INPRCMED NETHCDS AND SYSTENB FOR SUBTERRANEAN MULTI LATERAL WELL DRI LLING
AND COVPLETI ON TECHNI CAL FI ELD OF THE | NVENTI ON The present invention i§ - .
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BACKGROUND OF THE INVENTION
Horizontal well drilling and production have become

increasingly important to the oil industry in recent years.
While horizontal wells have been known. for many years, only
relatively recently have such wells beeh determined to be a cost-
effective alternative to conventional vertical well drilling.
Although drilling a.horizontél well costs substantially more than
its vertical counterpart, a horizontal well frequently improves
production by a factor of five, ten or even twenty in naturally-
fractured reservoirs. Generally, projected producfivity from a
horizontal wellbore must triple that of a vertical wellBore.for
horizontal drilling to be economical. This increased production
minimizes the nﬁmber of platforms, cutting investment and
operational costs. Horizontal drilling makes reservoirs in urban
areas, permafrost zones and deep offshore waters more accessible.
Other applications for horizontal wellbores include periphery
wells, thin reservoirs that would require too many vertical
wellbores, and reservoirs with coning problems in which a

horizontal wellbore could be optimally distanced from the fluid

contact.



O her applications for horizontal wellbores include periphery wells, thin
reservoirs that would require too many vertical well bores, and reservoirs
wi th coning problenms in which a horizontal wellbore could be optimally
di stanced fromthe fluid contact. 2 Al sg, some horizontal well bores
contain additional wellbores extending latérally fromthe primary vertical
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hori zontal well conpletion, and particularly nmultilateral well conpletion,
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probl ens to overcone. Lateral conpletion, particularly at the juncture
bet ween t he Muditi lat@riadt wedl sveatd becemingsirctreasbhyly rpporisntt,obatbi firom
col l apse of the wellbore in unconsolidated or weakly
the standpoint of new drilling operations and from the
‘increasingly important standpoint of reworking existing
wellbores, including remedial and stimulation work.

As a result of the foregoing increased dependence on énd
importance of horizontal wells, horizontal well completion, and
particularly multilateral well completion, have been important
concerns and continue to provide a host of difficult problems to
overcome. _Lateral completion, particularly at the juncture
between the main and lateral wellbores, is extremely important
to avoid collapse of the wellbore in unconsolidated or weakly
consolidated formations. Thus, open.bple completions are limited
to competent rock formations; and, even then, open hole
completions are inadequate since there is no control or ability
to access (or reenter the lateral) or to isolate production zones
within the wellbore. Coupled with this need to complete lateral
wellbores is the growing desire to maintain the lateral wellbore
gsize as close as possible to the size of the primary vertical
wellbore for ease of drilling and completion. |

The above concerns can be summarized in three main
objectives: connectivity, isoclation and access. Connectivity

refers to the mechanical coupling of casings in the main and

lateral wellbores such that there are no open holes between



consolidated formati ons. Thus, open hole conpletions are limted to
conpetent rock formations; and, even then, open hole conpletions are

i nadequate since there is no control or ability to access (or reenter the
| ateral) or to isolate production zones within the wellbore. Coupled with
this need to conplete lateral wellbores is ¥he growing desire to maintain
the lateral wel | bore size as close as possible_tq_the size of .the pri,mar
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required to access portions o e conpletion. Isolation refers to
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t hereof , without inpeding production fromremining wellbores or portions.
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wel | bores must be hydraulically sealed to one another to allow the

mul til at er al webhipbrei fnomsanovhet eef feok tvaslwndhey drailigs in the wellbores
must be hydraulically sealed to- one another to allow the
multilateral completion as a whole to withstand hydraulic
pressure. Hydraulic sealing is particularly important at the
juncture between main and lateral wellbores. Without hydraulic
sealing, either pressure is lost into the void that surrounds the
casing or fluid or particulate contaminates are allowed to enter
the casing from the surrounding wvoid. While connectivity,
isolation and access are important in both hox"izontal apd
vertical wells, they are particularly important and pose
particularly difficult problems in multilateral well completions.
As mentioned above, isoclating one lateral wellbore from other
léteral wellbores is necessary to prevent migration of fluids and
to comply with completion practices and regulations regarding the
separate production of different production zones. Zonal (or
partial wellbore) isolation may also be needed if the wellbore
drifts in and out of the target reservoir because of insufficient
geological knowledge or poor directional control. When
horizontal wellbores are drilled in naturally-fractured
reservoirs, zonal isolation is seen as desirable. Initial
pressure in naturally-fractured form‘ations may vary from or.1e

fracture to the next, as may the hydrocarbon gravity and



pressure. Hydraulic sealing is particularly inportant at the juncture
between main and | ateral wellbores. Wthout hydraulic sealing, either
pressure is lost into the void that surrounds the casing or fluid or
particul ate contam nates are allowed to enter the casing fromthe
surroundi ng voi d. Wil e connectivity, isofation and access are inportant
in both horizontal and vertical wells, they are particularly inportant and
pose particulakeyibipbtli coft qominens | Alhevingattdranl IREMRLAORS eEPorRroquce
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single fracture
full drilling rig. In the most preferable situation, any one of
the lateral wellbores can be entered using coiled tubing, thereby
saving money.
There have been several prior art techniques of completing
" multilateral wells using open-hole complétion techniques. One
involves the drilling of a single main wellbore and one or more
lateral wellbores emanating from a base portion thereof. The
main wellbore is cased except for the base portion. The base
portion and the one or more lateral wellbores are left open-hole.
Although this completion technique is relatively inexpensive, not
one of the above three main objectives (connectivity, isolation
and access) is satisfied, as there are portions of the wellbores
left open-hole, the open-hole wellbores cannot be selectively-
sealed off, except to a limited degree with open-hole isolation
tools and access to the lateral wellbores can only be by way of
bent subs or orientation devices. Apart from the three main
objectives, if one of the lateral wellbores collapses or becomes
clogged, the entire well is threatened. |
Another prior art completion technique calls for the

drilling of one or more open hole lateral wellbores from a main

wellbore. A special casing having a number of inflatable open-



with early water breakthrough may jeopardize the entire well's production.
Access refers to the ability to reenter a selected one of the wellbores to
perform conpl etion work, additional drilling or renmedial and stinulation
wor k, preferably without requiring a full drilling rig. In the nost
preferabl e situation, any one of the latera? wellbores can be entered using

coil ed tubing, _there savi ng nopey. There have been several .prior art .
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or becomes clogged, production from that wellbore is compromised.

Conventionally, some multilateral completion techniques have
employed slotted liner completion. The primary purpose of
inserting a slotted linér in a lateral wellbores is to guard
against hole collapse. Additionally, a liner provides a
convenient path to insert various tools such as coiled tubing in
the wellbore. Three types of liners have been used, namely: (1)
perforated liners, where holes are drilled in the liner, (2)
slotted liners, where slots of various width and length are
milled along the line length, and (3) prepacked screens.

One prior art completion technique employing liners is
similar to the first-described open-hole completion technique,
but requires the lateral wellbores to be fitted with liners.
However, the liners terminate within the_ lateral wellbores,
resulting in short lateral wellbore sectioné proximate the main
wellbore that are left open-hole. Similarly, the base portion
of the main wellbore is left open-hole. Although not as
inexpensive as the first-described open-hole technique, this
completion technique is still relatively inexpensive. However,

none of the above three main objectives is fully satisfied, as



wel | bore. A special casing having a nunber of inflatable open- hol e
packers and perforations between the inflatable packers is placed in the
mai n wel | bore. The inflatable packers serve to separate the latera
wel | bores hydraulically fromone another. This technique therefore offers a
degree of isolation, in that an entire |atefal can be sealed off fromthe
rest. However, porti-ons of a |ateral cannot be sealed off. Further, there
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wellbores length.

A second completion technique employing lined laterals
involves two lateral wellbores extending from a main wellbore,
one over the other, eéch having a liner and eaqh liner extending
back té a casing in the main wellbore. Thus, connectivity is
achieved, as the liners are hydraulically sealed to the main
wellbore casing. Unfortunately, the lower of the two lateral
wellbores cannot be sealed off (isolated). Further, the lower
of the two lateral wellbores cannot be accessed subsegquently.
Thus, only one of the three principal objectives is met.

A third completion technique employing lined laterals is
reserved for new well completion and involves the. drilling of
‘multiple lateral wellbores from a main wellbore. A liner is
inserted into the main wellbore. The liner is provided with
windows therein corresponding to the position of the laterals.
Thus, the main wellbore liner must be oriented when it is
inserted. Next, liners are inserted into the lateral wéllbores.
The open ends of the lateral wellbore liners extend through the
windows of the main wellbore liner. This technique is designed

for new wells, because the location and orientation of the

lateral wellbores must be prearranged. Applying the three main



However, the liners termnate within the lateral wellbores, resulting in
short lateral wellbore sections proxinmate the nain well bore that are |eft
open-hole. Simlarly, the base portion of the main wellbore is |left

open- hol e. Al t hough not as i nexpensive as the first-described open-hole
technique, this conpletion technique is stiZll relatively inexpensive.
However, none of the above three main objectives is fully satisfied, as
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casing in thgimmeasdn BeRA.ceslhus, connectivity is achieved, as the liners
are hydraulically sealed to the main well bore casing. Unfortunately, t he
| ower of the twodna €uather prior art completion technique does not involve

either open-hole or lined lateral wellbores. This teéhnique
requires the drilling of a relatively large main wellbore.
Multiple lateral wellbores are drilled in parallel through the
bottom of the main wellbore and spread in separate directions.
The main and lateral wellbores are cased and sealed together.
All three of the three main objectives are met, as isolation of
and access to each lateral wellbore are provided. However, in
most cases, only two or three lateral wellbores are allowed, as
the cross-sectional areas of the lateral wellbores must fit
within the cross-sectional area of the main wellbore. This
severely limits the cost effectiveness of the well as a whole,
as the main wellbore must be of exceptionally large diameter and
thus relatively expensive to drill.

The problem of lat;eral wellbore (and particularly
multilateral wellbore) completion has been recognized for many
years as reflected in the patent literature, For example, U.S.
Patent No. 4,807,704 discloses a system for completing multiple
lateral wellbores using a dual packer and a deflective guide
member. U.s. Patent No. 2,797,893 discloses a method for
completing lateral wells using a flexible liner and deflecting

tool. U.S. Patent No. 2,39"/,070 similarly describes lateral



wel | bores cannot be seal ed off (isolated). Further, the | ower of the two
| ateral well bores cannot be accessed subsequently. Thus, only one of the
three principal objectives is net. A third conpletion techni que enpl oyi ng
lined laterals is reserved for new well conpletion and involves the

drilling of nmultiple lateral wellbores froa main wellbore. Aliner is
inserted into the mai-n wel | bore. The liner is provided with w ndows
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bent subs or  orientation devices. One further prior art conpletion

techni que daessnoi,Bpgpbvs; 4,415,205; 4,444,276 and 4,573,541 all relate
generally to methods and devices for multilateral completions
using a template or tube guide head. Other patents of general
interest in the field of horizontal well completion include U.S.
Patent Nos._2,452,920 and 4,402,551.

Notwithstanding the above-described attempts at obtaining
cost-effective and workable lateral well completion, there
continues to be a need for new and improved methods and devices
for providing such compleﬁions, particularly sealing between the
juncture of vertical and lateral wells, the ability to access
lateral wells (particularly in multilateral systems) and
achieving zone isolation between respective lateral wells in a
multilateral well system.

Tﬁeré is also a need for gaining economy in lateral well
completions. Toward this end, it is highly advantageous to
minimize the number of trips necessary to drill and complete a
lateral wellbore.

Therefore, what is needed in the art are methods and sYstems
for multi-lateral well drilling and completion that provide for
connectivity among main and lateral wellbores, pressure-bearigg
sealing of joints to allow selective isolation of wellbores or

portions thereof and subsequent wellbore access for rework or



ei ther open-hole or lined |lateral wellbores. This technique requires the
drilling of a relatively large main wellbore. Miltiple |lateral wellbores
are drilled in parallel through the bottom of the main well bore and spread
in separate directions. The main and |ateral wellbores are cased and seal ed
together. Al three of the three main objestives are net, as isolation of
and access to each lateral wellbore are provided. However, in nbst cases,
only two or atthese puxipersals weThboneshads aald syetemasshoeld ribestlsacbildioal for
areas of the lateral wellbores nust fit within the cross-sectional area of
the main weladgnas witheut seeguiring|pigsinhervestieni eBini@hessthe nupber
well as a whole,. as the main well bore nust be of exceoptlonall
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lateral wells using a flexible I'iner and deflecting fool. U S. Patent No.

2,397,070 sidpdxdd dortesghd bascbain88ate high build rates after exiting the
| main wellbore.
SUMMARY OF THE INVENTION

To address the above-discussed deficiencies of the prior

art, it is a primary object of the present invention to provide

'methods and systems for accomplishing multilateral wellbore
completion and an improved multilateral well ‘structure that
satisfy the three main objectives (connectivity, isolation and
access) as set forth above.

In the attainment of the above primary object, one aspect
of the present invention provides an improved method of creating
a multilateral well comprising the steps of: (1) setting a
diverter at a prescribed position and a prescribed orientation
in a main well flow conductor located within a main wellbore, (2)
boring through a sidewall of the main well flow conductor and
into a material surrounding the wmain well flow conductor, the
boring creating a window having a particular shape in the
sidewall, the orientation of the diverter determining a lateral
position of the window in the main well flow conductor, a lateral

- wellbore being thereby formed in the material and extending from
the main wellbore, (3) lining the lateral wellboré with a liner,

and (4) cementing the liner in place within the lateral wellbore,



wel | bore conpl etion using flexible casing together with a closure shield

for closing off the lateral. In US. Patent No. 2,858,107, a renovable
whi pst ock assenbly provides a neans for locating (e.g., accessing) a
| at eral subsequent to conpletion thereof. U. S. Patent No. 3,330, 349

di scl oses a mandrel for guiding and conpletpong nultiple horizontal wells.
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provide for to be created having pressure—sealed ]01nts between the main
wellbore and the. various lateral wellbores extending from the
main wellbore. In a manner to be 'shéwn in more detail, entire
lateral wellbores or only selected portions thereof may be sealed
off to prevent contami_nation of, or other harm to, the. remainder
of the well. _Further, the present method allows for selective
subsequeht access of any one of the lateral wellbores for rework
or any other purpose. Most often, access is by way of coiled
tubing, dramatically decreasing the cost of maintaining or
improving the well.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of setting the
main well flow conductor in the main wellbore, the main well flow
conductor including a nipple for locating the diverter at the
prescribed position in the main well flow conductor. This
embodiment is directed principally to use this aspect of the
present invention in a new well environment, wherein nipples can

be integrated into casing or production tubing as it is lowered

into the main wellbore.



connectivity anong main and | ateral well bores, pressure-bearing sealing of
joints to allow selective isolation of wellbores or portions thereof and
subsequent wel | bore access for rework or 9 ot her purposes. The nethods
and systens should further allow for access without requiring rig

I ntervention, mnimze the nunber of tripsliecessary to conplete the well,
provide nmultiple lateral (3 or nore) capability for_each main well bore and
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of the above prinmary object, one aspect of the present invention provides
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(1) setting gnly one of many possible spring-loaded keys that may be set into
an assembly contaihing the diverter and sent longitudinally
through the main well flow conductor. If the assembly is set
with a key corresponding to the nipple’s profile, the key engages
with the profile, halting further movement of the diverter. If
the key does not correspond, the assembly travels past the nipple
without engaging therewith. Thus, nipples containing many unique
profiles may be placed at selected locations along the length of
the main well flow conductor, allowing diverters or any other
objects to engage with only one of the selected locations as a
function of the key chosen fof the object. The present invention
makes advantageous use of this locating system to create and
subsequently access lateral wellbores in a reliable manner.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of setting the
main well flow conductor in the main wellbore, the main well flow
conductor including a helical guide therein for rotating the
diverter into the prescribed orientation in the main well flow
conductor. This embodiment is also directed primarily to a new
well, in which the helical guide, that may be a recess or slot,
is machined into an inner surface of the casing or is integral

with the nipple.



diverter at a prescribed position and a prescribed orientation in a main
well flow conductor |ocated within a main wellbore, (2) boring through a
sidewal | of the main well flow conductor and into a material surrounding
the main well flow conductor, the boring creating a w ndow having a
particul ar shape in the sidewall, the orieABation of the diverter
determning a lateral:-position of the window in the main well flow

conductor, a | at eFBl thef| gabedaenly. tHhe aRryendisrliaracheipplsPactide and
inor . and (39 o SYERETh oLt he Loonertm P YRdc B0 RAUARE 1 at Sl EhEI Himrter
per | phery. of SPRESTEREE & sirilel"H SPHia SR B ithciol 10 88 oaon che
allows multiglgetaler aks&ﬁb%gggaggbgsb%dﬂ%% tﬂeiﬁgﬁ%@?&el | B3L8188d the

provi des for connectivity a In an teral we

pressur e- beadi Wer 662! t HOrdat Ol NUF thedkbPVos RS td MRt AdstmiAly matches
wel | bores or portions thereof and subsequent wellbore access for rework or
ot her purposelse dbpplet brofatgecthafl asbemplgsenyagagenheonipbllewand halts..
multilateral wells to be created having pressure-seal ed joints between the
mai n wel | borBhandeibtiver imatatignalal redat bonsisipxo€ndihey divertdr andnthe

wel | bore. In a manner to be-shown in nore detail, entire
assembly are preset such that, when the key engages and the

assembly halts, the helical guide has caused the diverter to
rotate into precisely the prescribed orientation within the main
well flow conductor.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of setting the
main well flow conductor in the main wellbore, the main well flow
conductor including a joint composed of a composite material, the
step of boring comprising the step of drilling through a sidewall
of the joint and into the material surrounding the main well flow
conductor with a single drilling tool. This embodiment,
therefore, is also primarily directed at new wells, wherein a
composite joint is inserted into the casing string as it is
lowered into the main wellbore. The composite joint is
preferably located before the nipple, such that the diverter is
poéitioned with the composite joint when the keyed assembly
engages the nipple. Common bit technology ;s employed to drill
through the composite joint and into the surrounding earth,
thereby eliminating the need for separate trips to (1) mill a

window and (2) drill into earth.



|l ateral wellbores or only selected portions thereof may be sealed off to
prevent contam nation of, or other harmto, the remainder of the well.
Further, the present method all ows for selective subsequent access of any
one of the | ateral well bores for rework or any other purpose. Mst often,
access is by way of coiled tubing, dramati 88l |y decreasing the cost of

mai nt ai ni ng or
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tubing as it he main wel | bore. In this enbodi nent, the
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filed on January 25, 1994, entitled [err] Orienting, Retrievabl e Wi pstock

Anchor, " cont®ntyrmssiwimedbwi idvide e yisdribad ishiapenda meabpar Anedng a
herein by reference. As di sclosed therein, the nipple has a profile on an
i nner surf acerefeyned . withdowr bd i lawered dsgongdace and the interface end of

the liner is cemented thereto. This is very important, as the
sealing of the joint between the liner and the main well flow
conductor may be ineffective if the window is not shaped as
expected.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of setting a
packing device within the main well flow conductor, the packing
device including a nipple for locating the diverter at the
prescribed position in the main well flow conductor and a helical
guide therein for rotating the diverter into the prescribed
orientation in the main well flow conductor. Therefore, the
present invention can also advantageously operate in the
environment of an existing well. This is a significant advantage
that the present invention enjoys over the prior art, as the
present invention, to be employed, does not require a particular
well structure (wherein lateral wellbores bear a predetermined
relationship to the main wellbore) or special preexisting devices
in the main well flow conductor. Thus, lateral wellbores can be
drilled, lined and hydraulically sealed to an existing cased main
wellbore, dramatically enhancing prbduction' levels and the

economic viability of existing wells.



only one of many possible spring-1oaded keys that may be set into an
assenbly containing the diverter and sent |ongitudinally through the main
wel | flow conductor. |[If the assenbly is set with a key corresponding to
the nipple's profile, the key engages with the profile, halting further
novenent of the diverter. If the key does mét correspond, the assenbly
travel s past the nipple w thout engaging therew th. Thus, nipples

cont ai ni ng many ulmgae predfernes mmbddinsntc edf athdsl espedt oehit Fbas palesept
the length of the main well flow conductor, allow ng diverters or _any other
obj ects to ehgeRRtivRh i \stare off bomdngereBpPEdseschite otiers of Middding the
the key chosen for the object, The present inventi kes advant ageoys._use
of this | ocat1IRPEysREM the Fidgwalhe Lpggeem Wﬁcﬁw CRPEEEE O PEEST &
in a reliable jmanner. In _a preferred enbodjpent of this aspect..of the .
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also directed primarily to a new well, in which the helical guide, that may
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integral with the nipple. :
existing wells, wherein the main well flow conductor is composed
of metal. Thus, a first trip with a metal milling bit is
required to cut through the main well flow conductor. A second
trip with a rock bit is required to drill the lateral wellbore.
'In some circumstances, intermediate trips may be necessary to
deburr or otherwise finish the periphery of the window prior to
lateral boring. However, once the window is formed, the method
this aspect of the present invention does not materially deviate
from that for a new well.

