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The present invention is directed, 1in general, to well
drilling and completion and. more specifically an improved
diverter, diverter retrieving and running tool and methods for
running and retrieving a diverter.
BACKGROUND OF THE INVENTION
Horizontal well drilling and production have become
increasingly ‘important to the oil industry in .recen't years.
While horizontal wells have .. been known for many years, only
relatively reéently have such' wells been determined to be a cost-
effectivé alternative.té conventional vertical well drilling.
Althoﬁgh drilling a horizontal 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 prociuctivity from a
horizontal wellbore must triple that of a vertical wellbore for
horizontal drilling to be economical. This increased .production
minimizes the number of platforms, cutting investment and
operational costs. Horizontal drilling makes reservoirs in urban
areas, permafrost zones and deep offshore waters more accessible.
Ot]:}er appii::ations for horizontal wellbores include periphery
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operational costs. Horizontal drilling makes reservoirs in urban areas,

per mafrost zones and deep offshore waters nore accessible. O her
applications for horizontal wellbores include periphery wells, thin
reservoirs that would require too many verti cal "2 well bores, and
reservoirs with coning problens in which2a horizontal wellbore could be
optimally distanced fromthe fluid contact. Al so, some horizontal wellbores.
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are referred to gs multilateral wells. Miultilateral wells are becom ng
increasingﬁquﬁf ‘tant, both fron1the st andpoi nt of new drilling operations
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wel | bores, including renme ation mor As a result of the
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hori zontal well conpletion, and particularly nmultilateral well conpletion,

have been iagdittianalcolaeeralandellivdiese d1e poovetdmashosefetrdif ftculds
probl ens to overcone. Lateral conpletion, particularly at the juncture
bet ween t helnmdinhodiess | anhdr avemtelddior wellborest reontaininmr meme t bhanoiane
col  apse of the wellbore in unconsolidated or weakly
lateral wellbore are referred to as multilateral wells.
Multilateral wells are becoming increasingly important, both from
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 and
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 hole 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
size as close as possible to the size of the primary vertical

wellbore for ease of drilling and completion.
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consol i dated formations. 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 i the growing desire to nmaintain
the lateral wellbore size as close as possible to the size of the primary
vertical wellborBh¢orakbo¥e oforREeINs ngFathd Reomsuamagidzed AnThEhggeyemain
concerns can be summarized in three ngin_objectives connectivi
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required to access portions of e conpl etion. refers to the

ability to sgainQLf OgﬁigreﬂgﬁﬁeEEEhQQrﬁﬁe RL1RNYaEer8Lt 8BMB1E8016H00s not
t hereof , wi thout™I npedi ng production fromremining wellbores or portions.

To isol ate gpejuet! BOreIT45BaBE Reseetiogt 6F ebyen sl & agid1ghaitnopea hole
wel | bores must be hydraulically sealed-(generally up to 5000 psi) to one
anot her to ebbbw 4he nuttiréqhitred tonptatsorpas ionshalfe the wianpsitedridn .
hydraul ic pressure. Hydraulic sealing is particularly inportant at the
juncture betweenIselation referal tgelthsorakility to seal off one or more

wellbores, or any selectable portion thereof, without impeding
production from remaining wellbores or portions. To isolate one
wellbore from another effectively, the casings in the wellbores
must be hydraulically sealed (generally up to 5000 psi) 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 void. While
connectivity, isolation and access are important in both
horizontal and vertical wells, they are particularly important
and pose particularly difficult problems in multilateral well
completions. As mentioned above, isolating one lateral wellbore
from other lateral 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) isoclation may also be needed if the
wellbore drifts in and out of the target reservoir because of

insufficient geological knowledge or poor directional control.



Wt hout hydraulic sealing, either pressure is lost into the void that
surrounds the casing or fluid or particulate contamnates are allowed to
enter the casing fromthe surrounding void. Wile connectivity, isolation
and access are inportant in both horizontal and vertical wells, they are
particularly inportant and pose particul agly difficult problens in
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Access refers to the ability to reenter a selected one of
the wellbores to perform completion work, additional drilling or
remedial and stimulation work, preferably without requiring a
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 completion 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



remedi al and stinulation work, preferably without requiring a full drilling
rig. In the nost preferable situation, any one of the |ateral wellbores can
be entered using coiled tubing, thereby saving money. There have been
several prior art techniques of conpleting multilateral wells using
opfrbhole cgnpletlon techni ques. One invoPves the driIIing of a single main
we ore and one or nore |lateral wellbores e tin a base portion
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and perforations between the inflatable packers
separate the lateral wellbores hydraullcally from one another.

This technique therefore offers a degree of isolation, in that
an entire lateral can be sealed off from the rest. However,
portions of a lateral cannot be sealed off. Further, there is
neither connectivity nor access. Finally, the lateral wellbores
are left open-hole. Therefore, if a lateral wellbore collapses
or becomes clogged, production from that wellbore is compromised.

Conventic.:nally, some multilateral completion techniques have

employed slotted liner completion. The primary pursose of
inserting a slotted liner in a lateral wellbores is to guard
against hole collapse. Additionally, a 1liner provides a
convenient path to insert various tools such as coiled tubing in
the wellbore. Three types of 1iners have been used, namely: (1)
perforated 1liners, where holes are dfilled 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 sections proximate the main



placed in the main wellbore. The inflatable packers serve to separate the
| ateral well bores hydraulically fromone another. This technique therefore
offers a degree of isolation, in that an entire lateral can be seal ed off
fromthe rest. However, ‘portions of a |ateral cannot be seal ed off.
Further, there is neither connectivity no# access. Finally, the |ateral
mellbores are left open-hole. Therefore, if a |ateral wellbore coll apses or
becormes cl wgddborpr satt iexe ﬂﬁéﬁlP@ﬁﬁﬂhﬂlﬁbor§HN§L@§%ﬁbo#P§e@ase portion
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isoclation tools. Finally, access to the lateral wellbores can
only be by way of bent subs or orientation dévices. The sole
advantage of this completion technique is that liners provide
support as against erosion or collapse in the lateral wellbores.

A second completion technique employing lined laterals
involves two lateral wellbores extending from a main wellbore,
one over the éther, each having a liner and each liner extending
back to 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 subsequently.
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 wellbores.



of the main wellbore is |left open-hole. Al t hough not as i nexpensive as
the first-described open-hole technique, this conpletion technique is stil
rel atively inexpensive. However, none of the above three nmmin objectives is
satisfied, as portions of each lateral wellbore and the base portion of the
mai n wel | bore are left open-hole. The oped-hol e wel |l bores cannot be
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casing in the main wellbore. Thus, connectivity is achieved, as the liners
ar e hydr auldis@ldoivas| edohfietbeviiaiyn ¥l hber eprasémy, simicer t that elaterdie
| oner of the two |ateral wellbores cannot be sealed off (isolated).
Further, thelliwre olihbest wxrd ahet alseadleddotres thenrmaimewaddbored liner.
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either open-hole or lined lateral wellbores. This technique
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 lateral wellbore (and particularly
multilateral wellbore) completion has been recognized for many
years as reflected ih the patent literature, For example, U.S.
Pateat No. 4,807,704 discloses a system for completing multiple

lateral wellbores using a dual packer and a deflective guide



7 The open ends of the |ateral wellbore liners extend through the w ndows
of the main well bore liner. This technique is designed for new wells,
because the | ocation and orientation of the |ateral wellbores nust be
prearranged. Applying the three main objectives, connectivity is not
present, since the lateral wellbore liner8 are not sealed to the main
wel | bore liner. Isolation-is possible, but access to the lateral wellbores
for the pumeademf r&ws-ki nPasentsdiati Rg727)8923r sispdiosiesr & niiethed ke
by way of bent subs or orientation devices. One further prior
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mai n wel | bore nust be of exceptionally large dianeter and thus relatively

expensi ve tthehedfi. U.S. Patent No. 3,330,349 discloses a mandrel for
guiding and completing multiple horizontal wells. U.S. Patent
Nos. 4,396,075; 4,415,205; 4,444,276 and 4,573,541 all relate
generally to methods and devices for multilgteral completions
using a template or tube guide head. Other patents of general
interest in the field of horizontal well coﬁpletion include U.S.
Patent Nos. 2_,45_2,920 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 imp;oved methods and devices
for providing such completions, 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.

