such a hydraulic pressure intensifier via threaded
connections 254, 256. Latch housing 252 has a plurality of elongated
openi ngs 258 forned therethrough. A plurality of spring operated keys
260 extend through el ongated openi ngs 258. Keys 260 are radially
outwardly biased by Belleville springs 262, 264 that urge conical
wedges 26631268 Lm;_erclsfyésgcﬁ{hifnrgorﬂaaﬁt@lvecmil}@l,ogxﬁﬂ%n%o on
bet ween keys 260 and openi ngs 258 as wel| as appropriate spacing

bet ween k 6 r e mai i N I h i 2, L&h

Tt the g vara aTopl aboroat Sdys 360, TBoa 1 The Snchar &g ana’

orienting JunehioRs-phel ai&ﬁgﬁ:ﬁfcﬁ'ﬁ*a:ly d%éBl%ér]Eler?c 'cgé glfat%%ula'siseﬁlbly

havi ng theé appropriate mating profile are perforne y engagenent

between extey nah 5 9L! LES :AZ01LOLAPLoRN /AL Gfaddhe BKAn?002800; 5
inner profile and preferential circunferential alignment efenents

formed in I 0 hag. (DLff t iles . ar r oed

keys 260 ottfﬂé?latr?r?%taaggeqn%}tg/ﬂ%S(%get &grgggr é:g%g%ﬁfb ﬁ?ﬁ%rgﬁ‘%ﬁr%ig .
ortions iLhn r oLl d fer i st cynf ' ;

P YrdelgekNNes7 P Ehég?ﬁ% RhE @Jﬁﬁ%ﬁoﬁh\%\ﬁg e;fxf‘éfte'r%htl%l y

al i gnnment “el enents forned | | at ch coup g n I"atch asse
250 is d'%ﬁg%%%ferential alignment elements formed in the latch

coupling, thereby preventing further rotational
displacement of latch assembly 250 relative to the latch
coupling. Latch assembly 250 includes a central bore 272
which allows fluids and other tocls or tubulars such asg
drill pipe to pass therethrough.

[0042] Referring next to figures B9A-9B, consecutive
axial sections of a hydraulic pressure intensifier for
multilateral wellbore construction of the present invention
are depicted and generally designated 300. Hydraulic
pressure intensifier 300 includes an outer housing depicted
as upper housing member 302 and lower housing member 304
that are threadedly and sealably coupled together at 306.
Upper housing member 302 may be coupled to other tcols or
tubulars such a latch assembly via threaded connection 308.

Upper housing member 302 has a radially reduced groove 310.
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wi thin the corresponding latch coupling, profiles 270 on keys 260
initially engage the inner profile and thereby prevent further

| ongi tudi nal displacenent of latch assenbly 250 relative to the latch
coupling. Latch assenbly 250 is then rotated within the |atch
coupling, until each of the profiles 270 engages the correspondi ng
preferential circunferential alignnent elenments forned in the latch
coupling, thereby preventing further rotational displacenent of |atch
assenbly 250 relative to the latch coupling. Latch assenbly 250
includes a central bore 272 which allows fluids and other tools or

tubulars sumhags driilapine 0spasshddreratinoughoet 0842% Red ehEhbgr
next to figures 9A-9B, consecutive axial sections of a hydraulic

pressure igyensd fiepisesn M4 i | abesabnWehbbaoke: Gonst augﬁh%lpéy the
present invention are depicted and generally designated 3

Hydraul i ¢ Jy-egsuEe 3h it Qﬂstﬁeeélégﬂaif‘%}é%%rﬁ'lh%we@f hOlASFﬂQrgﬁPt§t ed
as upper housi ng nenber 302 and | ower housi ng nenber 304 tfhat are

t hr eaded| %@mqlg%e@h@bIaxec9Heheﬂoﬁ@£%{@{1r@top%9éngypm hoys g, Nefber
302 may be coupled to othér tools or tubulars such a iatch assenbly

via threadgd 6o QEtQE 3980 Qﬁﬁgé Reysi BEoMpRBEIa302rbaSaskadial!ly
reduced groove 31 [0043] Sli dably positionéd w thin upper housing