In a preferred embodiment of this aspect of the present
invention, the step of setting the diverter comprises the step
of setting a whipstock at the prescribed position and the
prescribed orientation in the main well flow conductor, the
whipstock having a slanted face thereon adapted to divert a
boring tool. Thus, the diverter initially employed to divert the
milling or drilling tool is a whipstock. The slanted face of a
whipstock is conventionally hardened to deflect boring tools.
After milling and/or drilling, an ordinary, non-hardened diverter
may be used.

In a preferred embodiment of this aspect of the present

invention, the steps of setting and boring are accomplished in



12 In this enbodi ment, the above-di sclosed nipple-profile and key systemis
al so enpl oyed to advant age. As the diverter approaches a nipple, a
spring-1oaded orienting lug nmounted on the diverter assenbly engages with

t he helical guide; causing the diverter to rotate. If the key on the
diverter assenbly matches the nipple profi LB, the assenbly engages the

ni pple and halts. The relative rotational relationship of the diverter and
t he assenbl yaar%lffﬁle%eﬂ'-ré-@eh that diyertathecrupledgdfes 3anBorhBgaskerhl >f°r

halts, the heli ui de, has caused, the diverter to rofate.i.nto pr |sel
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joint is-inserted into the casing string as it is lowered into the main

wel | bor e. afée atrgingi t o |thet ends pfeftteablyildsaréfdgbefnicluding the
ni ppl e, such that the diverter is positioned with the conmposite joint when

the keyed asappbdyriagageiti heibhpphe. sewenahlei linkchaurbggsi ¢ shglagy@dnt.o
drrll The drillstring and the diverter assembly are lowered into the
main well flow conductor as a single unit.

If a locator key and nipple are used to locate and orient
the diverter (as in a new well), the key engages the appropriate
nipple and the diverter assembly halts. In an existing well,
pipe measuring techniques may be used to gauge depth and
measurement-while-drilling ("MWD") technology may be employed to
gauge orientation to set the packer hydraulically at the
appropriate location and orientation. |

Once the diverter has been set, weight is placed on the
drillstring to shear the severable 1link; the bit drops,
contacting the élanted face of the diverter and is diverted to
.initiate the lateral wellbore.

In a preferred embodiment of this aspect of the present
invention, the step of lining comprises the step of washing down
the liner until the liner reaches a final position within the
lateral wellbore. An advantage this aspect of the present
invention is that it is compatible with conventional washdown

techniques, thereby ensuring that the liner is fully positioned

within the lateral wellbore prior to cementing.



t hrough the conposite joint and into the surroundi ng earth, thereby
elimnating the need for separate trips to (1) mll a w ndow and (2) dril
into earth. 13 In an alternative preferred enbodi nent of this aspect of
the present invention, the nethod further conprises the step of setting a
pr ef or med mnndOM/nenber having a pr ef or red 1&i ndow of a prescrlbed shape
formed therein into said main well flow conductor. Therefore, Bher t han

relying on the drfPl PnPESRTRRS f SRRPALDERYIoRE h&iifg aFRESH e%ErF €d RIeFROt
nb h f d t d.th f
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conprises the step of sefting a packing device within the main wel

conductor, thetweéelki fiBe G5 LghdPE|dfithe &iRdPW &n8OEhé Oﬁﬂiéﬂﬂaéé’l&:rﬂi \tfH tt@fe
at the prescrlbed position in the main well flow conductor and a heli cal
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the main well flow conductor. Therefore, the
in place, the seal between the lining and the main well flow
conductor must be perfected. Therefore, using conventional
cementing techniques, a cementing tool is lowered into the main
well flow conductor and to a location substantially in alignment
with ports in either the main well flow conductor or the liner.
A prescribed quantity of cement is injected through the ports
into the annular space. - The cement flows toward and into the
intersticesﬁto effect the seal.

In one alternative embodiment of this aspect of the present
invention, the method further comprises the step of injecting the
cement into an annular space between the main well flow conductor
and a wall of the main wellbore from ports located in the liﬁer.
This alternative offers the advantage of allowing ﬁhe cement to
flow upwards, discouraging voids from forming in the cement.

In another alternative embodiment of this aspect of the
present invention, the method further comprises the step of
injecting the cement into an annular space betﬁeen the main well
flow conductor and a wall of the main wellbore from ports located
in the main well flow conductor. This alternative injects cement
closer to the interstices than the first alternative, thereby
offering the advantage of ensuring that the cement that perfects

the seal is relatively free from debris that may be entrained



present invention can al so advantageously operate in the environnment of an
existing well. This is a significant advantage that the present invention
enj oys over the prior art, as the present invention, to be enpl oyed, does
not require a particular well structure (wherein |ateral wellbores bear a
predetermned relationship to the main mel?Bore) or special preexisting
devices in the nahﬁﬁwell fl.ow_condyctor. Thus, latera bhores can, be

drilled, |iMSFandtfyFEiicafPycsdat tha%nt e s??%@t%ﬁsgésﬁﬁpﬁe\/\ejrrl‘ b5|h§,

dramati cal | Qﬂﬂﬁgg g productlon | evel s and the economi c viability of
exi sting mexqe %é;l n a preferred enbodi nent of thls aspect of the

present i nvent | ofey  Be pHedf b DUNKGLGRER | SESchie SEpRtcolo fﬂéﬁéngrtegent

wi ndow i nto the sidewa the main we | ow con r mnt a ml

tool and drijdydutidi 0 tHe MR %hr%ﬁéi-%@ﬂbf%é@%ﬁ@'été@@'df flh(ﬂ\é’ctln an
conductor with a dr|II|ng tool, the sidewall” being conmposed of a netallic

material. astdnetire éér@é/:t@uﬁxhtyo dgs canheTla £Npsceebétwédn StRebrdiAenk1ls
directed principally to existing wells, wherein the main well flow
conduct or i stlcwiposeductoneand. theThadin aeflilbeiret magllnittdh themtly aréataga
bit is required to cut through the main well flow conductor. A second trip
with a rock Hiaxikle epalr betweedr the nain Weldr §lowetonpduetor and the liner.

In this embodiment, the elastomeric cement preferably conforms
to that disclosed in United States Patent 5,159,980 entitled
"Well Completion and Remedial Methods Utilizing Rubber Latex
Compositions," and United States Patent Application Serial No.
08/041,083, filed on 04/01/93, entitled "Methods of Displacing
Ligquids Through Pipes", both of which are commonly assigned with
the present invention and incorporated herein by reference.
During the lifetime of the well, thermal, geologic and other
stresses may shift the 1liner interface with respect to the
periphery of the window. A cement haying elastomeric properties
can accommodate minor shifting, thereby maintaining the integrity
of the seal. Those of skill in the art should understand,
however, that ordinary drilling cement may be preferable to
elastomeric cement, depending wupon geological or cost
considerations.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of removing the
diverter from within the main well flow conductor to thereby
allow access to a distal portion of the main well flow conductor.

The present invention theréfore allows £full access to the



In sonme circunstances, internediate trips may be necessary to deburr or

ot herwi se finish the periphery of the window prior to |ateral boring.
However, once the window is forned, the nethod this aspect of the present

i nvention does not materially deviate fromthat for a newwell. In a
preferred enbodi ment of this aspect of thelfresent invention, the step of
setting the di verter.-conpri ses the step of setting a mhlpstock at the
prescri bed p'?%‘ﬁ’rféﬁﬁ%n(? h&hgr e@%Hlbé'EPJo"rl EACH: | GRPANCERE AR WS | latsxal

conduct or,
boring tool
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to a boring tool for performng the step of boring via a severable |ink:

This is a sighd fimantinedvantRgs the Sased velllbbeepwtsh doived itabe ThE.
diverter and its associ ated assenbly (perhaps including the

This is a significant advantage of this aspect of the present
invention. In a manner to be illustrated.more_completely; coiled
tubing can be lowered into a completed well for rework or other
purposes. The coiled tubing has one of a selectable number of
conventional tools and a diverter assembly at an end thereof (if
entry into a selected one of the lateral wellbores is desired).
Again, the diverter assembly is keyed to engage with a nipple at
a particular location within the main well flow conductor
corresponding to the desired lateral wellbore. The tool contacts
the slanted face of the diverter and enters the lateral wellbore.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of locating a
slidable flow control device having ports therein proximate the
window, the flow control device rotatable or longitudinally
slidable (generically, "movable”) within the well flow conductor
to expose the window thereby allowing access to the liner by a
tool. In this embodiment, the flow control device preferably
conforms to that disclosed in U;S. Patent No. 5,309,988, issued
on May 10, 1994, entitled "Electromechanical Shifter Apparatus
for Subsurféce Well Flow Control," commonly assigned with the

present invention and 1ncorporated hereln by reference.



| ocator key and orienting lug or, alternatively, including a notched
profile on an upper surface of the associated assenbly) are attached to the
end of the drillstring (including the appropriate bit) with the severable
link, such as a shear pin. The drillstring and the diverter assenbly are

| owered into the main well flow conductor a9 a single unit. If a |ocator
key and nipple are used to |ocate and orient the diverter (as in a new

wel 1), the key endages phefeppedpemiodimepsl efarthiseadpectt of ddsenbrgsent
halts. In an existing well, pipe nmeasuring techniques may be used to gauge
dept h and rreasme@r@qnlwrnheemnhqd rifpytharD gonrasiaas ddie reh kP edletng oa
gauge orientation_ to set the packer hydraulically at the appropriate
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advant age thi s aspect of the priesent invention is that it Is conmpatib
Wi th convent iepidlretqs Fown ded@ticdUaateirBgr @Y 188gdr i ng that the I|ner is

fully positioned within the |ateral wellbore prior to cenenting.
In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of repeating the
setting, boring, 1lining and ceménting steps at a second
prescribed position and a seéond prescribed orientation in the
" main well flow conductor to yield a plurality of lined lateral
wellbores formed in the material and extending from thé main
wellbore.  Although the present invention applies to main
wellbores having but a single lateral wellbore, this preferred
embodiment yields a multilateral weli having the advantages
outlined previously. |
Another aspect of the present invention provides a methbd
of creating a multilateral well, comprising the steps of: (1)
setting a diverter having a soft centered, cement or composite
material drillable core at a prescribed position and a prescribed
orientation in a main well flow conductor located within a main
wellbore, the diverter severably coupled to an end of a
drillstring, (2) boring through a sidewall of the main well flow
conductor and into a material surrounding the main well flow
conductor with a boring tool coupled to an end of the
drillstring, the boring creating a window having a particular

shape in the sidewall, the orientation of the diverter



16 In a preferred enbodi nent of this aspect of the present invention, the
nmet hod further conprises the step of injecting the cenent into an annul ar
space between the main well flow conductor and a wall of the main wellbore,
the cement filling interstices between the periphery of the w ndow and the
interface end of the liner to create the p?‘gssure-beari ng seal. After the
lining is in place, .the seal between the lining and.the main Il f]ow
conduct or ‘mAStSFIIING & lpterah PRt ion Bti ﬁaeca' i&ﬁ’altvi%erﬂ?&’?nﬁell

t echni ques, cenentjng tool_ is |owered . jnto t I.n | £l duct
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step of injdelder@it heelatrd witlp anl@ned| aandpdes kemepdingheH@ilinet | in
fl ow conductor and a wall of the main wellbore fromports |ocated in the
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upwar ds, discouraging voids fromformng in the cenent. In another
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further conprises the step of
the liner.

A primary advantage of this aspect of the present invention
is that the diverter can be set, the window formed and the
lateral wellbore drilled in a single trip. This is a significant
advantage over the prior art, as it is expensive and time-
consuming to make multiple trips. The diverter is preferably
léft in the main well flow conductor throughout the remaining
life of the well.

In a preferred embodiment of this aépect of the present
invention, the diverter is coupled to the drillstring wvia a
severable link. As before, when the diverter is set (either by
hydraulically setting a packer, engaging a locating key in a
nipple or otherwise), weight or tension is placed on the
drillstring to shear the severable 1link; the bit drops,
contacting the slanted face of the diverter and is diverted to
initiate the lateral wellbore.

In a preferred embodiment of this aspect of the present
invention, the method further comprises the step of removing
cement, or composite materials run in place in the soft centered,
cement or composite material drillable coré, injectea into the

soft centered, cement or composite material drillable core of the



injecting the cenent into an annul ar space between the main well flow
conductor and a wall of the main well bore fromports |located in the main
wel | flow conductor. This alternative injects cenent closer to the
interstices than the first alternative, thereby offering the advantage of
ensuring that the cenment that perfects the 8kal is relatively free from
debris that may be entrained 17 were the cenent forced to travel a
greater di st aHeeerter heowallowr asceps gopeefddstad aayddianenf ofhe hmainspedd
of the present_ invention, the nethod further conprises the step of
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I nvention and incorporated herein by reference. During the lifetime of the
wel |, thermal, gemhsn ehendiaklreis cemented into place, cement is forced into
the interstices about the window and the liner, hydraulically
sealing the liner to the main well flow conductor. By design,
the cement also enters the soft centered, cement or composite
material drillable core of the diverter, at least partially
blocking the distal portion of the main well flqw conductor.
This cement must be removed to regain access to the distal
portion. |
Still another aspect of the present invention provides a
system for creating a multilatgral well, comprising: (1) means
for diverting set at a prescribed position and a prescribed
orientation in a main well flow conductor located within a main
wellbore, (2) means, cooperable with the means for diverting, for
boring through a sidewall of the main well flow conductor and
. into a material surrounding the main well flow conductor, the
means for boring creating a window having a particular shape in
the sidewall, the orientatioh of the means for diverting
determining a lateral position of the window in the main well
flow conductor, a lateral wellbore thereby being formed in the
material and extending from the main wellbore, (3) means for

lining the lateral wellbore, and (4) a pressure-bearing seal



stresses may shift the liner interface with respect to the periphery of the
w ndow. A cenent having el astoneric properties can accommodate m nor

shifting, thereby maintaining the integrity of the seal. Those of skil
in the art shoul d understand, however, that ordlnary drilling cement nmay be
preferable to el astoneric cenent, depe upon geological or cost

In a-preferred enbodlnent this.a ect of _t he

g .
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conductor and tO% ater ores at e ere rom n aprererre

enbodi ment %Ts&ghéma§B§CErQ£tiH§ Qﬁﬁﬁﬁﬁﬁldﬂ@fﬁﬂ”ﬁ%ﬂi t Bem ﬁ?EQQH?fUWiheﬁeans
conprises the Step of accessing & sel'ected one of a distal porfion of the

main wel | flfy conelmedt Dig agdet Ravingen Mdfl Ncéfeet&d eqei108bl 8oord tdt aa
coiled tube rig. This is a significant advantage of this aspect of the

present inveidsatribed posdtien thadba pikkseribeddombentavipheirl y, mainlwell
tubing can be lowered into a conpleted well for rework or other
flow conductor located within a main wellbore, the means for
diverting severably coupled to an end of a drillstring, (2) means
for boring through a sidewall of the main well flow conductor and
into a material surrounding the main well fldw conductor, the-
means for boring creating a window having a particular shape in
the sidewall, the orientation of the means for diverting
determining a lateral position of the window in the main well
flow conductor, a lateral wellbore thereby being formed in the
material and extending from the main wellbore, (3) means,
cooperable with the means for diverting, for-lining the lateral
wellbore, and (4) a pressure-bearing seal between the periphefy
of the window and the liner, the liner cemented in place within
the lateral wellbore.
Yet another aspect of the present invention provides a
subterranean multilateral well structure, comprising: (1) a main
~well flow conductor located within a main wellbore, a sidewall
of the'main well flow conductor including a plurality of windows
having a particular shape distributed along a length of the main
well flow conductor, the windows having lateral orientations, (2) .
a plurality of lateral wellbores formed in material surrounding

the main wellbore, the lateral wellbores extending from

respective ones of the piurality of windows, (3) liners having



pur poses. The coil ed tubing has one of a sel ectable nunber of conventi onal
tools and a diverter assenbly at an end thereof (if entry into a selected
one of the lateral wellbores is desired). Again, the diverter assenbly is
keyed to engage with a nipple at a particular location within the main well
fl ow conductor corresponding to the desired®3 ateral well bore. The too
contacts the slanted. face of the diverter and enters the |ateral _wellbore,

In a preferré@t@ﬁﬁﬁﬂﬁhﬁﬁﬁso¢emﬁP%eﬁéﬁﬁﬂﬁlbﬁaFﬁeOSH@?éﬁ@t@H@@nWFéﬁ OfRE, the
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Fl ow Control ," commonly assigned with the present invention and
i ncor por at ed depirRict iy thefa@iopc €he malf Welabpief andethenboger@htwollbdies,

aspect of the present invention, the nethod further conprises the step of

| ocating a sl{bdabpeebboveebaarbhgdeseakimgy oxfmatbet hintvemfiore emlds f tow the
respective peripheries to allow selective isolation of a portion
of the lateral wellbores and (c) subsequent selective access to
the lateral wellbores. .