There 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.

Serial No. 08/296,941, initially referenced above, discloses

- gseveral methods and systems for subterranean multilateral well



The problem of lateral wellbore (and particularly nultilateral
wel | bore) conpl etion has been recogni zed for nmany years as reflected in the
patent literature, For exanple, U S. Patent No. 4,807,704 discloses a
system for conpleting multiple |lateral wellbores using a dual packer and a
defl ective guide 8 menber. u. S Pafent No. 2,797,893 discloses a

met hod for conpleting lateral wells using a flexible Iiner and deflecting
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of the main borehole. Once the lower portion of the main
borehole is reestablished, the well is essentia;ly'complete, save
for optional placement of flow control apparati or other devices.

Over time, it may become necessary to reenter a selected one
of the lateral boreholes for rework or other purposes. To this
end, the priqr art has provided diverters that may be pléced
within and removed from the main borehole as desired. However,
some significant disadvantages are associated with such prior art

- diverters.

First, the topography of the main well flow conductor,
particularly at the junction between the main and 1lateral
boreholes, is often unknown and subject to variation. The tools
designed to enter the lateral well flow conductor may have a
relatively large diameter, that is, Jjust slightly smaller than
that of the main well flow conductor so that there are close
tolerances between the two. Thus, there is little room for
movement of the tool within the main well flow conductor in the
event that there is a defect or protrusion above or at the
junction thaﬁ serves to decrease the effective diameter of the

main well flow conductor. In this case, the tool may become



juncture of vertical and fateral wells, the ability to access lateral wells
(particularly in multilateral systens) and achieving zone isol ation between
respective lateral wells in a nmultilateral well system There is also a
need for gaining econony in lateral well conpletions. Toward this end, it
is highly advantageous to mininize the nd®er of trips necessary to drill
and conplete a lateral wellbore. Serial No. 08/296,941, i niéi | | .
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rework or other purposes. To this . ceet :
Second, retrieving such prior art diverters is difficult.

Prior art retrieval was generally by one of two methods. The
first employs an overshot to engage an outer diameter of the
diverter. Unfortunately, the diverter may not be centralized,
making it difficult for the overshot to fit around the diverter.
The second employs a retriever designed to engage a specific
coupling point on the face of the diverter. Unfortunately, such
retrieving tbols must first be oriented with respect to the
diverter, else they fail to engage and retrieve. This is
unnecessarily complicated and may require multiple trips should
‘the orientation of the retrieving tool be incorrect.

Therefore, there is a need in thel art for an improved
diverter, retrievai tool and methods for diverting and retrieving
that take into account possiblé fluctuations in well flow
conductor diameter and that simplify and render diverter
retrieval more reliable than in the prior art.

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
a diverter that has a compliant diverter surface thereon,

allowing the diverter to adjust or compensate for deviations in



end, the prior art has provided diverters that nmay be placed within and
renmoved fromthe main borehole as desired. However, sone significant

di sadvant ages are associated with such prior art diverters. First, the

t opography of the main well flow conductor, particularly at the junction
bet ween the main and | ateral boreholes, isl1often unknown and subject to
variation. The tools -designed to enter the lateral well flow conductor nmay
have a rel dthe ghain Hepehtlaetiometilon oxs lateralsbpgrhp}eshhiftevouhdpepst
of the main well flow conductor so that there are close tol erances between
the two. Fhebstarke 4 Ragsage QfobeotoRdy éfefheofiVRELEEPULF RAE NWeFR

main well flow conductor in the event that there is a defect or protrusion
above or at®?heg 3Yn that serves to decrease the effective dianeter of

the main well flow %%’édUS{:Q%%nme P tdy sS4 Se%ﬁ%‘ﬂg’&%]?gh%jw'bgg?gfo?reégnt

| odged in the we bore a e obstruction. cts ari

| nstance, Wign oo ate hHIAINGE @0r0h S0 SRl Weahe! al abpésbel s

is mal forned. 'S y result in tools not being able to get through the
Wi ndow to tiectideimy il drdD\Metdiddec b diekr0ingl bbile¥est ergverSing otle

t hus; such diverters are unable to adjust dynam cally or conpensate for

devi ati ons wellralrdreetiieningSehontl vertar evinga siotstprispectl,t theveresest i s

difficult. invention provides a diverter comprising: (1) a body having a
lower portion adapted to be coupled to a diverter anchoring
structure and an upper portion having a slanted diverting
surface, the diverter adapted to be placed within a main borehole
of the subterranean well at a predetermined 1location and
orientation proximate a junction of a lateral borehole with the
main borehole! the slanted diverting surface adapted to redirect
an object having a particular diameter and coming into contact
with the diverter into the lateral borehole and (2) a compliant
spring member associated with the slanted diverter surface, the
-spring member resiliently retractable toward the slanted diverter
surface to allow the object to traverse the junction and enter
the lateral borehole, the diverter therefore dynémically
adjustable to compensate for an insufficient minimum diameter of
a selectable one of the main borehole, junction and lateral
borehole.

Thus, it can be seen that the diverter employs a spring

member to urge against any object (such as a tool) that may come
into contact with the diverter. If the diameters of the main

borehole, junction or lateral boreholes are sufficient to allow

the object to pass, the spring member need not comply. However,



Prior art retrieval was generally by one of two nethods. The first enploys
an overshot to engage an outer dianeter of the diverter. Unfortunately, the
diverter may not be centralized, making it difficult for the overshot to
fit around the diverter. The second enploys a retriever designed to engage
a specific coupling point on the face of ti2e diverter. Unfortunately, such
retrieving tools nmust-first be oriented with respect to the diverter, else
they fail tdferthgedinnetersi @axe compixictedinnperbansi Pyisgnpie cat defaat
may require nultiple trips should the orientation of the retrieving togl be
i ncorrect. PRSHEESNG, FHEMT i Lormafeilan | of t Hee adinebionn FHﬁr&P&&Wﬁ\Hﬁﬁﬁﬁ§

tri | tool d t hods_f di ting,and trieyi th t ake. i nt
hccount  posEPETECHALEPUSTRRTE TIF REtFel HbAREERaU SN ERor B GrL (HaPase
sinmplify an$ﬁéepﬁgéﬁ$ké%n ar retrieval nore reliable than in the prior art.

SUWARY OF 0 address the above-di scussed deficiencies of the
prior art, it isq Rroi@fdr Y nibofinehe BF e@!?é‘?z‘e@é%'&t i RPeh O B O KL Hbdy
diverter that has a conpliant diverter surface thereon, allow ng the
diverter toigdjdénipd¥ed WMeNSedbipdHitdlanattdt b, | NIt ikha FRirtheer,eldsser
junction or |lateral borehole that would pose an obstacle to passage of the
tool if theobijeett of shefpresewt dmeEntdamplticaanpldy ¢drepeditoe medrvricls e

primary object, the present
advantage wherever possible. Those of skill in the art are

familiar with the strength and weight advantages of composite
structures. The present invention, in this preferred embodiment,
takes advantage of these advantages. It should be understood,
however, that a diverter composed of a metallic or a non-
metallic, non-composite material is also within the scope of the
present invegtioh.

In a preferred embodiment of the present .invention, the
diverter further comprises a second compliant spring member
associated with the slanted diverter surfade. The compliant
spring members cooperate to allow the object to traverse the
junction and enter the lateral borehole.