nmenber engagement between. piston 312 and the interior of upper
housing member 302. Slidably positioned within piston 312
is a running tool 322. Running tool 322 may be coupled to
other tools or tubulars such a drill string via threaded
connection 324. As illustrated, running tool 322 props
lugs 316 into groove 310 which initially prevents relative
longitudinal movement between piston 312 and upper housing
member 302. Preferably, running tool 322 1is initially
longitudinally secured relative to upper housing member 302
by, for example, a shear pin connection between running
tool 322 or a tubular attached thereto and the latch
assembly coupled to upper housing member 302.
[0044] Positioned below piston 302 is a piston 326. A
pair of seals depicted as O-rings 328, 330 provides for a
sealing engagement between piston 326 and the interior of
upper housing member 302. A second pair of seals depicted
as O-rings 332, 334 provides for a sealing engagement

between piston 326 and the interior of lower housing member
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302 is a piston 312. Piston 312 includes a plurality of openings 314
in the sidewall portion thereof. A plurality of lugs 316 are
positioned within openings 314. A pair of seals depicted as O-rings
318, 320 provides for a sealing engagenent between piston 312 and the
interior of upper housing nenber 302. Slidably positioned within

pi ston 312 is a running tool 322. Running tool 322 may be coupled to
other tools or tubulars such a drill string via threaded connection
324. As illustrated, running tool 322 props lugs 316 into groove 310
which initially prevents relative |ongitudinal novenment between

piston 31Z@nd uppelgusingprMer 304 JRiebar abky mauRRi G rkepLy322
isinitially longitudinally secured relative to upper housi ng nenber

302 by, fal; examal iR cahealseRbAyconnectbgn hetwesd thnnidigsbaakid2?2
or a tubular attached thereto and the | atch assenbly coupled'to upper

housi ng Mesth&e30336[ QR44LFPORLE T BOEFLE! PV ISR 304 e 1RL 0D
326. A pair of seals depicted as O-rings 328, 330 provides for a

seal i ng eQﬂﬁQ%ﬁEQ% heteel PhetoLy 3262and tAg dhherier afadHaRer 3ze
housi ng menber 302. A second pair of seals depicted as O-rings 332,

334 prOVi%ﬁ%f%@%b@ﬁs%@hEQQnQngagﬁﬂ%@EsQ?ﬁﬁgeﬁl@iétQﬂcﬁzgsaﬁgtkgﬁen
of | r d

interior ower housi ng nenbe 04. Toget her, piston 312 an

git ?r:) gghgrzglcdmy b, r&feined h9adsudi P SHAMHASSLHI! N AdrAWeRr B3EHEE OF

piston 326 and the interior of lower housing member 304.
Piston 326 includes a dampening assembly depicted as a
plurality of Jets 340 operable to control the rate of
hydraulic fluid transfer therethrough in embodiments
utilizing an operating fluid within hydraulic chamber 338.
Additicnally, at its lower end, piston 326 includes a
connector 342 for coupling piston 326 to other tools such
as one of the window opening tools discussed above.

[0045] Preferably, hydraulic presgsure intensifier 300 is
operated using the hydrostatic pressure in the wellbore.
Alternatively, the pressure in the wellbore can be enhanced
by adding additional pressure at the surface. In either
cagse, the operation of hydraulic pressure intensifier 300
ig based upon the differential areas of piston 312 and
piston 326. In one embodiment, piston 312 may have a
diameter of approximately 20.32 cm (8 inches) and plston

326 may have a diameter of approximately 5.08 cm (2
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chanber 336 is defined between piston 326 and the interior of upper
housi ng nmenber 302. At nospheric chanber 336 preferably contains a
conpressible fluid such as nitrogen gas. An optional hydraulic
chanber 338 is defined between piston 326 and the interior of |ower
housi ng nmenber 304. Piston 326 includes a danpeni ng assenbly depicted
as a plurality of jets 340 operable to control the rate of hydraulic
fluid transfer therethrough in enbodinents utilizing an operating
fluid within hydraulic chanber 338. Additionally, at its |ower end,

pi ston 326 includes a connector 342 for coupling piston 326 to ot her

tool s suchp$eane of thhe WiiRAOW eREN A0Sl SEHSSEdLaRovE 2 g
[0045] Preferably, hydraulic pressure intensifier 300°is operated

using the Qydeeshatecy Prigasyee dot t heo wed | bare. Alt egnat 'c‘é%ﬁla&&?