The foregoing has outlined rather broadly the features and
technical advantages of the present invention so that those
skilled in the art may better understand the detailed description
of the invention that follows. Additional features apd
advantages of the invention will be described hereinafter that
form the subject of thé claims of the invention. Those skilled
in the art should appreciate that they may readily use the
conception and the specific embodiment disclosed as a basis for
modifying or designing other structures for carrying out the same
purposes of the present invention. Those skilled in the art
should also realize that such equivalent constructions do not
depart from the spirit and scope of the invention in its broadest
form.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention,
and the advantages thereof, reference is now made to the
following decripﬁions taken in conjunétion with the accompanying

drawings, in which:



control device substantially blocking a flow of fluid between the liner and
the well flow conductor. Thus, the present invention nay nmake use of a
portless flow control device to block off an entirety. of a selected |ateral
wel I bore. In a preferred enbodi nent of this aspect of the present

i nvention, the nmethod further conprises th24step of repeating the setting,
bori ng, I|n|ng and cenenting steps at a second prescribed position and a
second prescri bed BFYREt &t |Jg|ri-uﬂin4feeﬂmﬂn veaticaldy ckrrrfherteredi ehdghly
plurality of lined Jateral, wellbores forned_in the paterial and extending
from t he maiFFRRMA LT Partiad ﬂmwlﬁﬁné%eﬂﬂewl ﬂ@eﬁ'\t“i‘w éiﬁﬂ‘r% °tfo anﬁPh’
wel | bor es hawl?g‘,#rg si ngl e Iatgral this ggrreg E

yi el ds.a mul¥§HardreeT wee ﬁ%\%’n‘@ tﬁ%tﬁﬁ@%n?% egrb‘a’fl bré ?BUQ d¥ing
prother aPepledilalile & o8 AL GRS A Sh dRLOE Jninfald g a

mul til ateral 1'Si'ng eps o Ing a Verter Havi ng a
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pOSI tion and a prescri orientation in a naln we conduct or ocat

within a maidcyehd OrF epatb€alli ¥8h5E8L s88Y 6ARL YvEawPbEd al tafith ks Dig 3of an
drillstring, (2) boring through a sidewall of the main well flow conductor

and into a reatiasting eI WTbalg thee seepnofesét timyy and@icioy td theashep bf
tool coupled to an end of the drillstring, the boring creating a w ndow
havi ng a parhoxisiqar astapaling t He sithenalfiirsthe embodimentono§f the dpvesest
invention;
FIGURE 3 illﬁstrates a vertically foreshortened, highly
schematic partial cross-sectional view of the main casing of
'FIGURE 1 after the step of boring and prior to the step of lining
according to the first embodiment of the present invention;
FIGURE 4 illustrates a vertically'fdreshortened, highly
schematic partial cross-sectional view of the main casing of
FIGURE 3 after the step of cémenﬁing according to the first
embodiment of the present invention; |
FIGURE 5 illustrates a vertically foreshortened, .highly
schematic partial cross-sectional view of the main casing of
FIGURE 4 with a slidable flow control member having ports therein
proximate the window according.to the first embodiment of the
"present invention;
FIGURE 6 illustrates a verfically foreshortened, highly
schematic partial cross-sectional view of the main casing of
FIGURE 5 with the slidable flow cdntrol device axially displaced
thereby providing coiled tube rig rework access to the lateral
wellbore according to the first embodiment of the present

invention;



20 determning a lateral position of the windowin the main well flow
conductor, a lateral wellbore thereby being fornmed in the material and
extending fromthe main wellbore, the steps of setting and boring per f or med
inasingle trip, (3) lining the lateral wellbore with a liner, and (4)
cementing the liner in place within the | a8 al wellbore, the step of

cenenting creating a-pressure-bearing seal bet t h Lph f t.h
wi ndow and t he Ii%éﬁ. R ﬁ?ihﬁi?sﬁﬁ§5%?a§€ %ﬁ§$¥$§ p%@ %%hgfﬁéxﬁgéséﬁﬁ;hly
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this aspect Of sent invention, the diverter is coupled to the
drill'string via apggwRiald eihigktrdtebBel0r eervhesaiipe fdreehberenedsethighly

(either by hydraulically setting a packer, engaging a |ocating key in a
nippl e or ot behemaelic WRiMialorcresst sect sopdhcedewn ofhethir i hasnr icaging of
shear the severable Iink; the bit drops,
FIGURE 7 after the step of cementing according to the second
embodiment of the present invention;
FIGURE 9 illustrates a vertically foreshortened, highly
schematic partial cross-sectional view of the main casing of
 FIGURE 8 after the step of boring a subsequent wellbore according
to the second embodiment of the present invention;
FIGURE 10 illustrates a vertically foreshortened, highly
schematic p_artial cross-sectional view of the main casing of
FIGURE 9 after the step of lining the subsequent wellbore
according to the second embodiment of the present invention;
FIGURE 11 illustrates a vertically foreshortened, highly
schematic partial cross-sectional view of the main casing of
FIGURE 10 before the step of boring through the soft centered,
cement or composite material drillable core of the diverter
according to the second embodiment of the present invention; and
FIGURE 12 illustrates a vertically foreshortened, highly
schematic partial cross-sectional view of the main casing of
FIGURE 11 after the step of boring through the soft centered,

cement or composite material drillable core of the diverter

according to the second embodiment of the present invention.



contacting the slanted face of the diverter and is diverted to initiate the
| ateral wellbore. In a preferred enbodi nent of this aspect of the present
i nvention, the nethod further conprises the step of renoving cenent, or
conposite materials run in place in the soft centered, cenment or conposite
material drillable core, injected into the2§oft centered, cenent or

conposite material drillable core_of the diverter to allow access to-
a distal portion of fhe main melIDFTbﬁFEBnB§§?5¥PTI°¥n a nore preferred

mbodi ment, the mpthod furth t he_st f.b t hr ough,
Sort canter ed, o or SEOMARAE rEeri BRTFPAD| ARVBPELGR T %R t 8P
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l'i ner, hydraullcally sealing the liner to the mai | ow conduct or
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material drillable core of the diverter, at |east partially bl ocking the

di stal portiwitioin theain webkbbré| o(e ) dstiticothréogh & esnbdéwallls tofoeheeaiad
to regain access to the distal portion.
well flow conductor and into a material surrounding the main well
flow conductor, the boxing creating a window having a particular
shape in the sidewall, the. orientation of the diverter
determining a lateral position of the window in the main well
flow conductor, a lateral wellbore thereby being formed in the
‘material and extending from the main wellbore, (3) lining the
lateral wellbore with a liner, the liner having an interface end,
and (4) cemepting the liner in place within the lateral wellbore,
the step of cementing creating a pfessure-bearing seal between
the periphery of the window and the interface end of the liner.
Referring initially to FIGURE 1, illustrated is a vertically
foreshortened, highly schematic partial cross-sectional view of
a main casing.of a new well after the step of setting and prior
to the step of boring. The present invention is employable in
both new and existing well environments. FIGURE 1 is therefore
a new well and FIGURE 2 is an existing well.
FIGURE 1 shows a well, generally designated 100. The well
100 compriseé a main wellbore 110 that has been drilled generally
vertically into earth 112 (more generally réferred to as
"material surrounding the main wellbore") in a conventional
manngr; A main casing 120 is set into the main wellbore with

cement 122, again in a conventional manner. Since the well 100



Still another aspect of the present invention provides a systemfor
creating a nultilateral well, conprising: (1) nmeans for diverting set at a
prescri bed position and a prescribed orientation in a main well flow
conductor located within a nmain wel |l bore, (2) neans, cooperable with the
means for diverting, for boring through a Zidewall of the main well flow
conductor and into a material surrounding the main well flow conductor, the
means for bdsi AgneMedeldy &hsi madw kasing a2Paheechean sehpiniplaee with a
sidewal |, the orientation,of the neans for diverting determnin tera

position of MRS ﬁ&&v\;‘ﬁﬂlpﬁeanﬁ¥ﬂf%\%?l 1?‘% &R @h r sugf F‘SFngﬁrﬁﬁ FbofR
th by b f d t.h t t f t [ 1lb
(3) ;ﬁeénse:‘%? TR, Efe o OF 35{'&@?? 5 PRt 137, 0GR iR At
22 t t t f ft

Liner ]'Ie’%at‘%q'r PISEY 8ha Q?‘r%\gﬁ’ rl‘?Iltlfll?;'le *:H Ie[)o?%q Pf%? ye[’ﬁlaénorp er

the |iner cémen in place w
aspect of ”E':%s&"n@_;se&tzo' N¥GPLhap piﬂé!i@&ésaéyiﬂeq@dcaqr g8kl Ng28 that is

multilateral well”, conprising: (1) neans for diverting set having a soft
centered drijilaReatee 8 BeRneSH i Redipasi AN UnAcRIRSEN iBetot herwise
orientation in a main well flow conductor located within a main well bore,

t he neans f dortheder tintep seaer abhyegouphieflate avfendhef @madm | lcdgimy, 120.
nmeans
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- Alternatively, the helical guide 126 may be made integral with
the nipple.

Finally, the main casing 120 includes a section or joint 128
composed of a composite material. For purposes of the present
discussion, ‘"composite material" shall be defined as a
nonmetallic, perhaps heterogeneous, typically woven-fiber
structure captured in a resin matrix. Examples of composite
materials are carbon fiber composites and glass fiber composites.
Composite materials are widely known for both their extreme
lightness and strength. They are also known for their fragility
and tendency to abrade and delaminate locally when subjected to
frictional forces. In many applications, this is
disadvantageous. However, in the given application, it is
desirable to provide a.joint 128 that may be drilled through with
a drilling bit, rather than a special metal milling bit. This
reduces the number of trips requiredl to create a lateral
wellbore, thereby enhancing both time and cost factors.

A diverter assembly 130 and accompanying diverter 132 are
lowered into the main casing 120. The purpose of the diverter
assembly 130 is to position the diverter 132 at a prescribed

position and prescribed orientation within the main casing 120.



for boring through a sidewall of the main well flow conductor and into a
mat eri al surrounding the main well flow conductor, the neans for boring
creating a wi ndow having a particular shape in the sidewall, the
orientation of the nmeans for diverting determning a |ateral position of
the window in the main well flow conductor,2& |ateral wellbore thereby
being formed in the material and extending fromthe nain well bore, (3)
means, coopelabltaeniill usteamednembodinens,t thg, diverteni k32t he aawvkipstock.
wel | bore, and (4) a pressure-bearing seal between the perjphery of the

wi ndow and t HRipstecks ere | AersReGisrk ctYPR Pfacdivextemh hA¥iNgt & adpardened
wel | bore. Yet _anot her aspect of the present _invention provides a :
subterraneans&ﬁPFF%aﬁéF&I1§éIFL§F?EEt Wwrted 1R IAGYRFE @1Poring Rordtr 1 AFLSF
conductor |ocated w thin a .0 wel | bore .Sidewal | of 1the im.well flow
conduct or | ndRAdRg 2R SR PRed 18RSy AfoREARADF Ry BOBPRTIRET Shvpetet ey
distributed glo | en th i | &1 C r 1.nd
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interface enteorderemied wi thin each of the lateral wellbores, the

The diverter assembly 130 includes a body portion 134 having
a generally conical end 136. The body portion 134 has slots (not
referenced) therein running vertically, as shown, along the body
portion 134,. Each of the slots is adapted to receive one of a
selectable number of locator keys 138. The locator keys 138 have
a profile formed therein designed to conform to the profile 124
on the nipple 122. Finally, a spring-loaded orienting lug 139
is mounted within the body portion 134 and biased such that a
pointed end of the orienting lug 139 bears resiliently against
an inner surface of the main casing 120 as the diverter assembly
130 is lowered through the main casing 120.

As the diverﬁer assembly 130 approaches each nipple in the
main casing 120, the orienting lug 139 engages with a helical
guide associated with each nipple, causing the diverter 132 to
rotate into a correct orientation. If the locatgr key 138 on the
divefter assembly 130 matches the nipple profile 124, the
diverter assembly 130'engages the nipple and halts. The relative
rotational relationship of the diverter 132 and the diverter
assembly 130 are preset such thét, when the locator key 138
engages and the diverter assembly 130 halts, the helical guide

136 has caused the diverter 132 to rotate into precisely the



interface ends of the liners adapted to contact peripheries of respective
one of the windows in the sidewall and (4) pressure- bearing seals between
t he peripheries of the windows and the interface ends of the liners to

t hereby provide for (a) connectivity anmong the main well bore and the

| ateral well bores, (b) pressure-bearing s ing of the interface ends to
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Those skilled in the art should appreciate that they may readily use the

conception zhe bHhafdead.fic enbodi nent disclosed as a basis for nodifying
or designing other structures for carrying out the sanme purposes of the
present inventiodf théhdseatbrl key LASt Heearnosimatchatlbe prefile 126t theh
equi val ent constructions do not depart fromthe spirit and scope of the
i nvention i AocasoRT deriest3$ oAreSBROLF PERCR FHrONEPPIRELRRAWTIES dhyerter

nore conpl ete u%g rstandi ng of, the present ipnventjon, and the advagtages
t hereof, rePEFE j'yl s13QWRRESNUES: Hee travel and the orienting lug 139

disengages the helical guide 136, conventionally by means of a.
ramp (not shown) at a lower end of the helical guide 136. Thus,

nipples containing many unique profiles may be placed at selected
‘locations along the length of the main casing 120, allowing
diverter assemblies or any other objects to engage with only one

of the selected locations as a function of the locator key chosen

for the objéct. The present invention makes advantageous use of
this locating éystem to create and subsequently access lateral

wellbores in a reliable manner.

In the illustrated embodiment, the steps of setting and
boring are accomplished in a single trip. To accomplish this,
the diverter 132 is coupled to a drillstring (generally
designated 140 and comprising sections of drillpipe 142,
drillpipe jointé 144 and a boring bit 146) via a severable link
148, such as a shear pin. ' |

For purposes of the present invention, the term "boring" is
geﬁeric and includes the terms "milling"” and "dfilling." Milling
refers specifically to the operation of boring or cutting through
metal. Drilling refers to boring or cutting through nonmetal,

including earth or composite material. As will be illustrated



foll ow ng descriptions taken in conjunction with the acconpanyi ng draw ngs,
I n whi ch: 24 FIGURE 1 illustrates a vertically foreshortened, highly .
schematic partial cross-sectional view of a main casing of a new well after
the step of setting and prior to the step of boring according to a first
enbodi nent of the present invention; FIGURBO2 illustrates a vertically
foreshortened, highly- schematic partial cross-sectional view of a. nain
casi ng of aniBxyreater detail+ &he horingpbat Lk Maybena @Fibiing ke fugh
of boring accordinggto the first enmbodjnment of the present inventi,

FI GURE 3 i || @8t faFeskabity i vRan| fhe gyethot % nkR neW gyhIThes BRdd I@%Q;r%ﬁalis
-sectional_view of the main.casing, of, Fl QURE 1 after.the step of

boring and preanired e brcp BriHEAR B2 cenrni the dePhetto 1 F i8Nt of

th toi j g il t ' ,

i ghly  schemati o Cafr it iiotaihg, 148 (HED chel FYERCY LALERRTY PREY qre

3 after the sbgp,0f GERBNUHA MEGET hdnd 01888 abi bSts M W . Of whi® the

present invention; FIGJURE 5 illustrates a vertically foreshortened, highly
schemati ¢ palééatof ey -5F8 drifiifesd/ ithe AbprBPriBLE £8HHIE 142, the diverter
assembly 130 halts as described above. Weight is placed on the
drillstring 140, causing the severable link to shear; the boring
bit 146 drops relative to the diverter 132, contacting the
slanted face 133 of the diverter 132 and is thereby diverted to
initiate drilling of a lateral wellbore 150. Conventional bit
technology is employed to drill through the composite joint 128
and into the surrounding earth, thereby eliminating the need for -
separate trips to (1) mill a window into a metal casing joint and
(2) drill into earth.

In an alternative embodiment of the present invention, the

joint 128 may be composed of a metallic material and have a
preformed window of a prescribed shape formed thergin. In this
embodimént, the window has a cover composed of a composite
material located thereon. A drilling bit would be used to drill
through the cover and into the surrounding earth 112. The window
would thereby be opened and would have the prescribed shape.
Therefore, rather than forming the entire joint of composite
material, a composite-covered window is preformed in an otherwise
steel casing. The advantage of this embodiment over the one
previously described is that the window that results after
drilling has a known geometry. This is very important, as the

sealing of the joint between the liner and the main casing may



FIGURE 4 with a slidable flow control nenber having ports therein proximte
t he wi ndow according to the first enbodi nent of the present invention;
FIGURE 6 illustrates a vertically foreshortened, highly schematic parti al
cross-sectional view of the main casing of FIGURE 5 with the slidable flow
control device axially displaced thereby p#dviding coiled tube rig rework

CoCese 0 e | ASRLCYELL PO ACoCr g, 10y he. Lfab SThoclamnt oyt e
LI ST RO Ao SRS R ot Rl e e 58 RO BeR BB
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the main casing ofyFA{RREnbdf £6r #heums eR,0f 188ABALAPEdACEHT & NgetRibhely
second enbodi nent of the present invention; FIGURE 9 illustrates a

vertical ly fisasdinstesesd, MRy Sdmitic paktiall eress-seetionall view of
the main casing of FIGURE 8 after the step of boring a subsequent well bore

accordi ng t atheisecasdngnurb nefit anf exdistimesesdll nveot afibpr the step of

setting and prior to the step of boring.

The differences are as follows. First, there is no nippls
122 preset into the main casing 120, since the main casing 120
was set in placé with no prior knowledge of a need for such
nipple 122. Therefore, a conventional permanent hydraulic packer
220 is used to establish a location for the desired lateral
wellbore.

A hydrgulic hoée couples the hydraulic packer 220 to é
source of hydraulic pressure (not shown), typically located at
the surface. Using pipe measuring techniques and MWD technology,
the hydraulic packer 220 is set in a prescribed location and
orientation. A nipple 222, integral with the hydraulic packer,
preferably includes an integral helical guide (not shown). Since
the hydraulic packer 220 will preferably be 1left in place
throughout the remaining life of the well 100, the nipple 222 and
guide serve as a permanent reference for the lateral wellbore,
allowing subséquent selective access, as described.

- Alternatively, it is contemplated that the packer may be
mechanically set (slidably) by conventional reciprocating means.

The diverter 132 (whipstock) and diverter assembly 130

(including the hydraulic packer 220) are lowered into place as

before, preferably attached via the severable link 148 to the



FIGURE 10 illustrates a vertically foreshortened, highly schematic partial
cross-sectional view of the main casing of FIGURE 9 after the step of
lining the subsequent well bore according to the second enbodi ment of the
present invention; FIGJRE 11 illustrates a vertically foreshortened, highly
schematic partial cross-sectional view of BRe main casing of FIGURE 10

before the step_of boring through the soft centered, cenent or conpqsite
materi al driPFabl8tELRS g#°th§h8F§?Vt@Fn&@&5F89n§rﬂBsthe“@@@bﬁfqg¥§iﬁﬁﬂ%ﬂg
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Again, one aspect of the present invenfion provides an inproved nethod of
creating a nalibwdhgreheWphtkeenpRostBgbkhgetl eponek: thé) paekerN22d is set
diverter at a prescribed position and a prescribed orientation in a main
wel | fl ow coandoteightoGpipdd ed tbi tha dwdll swtirdpite, séerboe rgpudywaiigh 1d nk
sidewal | of the main well flow conductor and into a material surrounding
the main wel 148, it is apparent that the boring action of the boring bit 146

destroys a portion’ of the hydraulic hose. As the hose is no
longer required, this is of no concern.