Thus, the present invention contemplates multiple compliant
spring members. As will be described, the spring members may be
in a longitudinally or laterally spaced-apart configuration. 1In
the illustrated embodiment, there are three spring members,
arranged at two longitudinally spaced-apart locations. At the
upper location, two springs are paired. At the lower location,
there is a single spring. In a manner to be described, this
arrangement has the further advantage. of allowing the retrieving

tool to engage the diverter.



i nvention provides a diverter for a subterranean well, a diverter
retrieving tool and nethods of diverting objects traversing the well and
retrieving the diverter. In a first aspect, the present invention provides
a diverter conprising: (1) a body having a | ower portion adapted to be
coupled to a diverter anchoring structurel?and an upper portion having a
slanted diverting surface, the diverter adapted to be placed within a main
bor ehol e of the Ful& érﬁiﬁﬁaﬁdmembO@%m%mpr%fdghérm‘W? deptendiomdthe body
orientation proximte a jgnctLon of i égt ral horehgle with the main

o

borehol e, t1RS st afEBEYELVLPREREULHRR 285pPRd fo FIRtSSL ORFRY & the
havi ti | di t d ] i Nt tact,.with th ' t | nt
The | at o AlCTT bR A nal EBREE: G L8 AT Vet et Bur eHehr il

| ant ed di t he ' i i AV b d
The st ant e naisd Sodfifia, 18 pRREERY EBIRECCLVS d LRA 1evisl BEPIPLACL NS

and enter thed, A enandi®i@eae, shhee Ji ield 8t ey ehg odly RaFagRls ¥he body
adj ustabl e to conpensate for an insufficient mninmumdianeter of a

sel ect abl e withi the BehBrhYr ebabetulifali ehadid tatsAnaw he hederidiisg
It can be seen that the diverter enploys a spring nmenber to urge against
any object f{enikchtasxettnd )ratutevimg doree ono thenbady.with t he di verter.
If the dianmeters of the main borehole, junction or |ateral boreholes are
sufficient to alThsi ia bhie@raferred embpdingntagthe disertesdigomiamly .
However, adapted.to receive a centrally-located retriever. This is in
contrast to the prior art, wherein a retriever may employ an
overshot to engage an outer diameter of the diverter or the
retriever, which first requires orientation with respect to the
diverter. Once properly oriented, the retriever then engages a
coupling point on the face of the diverter.
In a preferred embodiment of the present invention, a
- segment of the diverter’s uppef portion has a diameter less than
that of the lower portién thereby allowing an overshot associated
with a retrieving tool radially to surround the segment. The
present invention, in this embodiment, makes use of an overshot
to surround the segment of the diverter. However, as opposed to
the prior art, the overshot does not engage the diverter to
- retrieve the same. .
In another preferred embodiment of the present invention',
the lower portion of the body has threads to reqeive the diverter
anchoring structure, the threads being shearable upon application _

of a predetermined separating force to separate the body from the

diverter anchoring structure. " Thus, if the diverter anchoring



12 if the dianeters are constricted, perhaps owing to a defect occurring
during formation of the junction, the spring nenber retracts to create the
extra diameter needed for the tool to pass the constricti-on. In a preferred
enbodi ment of the present invention, the body is conposed of a conposite
material. It is a further, |esser objectldf the present invention to
enpl oy conposite materials to advantage wherever possible.  Those_of skil
in the art sfixaidtyne igr inrekrievably gepdinasiwichintthrivainagesehple, the
conposite structures. The present inventiaon, in this preferred enbodi nent,
t akes advarftiffpFtaT Mak PLsReRATafed © r§|§6&’!“db¥esﬁﬁag?é?€oﬂ?ehERE?éﬁif"'t hat
a diverter conpqsed of ,a netallic qr _a_non-_netallic..non-co site
Taterial |5 al sd AT @ RESe Ot & RESEPERE: SPRUBHEFOR. Of 1EhS HEeF e
enbodi nent esent i 1.0, ol r 0 rj .
second conﬁ%%%n é§?1§§£h3%3§?935sékﬁééfiﬁgdgﬁ¥4ﬁ%§%$ gﬁﬁéﬁgggeeéﬁgébétlng
surface. ylRe £HPLLGRLiRE" tHE HBERBEHInGOGRSLREArED a2l It et S5hid&
traverse the junction and enter the | ateral borehole. Thus, the present

i nvention Qud=A/i¥rmt @StHLh! ithlee | bafkhspel Ny TREbAEatAngWikdy bhas a
descri bed, the spring nenbers may be in a longitudinally or laterally
spaced- apamproddrife gadagitesh.td rerdege |d usiiprdtee core bodiment  ditdweterarat tthee
spring nenbers, arranged at two |ongitudinally spaced-apart_|ocatjons. At

t he upper Mda bexe -spFhAgs af eSlphlk e the AnE pBRefambtiaronithmrdhi s

a single spring., In a manner .tq be descgribed, this
g QOcéiinglkeys an the%r functgon.

In yet another aspect of a preferred embodiment of the
present invention, the diverter anchoring structure comprises an
orienting lug for engaging the anchoring structure at the
predetermined orientation within the main borehole. The
orienting lug, like the locating key, engages a recess in the
inner diameter of the main bore. The recess is oriented, thereby
orienting the diverter toward the lateral borehole.

In a preferred embodiment of the present invention, the
diverter has an interface associated therewith for receiving an
elongated portion of a retrieving tool. The elongated portion
has a shearable section to allow the elongated portion to
separate from a remainder of the retrieving tool upon application
of a predetermined separating force. Thus, should the diverter
be stuck within the main borehole, the retrieving tool can be
separated therefrom upon application of the predetermined
separating force.

In a preferred embodiment of the present invention, the
compliant spring member is a leaf spring‘having first and second

ends slidably captured within the upper portion of the body and



arrangenment has the further advantage of allowing the retrieving tool to
engage the diverter. 13 In a preferred enbodi nent of the present

i nvention, the body has a central |ongitudinal shaft and a dil ated openi ng
to the central |ongitudinal shaft on the slanted diverter surface. The

dil ated opening is adapted to receive a ri&rieving tool into the central

| ongi tudi nal shaft. The retrieving tool engages the body within the central

| ongi t udi n@ widgle BraiatRy qertian e ihey kef arrineextending 49y FR8 ce
on the body.. Thus, jn thi,s preferred enbodi nent, the diverter_is, uniqu
adapt ed t o Siediask diverting Isgr‘-l'(l%é&&t Eqst P?PE€¥rF° qTPRtacs §pd ‘f‘?’é%tte}l%
the prior art, wherein a retriever nmay.enploy an overshot to engage an

out er dianﬁF@F%ﬁ'the diverter or the retriever, which first requires

orientation withyespect haqhe diverten nsﬂéﬁ%fr%@ﬁﬁ?@ 3-_:}[\/32;@ "M.ﬁ]en a

retriever then engages a coupling point o ace o 't er

preferred Q%EQdE%&ﬁhgfﬁstQ@l&rgﬁgﬁbdiB&e ErPOrmacRENRSE F ddWudt MRS IRIr S

upper portion has a dianmeter |less than that of the |ower portion thereby
al | owi ng adeaM@tilenis asaochaird Mbtdhald ot Hiugditignt 06k rBatetdl tbbrsHdI®INd

the segnent. The present invention, in this enbodi nent, makes use of an
over shot t dismeterd dthers agekEhtkndwi hepdinvgs treay bleweudkabde dmpasactdin
the prior art, the overshot does not engage the diverter to
applications. Further, a surface constructed of a compliant
material, such as a rubber or foam, may be appropriaté. All such
compliant spring members are within the scope of the present
invention.
In a second aspect, the present invention provides a
retrieving tool for a diverter wherein the diverter includes a
body having_'a slanted diverting surface and a central
longitudinal shaft associated therewith, the retrieving tool
comprising: (1) a housing having a predetermined diameter and
adapted to traverse a length of a main well flow conductor and
(2) an elongated flexible finger having an interface end coupled
to the housing and a distal bulbous end, the housing
substantially centralizing the bulbous end with respect to the
main well flow conductor, the bulbous end adapted to contact the
slanted diverting surface and enter the central longitudinal
shaft as the retrieving tool merges with the diverter, the
bulbous end adapted to engage the body within the central
longitudinal shaft as the retrieving tool is dfawn away from the
diverter, the elongated flexible finger capable of transmitting

a retrieving force to the diverter to displace the diverter

longitudinally within the main borehole.