pressure in the well bore can be enhanced by addi ng additi onal

pressure alurrBeesHrbaces! pistddeizs is approximately 20.26 cm? (3.14
in?) . The difference between these two surface areas is
approximately 304.00 cm® (47.12 in?). 1In this example, if
piston 312 and piston 326 are in a pressure environment of
34.47 MPa (5,000 pounds per square inch), this pressure
acting on the differential areas of piston 312 and piston
326 creates a resultant force that can be exerted by piston
326 of approximately 1.048 MN (235,650 pounds of force).
This downward force is exerted by piston 326 when running
tool 322 is shifted upwardly relative to piston 312 which
unprops lugs 316 allowing piston 312 and piston 326 to move
longitudinally downwardly relative to upper housing member
302 and lower housing member 304, as best seen in figures
10A-10B. The speed of this movement can be regulated by
forcing the optional operating fluid in hydraulic chamber
338 through jets 340. The downward movement and downward
force of piston 326 operate on a window opening tool to
create the desired window in a casing string.
(00461 While this invention has been described with
reference to illustrative embodiments, this description is

not intended to be construed in a limiting sense. Various
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case, the operation of hydraulic pressure intensifier 300 is based
upon the differential areas of piston 312 and piston 326.1n one
enbodi nent, piston 312 may have a di aneter of approximately 20.32 cm
(8 inches) and piston 326 may have a di aneter of approximtely 5.08
cm (2 inches).The cal cul ated surface area of piston 312 is
approximately 324.26 cnR2 (50.26 in2) and the cal cul ated surface area
of piston 326 is approximately 20.26 cn2 (3.14 in2). The difference
bet ween these two surface areas is approxinately 304.00 cnR (47.12
in2). In this exanple, if piston 312 and piston 326 are in a pressure
envi r onmenhodifri34+4dndPa {s 00QcRBUALSI A S@ar ech8ch);1hhicSative
pressure acting on the differential areas of piston 312 and pi ston
326 creat esppdigsHtbank fnae dhadcrean doRueched By Rhst amv326i6f
approximately 1.048 MN (235, 650 pounds of force). This downward force
i's exertedyiy Pibst OBpg2bethend UBRLEENS 00)xi3324 sighified upwanghy
relative to piston 312 which unprops lugs 316 all ow ng piston 312 and

pi ston 326-dermmve kendiHddidldiypcdennward! yid el eld g e, URReEnded
housi ng nmenber 302 and | ower housi ng nenber 304, as best seen in

figures 10AkOBhelhgp st of1ditsS JMiaRRL GY Meidie i@l dalYons
forcing the optional operating fluid in hydraulic chanber 338 through
j ets 340. Jhedewaveseds noverrent and downward force of piston 326
operate on a wi ndow opening tool to create the desired windowin a
casing string.
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[ 0046] Wil e this invention has been described with reference to

Il lustrative enbodi ments, this description is not intended to be
construed in a limting sense. Various nodifications and

conbi nations of the illustrative enbodi nents as well as other

enbodi nents of the invention will be apparent to persons skilled in
the art upon reference to the description. It is, therefore, intended
t hat the appended cl ai ns enconpass any such nodifications or

enbodi nent s.

Claims:

1. A system for opening a window in a casing string
(42) positioned in a wellbore (32), the system comprising:

a hydraulic pressure intensifier (116) having a
housing and a piston assembly with a differential piston
area, the piston assembly longitudinally shiftable relative
to the housing, the piston assembly initially secured
relative to the housing to prevent longitudinal movement
therebetween;

an anchor assembly (114) operably associated with the
hydraulic pressure intensifier (116), the anchor assembly
operable to longitudinally secure the hydraulic pressure
intensifier within the casing string (42); and

a window opening tool (118) operably associated with
the hydraulic pressure intensifier (116) and operably
engagable with the casing string (42) such that when the
anchor assembly (114) is longitudinally secured within the
casing string (42) and the piston assembly is unsecured
relative to the housing under hydrostatic pressure in the
wellbore, longitudinal movement of the piston assembly
transmits a force to the window opening tool (118), thereby

opening the window in the casing string (42).