The joint 128 is a conventional metal joint, rather than a
composite joint, since, again, the main casing 120 was set in
place with no prior knowledge of a need for such composite joint.
AThe boring bit 148 is now required to be a milling bit, as the
joint 128 ig metal.

Those skilled in the art should understand that the present
invention is not 1limited to casings. In fact, the present
discussioﬁ often uses the more _generic term 'well flow'
conductor," as production tubing and the 1like may also be
breached to create lateral wellbores. Those of skill in the art
-will further understand that the terms "casing" and "liner" are
rather interchangeable, although to some of skill in the art, -
"liner" has come to refer to casing that does not extend fully
to the surface of the well 100. These terms are therefore used
somewhat interchangeably. .

Once the boring bit 146 mills through the main casing 120,
" the drillstring must be raised and refitted with a drilling bit

to drill the lateral wellbore 150. In some cases, intermediate



fl ow conductor, the boring creating a wi ndow having a particular shape in
the sidewall, the orientation of the diverter determning a | ateral
position of the windowin the main well flow conductor, a |ateral wellbore
t hereby being forned in the material and extending fromthe main well bore,
(3) lining the lateral wellbore with a 1in23, the liner having an interface
end, and (4) cenenting the liner in place within the lateral wellbore, the
step of cendrtiRgy f@ﬁliégb?— ngedaupred ste edeeurr ngr sebhepwiseehinkshpehepéngdows
the wi ndow and the jnterface end of the liner. Referring initially to

FI GURE 1, i 1Mkt Rf9 £he ain ca93rg drdshor tened, highly schemati c

partial cross-secgf.ional view of a nain casi of a newwell _after the ste
of setting and pri® PESTRAT stRESRTTH0 45, WG present thvefiei SRviEoamen
enpl oyabl e i n: bot h jstin |} _epnvj F LS
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manner. A main casing 120 is set into the main wellbore wth cement 122,

agai n in a ctwestumnal (werein Jawrdlhewadllbote@ bead? a predetermined
relationship to the main wellbore) or special preexisting
devices, such as nipples or special joints, in the main_casing
120. Thus, lateral wellbores can be drilled, lined and
hydraulically sealed to an existing cased main wellbore,
dramatically enhancing production 1levels and the ecénomic
viability of existing wells.

Turning now to FIGURE 3, illustrated is a vertically
foreshortened, highly schematic pértial cross-sectional view of
the main casing 120 of FIGURE 1 after the step of boring and
prior to the step of lining. Several changes have taken place
since FIGURE 1. First, the diverter 132 and diverter assembly
130 have been retrieved from the main casing 120 in a
conventional manner.

In place of the diverter 132 and diverter assembly 130, a
slidable flow control device 310 and an associated flow control
device assembly 320 are engaged into the nipple 122 as described
above. Of course, were the well 100 an existing well, a
permanent hydraulic packer and associated nipple would take the

~ place of the nipple 122. The flow control device 310 is
illustrated as having a plurality of ports 312 therethrough that

will function to control fluid communication to the lateral



is a newwell, the main casing 120 has been set in place with a nipple 122
having a profile 124 on an inner surface thereof. In a manner to be
described, the profile 124 allows subsequent |ocation of, and engagenent
with, the nipple 122. The main casing 120 further includes a helical
QU|de 126 that is illustrated as being a h8Rical recess nachined or
otherwi se fornmed inte an inner surface of the main casing
AIternatlveIyellherﬁeﬂﬁ@akuguad@ayzsrhﬁ¥>b@enéﬂécrhpééral Vﬁ?hfgﬁg RSl

Finally, the main casing 120_incl udes a section o 128 c d of,
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and del am n cally subjected to frictiona
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application, it is desirable to provide a joint 128 that nmay be drilled

t hrough wi t htBogei bEi BRibDlt inr ehbeart hagivespehe opresent teadchimgdil. This
reduces the nunber of trips required to create a |lateral wellbore, thereby
enhanci ng both tiTheapresest imedmwrion Aslialec epersbiabvithi® powtless flow
acconpanyi ng diverter 132 are
control device 310. In the upper position, the flow control
device 310 serves to block fluid communication to the lateral
wellbore 150, thereby sealing the lateral wellbore 150.

The slidable flow control device 310 and associated flow
control device assembly 320 have a soft centered, cement or
composite mgterial drillable core to allow access to portions of
the main casing 120 that are beneath the device 310 and.assembly
320. A further profile 312 is located on an inner surface of the
flow contrbl device 310. The profile 312 is adapted to accept
an engaging key of a diverter assembly 330 coupled to a diverter
332. The diverter 332 does not require a hardened face, as
milling and/or drilling is complete. By virtue of the profiles
124, 312 and their associated orienting lugs (not shown for
simplicity’s sake), the diverter 332 is in a proper location and
orientation for access to the lateral wellbore 150.

Finally, the flow control device assembly 320 includes an
upper section 322 (a "preformed window member") having a pre;
milled window 324 therein. Those of skill in the art should

understand that a corresponding window 326 previously drilled or

milled in the joint 128 may have uneven or rough edges, resulting



| owered into the main casing 120. The purpose of the diverter assenbly 130
is to position the diverter 132 at a prescribed position and prescribed
orientation within the main casing 120. 28 In the illustrated

enbodi ment, the diverter 132 is a whi pstock. Wi pstocks are a special type
of diverter having a hardened slanted face 383 thereon adapted to divert a
boring tool. After m-ling and/or drilling, an_ordinary, non-hardened_|,

di verter may e ags sgknowrogepaetryher selpiee And e Winss &9 §PeARi BATesiable
limted to the use of _hardened whi pstocks for diversion_of the boring bit,
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the main casing 120 as the diverter assenbly 130 is | owered through the
mai n casi ng EHape for attachment of the liner.

A liner 340 is shown entering the upper section 322. The
liner 340 may be a perforated, a slotted or a prepacked liner.
The diverter 332 guides the liner into the lateral wellbore 150.
Using conventional washdown techniques, the liner 340 is pushed
through the lateral wellbore 150 until the liner 340 reaches a
final position within the lateral wellbore. An advantage of the
present invention is that it is compatible with conventional
washdown techniques, thereby ensuring that the liner 340 is fully
positioned within the laterai wellbore 150 prior to cementing.

Turning now to FIGURE 4, illustrated is a vertically
foreshortened, highly schematic partial cross-sectional view of
the main casing 120 of FIGURE 3 after the step of cementing. The
liner 340 has been washed down into a final position within the
lateral wellbore 150. A point of novelty of the present
invention concerns an interface end 342 of'the liner 340. The
interface end 342 is preferably preformed with a gomélete or
partial flange 344 extending radially outwardly £from the
interface end 342. The flange 344 is adapted to mate with a
periphery of the preformed window 324 in the upper section 322.

Other structures for mating the interface end to the window 324



As the diverter assenbly 130 approaches each nipple in the main casing 120,
the orienting lug 139 engages with a helical guide associated with each

ni ppl e, causing the diverter 132 to rotate into a correct orientation. If
the | ocator key 138 on the diverter assenbly 130 nmatches the nipple profile
124, the diverter assenbly 130 engages the3%ipple and halts. The relative

rotational relationship of the diyerter 132 d the diverter assenbl 30
are preset REHRRREY %?er’l”ttn&nr& §FOREy°% 387 RERFRP L A YT 1Tve as

assenbly 13ngggéfaEé§$%%g%£&%%F&gqde 136 has caused the diverter 132 to
y- the

rotate into precise prescribed orientation within the main

casing 120. - ThiS g¥Ra | 890 EACAIAIAIRDt Booin (ASCCARR) 2 e t bedh

mai n wel | bore 110) and prescribed orientation allow very precise drilling

of lateral weddPps®sqa ddeezebymenbang ¥oPrOd GiaisOBebhOlbwéeed®iid ii%Isd&;llatce.
the | ocator key 138 does not match the profile 124, the | ocator key 138

does not engrge theaentpphe tdy) the disveadaptedsenrbl injéek cepmientesinitoc an
travel and the orienting lug 139 disengages the helical guide 136,
convent i onal annblanmsspecefl2? betweemothehnanhr casing W&, ik dfinehe 346l andl
Selocteg o warl' OB Ehe ‘main welfbore”1i0. MTnl" Stment Til18°iRtevarices
between the periphery of the window 324 and the interface end 342
of the liner 340 to create a pressure-bearing seal, as shown.
Using conventional cementing techniques, the ceméntihg tool
340 is lowered into the main casing 120 and to a location
substantially in alignment with either main casing ports 326 or
liner ports 346. FIGURE 4 shows the latter of these two
possibilitigs. A prescribed quéntity of cement is injected
through the ports 344 into the annular space. The cement flows
toward and into the interstices 344 to effect the seal.
Injecting the cement through the ports 346 in the liner 340
offers the advantage of allowing the cement to flow upwards,
discouraging voids from forming in the cement. Injecting the
cement through the ports 326 in the main casing 120 injects
cement closer to the interstices 344 than the first alternative,
thereby offering the advantage of ensuring that the cement that
perfects the seal is relatively free from debris that may be
entrained were the cement forced to travel a greater distance in
the wellbores 110, 150.
Preferably, the cement is an elastomeric cement. During the

lifetime of the well 100, thermal, geologic and other stresses

may shift the liner interface end 342 with respect to the



| ocations along the length of the main casing 120, allow ng diverter
assenblies or any other objects to engage with only one of the sel ected

| ocations as a function of the |ocator key chosen for the object. The
present invention nakes advant ageous use of this locating systemto create
and subsequently access |l ateral wellbores 37 a reliable manner. In the

il lustrated enmbodi memt, the steps of setting and boring are acconplished in
a single triperfphas¥orpfi Hipet hvindewe Adrert e remens chapled tlastomeric
drillstring eneral ly designated 140 and conpri,sing sections of drill pipe
142, drill piég°}’8?’ﬁ%§?1$&naﬁd’c&mﬁ’8fi?ﬁ§ m1p°f4®haﬁit&ng'sé§°&r Yo U3 ifitaisping
such as a shegar pin. Far purposes of the esent_J nvention e term
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the well 100chbstnevhsilerheibAg.bit 146 is required to be a mlling bit

when the well 100 is existing. The drillstring 140 and the diverter

assenbly 130 are Turning now to FIGURE 5, illustrated is a vertically
foreshortened, highly schematic partial cross-sectional view of
the main casing 120 of FIGURE 4 with the slidable flow control
device 310 having ports 412 therein proximate the window. The
flow control device 310 is rotated or shifted longitudinally in
a manner that has been described. 1In its upper position, the
ports 412 allow fluid communication and disallow tool reentry
into the lateral wellbore 150:. In its lower position ({shown
previously), reentry is allowed. Since the slidable flow control
device 310 has a soft centered, cement or composite material
drillable core, access to the lower portions of the main casing
120 may be had by tools having a diameter smaller than that of
the soft centered, cement or composite méterial drillable core.

The steps illustrated in FIGURES 1 through 4 may be repeated
at other positions and orientations with the main casing 120 to
yield a plurality of lined lateral wellbores formed in the earth
112 and extending from the main wellbore 110.
Turning now to FIGURE 6, illustrated is a vertically

foreshortened, highly schematic partial cross-sectional view of
the main casing 120 of FIGURE 5 with the slidable flow control

member 310 axially displaced into its lower position, thereby



| owered into the main casing 120 as a single unit. Wen the |ocator key
138 engages the appropriate nipple 122, the diverter assenbly 130 halts as
descri bed above. Wight is placed on the drillstring 140, causing the
severable link to shear; the boring bit 146 drops relative to the diverter
132, contacting the slanted face 133 of th&8diverter 132 and is thereby
diverted to initiate-drilling of a |ateral wellbore 150. Conventional bit

t echnol ogy iBreYwityadecebledtube Hriagtewdrk asanss te thiendategadnweldbere
the surrounding earth, thereby elimnating the need for separate trips to
(1) mll a vt OMlinLO a metal casing joint and (2) drill into earth. In an,

alternative enbo of .t he _pres i,on, the | oi 128
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woul d t her eby opene woul ave the prescrlg ape hﬁ%re ore

rather than $orfass tlfaareelnt i(h8t] dRBwDf CiQ”p&fééer'é%We'dal a8 the present
conposite-covered window is preforned in an ot herw se steel casi ng. The

advant age of ifvést bith dbdeEe hotovetutite anfull ediEskyrdeseki dEdHes welldl 10be
wi ndow that results after drilling has a known geonetry. This is very
i mportant, aknsteadeahi mpidfed heubbngt sbevieen tided | 60@r iand.dwerethi firom a
castng my coiled tube rig at surface level (also not shown). The service
rig 600 may be fitted with one of many different rework or
mainteﬁance tools 602. Lowered with the service tool 600 are a
diverter 610 ana an associated diverter assembly 620. Again, the
diverter assembly 620 has a key 622 corresponding to a particular
profile set in the main casing 120. The key 622 engages,
displacing the flow control device 310 into its lower position
and opening the latéral wellbore 150 for tool access. The
diverter 610 is also set at a prescribed location and a
prescribed orientation for entry. The service tool 600
disengages with a no-go retrieviné ring 612 to divert into the
lateral wellbore 150. When the service tool 600 is raised, the
diverter 610 and diverter assembly 620 are also raised. The flow
control device 310 either automatically raises or is subsequently
manually raised to block the lateral wellbore 150.

Without the diverter 610 and diverter assembly 620, the
service tool is allowed to pass through the soft centered, cement

or composite material drillable core of the flow control device

310 and the flow control device assembly 320 to access the distal



31 be ineffective if the window is not shaped as expected. The

previ ousl y-descri bed enbodi nrent may give rise to an inperfectly- shaped

w ndow and resulting sealing conplications. Turning now to FIGURE 2,
illustrated is a vertically foreshortened, highly schematic parti al
cross-sectional view of a main casing 120 3? an existing well 100 after the
step of setting and.prior to the step of boring. The differences are as |
follows. Fipeftiomep® the Mmepin psineA3f sidh icoided Fbde €46i-ng Thig, is
since the main casjng 120 s set in place with no prior know edge of a
need for such FHPptelddnt '\Eﬁ%ﬁﬁ%,mg @'&ﬁnﬁé’?ﬁq%llrﬁ’&nﬁ:a‘ﬁh't hydraul i ¢
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t he hydraulic packer, preferably includées an integral helical guide (not
shown). Si ncehd heetiydl atbmpr P&k ctha 28t ¥bs| opt e ey abbytbagl af Hivarpkacat a

t hroughout the remaining Ii1fe of the well 100, the nipple 222 and gui de
serve as a pEresmeibbed gfesPrioen fand tahepretemridledverilentation in a main well
flow conductor located within a main wellbore, (2) boring through
a sidewall of the main well flow conductor and into a material
surrounding the main well flow conductor, the boring creating a
window having'a.particular.shape in the sidewall, the orientation
" of the diverter determining a lateral position of the window in
the main well flow conductor, a lateral wellbore thereby formed
in the mate;iél and extending from the main wellbore, (3) lining
the lateral wellbore with a liner, and (4) cementing the liner
in place within the lateral wellbore, the step of cementing
creating a pressure-bearing seal between the periphery of the

window and the interface end of the liner. - |
Another aspect of the present invention provides an improved
method of cfeating a multilateral well and an improved
multilateral well structure comprising the steps of: (1) setting
a diverter having a soft centered, cement or composite material
drillable core at a prescribed position and a prescribed
orientation in a main well flow conductor located within a main
wellbore, the diverter severably coupled to an end of a
drillstring, (2) boring through a sidewall of the main well flow
conductor and into a material surrounding the main well flow

conductor with a boring tool coupled to an end of the



al | owi ng subsequent selective access, as descri bed.

Alternatively, it is contenplated that the packer nay be nechanically set
(slidably) by conventional reciprocating nmeans. The diverter 132-

(whi pstock) and diverter assenbly 130 (including the hydraulic packer 220)
are lowered into place as before, preferabl40 attached via the severable
link 148 to the 32-drillstring 140, thereby minimzing trips. Wen
acconpl i shi n§rifd s&rdpg oftheethoRing hereging| fc waadRyr havinghd® RArhiceker
| ateral wellbgre in.,a single trip, the hydraulic hose preferably | eads from
the drillstrBSRgPea0 i (HE hyRiFaN3Id pa me%%fdx&?%g e ‘b‘{\%k iverten
be set. Once the_packer 220 is s and, wei ght _applied to the drillstrin
sever ihe sefBrEBRAnLAg, = deteial SanHEFat of nihe, HEnHSK: 4G ShA Gri Yabl
boring bit 1 estr ortiQ th r.aulj.c e JAS, T 0s€: 1S
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128 is netal. Those skilled in the art should understand that the present
lateral wellbore with a liner, and {(4) cementing the liner in
place within the lateral wellbore, the step of cementing creating
a pressure-bearing seal between the periphery of the window and
the liner.

Turning now to FIGURE 7, illustrated is a vertically
foreshortened, highly schematic partial cross-sectional view of
a main casing of a new well after the step of setting and prior
to the step of boring according to the second embodiment of the
present invention.

As in FIGURE 1 of the first embodiment, the drillstring 140
is lowered longitudinally into the main casing 120. The diverter
132 is coupled to the drillstring 140 via a severable link 148.
However, as opposed to the first embodiment, the diverter 132 has
a soft centered, cement or composite material drillable core.
When the locator key 138 engages the appropriate nipple 122, the
diverter 132 halts, as described above. Weight is placed on the
drillstring 140, causing the severable link 148 to shear; the
boring bit 146 drops relative to the diverter 132, contacting a
periphery of the slanted face of the diverter 132 and is thereby
diverted to initiate drilling .of a lateral wellbore 150.
Conventional bit technology is employed to drill through the

composite joint 128 and into the surrounding earth 112, thereby



invention is not limted to casings. In fact, the present discussion
often uses the nore generic term"well flow conductor," as production
tubing and the like may al so be breached to create |ateral well bores. Those
of skill in the art will further understand that the terns "casing" and
"liner" are rather interchangeable, althouth to sone of skill in the art,

"l'tner" has cone to refer to casing that does not ext ng f y tqQ the |,
surface of tSHeMHelat uesh thenpeed: EPRsSeRT 4R RS tRs &Y s‘BﬂE{M%f"lndow into

i nt h bly. the bori bi 6 mlls .t h.th [ ing 120,
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required to deburr or otherw se finish € W ndow m Feg Into the marn

casing 120. %&%@Tf§§”ha&”?&%‘?é8ﬂp8§@dta§s PLPREA 11D hBEeLYL QP MHavd an
existing well. This 1s a“significant advantage that the present invention
enj oys over ghefddmed wilddowoft R gierreibeldn edabeOforinedbehefpliayedindeRss
not require a particular well structure (wherein |lateral wellbores bear a
pr edet er m neshibeal iaderonshtpet oviddowrahaswed | bovey wongpesdl ofir eexcstpogite
devi ces, such as nipples or special joints, in the main casing

material located thereon. A drilling bit would be used to drill

through the cover and into the surrounding earth 112. The window
would thereby be opened and would have the prescribed shape.
Therefore, rather than forming the entire joint of composite
material, a composite-covered window is preformed in an otherwise
steel casing. The advantage of this embodiment over the one
previously described is that the window that‘ results after
drilling has a known geometry. This is very important, as the
sealing of the joint between the liner and the main casing may
be ineffective if the window is not shaped as expected. The
previously-described embodiment may give rise to an impeffectly-
shaped window and resulting sealing complications.