retrieve the same. In another preferred enbodi nent of the present

I nvention, the |ower portion of the body has threads to receive the

di verter anchoring structure, the threads bei ng shearabl e upon application
of a predeterm ned separating force to separate the body fromthe diverter
anchoring structure. Thus, if the diverte¥éanchoring 14 structure is
irretrievably retained wwthin the main borehole, the diverter may be

separ at ed t her ef TR by s ERLERPRETH O RReBkeseRt ditentiionyptbe Fetrieval
preferred enbadi nent of .the present invention, the diverter anchoring .
Bt ure coT meaehes JpH5: PhEREVanmie RougPane (ihe SiTsteny LEPR T EpiR o
t he predet ) ned_I| Qcat | 1 ) 4 0 o] he . ' € as
a profile gf(ﬁ;a?b%]egst %%_enégfg%‘e&aé %%p%ggo:ﬁé%xfn%x? ;é%l}rlr%?ge_r ng %ﬂr}g}i ¥nd
borehol . Ti0AS- Uy Sithdeh witAAR: 6+ @f&ﬁﬁfe{lﬁﬁ Qi at O b+ OG- KE¥Sa
and their function. In yet another aSpect of a preferred enbodinment of the
present i nvesddtiibn t 68 HHLr dEveBHER0ERRE , S IHHEHd e OB S£EnG N t@Eite Nt hé g
| ug for engagi ng the anchoring structure at the predeterm ned orientation
W thin theetmievidpradull de preHuriented.i ng | ug, |ike the |ocating key,
engages a recess in the inner dianeter of the main bore. The recess is

ori ented, theredn ¢hisnpragerneddenkodimentondhe edengatedaflesikbhe| finger a

preferred enbodi nent of the present invention, the )
is composed of a composite material, wherein the bulbous end is

able to deviate from a centerline of the main well flow conductor
as the elongated flexible finger flexes. Again, composite
structures possess distinct weight and strength advantages that
are outside of the scope of the present discussion. In a manner
to be illustrated, the bulbous end moves from the centerline as
it traverses the slanted diverting surface. Eventually, the
bulbous end sﬁaps back toward the centerline when it reaches a
dilated opening in the slanted diverting face. This places the
bulbous end within the diverter ané in position to engage and
retrieve the diverter.

In a preferred embodiment of the present invention, the
housing has an Qvershot portion radially surrounding tﬁe
elongated finger member, the overshot portion substantially
centralizing the elongated flexible finger with respect to the
main well flow conductor, thereby eliminating a need to radially
orient the retrieving tool with respect to the slanted diverting
surface. As just described, the slanted diverting face
decentralizes the bulbous end of the flexible finger which has
at least partially rounded ends. Thus, in effect, the diverter

itself "orients" the retrieving tool, although the tool itself



diverter has an interface associated therewith for receiving an el ongated
portion of a retrieving tool. The el ongated portion has a shearabl e section
to allow the elongated portion to separate from a renai nder of the
retrieving tool upon application of a predeterm ned separating force. Thus,
shoul d the diverter be stuck within the n&’n borehole, the retrieving tool

can be separated therefrom upon |ication, of the predeterm ned separating
force. In anﬁV‘éFeli‘?%ot%rﬁ%&i%ﬁ@%gu'?ﬁ@g&£§§nt°’ﬁﬁfg§ﬁq’tﬂﬂ‘ t hé PEoRPErSRPT
spring menber_|s a leaf spring having first,an ecqnd epds slidabl

chpt Ured wi BRFREPRe TibePRByr (U BIATRE bBS dFribie FARPErar diR eale0
section of i fendk r n q1]ﬁi q
resiIientIybggt%gﬁ%égﬁge£¥%é§%ggi?i€ﬁ3£ggﬁgipém%hgs%fo _s%i e?ﬂe?ﬁé&%ﬁ?nt
shoul d undegstAn@Hehahainhivbela £104F SfHAUKEDYS 48! khalidetd il iRy fosa t ke
task of adjusting for deviations in main borehole, junction or |ateral
borehol e di dowéeed LhbHEIpl&te - KMThis Sfin NES dMitraeted tabbeibh eetkakfing
appl i cati ons. Further, a surface constructed of a conpliant material,
such as a rubbks dravfiogm hoak belkppsbpucttiee AlHatsumhstorh® | apecsficagly
menbers are within the scope of the present invention. In a second aspect,
t he presentorhoehedofioprengagemenrtyetri eving tool for a diverter wherein

the diverter includes a , . ) )
In a preferred embodiment of the present invention, the

diverter comprises a pair of compliant spring members associated
with the slanted diverting face, the bulbous end traversing the
slanted diverting surface between the compliant spring members.
As will be illustrated, the compliant spring members are placed
on either side of a track formed in the slanted diverting
surface. The bulbous end rides in the track until it drops into
. the dilated opening. This interaction is at least partially
facilitated by the characteristics of the composite material from
which the finger member is constructed. However, it is
contemplated that the finger member could be constructed £from
other suitable material.

In a preferred embodiment of the present invention, the body
further has a dilated opening to the central longitudinal shaft
on the slanted diverter surface, a diameter of the central
longitudinal shaft decreasing to form a receiving pocket
proximate the dilated opening, the dilated opening adapted to
receive the retrieving tool into the central longitudinal shaft,
the retrieving tool entering the pocket and engaging the body to
allow the retrieving tool to exert the retrieving force on the

body. This is as previously described.



body having a slanted diverting surface and a central |ongitudinal shaft
associ ated therewith, the retrieving tool conprising: (1) a housing having
a predeterm ned dianeter and adapted to traverse a length of a main well

fl ow conductor and (2) an elongated flexible finger having an interface end
coupled to the housing and a distal bul bol® end, the housing substantially
centralizing the bul bous end with respect to the main well flow conductor,
t he bul bous end Eelapt @referres: snbadicentarefdtipy dreseyts irivant o ehher
the central |ongitudinal shaft as the retrieving, too es wWth

I h
diverter, tECRARALPI I MLHeE ehearghye ??fét’r%ﬂ}%\;ﬁl&r%f'( Fhe ‘E%‘tﬁ?g%ﬁ"ed
I i tudi nal _shaf t th trievi tool.is d from.the, di {
| onaL LUl Dol R ELL B Jn il eind Lasli g ven Liam Lher ALY erher,
the di vertepdfs dhephi (e | prlldthid s A Belddalahby cibBL N AGSIARI Bhould
bor ehol e. 1 us, in thi's aspect of the present 1 nvention] the

retrieval td reRsiRstdd!t GG H V¥dRmet Os@lakP tHe eh¥er&evef£&A) W EheN.
This is as opposed to the prior art methods of grasping the diverter from
W thout or gEmEtihd Fortie/ dainebeabppl PESED IdEatbied el Bmaindbe frymrties

face, therefore requiring that the retrieving tool be pre-oriented. In this
preferred eldrozirttaant, the el ongated flexible finger is conposed of a
conposite material, wherein the bul bous end is

In a preferred embodiment of the present invention, the
_elongated flexible finger is removable from the housing, the
housing joinable to the diverter by a shear pin thereby to allow
the housing to function as a running tool for the diverter.
Thus ,' the retrieving tool can be configured as a diverter running
tool by removing the flexible finger, inserting f.he diverter into
the (now runr;_:i.ng) tool and coupling the two with the shear pin.
When the diverter is set into place, a separating force can be
employed to shear the shear pin, thereby freeing the running
tool.

In a preferred embodiment of the present invention, the
slanted diverting surface decentralizes the bulbous end with
respect to the main well flow conductor as the bulbous end

~ traverses the slanted diverting surface. This, too, is as
described previously.