29



C ai ns: 1. Asystemfor opening a window in a casing string
(42) positioned in a wellbore (32), the system conpri sing: a
hydraul ic pressure intensifier (116) having a housing and a piston
assenbly with a differential piston area, the piston assenbly

|l ongitudinally shiftable relative to the housing, the piston assenbly
initially secured relative to the housing to prevent | ongitudi nal
novenent therebetween; an anchor assenbly (114) operably
associated with the hydraulic pressure intensifier (116), the anchor
assenbly operable to longitudinally secure the hydraulic pressure
intensifier within rfhe casiteg Sidi Agciddd; iandclaim a WREW OPERENg
tool (118) operably associated wth the hydraulic pressure

i ntensi fi efagih}6) senthpeuabhyrengagatileesw & h fdie casingod ricagin42)
such that when the anchor assenbly (114) is longitudinally secured

W thin t hest@dsigngrsarlagefAR weandot-BecdisioRtasagnbly i s unsecured
relative to the housing under hydrostatic pressure in the well bore,

| ongi tudi nal novenment of the piston assenbly transmts a force to the
wi ndow openi ng tool (118), thereby opening the wi ndow in the casing
string (42). 3. The system as recited in any of the preceding

claims, wherein the piston assembly is initially secured
relative to the housing via a plurality of lugs extending
through openings of the piston assembly and radially
propped in a groove of the housing, and preferably wherein
the piston assembly is unsecured relative to the housing by
longitudinally shifting a running tool to unprop the

plurality of lugs.
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2. The systemas recited in claiml wherein the casing string further
conprises a main well bore casing string or a |ateral wellbore casing
string. 3. The systemas recited in any of the preceding
clainms, wherein the piston assenbly is initially secured relative to
the housing via a plurality of lugs extending through openi ngs of the
pi ston assenbly and radially propped in a groove of the housing, and
preferably wherein the piston assenbly is unsecured relative to the
housi ng by longitudinally shifting a running tool to unprop the
plurality of |ugs. 4. The systemas recited in any of the
precedi ng clai ns, wherein the piston assenbly further conprises a
first piston havi ngrRef isysterl @85 se6itanalnaeg and a@nsegardepisgon
operably associate with the first piston and having a second cross

sectional drfas,fiwsdrLrOssnseqiisenal ARANG NPLENRA etothidikbddea
second cross sectional area. 5. The systemas recited in any of

the precediingtclgidon WagTehd) bher st OBrasserBbYibidl hareg0MHd Sgs a
danpeni ng assenbly operable to control the velocity of the

| ongi t udi nalcoiay @IRALNObPEBEL DY ShOsbasseblitn and preker ?@Eyomhaﬁ_@i n
t he danpening assenbly is operable to control the rate of hydraulic

fluid tranghangt heketbhoughoss sectibnalh@r8ist e dRfdd @lcithoany of
t he preceding clains, wherein the anchor assenbly further conprises a

| at ch asseylaybeing greater than the second cross sectional area.
5. The system as recited in any of the preceding
claims, wherein the piston assembly further comprises a
dampening assembly operable to control the velocity of the
longitudinal movement of the piston assembly, and
preferably wherein the dampening assembly is operable to

control the rate of hydraulic fluid transfer therethrough.

6. The system as recited in any of the preceding
claims, wherein the anchor assembly further comprises a

latch assembly.

7. The system as recited 1n any of the preceding
claims, wherein the window opening tool is selected from
the group consisting of a cutting tool, .a retrieval tool

and a penetration tool.
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7. The systemas recited in any of the preceding clains, wherein the
wi ndow opening tool is selected fromthe group consisting of a

cutting tool, a retrieval tool and a penetration tool. 8. A
met hod for opening a window in a casing string (42) positioned in a
wel | bore (32), the method conpri sing: runni ng a hydraulic

pressure intensifier (116) having a housing and a piston assenbly
with a differential piston area in the casing string, the piston
assenbly initially secured relative to the housing to prevent

| ongi t udi nal novenent therebetween; posi tioning a wi ndow
opening tool (118) operably associated with the hydraulic pressure
intensifier (116) at a target location in the casing string (42);

I 'ongi tudi nal I'y gsecuni pgthea hydr agbdCily €S5S Riow in a casing string

(42) positioned in a wellbore (32), the method comprising:

running a hydraulic pressure intensifier (116) having
a housing and a piston assembly with a differential piston
area 1n the casing string, the piston assembly initially
secured relative to the housing to prevent Ilongitudinal
movement therebetween;

positioning a window opening tool (118) operably
associated with the hydraulic pressure intensifier (116) at
a target location in the casing string (42);

longitudinally securing the hydraulic pressure
intensifier within ( 116) the casing string with an anchor
assembly (114);

unsecuring the piston assembly relative to the housing
under hydrostatic pressure in the wellbore; and

longitudinally moving the piston assembly to transmit
a force to the window opening tocl (118}, thereby opening

the window in the casing string (42).
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intensifier within ( 116) the casing string with an anchor assenbly
(114); unsecuring the piston assenbly relative to the housing
under hydrostatic pressure in the well bore; and | ongitudinally
novi ng the piston assenbly to transmt a force to the w ndow openi ng
tool (118), thereby opening the window in the casing string (42).