In a further alternative, applicable in the environment of
an existing well (and akin to FIGURE 2, except for the
substitution of a diverter having a soft centered, cement or
composite material drillable qore), the composite joint 128 is,
instead, a metallic joint and there is no nipple 122 preset into
the main casihg 120, since the main casing 120 was set in place
with no prior knowledge of a need for such nipple 122. In this
environment, the drillstring 140 is lowered with a whipstock
having a hydraulic packer attached thereto. Using conventional

pipe measuring techniques, the depth of the packer may be gauged



120.  Thus, lateral wellbores can be drilled, lined and
hydraulically sealed to an existing cased nain well bore, dramatically
enhanci ng production | evels and the economic viability of existing wells.
Turning now to FIGURE 3, illustrated is a vertically foreshortened, highly
schematic partial cross-sectional view of #Re main casing 120 of FIGURE 1

after the step_of boring _and prior to the step of lining. Several chan e%
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310 is il usdF abdthbesitevihdeAidl W 11abd q¥d s 312 therethrough that
will function to control fluid conmunication to the |ateral 34 wel | bore

150 in a manner tThéeddesatieded132 Tharidsawckontisl ldmweresl 3ifitbs pidegd eds
to rotate or slide longitudinally with -
before, attached via the severable link 148 to the drillstring
140, thereby minimiéing trips. Because the Jjoint 128 is a
conventional ﬁetal joint, rather than a composite joint, the
boring bit 148 is now required to be a milling bit, as the joint
128 is metal.

Once a window is formed in the main casing 120, whether by
drilling through a composite joint 128 or a metallic joint 128
with a composite window (as in a new well) or by milling through
~a metallic joint 128 (as in an existing well), the method the
second embodiment of the present invention is the same for new
and existing wells.

Turning now to FIGURE 8, illustrated is a vertically
foreshortened, highly schematic partial cross-sectional view of
the main casing of FIGURE 7 after the step of cementing according
to the second embodiment of the present invention. The liner 340
is shown in place. Conventional cementing techniques are
employed to inject.ceﬁent into the interstices between the liner
340 and the lateral wellbore 150. This cement_may'be elastomeric
or nonelastomeric, és before. The cement is injected until it
completely surrounds the liner 340, including that portion of the
liner that extends to within the main casing 120. This

hydraulically seals the liner 340 to the main casing 120,



respect to the flow control device assenbly 320 to permt or deny access to
the lateral wellbore 150 when in a |ower or upper position, respectively.
(Only the longitudinally-slidable enbodinent is shown, the rotating
enbodi ment bei ng apparent to those of skill in the art, given the present
teachi ngs.) The present invention is also dgerable mIth a portless flow

control device 31Q. .-<1n_the upper_position, the flow control gevLce %é%
serves to bl BERVEAEPY &bembaais i &9F « subsedvente, aelaeFive 45948t 1R, yFhe

I h | 1 Th dabl e fl I
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profile 312 éﬁtIaQEaé kRReEoSH d At tq %m%he%f%ﬁas%a'n&ecé%l

The profile 312 i1s apte to accept an engagi ng key of a diverter assenbly
330 coupl ed yeid1dbYRrE8fe 33 the Wilredited 180 33PhilgesSemdtit MAMBH lrehtually
har dened face, as mlling and/or drilling is conplete By virtue of the
profil es 124pe3temefrddt boi gadasactesedcorddtah pdstgiorh@df Hammair casing
simplicity's sake), the diverter 332 is in a proper |ocation and
orientation 120 dthose porthenkasbkown aslbbneathS@hanmabtyontbé'ﬁhamliner
control device assenbly 320 includes an upper section 322 (a "prefornmed

wi ndow nenbe?49 Andi hjeampin- cAPLNgdldPndow 324 therein. Those of skill in
the art should understand that a corresBondlng w ndow 326 Erevious&y_
drilled or Turning now to , 1llustrated 1is a vertically

foreshortened, hlghly schematic partial cross-sectional view of
the main casing of FIGURE 8 after the step of boring a subsequent
wellbore according to the second embodiment of the present
.invention. In FIGURE 9, it has become desirable to extend the
lateral wel}bore 150. Accordingly, an open hole portion (shown
in broken line) of the latefal wellbore 150 is drilled with a
conventional drilling bit.

Turning now to FIGURE 10, illustrated is a wvertically
foreshortened, highly schematic partial cross-sectional view of
the main casing of FIGURE 9 after the step of 1lining the
subsequent wellbore according to the second embodiment of the
present invention. After extension of the léteral wellbore 150,
a prepacked screen 1010 having perforated portions 1011 is set
into place with a conventional running tool 1020 wusing
conventional washdown techniques. The prepacked screen 1010
allows production fluids to enter the liner 340 and the main
casing 120, as desired.

Turning now to FIGURE 11, illﬁstrated is a ver:icaliy

foreshortened, highly schematic partial cross-sectional view of



mlled in the joint 128 may have uneven or rough edges, resulting 35 in
an unknown geonetry or shape and giving rise to an unreliable seal.

Al t hough the wi ndow 326 can be enployed to attach the liner that wll
eventually be inserted into the lateral wellbore 150, one of the points of
novelty of the present invention |s t hat t4fe upper section 320 and its

reml | ed vm dow 324- can be used t | el wi ndQw havi n known, reliable
I(\;)eomat ry and hEﬁénF&as&PHa&ﬁr@rﬁG %q et isﬁ:ap % Brigg, rfhrough
entering th e ect Q Thellner fo 'y
cnter |10 {NEnPRSI S Slion 307 c MG L0PT- O M. S et APl core

| at eral wel ko gg@(@ t 40
is pushed t ?o{l;]ﬁﬁlt?%’ ﬁ%eraclpéqu{?lo a{ig%/a%n 1T the %'rﬁ%s ?@% es er'r)\:
final

IOOS'tELﬁE}eW'tE.Bh” theAJsatgf’f@hc‘!\E‘él Oru%nt&%r@@’a”bégﬁugfa tEReW@é@Et of
Invention is that it is conpati

bl'e wi th conventional washdown techni ques,

thereby ensgemagtihgt thbellineer 3240ihtof pliye poRitURBES) Wdldes tdholadleird
wel | bore 150 prior to cenenting. Turning nowto FIGURE 4, illustrated is a
vertical | y bdresdmdinedntergd,y cenbatadr corpdside aategrisdcdrbhhhble avord
the main casing 120 of FIGURE 3 after the step of cenenting. The |iner 340
has been wagfiethgowivieatera fBi2nalitpds megessarlyl v irgmove the cement (and

a portion of the liner 340) that blocks the soft centered, cement

or composite material drillable core to reestablish access to the

- distal portion of the main casing 120. Accordingly, on a

subsequent trip of the drillstring 140, a boring bit 146 is

‘employed to bore through that portion of the liner 340 and the

blocking cement.

Turning now to FIGURE 12, illustrated is a vertically
foreshortene.d, highly schematic partial cross-sectional view of
the main .casing of FIGURE 11 after the step of boring through the
soft centered, cement or composite material drillable core of the
diverter according to the second embodiment of the present
invention. As seen in FIGURE 12, access to the aistal portion
of the main casing 120 is reestablished without compromising
access to the liner 340 within the lateral wellbore.

| Finally, a rotatable or slidable flow control device, such
as that illustrated in FIGUREs 5 and 6 may be employed to control
flow to and from the lateral wellbore 150, thereby allowing
selective isolation of the lateral wellbore 150.

From the above, it is apparent that a second aspect of the
present invention provides an improved method of creating a

multilateral well and an improved multilateral well structure.



| ateral wellbore 150. A point of novelty of the present invention
concerns an interface end 342 of the liner 340. The interface end 342 is
preferably preformed with a conplete or partial flange 344 extending
radially outwardly fromthe interface end 342. The flange 344 is adapted
to mate with a periphery of the preformed wshdow 324 in the upper section
322. Other structures-for mating the interface end to the w ndow 324 36
peri phery ar &hei mnethoétheowpopsesfthdestrmseaft: i(1Vesetbangsachdiverter vl ngl
protrusions. In FIGJRE 4, the washdown-tool (not shown) has been retrieved
and a cenent Bngofsorenterrds pemantoreampesite prteelalidrikblabie mpredit
410 is adapted to inject cenenf into an annul ar space 122 between the main
casi ng 120, BhRTEERELPBAPAFHE AN 8f PYRECHIPRd \RTieRkar 10m InTRMR LR L

(1115 nier shyces belacen g per bty the o s a0\l ot orfce

comvent T RS 0N an a SRR bERL 107 AL

CLATer T BRRAT SO ot g IR SIS Wikerial

i nj ect ed surrounding the main well flow conductor with a boring tool
coupled to an end of the drillstring, the boring creating a
window having a particular shape in the sidewall, the orientation
of the diverter determining a lateral position of the window in
the main well flow conductor, a lateral wellbore thereby being
formed in the material and extending from the main wellbore, the
steps of setting and boring preferably performed in a single
trip, (3) lining thé lateral wellbore with a liner, and (4)
cementing the liner in place within the lateral wellbore, the
step of cementing creating a pressure-bearing seal betﬁeen the
periphery of the window and the liner. As an alternative to the
diverter being severably coupled, it is contemplated that a soft
center whipstock ﬁay be run on a separate trip.

Although the present invention and its advantages have been
described in detail, those skilled in the art should understand
that they can make various chahges, substitutions and alterations
herein without departing from the spirit and scope of the

invention in its broadest form.

WHAT IS CLAIMED IS:



t hrough the ports 344 into the annul ar space. The cenent flows toward and
into the interstices 344 to effect the seal. Injecting the cenent through
the ports 346 in the liner 340 offers the advantage of allow ng the cenent
to fl ow upwards, discouraging voids fromformng in the cenment. I nj ecting
the cenment through the ports 326 in the naiag casing 120 i njects cenent
closer to the interstices 344 than the first alternative, thereby offering
t he advant age of @nsurAngethetd oife areating Ratmpdrifleteralhovaldal ¢¥nprising
relatively free fromdebris that may be entrained were the cement forced to
travel a greﬁh@r s§epBalée in the wel | bores 110, 150. Preferabl y, the cenent

Is an el astoneric cenent. ring the lifetine %;(%he wel,l 100, thernal,,
geol ogi ¢ and ot hePe§FiBgsd fE 2HRFEIGRIPed PasiidoneARd s PRGgGF ibed
respect to the, 37.peri.phery_of th Lhdow 324, A cenment . havi.n .
el astoneric BF 653}:?;%5“0& 30%8%‘83?%%% rc%'h‘?lfﬁ?\ﬁ,f??%ee%ywairﬁrf%f & Mg
t he integrit¥e9& ng,seal. Those of skill in the art shoul d understand,
however, tha 8|na(y drilling cenent may be preferable to el astoneric

cenent, dependi ngpYPeRgILRLEALRAL S{d&RS11 COPSEAI ahd A we IIUMIIREY d¥Hd or
FIGURE 5, illustrated i's a vertically '
and ‘into a material surrounding said main well flow conductor,
said orientation of said diverter determining a lateral position
of said window in said main well flow conductor,.a lateral
wellbore thereby being formed in said material and extending from
said main wellbore; |

lining said‘iateral wellbore with a liner, said liner having
an interface end, said interface end adapted to contact a
periphery of said window in said sidewall; and

cementing said liner in place within said iateral wellbore,
said step of cementing creating a pressure-bearing seal between
said periphery of said window and said interface end of said
liner.

2. The method as recited in Claim 1, further comprising
the step of setting said méin well flow conductor in said main
wellbore, said main well flow conductor including a nipple for
locating said diverter at said prescribed position in said main
well flow conductor.

3. The method as recited in Claim 1, further comprising
the step of setting said main well flow conductor in said main
wellbore, said main well flow conductor including a helical guide
therein for rotating said diverter into said prescribed

orientation in said main well flow conductor.

W



foreshortened, highly schematic partial cross-sectional view of the main

casing 120 of FIGURE 4 with the slidable flow control device 310 having

ports 412 therein proxi mte the wi ndow. The flow control device 310 is

rotated or shifted longitudinally in a nann%r t hat has been described. In
i

its upper position, the ports 412 allow fl &

d communi cati on and di sal | ow

I ' h I '1_b a3 s ' I | 11 h
or evi ously) . roentry i SOR MRRBRE 8B ceciRsd i cleie L il et the,

previously),

has a soft cgﬂéeégggf_gtgﬂgg{._tgﬁgcgr?ggﬁés%%ﬁ%%vr]%[c}ubﬁ al £ %P:{]ﬁ WG S WP

the | ower portions

e maln casin y tools having a

di amet er srm&bﬁau&laae,tQa&dq;a&iafnépaévf@atfﬂ@mdﬁg@t WY E CEPRSY 11&cating

mat erial dri
be repeated

II'abl e core. The steps™illustrated in GURES 1 through 4 may
shiat deveptert iaNSsAHl PrésetbédNposit Dok hanfnisa ida P ckibdd

yield a plurality of lined |ateral wellbores fornmed in the earth 112 and
ext endi ng fromiéeheatdon wal Ehthdemaifi. wdlLl nEbownosnduactEdIRE 6, ill ustrated
is a vertically foreshortened, highly schematic partial cross-sectional

vi ew of the

mai n Basi n§he20ethofl| @sREesiketh inh€lalimddh| Euthe ramtising

menber 310 axiallg di splaced into its | ower position, thereby 38
8

provi di ng coFheds

BeOKfi §ettipak saddeddinoveldd [fiow sonductesr dn said main

wellbore, said main well flow conductor including a Jjoint
composed of a composite material, said step of boring comprising
the step of drilling through a sidewall of said joint and into

said material surrounding said main well flow conductor with a

' single drilling tool.

6. The method as recited in Claim 1, further comprising
the step of_setting a preformed window member having a preformed
window of a prescribed shape formed therein into said main well
flow conductor.

7. The method as recited in C;;im 1, wherein said step of
boring comprises the steps of milling said window into said
sidewall of said main well flow conductor with a milling tool and
drilling into said material surrounding said main well flow
conductor with a drilling tool, said sidewall being composed of
a metallic material.

8. The method as recited in Claim 1, wherein said step of
setting said diverter comprises the step of getting a whipstock
at said prescribed position and said prescribed orientation in
said main well flow conductor, said whipstock having a slanted

face thereon adapted to divert a boring tool.

-_
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150. The diverter 332 of FIGURE 5 is renoved. Alternatively, the diverter
332 may renmain, if it has a soft centered, cenent or conposite materi al
drillable core. The full drilling rig at surface |evel (not shown) is

al so renoved, as the present invention does not require a full rig for
rework of the well 100. Instead, a coiled 48bing service tool 600 is

| omered froma coiled tube rig at surface |evel (also not shown). The
service rig 600 rdy -beThé tmethad t &s onecbfednily dlaimrbntwheweiR sapid steps
mai nt enance tools 602. Lowered wth the service tool 600 are a diverter 610
and an asso@fatRtEINSr 2BE RO¥ARE Rre2@ccoRymldshere i@ R retrgie skRbPy g2d4d
has a key 62 ,correspondigg to a pg#}Lcular qgo ile sef in the nain casing
120.  The K&YWSPLRngagRsse dFepPallid™¥hs o PoRFTICTWAL 24D PREB Pls

| ower positi,on %%? openi ng the .l.ateral, wellbore 150 for tool access. The
diverter 610°9%" S%P%e? av%rapbrlgesglrllrb]%‘d | ocation and a prescribed

orientation for ntr )i o di se | : 0040
retrieving ring é%g'tg@ﬁ\ﬂﬁgﬁ§§n%§t%%8f%§%rg+ a£$%%o%é ggggﬁ§@2%5§32199n§
service tooltf0Qtiep Ik Sethedtitiflistald Fenhe Andodaverhfli1a8S8pREY BEBwaEA

al so raised. The flow control device 310 either automatically raises or is
subsequent | ysatrdhued dry wedl 1S 81 dwo durdliletidie andl ar #alleblfbgagdln@in\Webdbbrehe

diverter 610 and diverter assenbly 620, the service tool is allowed to pass
t hrough t he s=ofd csmert eflilLingninversohpesibetwedrersald dpetriphéey cofesalid
the flow control device
window and said interface end of said liner to create said
préssure-bearing seal.

11. The method as recited in Claim 1, further comprising
the step of removing said diverter from within said main well
flow conductor to thereby allow access to a distal portion of
said main well flow conductor.

12. The method as recited in Claim 1, further comprising
the step of accessing a selected one of a distal portion of said
main well flow conductor and said liner within said lateral
wellbore with a coiled tube rig.

13. The method as recitéd in Claim 1, further compriéing
the step of injeéting said cement into an annular space between .
said main well flow conductor and a wall of said main wellbore

from ports located in said liner.

14. The method as recited in Claim 1, further comprising
the step of injecting said cement into an annular space beﬁween
said main well flow conductor and a wall of said main wellbore

. Erom ports located in séid main well flow conductor. |

15. The method as recited in Claim 1, further comprising

the step of injecting an elastomeric cement into an annular space
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310 and the flow control device assenbly 320 to access the distal 39
portion of the main casing 120 with a coiled tube rig. This is a
significant advantage of the present invention. Fromthe above, it is
apparent that the first aspect of the present invention provides an

i nproved nmethod of creating a nmultilateral 48Il1 and an i nproved

mul tilateral well structure. The method conprises the steps_of: (1) setting

a diverter aPetwpeBsBRABeMaissiwaldn By £onduRtonaandra2cipali 6 isaigd main
wel | flow conductor |located within a i.n well bore 2) boring ,through a

si dewal | of Yﬁgfhﬁrﬁ ﬁéFFePVoﬁxééﬁﬁuéfgﬁeéﬁHan§Sa& %ﬁF&PF&ISg&FrJ@ﬁﬁlﬂfll
the main melk flom/candgctor the.aoglng creating a w ndow having a
particular s 583 FROCHE 8Fd3ﬂ8l§?l he*Bffentati on of the diverter

e

conductor, a lateral we ereb e mhterrta

fromthe nai ﬂiﬁhgbeaﬁpriéés'méngté Cot ?ﬁ%}?iané“%c%vﬂpwre%fg Urfed BRI g

(4) cenmenting e’linef 1n place wthin ter ore, the step of

cenenting creghéR0r8aBh85SHI E1RERI pHFicEch WELNERNsd @ DefdRAPIWeDIbdFeE.
wi ndow and the interface end of the liner. Another aspect of the present

i nvention provi des7an Ther meedodeabodeot tededhi 0jadmml,t iffuattdieal cwedgrianithg
an 1 mproved the step of-locating a slidable flow control device having ports
therein proximate said window, said flow control device movable
within said well flow conductor to expose said window theieb&
allowing access to said liner by a tool.