The present invention further includes methods for diverting
objects within the main well flow conductor and for retrieving
the diverter. |

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



able to deviate froma centerline of the main well flow conductor as the

el ongated flexible finger flexes. Again, conposite structures possess
di stinct weight and strength advantages that are outside of the scope of
t he present discussion. In a manner to be illustrated, the bul bous end

moves fromthe centerline as it traversesl®he slanted diverting surface.
Eventual |y, the bul bous end snaps back _toward the centerline _when it

reaches a ¥ attd¥® opdWeRFIAD t fdad) afeddosvert i Agdihéenakn; Septures (aRd
oThoss SnCEI e B e B o d S A B
the over shotouih S SFiddt b \ohel Wialhsl bRIhECH RLCRPECES, (HA9FS SRfEELa
heod o1 ad el Faeo i RRUTE, olftecided (RILIIERSY. rdifr £OAaFLY T fe
di verting ssdction Al HHESlspedaTild baodimBar 8kaBlededdhyesthadis fase

decentral i zes the bul bous end of the flexible finger which has at |east
partial | y moadidBdrends débiigning efieristrukeudiegefdercatselrig ‘owti eheésdamdie
retrieving tool, although the tool itself 17 never has to be rotated
during thi purpasss aef ohhe preseptrerigivention.i onThose ogkyliedt inl ithes ane
flexible finger, but also f[otects tge Llexibkg finger f&Pn1%§n?9e‘§g not
uni nt ended BIJHGbrekgo realize that such equivalent constructions

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 descriptions taken in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates a side cross-sectional view of the
diverter of the present invention showing the compliant spring
members and the central longitudinal shaft with the dilated
opening therein;

FIG. 1A illﬁstrates a cross-sectional view of FIG. 1 taken
along the line 1A-1A showing the upper portion of the diverter
face; |

.FIG. 1B illustrates a cross-sectional view of FIG. 1 taken
along the line 1B-1B showing the upper portion of the diverter

face and the concave upper portion of the track in the central

longitudinal shaft;



with the main well flow conductor as the retrieving tool is |lowered into

pl ace. This can be contrasted to prior retrieving tools having hook |ike
structure that nust be specifically oriented for engagenent. In a preferred
enbodi nent of the present invention, the diverter conprises a pair of
conpliant spring nenbers associated with 2he slanted diverting face, the
bul bous end traversing the slanted diverting surface between the conpliant
spring menbers. P& wil¢ PdustnahesaBe§roskc SeskpPnaht vipyi af FEFbel staken
pl aced on either side_of a track forned in the sl gnted diverting surface
The bul bouspkang rtRRs1iRet RE-LFaskowdre the &Rﬂ@%ﬁ%ﬂﬁ)ﬁﬂﬁ94§IQékRF?ﬁmﬁF%g.

This i iqn i e, j al | 1 d.by th [sti
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However, 1t %‘f{?”ﬁ%ﬂtﬁ%@ﬁ*&@s tah%]xfalsgggécgggggi GO, doper £QNST rugt &
al . e enno

from ot her suitable nateri I'n a preferre I ment of the present

i nvention, dihdade fiddeiphas shalrim) ooy edped ity @t track in

| ongi tudi nal shaft on the slanted diverter surface, a dianmeter of the
central | ongid wratals Nafdgidraliendl _talfe ;f orm a recei vi ng pocket proxi mate
the dil ated opening, the dil ated openi-ng adapted to receive the retrieving
tool into the céG.allB didiusidiata@ls sharbsst-Bectdonatvihegwtobl FEGL et | takeme
pocket and engaging the body to allow the retrieving tool to exert the
retrievi ng ¥ema tde thimehdEr LETIshowingasher dilatieflyopening by the central

longitudinal shaft and the receiving pocket for a retriever;

FIG. 1F illustrates a cross-sectional view of FIG. 1 taken
along the line 1F-1F showing complete an opening in the central
longitudinal shaft and a second spring mémber in a lower portion
of the diverter;

FIG. 1G illustrates a cross-sectional view of FIG. 1 taken
along the 1line 1G-1G showing the opening in the central
longitudinal shaft and the lower end of the diverter face in a
lower portion of the diverter; and

FIG. 1H illustrates a cross-sectional view of FIG. 1 taken
along the 1line 1H-1H :showing the opening in the central
longitudinal shaft after which the concave portion of the
diverter face has terminated ‘in the lower portion of the
diverter; |

FIG. 2 illustrates a retrieving tool having a housing with
é predetermined diameter that is adapted to traverse a length of
a main well flow conductor and an elongated flexible finger
having a bulbous end adapted to contact a diverter;

FIG. 3 illustrates the retrieving tool of FIG. 2 with the

housing extended over the diverter and with the elongated



18 In a preferred enbodi nent of the present invention, the el ongated
portion has a shearable section to allow the el ongated portion to separate
froma remainder of the retrieving tool upon application of a predeterm ned
separating force. Again, should the elongated portion becone stuck in the
diverter, the separating force can be appbied to renpve the renmi nder from
the diverter. In a preferred enbodi nent of the present invention, the

el ongat ed fEeéxbbEefEmggerlengagadathhfth51dheeh033|ﬁgr rbmohamsfng said
joinable to the diverter by a shear pin thereby to allow the housing to
functi on asdavewharn§rovohs meintwelhbqa¢ter Thus, the retrieving tool can
be configured as a diverter runnlngv;ool renmovi ng_t he erX|bIe fin

inserting the di §&ftet ihtestrares Q'EﬁﬁFﬁ&Y1FSoF°a%dP§xﬁﬁﬁ1

th th h \Wh t he di t t, t | f
can be enpl By SIS e”%r%%h%ﬁ?l%?#%ﬁ@&&b? CReb s Sf@?f?%%g?% ra
| f nbod th th d

1 S o B oMo Rl sl 8 skaBted liepaing

surface decen e bd?bous e h respe main we

conduct or a§°ﬁ§§tgggggy§yeggeféfygmsegh&he sl anted dlvertlng surf ace.
1S as b

This, too, escri bec previously. The present invention further
i ncl udes net hodsrter €i @nlustgatsethe Whintihd eodmidE Weld. f 4 oposendoakar

and for retrieving the diverter.
over a diverter.
DETAILED DESCRIPTION

Turning initially to FIGs. 1 and 1A-1H, in_a preferred
embodiment thereof, there is illustrated a side cross-sectional
view of a diverter 10. The diverter 10 is comprised of an
elongated body 12 having a lower portion 14 édapted to be coupled
to a diverter anchoring structure (not shown) and an upper
portion 16 having a slanted diverting surface 18. A segment of
the upper portion 16 of the diverter 10 preferably has a diameter
less than that“of the lower portion 14 thereby allowing an
overshot associated with a retrieving tool radially to surround
the segment. Preferably, the lower portion 14 of the body 12 has
threads 20 to receive a diverter anchoring structure (not shown).
The threads 20 are shearable upon application of a predetermined
separating force to separate the body 12 from a diverter
anchoring structure such as the type disclosed in FIG. 1,
reference number 134, in the above cross-referenced pending U.S.
application serial no. 08/296,941. Thus, if the diverter
anchoring structure is irretrievably retained within the main
borehole, the diverter 10 may be separated therefrom by stripping

the threads 20 and pulling out the diverter 10. This diverter



The foregoing has outlined rather broadly the features and techni cal

advant ages of the present invention so that those skilled in the art may
better understand the detail ed description 19 of the invention that
fol | ows. Addi tional - features and advantages of the invention will be
descri bed hereinafter that formthe subjee2 of the clains of the invention.
Those skilled in the-art should appreciate that they nay readilg se tpe
concept i on ancheRng pSEXHCE USHL RN HEFHARN Y cFBERHL SRS a 3 atPeat Hf n%(ﬁyi‘ y?ﬂﬁ

or designing other structures for carrying out the sa ur pose f e
present i nveRMEIBY tl}?no%’é"%‘kﬂ‘l‘%ds?ﬁu%h‘é’g%r?t sﬁ%‘ﬁlBréﬁgtgeﬁjaﬁl?ief?ﬁé?lgﬁch
equi val ent cpnsiructions_do n t om; rit.a cope the