9. The nethod as recited in claim8, wherein running a hydraulic
pressure intensifier having a housing and a piston assenbly with a
differential piston area in the casing string further conprises
running the hydraulic pressure intensifier into a main well bore
casing string or into a lateral wellbore casing string. 10.

The nethod as @ﬁcit@ﬂeiHe@ﬂéﬁragiréEiEEBeﬁnceﬂgiﬁsépghﬂéygillﬁﬂnning
propping a plurality of lugs extending through openings of the piston

assenbly i ayQr9QVe: ObrbbENOUSHRGN Or i t ha) Yy SECH R LiRG RiRE 0]
assenbl y relaglve to the housing, and preferably wherein unsecuring

the piston,assenblysd@bBti ¥ech 0 4 hgi POLSINAG MNAEY hydr 9sLat isG the
pressure in the wellbore further conprises longitudinally shifting a
runni ng tcHHsﬂﬂ% U@@&Qﬁgthﬁuf%ﬂgfﬂ'édﬁpgﬁsgggsrunning the hydraulic

pressure intensifier into a main wellbore casing string or

into a lateral wellbore casing string.

10. The method as recited in c¢laim 8, further
comprising radially propping a plurality of lugs extending
through openings of the piston assembly in a groove of the
housing to initially secure the piston assembly relative to
the housing, and preferably wherein unsecuring the piston
assembly relative to the housing under hydrostatic pressure
in the wellbore further comprises longitudinally shifting a
running tool to unprop the plurality of lugs.

11. The method as recited in claim 8, wherein the
piston assembly further comprises a first piston having a
first cross sectional area and a second piston operably
associate with the first piston and having a second cross
sectional area, first cross sectional area being greater

than the second cross sectional area.
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11. The method as recited in claim@8, wherein the piston assenbly
further conprises a first piston having a first cross sectional area
and a second piston operably associate with the first piston and
havi ng a second cross sectional area, first cross sectional area
bei ng greater than the second cross sectional area. 12. The
method as recited in claim8, further conprising controlling the

vel ocity of the | ongitudinal novenent of the piston assenbly with a
danpeni ng assenbly of the piston assenbly, and preferably wherein
controlling the velocity of the |ongitudinal nmovenment of the piston

assenbly wi th g danpgai ngeggs@mly fHEdheI CORPriSRInCORL T OlhirRget-he
rate of hydraulic fluid transfer through the danping assenbly.

13. The metdigd-iasnhecidfd-diniekai tad, vehseety |angichudi Naldiu@eaHti ng
the hydraulic pressure intensifier within the casing string with

anchor aSﬁﬁi@@ém&uréﬁ%h&%ﬁﬂ&ﬁ%m&n%i%%z%t Clbnagil % owehBi¢

| at ch coupling of the casing string. The 'met hod as recited

in claim &g wael bk QRN NGuiNe, WaREOWr LR 14181 £ s ek 18 rddag Lt her
conprises cutting the window in the casing string or renoving a

wi ndow i nsgld {EoBRidie 68SiAG SIdddi%udinal  mobemehle JBPRL B scon
recited in claim8 wherein opening the window in the casing String

further comydn289 PeAGHN Akl NGMBEnERSI NsSidb NI 1ALANRA A RhBrEubs
wi ndow in the caSing string.
controlling the rate of hydraulic £luid transfer through

the damping assembly.

13. The method as recited in c¢laim 8, wherein
longitudinally securing the hydraulic pressure intensifier
within the casing string with anchor assembly further
comprises engaging a latch agsembly with a latch coupling
of the casging string.

14. The method as recited in claim 8, wherein opening
the window in the casing string further comprises cutting
the window in the casing string or removing a window insert

from the casing string.

15. The method as recited in claim 8 wherein opening
the window in the casing string further comprises
penetrating the casing string to open a pre-cut window in

the casing string.
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