18. The method as recited in Claim 1, further comprising
the step of locating a slidable flow control device proximate
said window, said flow control device substantially blocking a
flow of £fluid between said liner and said main well flow
conductor. |

19. The method as recited in Claim 1, Qherein said step of
setting comprises the step of setting a packing device in said
main well flow conductor, a hydraulic hose ffom a boring tool
allowing said packing device to be hydraulically set.

20. The method as recited in Claim 1, further comprising
the step of repeating said setting, boriﬁg, lining and cementing
steps at a second prescribed position and a second prescribed
orientation in said méin.well flow conductor to yield a plurality
of lined lateral wellbores formed in said matefial and extending
from said main wellbore.

21. A method of creating a multilateral well, comprising

the steps of:
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multilateral well structure conprising the steps of: (1) setting a diverter
havi ng a soft centered, cenent or conposite material drillable core at a
prescribed position and a prescribed orientation in a main well flow
conductor located within a main well bore, the diverter severably coupled to
an end of a drillstring, (2) bori ng througHSQa si dewal | of the mai n wel |

fl ow conductor and i.nto a material surroundi ng he mai ng‘\lg:a ﬁ ﬁ/ conduct or
with a boring t oolPetSdPged @b"éﬁt%ﬁdh%‘fuﬂ%ea 50 ZFOCGPFF ARd: f" c];'ebS?Fﬁgat

d i id
o Tentali on B bRRacRtbat SoRRtiof AR 2 PRBRsFIpeARie iR ion i 2 mrinavHh

the main vellgy fog' ex%éxorloéa% emlth\i’?ll l*%&lﬁ h@%??ﬁo?@' ng falq BdPrer

the materi al from bore g step$ of setting and

bor i ng perforsmfa@, ?Jl%dt kioPan E?s)s bienkngrihestaiggal wellbore with a
l'iner, and (4) cenen |ng liner in place within the lateral wellbore,

the step of cemenbiordny edirolghdaPkeaswatibear 5894 Seain bed Ve efl dvpeconductor
periphery of the w ndow and the liner. Turning nowto FIGURE 7, illustrated

s a verticaknd figrteshormaterdiahi ghtyoanenat saidamaial werlds E1snc t¢amdictor

view of a main casing of a new well after the step of setting and prior
with a boring tool coupled to an end of said drillstring, said
boring creating a window having a particuiar shape in said
sidewall, said orientation of said diverter determining a lateral
position of said window in said main well flow conductor, a
lateral wellbore thereby being forméd in said material and
extending from said main wellbore, said steps of setting and
boring performed in a single trip;

lining_ said lateral wellbore with a liner, said liner
adapted to contact a periphery of séid window in said sidewall;
and

‘cementing said liner in place within said lateral wellbore,
said step of cementing creating a pressure-bearing seal between
said periphery of said window and said liner.

22. The method as recited in Claim 21, further comprising
the step of setting said main well flow conductor in said main
wellbore, said main well flow conductor including_a nipple for
locating said diverter at said prescribed position in said main
well flow conductor.

23. The method as recited in Claim 21, further comprising

the step of setting said main well flow conductor in said main

wellbore, said main well flow conductor including a helical guide
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to the step of boring according to the second enbodi nent of the present

I nvention. As in FIGURE 1 of the first enbodinent, the drillstring 140 is

| owered longitudinally into the main casing 120. The diverter 132 is
coupled to the drillstring 140 via a severable |ink 148. However, as
opposed to the first enbodi nent, the divertsar 132 has a soft centered,
cenent or conposite._nmaterial drillable core. Wien the | ocator key 138
engages the hpprepniaferni ppitatizg, skdddi vidventer3?2 imict s sadel dasssdiided
above. Weight is Elaced on the drillstring 140, causing the severable |ink
148 to shear ©rifa B‘éFPﬁglﬂl gaidemaippyel & ﬁi-PVeC?Bdltlﬁ’éoﬁrverter 132,

contacting a peri hery ﬁ t he slanted face_of tk& |verte 2 and is .,
t her eby diverted Thet pgEhodgre| Feaytedsin L131R A1y Wﬁﬁ HoRPTPIEF1ing

[ | h d drill h
Foint 128 ank |n?ggﬁhggsﬁg¥5|.bﬁﬁieﬂgp%§§{’ﬂé%B‘H‘f%erlje\-bhrg S22 S AR e
need for seaLahetplpsshoa(hoiihl deyiodoMANIA: A, et i o Vlaci

(2) drill 0 ear I n an Ive enb |nent e present

invention, tBg;l0EAVel2@r Tt Deat® eérpée@ ?Béﬁtibﬁ BRlCEhAl HYEJvbe
preformed w ndow of a prescribed shape formed therein. In this enbodi nent,
the w ndow hegiantaveencefpsaed main weDPOSléw conductor.

25. The method as recited in Claim 21, further comprising
the step of setting said main well flow conductor in said main
wellbore, said -main_ well flow conductor including a joint
composed of a composite material, said step of boring comprising
the step of drilling through a sidewall of said joint and into
said material surrounding said main well flow conductor with a
single drilling tool.

26. The method aé recited in Claim 21, further comprising
the step of boring through said hollow core of said diverter to
remove cement located in said hollow core.

27. The method as recited in Claim 21, wherein said step
of boriné comprises the steps of milling said window into said
sidewall of said main well flow conductor with a milling tool and
drilling into said material surrounding said main well flow
conductor with a drilling tool, said sidewall being composed of
a metallic material.

28. The metﬁod as recited in Claim 21, wherein said step
of setting said diverter comprises the step of setting a
whipstock at said prescribed position and said prescribed
orientation in said main well flow conductor, said whipstock

having a slanted face thereon adapted to divert a boring tool.
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material |ocated thereon. Adrilling bit would be used to drill through the
cover and into the surrounding earth 112. The w ndow woul d t hereby be
opened and woul d have the prescribed shape. Therefore, rather than form ng
the -entire joint of conposite material, a conposite-covered w ndow is
prefornmed in an otherw se steel casing. PRe advantage of this enbodi nent
over the one previously described is that the w ndow that results after

drilling has a kné%n- gEBReth§thadi &5 sreeifefnplt t SRiMas2tne ey sid
the joint b the, i th i | be i neffecti if.th

W ndow 1's notLerEped b8 Expelrd o sTia il S0 stk d etrera e b Ty
give rise to an 'gE?rffﬁﬁlﬁét $§p§9 e 0dows and dESH N9 SEUHAIE comprising
conplications. In & furtRer alTernaty Ve appli cable i ‘'t he envi T onnent o1

an existing wgllgg doﬁkiﬂiiégtgx&g&i&cmtirhﬁ drl @il %g:tra:c%n H¥cwen

di verter having a soft centered,” cenent or conposite materi al 'l abl e

core), the coapasShhen|Weli APSwi SondiStSAthnd 4181 ICE il i WeAN®Jre,
no ni pple 122 preset into the main casing 120, since the nmain casing 120

was set in psateé veinBnBOfplilohgkhiavkedgtcet betrednfsaidupbribppry bZ2.sdim
this environnment, the drillstring 140 is lowered wth a whipstock having a

hydraul i ¢ pawkedowt andhsdidhbiren. tdistrgatte nsaid | pned s\preocerang i seal .
techni ques, the depth of the packer nmay be gauged

31. The method as recited in Claim 21, further comprising
the step of removing soft éenter core from said hollow core of
said diverter.

32. The method as recited in Claim 21, further comprising
the step of accessing a selected one of a distal portion of said
main well flow conductor and said liner within said lateral
wellboré with a coiled tube rig.

33. The method as recited in Claim 21, further comprising
the step of injecting said cement into an annular space between
said main well flow conductor and a wall of said main wellbore
from ports located in said liner. |

34. The method as recited in Claim 21, further comprising
the step of injecting said cement into an annular space between
said main well flow conductor and a wall of said main wellbore
from ports located in said main well flow conductor.

35. The method as recited in Claim 21, further comprising
the step of injecting an elastomeric cement into an annular space
between said main well flow conductor and a wall of said main

wellbore thereby create a flexible seal between said ﬁain well

flow conductor and said liner.
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42 and, using MAD technol ogy, the orientation of the packer may be gauged
to set the packer hydraulically at the appropriate |location and orientation
within the main casing 120. As with the diverter 132, the packer preferably
has a soft centered, cenent or conposite material drillable core. The

di verter 132 (whi pstock) is lowered into pPdce as before, attached via the

severable |ink 148 to the drillstring 140, .thereby, n1n|n1zbeg trip
Because t he jOInt 3998 TEeamEBH9@n?Foﬁ§Flﬁ§@aFnjSiﬁﬁm Par hWheERiR §a1d step

he b dto b I Li, t, .
the'j o Ef" ’18% | LiRifa SomREa SR o I 15 RPT Y HOW Aatdstagerooneit

whet her éélré 1’1‘41&(14‘ k&g:'gxe% §98 Dr?éi \Lﬁés%n)%% %&@hﬁ?f-‘l éa{@t aJt!é We'it tbl:%%

vvlthacorrp03| e Wwn I’OU

joint 128 (as in gq eXTﬁéHH&tH‘?é'és ﬁé&t’fg’d higgl dl@in?%clon%u‘i‘E%‘i‘ EE%B\ prafs il

present invention iIs the sane new and existing wells. Turning nom1to
FIGURE 8, iltnetétedchs aoa:atqnty @aklLYdhBleshDeW edsih rdll HEwi e IHeRAiNe ports
partial cross-sectional view of the main casing of  FIGURE 7 after the step
of cenenti ngthereini pgoximite seidrwireddwdissrd fdiow kentrede dieviiaee nbvaile
The liner 340 is showm in place. Conventional cenenting techni ques
are enpl oyedwithimj egidcweddt flowo admsiuiaticsr std cespde weabdt Wintpwe theseby

and the lateral wellbore 150. This_cenent may be el astomeric
allowing access to said liner by a tool.

38. The method as recited in Claim 21, further comprising
the step of locating a slidable flow control device proximate
said window, said flow control device substantially blocking a
flow of fluid between said liner and said main well flow
conductor.

39. The method as recited in Claim 21; wherein said step
of setting comprises the step of setting a packing device in said
main well flow conductor, a hydraulic hose from said drillstring
allowing said packing device to be hydraulically set.

40. The method as recited in Claim 21, further comprising
the step of repeating said setting, boring, lining and cementing
steps at a second prescribed position and a second prescribed
orientation in said main well flow conductor to yield a plurality
of lined lateral wellbores formed in said material and extending
from said main wellbore.

41. A system for creating a multilateral well, comprising:

means for diverting set at a prescribed position and a

_ prescribed orientation in a main well flow conductor located

within a main wellbore;
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or nonel astoneric, as before. The cenent is injected until it conpletely
surrounds the liner 340, including that portion of the |iner that extends
to wthin the main casing 120. This hydraulically seals the liner 340
to the main casing 120, 43 providing the basis for subsequent selective
I solation of the lateral wellbore 150, if @&dsired. As a by-product of
this cenenting step,-as is shown in FIGJRE 8, sone of the cenent enters and
bl ocks the soft c@ﬂﬁbﬁeﬂorCQQEmngothcongbsat@1®GW%lla?fcﬁﬁideﬂﬁ%ﬁ(Kﬁli(ﬁlOW
the diverter 132. This cenment nust eventually be renpoved {qQ gain access_ to
di stal porti 6RBIBELPKe aRgY r%%l%lg‘“i%rﬁ%o?érﬁ%’%‘ﬁb‘?& SALRn Mg np Meddt LR

junction of the |iner 340 d the sing 120. Turning now,to Fl GJRE
i || ustrated FSNGUGEPEY ceﬁa} f‘B‘?%’%‘ﬁo f’gng?P ’ff?%h?§e§téh%9rata1 MIRERY aFav1ng d

cross-sectional  vi

bor i ng 5 SUDSBRGERELAR PRORS hEAT ROGEHSthe ToehvA LEMAAT PEnD L cfo theans
o R A bl PSR AR R e o
o 1) 108 e hERALR IOV 0Ll 0 00 gty Wi
formed in said material and extending from said main wellbore;
means, cooperable with said means for diverting, for lining
said lateral wellbore, said means for lining having an interface
end, said interface end adapted to contact a periphery of said
window in said sidewall; and

a pressure-bearing seal between said periphery of said
window and said interface end of said liner, said liner cémented
in place within said lateral wellbore.

42, The system as recited in Claim 41, further comprising
means for setting said main well flow conductor in said main
wellbore, said main well flow conductor including a niéple for
locating said diverter at said prescribed position in said main
well flow conductor.

43. The system as recited in Claim 41, further comprising
means for setting said main well flow conductor in said main
wellbore, said main well flow conductor including a helical guide
therein for rotating said diverter into said prescribed
orientation in said main well flow conductor.

44. The system as recited in Claim 41, further comprising
means for setting a packing device within said main well flow

conductor, said packing device including a profile for locating

[



foreshortened, highly schematic partial cross-sectional view of the main
casing of FIGURE 9 after the step of |ining the subsequent well bore
according to the second enbodi nent of the present invention. After
extension of the lateral wellbore 150, a prepacked screen 1010 havi ng
perforated portions 1011 is set into placeS& th a conventional running tool
1020 using conventional washdown techni ques. The prepacked screen 1010

al | ows prodwaidndivertert atemadd tpresqmikeBprsiiomeandi faddsPrgscrdbess
desired. Turning now to FIGURE 11, illustrated is a vertically

f or eshor t encRE L9 IPR cHa g 12 PRdR i el b rbw KRMIUFFAT vi ew of 44 the

f FI GURE 10 bef the ste borj.ng through ft . .
Contor od, cement 4" CONRDAYE TR AR O TR (Hhi0 00t d Lof TLREVF, GPRRFieing

accor €110 Syt SEEEUSRRIO Wl a0 100 RUABBR 50 Saig i

previ ously nentionée p cementing i ner

I Fl GU I | t f d,; t o
pl ace ( %ﬁ%ﬁé‘se%agﬁj AGKhNG& 1 *ﬁﬁek?grﬁ{i&%? iCIEMNS’ a joint

conposite nateri dri Il e core of the di 132, it I's necessary to

remove the cesmpbsddnesa HOLbmpbsatet NRaddRg1 348hikhatr il Naksiddieasefitling

centered, cenent or conposite material drillable core to reestablish access

to the di st athymidgh ora ofsiidewvaldll nofassagdl?2foint Acrd diirdloy, sadd amaterial
surrounding said main well flow conductor with a single drilling
tool.

46. The system as recited in Claim 41, further comprising
a preformed window member having a preformed window of a
prescribed shape formed therein in said main well flow conductor.

47. The system as recited in Claim 41, wherein said means
for'boring.qomprises a milling tool for milling said window into
said sidewall of said main well flow con&uctor and a drilling
tool for drilling into said material surrounding said main well
flow conductor, said sidewall being composed of a metallic
material.

48. The system as recited in Claim 41, wherein said means
for setting said diverter comprises means for setting a whipstock
at said prescribed position and said prescribed orientation in
said main well flow conductor, said whipstock having a slanted
face thereon adapted to divert a boring tool.

49. The system as recited in Claim 41, wherein said
interface end of said means for lining includes a £flange
extending radially outward from said means for 1lining, said
flange adapted to contact an inner surface of said sidewall of

said main well flow conductdr.
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subsequent trip of the drillstring 140, a boring bit 146 is enployed to
bore through that portion of the liner 340 and the bl ocking cenent. Turning
now to FIGURE 12, illustrated is a vertically foreshortened, highly
schematic partial cross-sectional view of the main casing of FIGURE 11
after the. step of boring through the soft 8éntered, cenment or conposite
material drillable core of the diverter, according to the second enbodi nment

of the present im@niiThe F¥SLURRS FeYiGHE b Clad@edd 1 Surhbed seRpPrising

portion of the nmaip casing 120 is r.eestablished without c rom sin %cces

o ther |+ nerMSPiEE \EoT, ANBREEEage PR Sl e 1 yan%uf%?aﬁaﬁf:s petueen
i dabl e fl trol h t hat |_ust

e Mow concol g oo Bl gRpdt i Liglt 50 10,8 B Byoadt,

thereby alloyifg S&hest| ffli:‘?ﬂ%aih erlect:QSO#;éf:ﬁéé‘ﬁ éé“iﬁ.!ibﬁé?léﬁ%%ﬁwmstﬂﬁ

above, it is apparenf that a’'s con aspect e present-rnv

provides an ¢{Rd&y dneet S OEnEé%Iabag éhdmbfl Rl al iNer | candepdhaddPLayed
multilateral well structure. 45 The met hod conprises the steps of: (1)

setting a diyesdnirdbedeing S®ddl centered, cement or conposite nmateri al

drillable core at a prescribed position and a prescribed orientation in a

mai n wel | 51. The system as recited in Claim 41, further comprising
means for removing said diverter from within said main well flow
conductor to thereby allow access to a distal portion of said
main well flow conductor.

52. The system as recited in Claim 41, further comprising
means for accessing a selected one of a distal portion of said
main well flow conductor and said liner within said lateral
wellbore with a coiled'tube rig.

53. The system as recited in Claim 41, further comprising
means for injecting said cement into an annular space between
said main well flow conductor and a wall of said main wellbore
from ports located in said liner.

54. The system as recited in Claim 41, further comprising
means for injecting said cement into an annular space between
said main well flow conductor and a wall of said main wellbore
from ports located in said main well flow conductor.

55. The syétem as recited in Claim 41, further comprising
means for injecting an elastomeric cement into an annular space
between said main well flow conductor and a wall of said main

wellbore to thereby create a flexible seal between said main well

flow conductor and said liner.
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fl ow conductor |located within a main well bore, the diverter severably
coupled to an end of a drillstring, (2) boring through a sidewall of the
main well flow conductor and into a material surrounding the main well flow
conductor with a boring tool coupled to an end of the drillstring, the
boring creating a wi ndow having a particul & shape in the sidewall, the
orientation of the diverter determning a |lateral position of the wi ndow in
the main wel | floRfcondhet BYStam| a8 cFafivRd| Horelate by BETRET GIMRF5ing

th terial d t endi f t h I |1 b th i . Of tti d
e et ] e O B8, YL LIOL e L 6D8 S0

el | Dore W tBigl B0+ 00 L4y PRTERIANGALUE] | JET1L0:01 ace W thi 0 (he

| at eral wel | BOT €] cenen g creati a pressure-bearing sea

bet ween the peripgery ?ﬁet Eg%}é%@dgﬁfwﬂ&@ 14 Wl ainf'S 12N Al AR DA P

di verter being severably co I's contenplated that a soft center

whi pst ock meyelfsl 88rOlceateha’ at @1tikapleAflibRUEbntRe1PERYARe HAARMYG YPoraiyl
its advant ages have been described in detail, those skilled in the art

shoul d under shepdihhptokhasteagaidkweinddsw pusadaflgss caritisil tdevimes myvhble

alterations herein wthout departing fromthe spirit and scope of the

i nventi on i nwitbihr saddstwefldr MilaH/dondiddigyt M ¢§pose said window thereby
allowing access to said liner by a topl.