I nvention ivﬁéﬁﬁnb&%ﬁﬂe?flPOrﬁ%rgﬁ§E% 5&gcgké$§8%géF #ﬁEq%EgNVﬁEBBEorGéS°
more compl efso e abndeadaof Ade BEISER! shivent kAl deie Alashepesg
thereof, refierence is now made to the fol owi ng descriptions taken in -
conj unct i onNgWidttRe G FRthergoftp2is80sn orietiny lukG ad dibosdsediesna
side cross-sectional view of the diverter of the present invention show ng
the conpli aptcspri 6f vesbeappandatbenceatrial hong0s /296294 Shafor wendaybeg

dil ated opening therein; FIG 1A illustrates a cross-sectional view of FIG
1 taken the anchoring structure at the predetermined orientation within

the main borehole. The orienting lug, like the locating key,

engages a recess in the inner diameter of the main bore. The

recess is oriented, thereby orienting the diverter toward the

lateral borehole. The locating key has a profile adapted to

engage a nipple on an inner diameter of the main borehole. Those
of skill in the art are familiar with such locating keys and

their function.

The bod? 12 has a central longitudinal shaft 22 with a
dilated opening 24 to the central longitudinal shaft 22 on the
slanted diverting surface 18. The dilated opening 24 is adapted
to receive a retrieving tool (not shown) into the central
longituainal shaft 22. The diameter of the dilated opening 24
decreases to form a receiving pocket 24a immediately above the
diléted opening 24. The retrieving tool engages the body 12
within the central longitudinal shaft 22 to allow the retrieving
tool to exert a retrieving force on the body 12. The body 12 is
preferably comprised of a composite material. Those of skill in-
the art are familiar with the strength and weight advantages of
composite structures, which are wutilized in the present

invention. It should be understood, however, that a diverter



along the line 1A-1A show ng the upper portion of the diverter face; FIG

IBillustrates a cross-sectional view of FIG 1 taken along the line 1B-1B
showi ng the upper portion of the diverter face and the concave upper
portion of the track in the central |ongitudinal shaft; 20 FIG 1C

illustrates a cross-sectional view of FI G231 taken along the line 1C 1C
show ng the conpliant -spring nmenbers and further deepening of the track in
central | ongompeessl ofhafretadldc Oy Al neBrRatallic c mpn-camasilg MAterisl

FIG 1 taken along the_liine 1D 1D shogﬁng further deggenin of the track in
the central HofdPPulthBinshBet SCPPE OIERE| PEEFSR b e L sect i onal vi ew

of FIG 1 taken ghongife |le) 1E-AF shoutng (he i 83 edegpspicgd Ny s

central |ongitudi he"r eCerving pock aretriéever;

LF 111 ust! ap83eAoGLOTRRECEHAY! of QY diibrelPantanR11368NG Hitdiiimifiel

showi ng conplete an opening in'the central ngi tudi nal shaf a second
spring menbebchBidn! oMed RHikh@Atebnt Nerskki@ider a Hunctien | bEsty atieteFal

cross-sectional view of FIG 1 taken along the line 1G 1G showi ng the

openi ng i n bbeeheler alndt®nghowd) nawishafttheanslaihe Boxetolend of Thée sdianteider

face in a |ower portion of the diverter; and
diverting surface 18 is adapted to redirect an object having a
particular diameter and coming into contact with the diverter
into the lateral borehole. A compliant spring member 26, which
is resiliently retractable toward the slanted diverting surface
18, is slidably secured to the diverter 10. The compliant spring
member 26 is preferably comprised of two springs spaced-apart and
above a single spring 34 above, longitudinally extending spring
members 26a,26b (FIG. 1C). The compliant spring member 26 is
preferably a leaf spring having first and second ends 28,30
slidably captured within the upper_portion 16 of the body 12 and
a middle arcuate section 32 of the 1eaf_spring extending from the
slanted diverting surface 18 resiliently to contact and divert
the object.

The diverter 10 may further comprise a second compliant

spring member 34 positioned below the compliant spring member 26.
As with the comp;iant spring member 26, the second spring member
34 is also preferably a leaf spring having first and second ends
36,38 slidably captured within the upper portion 16 of the body
12 and having a middle arcuate section 40 of the leaf spring
extending from the slanted diverting surface 18 reéiliently to
contact and divert the object. The compliant spring members

26,34 are positioned within in the main borehole and across from



FIG 1H illustrates a cross-sectional viewof FIG ‘1 taken along the Iline
1H1H showing the opening in the central |ongitudinal shaft after

whi ch the concave portion of the diverter face has termnated in the | ower
portion of the diverter; FIG 2 illustrates a retrieving tool having a
housing with a predeterm ned dianeter tha24is adapted to traverse a length
of a main well flow conductor and an el ongated flexible finger having_a

bul bous endthelappening tonthet lateradr borehple. 3 BaghQk Jfhese neompliant

retrieving tool] of FIG 2 with the housing, extended over the di t
W th the ol SRGHRSAMeTSSTSt FExP bl BOPPRGBFORGAG0T oM A CIRCTVE @IS ch £

renmoval for_said diverter froma ' |} i F hLI

retrievi ?g ‘E’B?Yeﬁe Ft ?%%%’p?%&%}?%fvr\f&r?%?#gi O(L))&Fg?llé %ﬁé;ﬁ{ngl%ﬁ?ﬁa% he
running to A '

ext endi ng IO%?\IQ‘?%%G]& h%ﬁ%@g’eﬁ om :}1:%%n I}Ia&%%&?ﬁbgg%‘l ?%itg \égr?ﬁgé?ﬁﬁgfﬁgé?gol

of FIG 4 pasilioned gy zi%_n%_rlr‘d?éztserzs,@ﬁTUﬂfEQ PRSCRuPZhERGEULRI pPoviding

initially t ( H in a preferred enmbodinent thereof, there is
i |l ustratedsa §iAa-td0STHRCT canal ayhamiedlhy diaejdestr b cofibendater t for10

I's conprised of an
deviations that would pose as an obstacle in the main borehole,
lateral borehole or the junction therebetween.

Turning now specifically to FIGs. 1A-1H, there is
illustrated the slanted diverter surface 18 as seen along the
length of a éross-sectional view of the diverter illustrated in
FIG. 1. As seen in FIG. 1A, which is cross-sectioned at the
upper portion 16 of the diverter 10, the slanted diverting
surface 18 has a gentle concave track 42 formed therein. As seen
in the subseduent figures, this concave track 42 extends a length
of the diverter 10 té the receiving pocket 24a. The concave
track 42 is present in the diverter 10 to act as a guide for a
inserted tools, including retrieval tools. The concave track 42
igs also illustrated in FIG. 1B. However, the track 42 has a
deepened portion 42a therein. The deepened portion 42a traverses
the length of the diverter 10 to the point where the receiving
pocket 24a is formed.

The pairs of compliant spring members 26a,26b are cleariy
seen in FIG. 1C. The compliant spring members 26a,26b are
laterally separated to provide an opening through which a

retrieval tool may pass without engaging the compliant spring

members 26a,26b.



el ongated body 12 having a | ower portion 14 adapted to be coupled to a

di verter anchoring structure (not shown) and an upper portion 16 having a
sl'anted diverting surface 18. A segnent of the upper portion 16 of the
diverter 10 preferably has a dianeter |ess than that of the | ower portion
14 thereby allow ng an overshot associategswith a retrieving tool radially
to surround the segnent. Preferably, the |lower portion 14 of the body 12
has t hreads 20 tThe ede¢pened dordritasy 42ac her noye spremounced rigt FIiGowaP Than
threads 20 are shearabl e upon application of a predeterm ned separating
force to separerQV%ﬁ@Sb%aqungsfanﬂnqbqwauahﬁapqaﬁesywﬁﬁg°§tpﬁcthﬁedgeEﬁnaé
the type disclosed in reference nupb n the a

c;osa rgfer@ﬂEEﬂ°$eﬁa?n§ufFS?bgﬁﬁlFbﬁthﬁe%E+?%lp°ﬁBet %ﬁ?Z@E §il“5tr?Eﬁ§
mi n bor encld. FERe. dEvERRE: L ar Sped o el b i 0 SYMF%EE%E% e
threads 20 g% f@ﬂn?“tFig dEveiLgri1y sg?%éeg'ﬂﬁétﬁilat ag@ﬁfﬂ | 5

structure pre y conprises a Iocatlng engagl ng th hor
structure afofm@apiﬁﬂ@&ﬁéﬂérydbéps@ttag féé@ialﬁ@epa@k@tb@4£holehassecond
disclosed in FIG 1 of U S. application serial no. 08/ 296, 941. Thi s
diverter anebfpligntt speinge3snwhicht e lowvEy i@ed dlaterflly Ngpatigd apart
disclosed in FIG 1 of U S. application serial no. 08/296,941, for engagi ng
t he anchorifgost thet LspEritigs h26pr eset e260 nether icomcavieort yacekhi A2 and the

dilated opening 24 are illustrated in FIG. 1F, and FIGs. 1G-1H
simply illustrate the termination of the concave track 42 and_the
continuation of the dilated opening 24 within the longitudinal
shaft 22.

With the diverter 10 having been described, its method of
use and operation will now be briefly discussed. The diverter
10 is placed within a méin borehole of a subterranean well at a
predetermined location and orientation proximate a jﬁnction of
a lateral borehole with the main borehole. The diverter 10 is
positioned and'oriented within the main borehole via locating
keys or an orientation lug. The lower portion of the body 12 is
coupled to a diverter anchoring structure. Once the diverter 10
is correctly positioned and oriented, an object, such as a
drilling tool, completion tool or other similar equipment is
brought into contact with the slanted diverting surface 18. As
the object traverses the slanted diverting surface 18, the object
is urged away from the centerline of the diverter 10 by the slope
angle of the siantéd diverting surface 18. The object then
engages the first compliant spring wmember 26. If the object

' encounters an obstacle between the main borehole and the diverter



the main borehole. The orienting lug, like the |ocating key, engages a
recess in the inner dianmeter of the nmain bore. The recess is oriented,

thereby orienting the diverter toward the | ateral borehole. The | ocating
key has a profile adapted to engage a nipple on an inner dianeter of the
mai n borehol e. Those of skill in the art & famliar with such | ocating

keys and their functien. The body 12 has a central |ongitudinal shaft 22
with a dil al®d spehi ag 24 tlvrepueleentyain| theyisudiace ofhdfhe 2@&ion bidrehole
slanted diverting surface 18. The dilated opening 24 is adapted to receive
a retrievi n@xt ¢dle (nsrctdipnwnitsedifo ehdaree: e digegiteddiagalinstaither DbiReE
di aneter of the dilated gpening 24 decreases tqQ,forma receiVving pocket 24a

i mredi at el y PaSH SR i tha PR iRE 2 theediverEeyi 18 288 28RdRGEs thfe
body 12 within Hhe entral Iong%gudigﬁl sh gt 2 to allowthe retr] Mi%%
tool to exeFP"Rr8M SRS oFER°Bh e bo 1ROy 13 iSO RS HPR Yy
ced . \ \ : T i
Wih the st PASSERaE, eFSRELS, (The LBIRECPCORIl be BabidhelTh Tl 3o,

utilized inghle R4ESeBoreR¥eRl Fowevdd, SPRE! QikRrtEer s 0t fR¥ERIesdritat

a diverter 23 conposed of a netallic or a non-netallic, non-conposite
materi al isiakeatWohhallbie shepeboéct heo PHLSE By | thee Brchlem Ba-ed Weidakisel O
is adapted to be placed within a nain :
the compliant spring members 26a,26b that are associated with
the slanted diverting surface 18 resiliently retract toward the
slanted diverting surface 18 in response to the force to allow
the object to traverse the problem area or the junction of the
main borehole and the lateral borehole, and thus enter the
lateral borehole. As the object proceeds along the slanted
diverting su;face 18, it encounters the lower second compliant
spring member 34 that further urge the object toward the lateral
borehole. |
Turning now to FIG. 2, there is illustrated a retrieving
tool 44 having a housing 46 with a predetermined diameter that
~ is adapted to traverse a length of a main well flow conductor and
an elongated flexible finger 48 having an upper end 50, a distal
bulbous end 52 and an intermediate elongated portion 54 adapted
to contact the diverter 10. The housing 46 preferably has an
overshot portion 56 that has an inside aiameter sufficient to
radially surround the elongated finger member 48, and mofe
preferably, the inside. diameter is sufficient to radially
surround the diverter 10. The overshot portion 56 substantially

centralizes the elongated flexible finger member 48 with respect

to the main well flow conductor, thereby eliminating a need to



borehol e (not shown) of a subterranean well at a predeterm ned |ocation and
orientation proximate a junction of a lateral borehole (not shown) wth

t he mai n borehol e. The slanted diverting surface 18 is adapted to

redi rect an object having a particular dianeter and com ng into contact
with the diverter into the |ateral borehoRé A conpliant spring nember 26

which is resiliently retractable toward the s|lanted diverting e
i s slldably°§éﬁﬂFed%Fb FRETARYAPEertad fhe YHHRI iZERPSSH i hY ﬁ%ﬁb il §tF§

preferably sed of I ngs spaced apart and above a S|ngle spring
34 above, Igﬁggftﬁ?ﬁaFPr ?egélng spring nenbers 26a,26b (FIG 1C). The
conpl i ant spring p y $Ribag hayi ng f e

second ends 28, 3 a t%%%t%?% &%?%hléPé uppg#ﬁbor??on 16b%§ e%ag%gd

12 and a m ééﬂnﬁrﬁéé&%ﬁ aSebhpeBitd mitdieal e%e&lé&h“ﬂhéﬂﬁ&ln%uﬁw@st 8ad
slanted diverting surface 18 resiliently to contact and divert the obj ect.

The di vert es2lflsmapliurtichelewiciy ifyonm & esartcbrline | Gt tlsdrmain neaber £34w
positioned bel ow the conpliant spring nenber 26. As with the conpliant
spring nenbeendéctohe asedvel shongatednbiexddles fingerpmeimeahl 48 aflexes.
spring. having first and second ends 36,38 slidably captured within the
upper portibgais, othere Bkdjled Andthavprg wikldaperariabeetbecaryaniagss

t he | eaf sprlng extending fromthe slanted diverting surface 18 re |I|en%ly
to contact aRBCAIFERE VWhEh BpeR(comPagiF& SN eSri éenHRBGFSGE .39 9fe

posi tioned w thi ongaEhS g?exlgfée??h&e%”&eﬁﬁégsisfrgﬂlch may also have a

bulbous end 50a thereon, is secured within the housing 46 via a
securing device 58, which is configured to secure the upper end
50 of the elongated flexible finger member 48. Preferably, the
securing device 58 1is a material designed to withstand the
lifting pressures associated with retrieval operations and has
an upper porﬁion configured to the same shape as the upper end
50 of the elongated flexible finger member 48 and is adapted to
receive and secure the upper end 50 therein. A lower portion of
the securing device 58 is tapered to prevent the upper end 50 of
the elongated flexible finger member 48 from passing-
therethrough.