58. The system as recited in Claim 41, further comprising
means for locating a slidable flow control device proximate said
window, said flow control device substantially blocking a flow
of fluid between said liner and said main well flow conductor.

59. The system as recited in Claim 41, further comprising
means for getting a packing device in said main well flow
conductor, a hydraulic hose from a boring tool allowing said
packing device to be hydraulically set.

60. The system as recited in Claim 41, further comprising
a plurality of lateral wellbores formed in said material and
extending from said main wellbore.

61. A system for creating a multilateral well, comprising:

means for diverting set having a hollow metal conduit with
a soft centered core at a prescribed position and a prescfibed
orientation in a main well flow conductor located within a main
wellbore, said means for diverting severably coupled to an end
of a drillstring;

means for boring through a sidewall of said main well flow
conductor and into a material surrounding said main weli flow

conductor, said means for boring creating a window having a
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46 1. A nethod of creating a nultilateral well, conprising the steps of:
setting a diverter at a prescribed position and a prescribed orientation in
a main well flow conductor |ocated within a main well bore; boring through a
sidewal | of said main well flow conductor and into a material surrounding
said main well flow conductor, said orient&8ion of said diverter
determning a |ateral position of said window in said main well flow
conductor, Parbhienlarvghaprria shidepidewahl, faaidkeriansatdonaetrsaid megns
extending fromsaid main wellbore; lining said_|lateral wellbore with a
liner, said FPRefiVatthBgaferarBining éng?t%Pa PRE&ELGRe OénFaddapiiogiom in

[ Tner il otekd, oiR eSFh elod Srrdde ity o SRl o IR ety Being
e | nier  SECTBAA 3 Gap A R FRrL A5 M6 TeREla iy B05) et G 4 SHRGAEY
furth A : ; ; L
Sai o mai el | Bor BP0k o RER A U G Ranuierar T RE Ik e S e ToroS
| ocating sai dyfljVest&radt weBiHoPé €Sghdbed position in said nmain well flow

conductor. 3. The nethod as recited in Aaiml1, further conprising

a pressure-bearing seal between said periphery of said
window and said liner, said liner cemented in place within said
lateral weilbore.

62. The system as recited in Claim 61, further éomprising
means for setting said main well flow conductor in said main
wellbore, said main well flow conductor including a nipple for
locating séid diverter at said prescribed position in said main
well flow conductor. |

63. The system as recited in Claim 61, further comprising
means for setting said main well flow conductor in said main
wellbore, said main well flow conductor including a helical guide
therein for rotating said diverter into said prescribed
orientation in said main well flow conductor.

64. The system as recited in Claim 61, further comprising
means for setting a packing device within said main well flow
conductor, said packing device including a profile for locating
said diverter at said prescribed position and said prescribed
orientation in said main well flow conductor.

65. The system as recited in Claim 61, further comprising

_ means‘fbf setting said main well flow condugtor in said main
wellbore, said main well flow conductor including a joint

composed of a composite material, said drillstring drilling

I
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the step of setting said main well flow conductor in said main wellbore,
said main well flow conductor including a helical guide therein for
rotating said diverter into said prescribed orientation in said nmain well

fl ow conduct or. 47 4. The nethod as recited in Claim1l, further
conprising the step of setting a packing d®ice within said main well flow
conductor, said packi-ng device_including a profile for |ocating_.said )
diverter at "SHNIN edcr FREGWRLLi t PBN 2RHA sal A Hr e?(ﬂq bé&tSrl Eﬁtg“g‘t i patprial
said main wel | fl ow.conduct.or net hod, a i 1 :
Further comPHER e SAaH bniB.vet AFLET AN MirFon B5RTEL S thine

said main wglJRore, said main well flow conductor |ncluding a joint
conposed of a cdnposite material, said step of boring conprising the step

of drilling throygh aﬂ@@ﬁ@éenphss%'e@ﬂtgﬂnﬁna@gahﬂt @1safgr£rﬁé§ré@rhprlslng
surrounding said main well fl ow conductor with a single drilling tool. 6.

The nethod as peeifbefiedn Wiadsw 1l mdmbdhehatamly i & NErdfivrmdep wilindehi t 0O &
pref ormed wi ndow nenber having a prefornmed wi ndow of a prescri bed shape

formed t her gresottibesbistiape formeéd tHeweitpidushdd.main wellle firetvhoonhdsctor.
recited in Claim1l, wherein said step of

67. The system as recited in Claim 61, wherein said means
for boring comprises a milling tool for milling said window into
said sidewall of said main well flow conductor and a drilling
tool for drilling into said material surrounding said main well
flow conductor, said sidewall being composed of a metallic
‘material. |

68. The system as recited in Claim 61, wherein said means
for setting said diverter comprises means for'setting a whipstock
at said prescribed position and said prescribed orientation in
said main well flow conductor, said whipstock having a slanted
face thereon adapted to divert a boring tool.

69. The system as recited in Claim 61, wherein said
diverter is coupled to said drillstring via a severable link.
| 70. The system as recited in Claim 61, further comprising
means for injecting said cement into an annular space between
said main well flow conductor and a wall of said main wellbore,
said cement filling interstices between said periphéry of said
window and said liner to create said pressure-bearing seal.

71. The system as recitgd in Claim 61, further comprising

means for removing cement injected into said hollow core of said

diverter.
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boring conprises the steps of mlling said window into said sidewall of

said main well flow conductor with a mlling tool and drilling into said
mat erial surrounding said nain well flow conductor with a drilling tool,
said sidewal| being conposed of a netallic material. 8. The net hod as

recited in Claiml1, wherein said step of sé@ting said diverter conprises
prescr i bed ori ent A8 on hA SHPHSHaRA GEFHEFRon cortbrat: o e Rl ing
The met hod J0oRE8; E68 PHCERRTROLS TRAFSTACsSrg Sheds Pt HoRs oM Hortaig
or por orm Aty id hy® chheetd Bl (EELE 1IAR i RALUTAGR A

recited in Qyaitbdrel Witheh e8iRESSEABet PEgstep of injecting said cenent
into an annul ar space between said main well flow conductor and a wall of

said main wel | bore3.sarTHecsyBoéml &b| +agited e115 ¢ het Wefair tdadl damipriheimg

of said wi ndow and said interface end of said liner to create said

pressur e- beameagssd€air. ihljecHingredaiotl camerci intoi anCaanulayr spackebetween

conprising said main well flow conductor and a wall of said main wellbore
from ports located in said liner.

74. The system as recited in Claim 61, further comprising
means for injecting said cement into an annular space between
said main well flow conductor and a wall of said main wellbore
'from ports located in said main well flow conductor.

75. The system as recited in Claim 61, further comprising
means for injecting an elastomeric cement into an annular space
between said main well flow conductor and a wall of said main
wellbore to thereby create a flexible seal between said main well
flow conductor and said liner.

76. The system as recited in Claim 61, further comprising
means for washing down said liner until said liner reaéhes a
final position within said lateral wellbore. -

77. The system as recited in Claim 61, further comprising
means for locating a slidable flow control device having ports
therein proximate said window, said flow control device movable
within said well flow conductor.to expose said window thereby
allowing access to said liner by a tool.

78. The system as recited in Claim 61, further comprising

means for locating a slidable flow control device proximate said
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the step of renmoving said diverter fromwithin said main well flow
conductor to thereby allow access to a distal portion of said main well

fl ow conductor. 12. The nethod as recited in Claim1, further conprising
the step of accessing a selected one of a distal portion of said nmain well
fl ow conductor and said liner wwthin said leateral wellbore with a coiled
tube rig. 13. The method as recited in Qaim1, further conprising the step
of injectingwéaddweemarid ifilow arordmall aie\&p@c@mtxmadém b¥giaking |a fflaw
conductor and a wall of said main wellbore fromports |ocated in said
liner. 14. TRE ﬁéphédb&§wee§|§éad|Al@ﬁﬁ.ﬁni Sﬁaﬁtﬁé%ncvﬁbiuéiﬂﬁ £ARIUEEPT of
I njecting said cenent ipto an annul ar g pet wel |l flow
conductor and a wdPr OF a?HSﬁﬁWnaﬁeFFﬁ Fedf+nt Ts *txéﬁ%ﬁh??1%ﬁﬂﬁf¥ﬁﬁqg

wel |l fl ow conductor od a Jecited.in Gaiml “%LHPGWGF%r £low

conpri si ng tﬂ‘gagtsepf?ﬁ sr‘?té:&f’lgng 2 a3 d‘&go FYECL ertdht SFAfo "R hn S
space shugeRosal d P FE ﬁbg%’g9€8”§éfﬁ &%Fhf%#fﬂﬂ %#ﬁ%fhd“ﬁé&d

wel | bor e there y create a € Sea ween sal d nal
conduct or angagﬁhgglag@&celﬁo Egehggggggl@§11§cgggd in Cla|n11 wher ei n

said step o

80. The system as recited in Claim 61, further comprising

a plurality of lateral wellbores formed in said material and
" extending from said main wellbore.

81. A subterranean multilateral well structure, comprising:

a main well flow conductor located within a main wellbore,
a sidewall of said main well flow conductor including a plurality
of windows having a particular shape distributed along a length
of said maip well flow conductor, said windows having lateral
orientations;

a plurality of 1lateral wellbores formed in material
surroﬁnding said main wellbore, said lateral wellbores extending
from respective ones of said plurality of windows;

liners having interface ends cemented within each of said
lateral wellbores, said interface ends of said liners adapted to
contact peripheries of respective one of said windows in said
sidewall; and

pressuré-bearing seals between said peripheries of said
windows and said interface ends of_said liners to thereby provide
for (a) connectivity among said main wellbore and said lateral
wellbores, (b) pressure-bearing sealing of joints to allow
selective isolation of a portion of said lateral wellbores and

(c) subsequent selective access to said lateral wellbores.
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| i ning conprises the step of washing down said |iner until said |Iiner
reaches a final position within said |ateral wellbore. 17. The nethod as
recited in Claim1, further conprising the step of locating a slidable flow
control device having ports therein proxi mte said wi ndow, said flow
control device novable within said well fléalconductor to expose sald

MAndOM/thereby al | owi-ng access to said |liner a tool. 18, The_net S
recited in Cai m&2-f %ers%ﬁﬂﬁﬁ¥§¢nga?her§? %e%f +BcaF}ﬂbma St da P€ Gw
control device proxjmte said mnngOM/ sai om1c$ntro bed
subst anti al ISP %’ﬁ&q‘% &2 ARPLS F%i &°5 \*Egn FafgvFFnet gﬁ-’d %a?ﬁeﬁﬁfﬁ €

well flow c Tﬁn@%epo tce&xdtﬂ:q('ml wherein said

step of settlng conprlses |ng a packing device in said main

wel | flow conductgy, apdydrgeliledase ggon}@cﬁgganglﬁootlgihomgmg S%héther
packi ng device to be hydraulically set. 20. The method as recited in O aim

1, further ceosnrtsdity tdenslBfaloiguieiee aHdi@igAifdrs gotatdngbar digertefi Afto
and cenenting steps at a second prescribed position and a second prescri-bed
orientation d rprsesarilved owidndatoier airduetic radry iwedld & Lowircanductalr .| i ned
lateral wellbores formed in said material and extending fromsaid main

wel | bore. 21. A rethodThe¥ cseoudture nagtiteckied wbh|  Ctaimri 8ing fdather

steps of:
P comprising a packing device within said main well flow conductor,

said packing device including a profile for locating a diverter
at a prescribed position and a prescribed orientation in said
main well flow conductor.

85. The structure as recited in Claim .81, further
comprigsing a joint composed of a composite material.

86. The structure as recited in Claim 81, further
comprising a preformed window member having a preformed window
of a prescribed shape formed therein in said main well flow
conductor.

87. The structure as recited in Claim 81, further
comprising a whipstock located at a prescribed position and a
prescribed orientation in said main well flow conductor, said
whipstock having a slanted face thereon adapted to divert a
boring tool. |

88. The structure as recited in Claim 81, further
comprising a flange extending radially outward from each of said
plurality of liners, said flange adapted to contact an inner
surface of said sidewall of said main well flow cqnductor.

89. The structure as recited in Claim 81, further

comprising cement located in interstices between said peripheries
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50 setting a diverter having a soft centered drillable core at a prescribed
position and a prescribed orientation in a main well flow conductor |ocated
within a main wellbore, said diverter severably coupled to an end of a
drillstring; boring through a sidewall of said main well flow conductor and
into a material surrounding said main well 68l ow conductor with a boring
tool coupled to an_end of said drillstring, said boring creating a w ndow
havi ng a parPfcBRraf Yhagew; andapaid; HRbey ?c%a?’éfi%r‘?ferﬁgadtq O S §iy create
diverter. determ.ning a | atgeral ,position of said window in said main well
flom1conductﬁ?}daprgfﬁPﬁ?' ?Fbgges?ﬁg?eby being formed in said naterial
and extending frogysai goni geyslLbgre, J3ai 4 34203 ofpsething, and bordfgye,
performed in a singlfe {rip; Flnlng Sai 81 at &FAF “Wel Mbor &R aliner,” said
| i ner adapt ed t.Q.,-6968}aC [  Sad ] | 0, Sai ' | I ;ne@N
cement | ng. sa P EaEhr RoAdad IRt T dk HOrelI Ty o SelrHl, soegor
cementing crgaiinyafePAESeHI Epaeasi Ng seal between said periphery of said
wi ndow and said liner. 22. The nethod as recjited in Caim21, further
conprising the step.of Thett sBgussudenaas wekkitkaw gandatbdm i B1sai EuvaiHer
wel | bore, said main well flow conductor including a nipple for

comprising ports located in said liners.

92. The structure as ‘recited in Claim 81, further
comprising ports located in séia main well flow conductor.

93. The structure as recited in Claim 81, further
comprising an elastomeric cement located in an annular space
between said main well flow éénductor:and a wall of said main
wellbore to thereby create a flexible seal between said main well
flow conductor and said liner.

84, The structure as recited in Claim 81, further
comprising slidable flow control devices having ports therein
proximate said plurality of windows, said flow control devices
movable within said well flow conductor to expose said windows
thereby allowing access to said liﬁers by a tool.

95. The structure as recited in Claim 81, further
comprising slidable flow control devices proximate said windows,
said flow control devices adapted to assume a position
substantially blocking a flow of fluid between said liners and

said main well flow conductor..
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| pcat i ng said ndrl bed posit ion in saidoainwell flow__
~conductor. 23. -The rret

epladeded in Claim21, furt her&: I’g;_@Eﬁ}g.,AéﬁgE&N
step of ‘setting I ow conductor in said nai ,g;kgw
mai.n wel |l flow co%m“\ ﬁ g a helical ‘guide t hetera
rotating said d said presc |bed[orientatron_|n sald mai n
wel | flow conductor.

24. The nethod as recited in Caim?2l, further -
conprising the step of setting a packi ng device within said main well
conduct or,

flow -
sai d packing device-including a profile for locating said
di verter at said prescri belfb osition and said prlent 408n in
said main well flmcongd 25. The nel?8 rect ‘}"n im 21,
further coml' ing t he

ep of setti ng saMIOrrm
said main well

Ao i conductor in
\o d n well flow for jEng a j oi nt )
conposed ﬁ 1 ll ﬁ*E:‘ l{%l al, said st‘% of’“\ r I sing the step
of drilli (J § g;‘- ,ewall of saldjo'F 1 i material
surroundi ng s&'l I\ M l‘_ow conduct or wi t eaNs Wl | ing tool. 26.
The met hod as_\: -‘c‘\ia rm 21, further co S step of boring
t hr ough sai d :1 ’; ;Jj..: id diverter to refvé el | ocated in said
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27. The nethod as recited i'n.Claim2l, wherein said step of boring
conprises the steps of milli ng said w ndow into said sidewal |l of said mai n
wel |. fl ow conductor with a mlling tool and drilling into sai :
surrounding said main well flow conductor with a drilling tog| TH%HEETHAS BEEN
sidewal | being conposed of a netallic material. 28. The nethqd as F&&i-ACGED

in Caim2l, wherein said step of setting saigl diverter conprTses the step -

of setting a whi pstock at said prescribed position and said_prescribed
orientation in said main well flow conductor, said whi pstock havi ng a

sl anted face .t hereon adapt ed to divert a bori ng tool. . ZBhis Shibxe HasBebroRkeplaced
as recited in O el d diyepgeer is coupledto sai
drillstring wa% le |ipi= 30. e method as recited in
further conprisi Ull $it.epn of I flecting said cenment into an annul ar space
bet ween said nail? -4 llow cpnmfiuctor and a wall of said main wellbore,
sai d cenent filliBq ,.ut‘lhrst | céH!bet ween sai d peri phery of said w ndow and
said liner to create c.jb pr-esy Héjédﬂ ng seal. 31. The nethod as recited
in Claim?2l1l, further ﬁ-cﬂprisi NigY: step of renoving soft center core from
sai d holl ow core of scj:ﬂ d{Xél’ e . : '
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32. The nethod as r ci ed | ?Zdl further conprising the step of _
accessing a selecte t portion of said main wel =W
conductor and said |i ﬂﬁ FEII?{ d | ateral wellbore with a oW@cﬁ*ﬂ{FHeHAS BEEN
rig: 33. The net hod aim 21, further conprising the BEEpAGFD

I njecting said cenment into an annul ar space between said nmain WertT TTow
conductor and a wall of said main wellbore fromports-located in said

liner. 34. The nethod as recited in Caim21, further conprising the step

of injecting said cenment into an annul ar space between said nain well flow

conduct or 1I2(pf sai d vel | bore fy t20ed in sagd0@ain
wel | flowcgﬂ(a . ﬁbgod as recited i g} ai m 21NHlirth
conpri sing 11@, p [ eCtl ng an el astomeric gggent intQ{En annul ar
space between g, mal 2 flow conductor and al | of sl main
vel | bore ther eByNer eqt 3 1 exi bl e seal betyqon~ggitl main W flow
conduct or and ____' | { ner 3= 53 36. The net hod as fgcited ipEC ai m 21,
wherein said SE ] of | | " conprises the step oft* : 0 said |iner
until said |inel Eh '%!nal position Wlthln_S" Targhyd wel | bore. . 37.
The method agp 4l et i e aim21, further conpri ru :
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the step of locating a slidable flow control

devi ce havi ng
proxi mate said w ndow, said flow contro

Yy
SHto—tH et

devi ce novabl e wit i ﬁHl§am‘ﬂ£‘iﬂe!MS BEEN
fl ow conductor to expose said wi ndow thereby allowi ng accesy to sEEA-FPRBr
by a tool. 38. The method as recited in Caim2l1l, further coRprising the
step of locating a slidable flow control

devi ce proxi mate sa&é4m4%kww—sa+d———~
flow control device substantially blocking a flow of fluid bet ween sai d
liner and said mai'n well

f1 ow conductor. 39. The nmethod as re&w “
21, wherein said step of setting co i ses the ) of setting l H
device in said main wel{4d =8 hydy aul'i ¢ hose from
drillstring allow ng sald ' ¢

ﬁg devi cgt] e hydraulically set. 40. The
met hod as recited in d af f}ﬂu rtpqr ¢pMbrising the step of repeating

said setting, boring, lining qlce nti steps at a second prescribed
position and a second prescri ko

Al or ~$n in said main well flow
conductor to yield a pluralityuad |i ed xheral wel | bores forned in said
material and extending froms H N 'l bore. 41. A systemfor creating a
multilateral well, conprlsmgl~ ng Tverting set at a prescribed
position and a prescrlbedfgajif i qn} ipftia main well flew conductor |ocated
within a nmain well bore; 1 .
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54 nmeans for boring through a sidewall of said nain well fI ow conduct or and
into a material surroundi ng salrd main: vel | fl ow conductor, said neans for

boring creating a
orientation of said
said wi ndow in said
being formed in said
cooperable with said neans for diverting, for |

] ticul ar shape in sai d Si ¢ —Sard e
_ ting determning a | ateral mﬁﬂ¢@wgwmagm
ﬂ[ " MConduct or,

| ateral well bdre th&Egbyo=D

xt endi ng- fr m sai d mai n wel¥bore; msans,

ning said |lateral wellbore,

said nmeans for lining having an interface end, said interface end adapted-
to contact a perlphery of said window in said sidewall; and a :
pressure-bearing seal between said periphery of said mﬁndom/and sai d
interface end of said liner, said |liner cemented in-place within said

| ateral wellbore. 42. The systen1as recited in Caim4l, further conprisi.ng

means for setting said main well flow conductor in said main welth said
main well flow conductor including a nipple for |ocating sasg JYVeny er at
said prescribed position in said mai'n well flow conductor. f yst em
as recited in Claim4l, further conprising means for setting sgfd—fhi n wel |

fl ow conductor in said main well bore, said main well flow conduj
including a helical guide therein for rotating said diverter i 4hi d

prescri bed
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orientation in said main well flow conductor. 44. The systemas recited in
Claim-41, further conpri'sing neans for setting a packing device wthin said
main well flow conductor; said packing device including a profile for-_ _ .- _

| ocati ng 55 said diverter at said prescribed position andrsard_- = EEN
prescribed orientation in said main well flow conductor. 45.[3%@3§g§§§§§§$8
d maitwel _

recited in Claim4l, further conprising mean® for setting s
fl ow conductor in said main wellbore, said main well flow cc
i ncludi.ng a joi nf12@nposed of a conposite material, said drillstring

drilling thrdd@ne~sidgwal | of . said joint and into said nater_'SMwﬂthamRekmw_
§=m el | flow conductor with a single drilli :
n Caimd4l, further conprising a prefor _
‘ I'n

sur roundi ng said,w
The system as refH _
menber having a ?5 ped wi ndow of a prescribed shape forned therein
said main wel | fE grlduct or. 47. The systemas recited in CaimA4l,
wherei n said neagf gtiboring conprises .a mlling tool for mlling said

i df4Ell del | of said main well flow conductor and a drilling

y{said material surrounding said main well flow

B¥ | bei ng conposed of a netallic

tool for drilli
conductor, said [#
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material. 48. The systemas recited in Caim4l, wherein said reans- for
setting said diverter conprises neans for setting a whi pstock at said .
prescribed position and said prescribed orientation in-said naj L—fd-ow
conductor, sai'd whi pstock having a slanted face thereon adapte 'mnSGHEETmmsBEEh
bori ng tool 49. The systemas recited in Caim4l, wherein sajjd i ntRefladzED
end of said neans for lining includes a flangg extendi ng radi & o
from sai d means for l'ining, said flange adapted to contact an inner surface
of . said sidewall of said main well flow conductor. 56 50. Tﬁh@haygggﬁ&ﬁ§Tde

recited in 6hg'~ T v{2per conpr|5|ng means for. injecting sa -
perTe %ﬁgn said main well flow conductor an
?ﬁld cement filling interstices between sa :

into an annular|
sai d mai n wel | by
of said MAHdOM/%y #Nd i nterface end of said liner to create said
lisedfll{ 51. The systemas recited in Caim4l, further _
il enoving said diverter fromwithin said main well flow
Illﬁw access to a distal portion of said main well

h

pressure-beari.,
conpri si ng nmeangtl

—————
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52. The systemas recited in Caim41l, further conprising £

accessing a selected one of a distal portion of. said main WHE%SMEETHASBEE
conductor and said liner within said lateral wellbore with & coi | ®EPLABED
rig. 53. The system as nﬁmDWHdMEumﬂﬁymm g Trreans —1-of

I njecting said cenment i ntOLSHATRR &ﬁi%gﬁ%%@n wel |l flow
conductor and a wal l.--of said main_wellb r.o r cated in said

liner. 54. The system as recit 88° FHAEFa ﬁ13§3 5%$8ﬁé§ué nprising neans for
injecting said ce o] nul etyeen | d. i 1

conductor and a mgﬁ$£°¥géawggﬁ§§n e %ygi ?Bn1por?§g+g%ﬂ?eg ﬁﬁlgéﬂgggral
wel | 11 ow copdyft ohg rgbédsﬁ‘tﬁﬁfir}éﬁefgf' pet1l Betatirdd, TuhtB E asp ect
conpri si ng neans or ectlng an elastoneric. cenent 1nto an annu ace

']

bet ween sai dofadre Wéséﬂ@"irﬁfé‘?ﬁ:‘i@rpr tdRdmacued! c ﬁ)ﬁﬂéé’s e é‘h@ﬂsb@ffe 1a)
we

thereby create a flexible seal bet ween said main

setbingb6a Hirentdreratisar peeketibedCippightdbn fantd her peespiriibiedy
means for washing down said liner until said liner reaches a final position

said |iner.

fl ow conduct or and

within said ¢nientatiwh| bore mdin Wkl sfisivemasiuatoin dodated aimmhdh a main
further conprising

wellbore, (2) boring through a sidewall of the main well flow
conductor and into a material surrounding the main well flow
conductor, the boring ;reating a window having a particular shape
in the sidewall, the orientation of the diverter determining a
lateral position of the window in the main well flow conductor,
a laterai wellbore thereby being formed in the material and
extending from the main wellbore, (3) lining the lateral wellbore
with a linex_', the liner having an interface end, the interface
end adapted to contact a periphery of the window in the sidewall
and (4) cementing the liner in place within the lateral wellbore,
the step of cementing creating a pressure-bearing seél between
the periphery of the window and the interface end of the liner.
The method allows multiple lateral wellbores to be joined to the
main wellbore and provides for connectivity among main and
lateral wellbores, pressure-bearing sealing of joints to allow
selective isolation of one or more wellbores or portions thereof

and subsequent wellbore access for rework or other purposes.

Fig. 4
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means for |locating a slidable flow control device having ffort% t%’lgi n_(‘?'g'“’
proxi jrat:e said wi ndow, said flow control device novable T < e
f] ow conductor to expose said wi ndow thereby allow ng ac SEFLAGEMEN] ‘F‘]‘ﬁ:’ﬁérr
by a tool. 58. The systemas recited in Caim4l, furthe conpf GSMAR 199BNS
for locating a slidable flow control device proximate saj i ndow; sairdg
fl ow control -device substantially blocking a flow of fluird between said
liner and said main well flow conductor. 59. The systemas recited in daim
41, further conprising neans for setting a packing device in said main well
fl ow conductor, a hydraulic hose froma poring tool allow ng said packing
device to be hydraulically set. 60. Th& systemas recited in daim 41,

further conprising a plurality of |ateral. 10®res forned in said materi al
and extending fromsaid main Vﬁ#eb 20671, ¥A systemfor creating a
multilateral well, conprising: meyns for diverting set having a hollow
metal conduit with a soft 'center o(,:l.!ﬁm: W®2scribed position and a
prescribed orientation in a rndname] |f hqﬁ onductor located within a nain
wel | bore, said neans for diverti ;:sv \!l"‘i coupled to an end of a
drillstring; neans for boring th’. ) HEW4 of said main well flow
conductor and into a material -sufjf{Quiidi W‘E -4 400i N wel | flow conductor,
said nmeans for boring creati NG § VAL, *ﬁ; =
s
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58 particular shape in said sidewall, said orientation of said neans for
diverting determning a |lateral position of said window in s@a

flow conductor, a lateral wellbore t hereby being forned in :a EP%%\ aFSHEET
and extendi ng fromsaid main wel | bore; neans, ‘cooperabl e wi 1936
for. diverting, for lining said | ateral mellbore and a pres<uPﬁ'HﬁﬁFrﬁH """"""" i
seal between said periphery of said window_dnd said liner, said |iner

cemented in place within said | ateral wellbore. 62. The systen1as recited

in Claim6l, further coppsirsi=0 THams for <800ing said main well flow
- M&@'w ik : . . .
conductor in said hﬂD gety bor e, |KaEd wel | flow conductor including a
ni ppl e for |ocatind ¥hai gild Prte \ W sai d prescribed position in said main
wel | flow conduct of1263. e sysit Brh as recited in Claim6l, further-
conpri si ng neans fo{%i. sai ;‘.ln fl ow conductor in said main
wel | bore, said nmai n el M4 ) d‘gf chudlng a helical guide therein
for rotating said divertgiljji nto @ rescribed orientation in said nmain
wel | flow conductor. 64. YHie t}d as recited in Caimé61l, further,
conprising neans for set i} R ng device within said main well flow
conductor, said packing dd¥\ce | % Hdlng a proflle for | ocati ng
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sai d diverter at said prescribed position and said prescribed orientation

in said main well flow conductor. 65. The systemas recited in S ‘
fI ow conduct|oREPIAGENENT SHEI

further conprising nmeans for setting said main well
said main wel | flow conductor including a joint gonpos@dg ¢AR 1996
59 through ajsbatewal.l...of..........

mai N well bor e,
a conposite material, said drillstring drilljing .
said joint and into said naterial surroundiﬁg said main well f| W coREEoF———
witha single drilling tool. 66. The systemas recited in Claim6l, further
conprising a prefornmed w ndow . efmemdvi ndow of a '

dyf mai § | 4+0w conductor. 67. The

prescri bed shape.fornmed therei 11D _
systemas recited in.d ai m.61,‘1y§1€r_j @ns for boring conprises a
mlling tool for mlling said w hdos O qpi=si dewal | of said main well
fl ow conduct or andadrillingl%b 7 i g i nto said materi al
surrounding said main well flow coQyyct i i si dewal | being conposed of
Htlgy n G aim 61, wherein said

a metallic material. 68. The systefjfs t |
i s for .setting a whipstock at

means for setting said diverter co
sai d _prescri bed position and said pfAgiDb g rientation in
se2-{Hll 1yl
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sai d fmi n wel | flow conductor, said whipstock having a sl ghfEGLAGEMENR SHEST
adapted to divert a boring tool. 69. The systemas recited| in C & § MAR 1996
wherein said diverter is coupled to said drillstring via Dalfer-abt-e- 4t mk:--
70. The systemas recited in Caim6l, furti@er conprising nEans Tor _
injecting said cement into an annul-ar space—Between said main well flow
conductor and a wall of said main wellbore, said cement fill '229 I nt er st '@66
bet ween sai d peyjgrisu 18P sajd wiqtd® and sai'd 119 sai d .

pressur e- bear i ﬁg' (N HalllsySt em as recited in G m 61, Kt hers
conpri si-ng neant ziy (}irenent injected into sHIM} hol | owNdflr e of said
di verter. 60 72211 fizas recited in daim6ELN urther fjgsnpri sing
neans for accessi Hﬁ qdillone of a di st al bb? FeNof  sai dai n wel |
f1 ow conductor an =s )@ thin said |ateral wefRpre witRJF coiled .
tube rig. 73. The Wypicem agigti ted in Caim61l, furtl Mg neans
for injecting said 2;;‘ ;; @ an annul ar space betwe aid in wel I flow
conductor and al 1*!' flaei n vel | bore from ports jatat ed(igfl said-
liner. 74. The syst§p dMtjled in Claim6l, f el 1 ri SNt '
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Lo B
further conprising nmeans for injecting an elastoneric cenent into an

annul ar space between said main well flow conductor and a wall of said nain
wel | bore to-thereby create a flexible seal _fetween said main well flow

- : || REPLACEMENT SHEET
mear’s for injecting said cement into an annul ar space betwedh said nain N
wel |- fl ow conductor and a wall of said main well bore from pd£ Datd:0 .%R..qgga..
said main wel I flow conductor. 75. The systemas recited in' :

conductor and said liner. 76, . The stenygg recited ifbép aim 61, further.
conpri sing means for washi ng’!ﬁ T 2) ' i sa | i ner reaches a
final position within said | ayqp |l | bprle. NAE e systemas recited in
G aim 61, further conprising neans g | Pcati llla slidable flow control .
device having ports therein proxi mggédysald wilj PW said flow control device.
novabl e within said well flow condigtier 1d expigse said wi ndow t her eby
al .owi ng access to said liner by as}sl.|48. l"ﬁe systemas recited in Caim
61, further conprising neans for | QRAKEY |=tlabl e fl ow control device
proxi mate said 61 wi ndow, said GERNNCOMt Nl device substantially
bl ocking a flow of fluid betwed2isaifi her said main well flow
conductor. 79. The system as reciteq: dlaggo1l, further conprising
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means for setting a packing device in sald main well flow canductor a
hydraul i'c hose fromsaid drillstring allow ng said packing ¢@ﬁﬂN@ﬂW§ﬁ¥%HEET .
hydraullcally set. 80. The system.as recited in Claim®6l, further -
comprising a plurality of lateral wellbores formed in said qgﬁéul'
extending fromsaid nain wellbore. 81. A subterranean nult
structure, conprising: a nain well flom/cgnductor | ocated within a main
wel | bore, a sidewall of said main well flow conductor including a plurality
of wi-ndows having a particul ar shape distributed along a I ength of said
mai n wel | flow conductor,  said wi ndows having lateral orientations;
plurality of lateral wellbores formed in material surrounding saeeg)
wel I'bore, said |ateral wellbores extending fromrespective (4.1?
plurality of windows; liners having interface ends cenented t"’lE
said lateral wellbores, said interface ends of said |liners adsp
contact peripheries of respective one of said windows in said Si
pressure-bearing seals between said peripheries of said wnndows?
interface ends of said liners to thereby prOV|de for (a) conne /

said main well bore and said |lateral wellbores, (b) pressure-b
of joints to allow selective isolation of a ponNtion of said

4 A
wel | bores and (c) subsequent sel ective access Yo said | ajs# p#t bores. _,
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62 82. The structure as recited in Caim8l1, further conprising a nipple
for |dcating a diverter at a prescribed position in said main well flow
conductor. 83. The structure as recited .in Caim81, furthef

helical guide therein for rotating a diverter into a preser
in said main well flow conductor..84. The structure as reci d |n.§

further conprisin packi ng devi ce withih said main well ¢“§ﬁEQE~_§?¥§j§g§
sai d packi ng dev including a profile for locating a di verter amr————|
prescribed pddQ ];- 18 a prescribed orientation in said main well flow
conductor. 85. t Bructure as recited in daim 81, further
conprising a joi -sed of a conposite material. 86. The structure as
recited in Cai ; t her conprising a preformed w ndow nmenber having a

ﬁ@&ﬂéct.matsf@h

s on B
"‘.'.'-ﬂt‘

pr ef or ned MﬂndOMl:‘ escri bed shape forned therein in said main well
f1 ow conduct or. 4 structure as recited in Claim81, further
conprising a whi pf <% ocated at a prescribed position and a prescribed

orientation in s§tu wel | flom/conductor sai d whi pstock having a
slanted face thepfdh Welapted to divert a : '
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borihg tool. 88. The structure as recited in Cdaim 81, further
conprising-a flange extending radially outward fromeach of said plurality
of ‘liners, said flange adapted to contact an inner surface [ A
of said main well flow conductor. 89. The structure as reci BﬁPmeghg
further conprising cenment located in interstices between S?Id perlphen
63 of said wi ndow and sai.d interface ends @f said liners tg
pressure- beari njiQ§ ‘?ijznhe structure™as recited in C arm
conprising a coile they accessing a sel ected ones of sald Iatera
wel I'bores. 91. The Hure as recited in Caim81, further conpr|5|ng
ports located in s ers. 92. The structure- as recited in Caim
81, . further conpr rts located in said nmain well flow conductor. 93.
The structure as rg @by n Claim 81, further conprising an el astomneric.
cement |located in § eﬂ4space bet ween said main well flow conductor
and a wal |l of saidg 3 |l bore to thereby create a flexible seal between
‘ _

said rmain well{ﬂ Actor and said |liner. ’
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94. ~The. structure as recited in C aim 81, further conpri si p
devi ces having ports therein pI’OXI nfate sai.d pl ural sty
said flow control devices novabl e w,

sai d -wi-ndows thereby all owi ng access trg,ssgls ﬁHﬂ§rB$.—Ehy
structure

| i e%me sai d wi ndodws= contt ol FHEVFERSaL
to assume a po on substantially bl OCkI ng a flow of fluid betvveen sald

cont fol

contr ol

recited in Caim g1, pil;_i: ﬁéEEOWD“ é

oS-E

O

liners and said main well flow conductor.

IMPROVED METHODS _AND SYSTEMS FOR SUBTERRANEAN.
MULTILATERAL WELL DRILLING AND COMPLETION .

A 'méthqd for creating a mulfﬂ'aiera‘l well compfising : (1) setting a

.diverter at a prescribed position and a prescribed orientation in a main well flow

conductor located within a main wellbore, (2) boring through a sidewall of the
main well flow conductor and into a material surroundihg the main well flow
conductor, the bonng creating a wmdow in the sidewall, the orientation of the

diverter determmmg a lateral position of the window; a lateral wellbore thereby .

| being formed in the matenal and 'extendmg from the main wellbore, (3) lining

the lateral wellbore with a liner, the liner having an interface end, the iht_erface end

' adapted to contact a pgri_phery of the window in the sidewall and (4) cementing

the liner in place within the latefal wellbore, the step of cementihg creatinga
pressure-bearing seal between the périphery of the window and the interface end

of the liner.

Figure 4
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ABSTRACT

IMPROVED METHODS AND SYSTEMS FQR SUBTERRANEAN _
MULTILATERAL WELL DRILLING AND COMPLETION

A method for creating a multilateral well comprising: (1) setting a diverter (132) at a
prescribed position and a prescribed orientation in a main well flow- conductor located within
a main wellbore (110), (2) boring through a sidewall of the main well flow conductor and into
a material surrounding the main well flow conductor, the boring creating a window in the
~ sidewall, the orientation of the diverter determining a lateral position of the window, a lateral
wellbore (150) thereby being formed in the material and extending from the main wellbore
(110), (3) lining the lateral wellbore (150) with a liner, the liner having an interface end (342),
the interface end (342) adapted to contact a periphery of the window in the sidewall and (4)
. cementing the liner (340) in place within the lateral wellbore (150), the step of cementing
creating a pressure-bearing seal between the periphery of the window and the interface end
(342) of the liner (340). - '

Figure 4
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