The elongated flexible finger member 48 preferably has a
shearable section positioned immediately below the housing 46
that allows the elongated flexible finger member 48 to shear and
separate . from a remainder of the retrieving todl 44 upon
application of a predetermined separating force. Thus, should
the diverter 10 be stuck within the main borehole, the retrieving
tool 44 can be separated therefrom upon application of the

predetermined separating force. The housing 46 substantially



24 the opening to the lateral borehole. Both of these conpliant spring
menbers 26,34 cooperate to allow an incom ng object to traverse the
junction between the main borehole and the |ateral borehole, and thus,
enter the | ateral borehole. As such, thesge_conpliant spring nenbers 26, 34
of fer the advantage of providing a di vert8® that can dynam cal |y adj ust or

f deyi ati o d b le i h j .
bor ehol o, 1 SEEFERLLEFRRDNE BFoFRG PMERTorether B0k nBere HEFhi Fg oW main
speC|f|caII¥eif Eig§.cgﬁa%€%o%here s illustrated the slanted diverter

surface 18 as seen al ong ength of a cross-sectional view of the

diverter illustratedihy ﬂ)@téFIGAS Fehdre HlsGCi110st¥tEA thRe retrieving
cross-sectioned at the upper portion 16 of the diverter 10, the sl anted

diverting stibdnces ISF s a 0iithe thenceyeshotor?i drorsed it Rhechbushagseen
I n-the subsequent figures, this concave track 42 extends a length of the
di verter 10exvended ravsr \Hhey diverter24a. withelwredongatedc £142ibsepf tugar
in the diverter 10 to act as a guide for a inserted tools, includin
retrieval tionter THS cengagedt madih 4thes divegtiem uker foxd yemeyd pf the

However, the track 42 has a deepened rtion 42a therein. The deepened
portion 42a81Y8e%ep%ek0 t FePm ehdt rbfwec]ﬁ&q}ieverfr ¥5PEy £RE Bﬁl he gﬁ‘é’fﬁe%ﬁe

e "9 PEGkELoR R84 o TR g4 58 EAITRL S0k BURR oIS 22 55
are laterally.sppaqatAd i PERY! dR_ RN VARG HOckd 0Udy WAbfle@ within the
longitudinal shaft 22 of the diverter 10. As illustrated, the
intermediate elongated portion 54 remains within the receiving
pocket 24a of the diverter 10. The configu_ration of the rounded
bulbous end 52 is such that once received in the receiving pocket
24a, it is not retractable unless sheared in the manner just
discussed. Tiais bulbous configuration of the distal bulbous end
52 allows a lifting force to be exerted against the diverter 10

for removal of the diverter 10 from a main borehole. |
With the retrieving tool 44 havir;g been déscribed, its use
and method of operation will now be discussed with references to
FIGs. 1, 1A-1E, 2 and 3. In some'applications, it is desirable
to remove the diverter 10 -from a main borehole. In such
applications, the upper end 50 of the elongated flexible finger
member 48 is secured to the securing device 58 within the housing
46 of the retrieving tool 44. The overshot portion 56 is
threadedly attached to the housing 46 to compléte the retrieving
tool 44 and the tool is then lowered into the main borehole to
the depth at which the diverter 10 is set. The housing 46

centralizes the elongated flexible finger member 48 with respect



retrieval tool may pass w thout engaging the conpliant spring nenbers

26a, 26b. 25 The deepened portion 42a is nore pronounced in FIG 1D than
in previous figures and shows the configuration of the deepened portion 42a
just above the receiving pocket 24a as illustrated in FIG 1E that is

designed to receive an end of a retrievimdPtool therein. Fig. 1E also
illustrates the dil ated openin 4 formed | diately bel ow the receivin
pocket 24a.tqh@%eﬁ%ﬁeﬁ%ﬁ‘b‘?i% tt %r?i@“@éﬁf‘éﬁ?%“g%&aﬁ 184 e?lé\???bg
spaced apart, fromthe sprin 26 n b, the .concave track 42

o 1t e opctt AR e o elel rBy SrERRe e iR Bob1 144 R Kpoptor
illustrate MHErdwnatd Py track th 'iéﬁﬁp' &f
the dil at edr'té’(;[e;tel'%elenégT _ 4Eév§3118%ﬁ§%c%%§?%%§i,rﬁigl' sﬁéﬁ’?@%’é' %f{ t he ﬁ/ée?? er
10 havi ng berdy GeRC iR r membe®! 180 PivesfesthOBRRRYIEAR Y0 | tR@Vsnted
briefly discussed. The diverter 10 is placed wthin a main borehole of a
subterraneafivetd i SupffEet eBnidecdnteadtizes aMe Wukttwd | &nd pEaxict tha
junction of a lateral borehole with the nmain borehole. The diverter 10 is
posi ti oned fekilslientfdchgsirt hnembee &8 n boThhs| e the |ddvaiteg kd0s Drsehf
orientation lug. The |lower portion of the body 12 is coupled to a diverter

anchori ng stouients’ thecrethieuingrteel 3 witborearedy fsoshe dhvaraay 10,

oriented, an qbject, such as a . . ,
althéugh the retrieving tool 44 never rotates during this

"orientation." The overshot portion 56 not only centralizes the
flexible finger member 48, but also protects the flexible finger
member 48 from damage or unintended engagement with the main well
flow conductor as.the retrieving tool 44 is lowered into place.

As the diverter 10 is received within the overshot portion
56, the distal bulbous end 52 engages ﬁhe concave track 42 of the
slanted diverting surface 18, which guides the distal bulbous end
52 from the centerline of the diverter 10 and decentralizes the
elongated flexible'finger member 48. As the distal bulbous end
52 traverses the slanted divefting surface 18, it passes between
the laterally spaced-apart compliant spring member 26, and thus
does not engage the compliant spring member 26. As the elongated
flexible finger member 48 continues to traverse the slanted
diverting surface 18, it is flexed as a result of the angle of
contact with and decentralization from the centerline of the
slanted diverting surface 18. When the bulbous end 52 reaches
the dilated opening 24, it snaps back toward the centerline of
the slanted diverting surface 18. This places the bulbous end
52 within the diverter 10 and in positioh to engage and retrieve.

the diverter 10. As the retrieving tool 44 is drawn away from



drilling tool, conpletion tool or other simlar equipnment is brought into
contact with the slanted diverting surface 18. As the object traverses the
sl anted diverting surface 18, the object is urged away fromthe centerline
of the diverter 10 by the slope angle of the slanted diverting surface 18.
The object then engages the first conpli &Rt spring nenber 26. If the

R
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caught or ung- u| e mal n bore wever, the diverter 10 of the
present 'nH?Qbﬂ.QEeal.'Ll:OWéng'ﬂEu@thElytQiﬂﬁﬁﬁ tiye teiprisdatetiolas ea because t he
conpliant spring nenbers 26a, 26b that are associated wth the sl anted
diverting surfaga tBeresént erhidty thet ddoertewald baecowésswabkliirethengain
surface 18 in response to the force to allow the object to traverse the
probl em ar bareholke jthechousiot #keandi Fhgoc¥gsEBoknROrkdonabér BRYb&LdH e,
and thus enter the lateral borehole. As the object proceeds al.on th?1

sl anted di bertremoveds & BPPLlyingnceneeshs Y ingwforeontPc %%%Lnlt e
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10 may still be removed by applying enough lifting force to shear
the threads 20 (FIG. 1) at the lower end of the diverter 10 and
thereby release it from the anchoring strucfure. It will, of
coufse, be appreciated that the elongated flexible finger member
48 and the shearing threads 20 may be engineered to shear at
different shearing forces to provide alternate methods for
removing the diverter 10 from the main borehole. If the diverter
10 is permanently stuck in the borehole, it may be drilled out
as a last resort.

Thus, in this aspect of the present invention, the retrieval
tool 44 reaches into the diverter 10 to grasp the diverter 10
from within. As previously mentioned, this is as opposed to the
prior art methods of grasping the diverter from without or
grasping the diverter at a prescribed location on the diverter
face, therefore requiring that the retrieving tool be pre-
oriented.

Turning now to FIG. 4, there is illustrated the retrieving
tool 44 of FIG. 2 adapted to function as a running tool 60 for
the diverter 10. The elongated fiexible finger has been removed,

and the housing 62 has been modified by removing the securing



Turning nowto FIG 2, there is illustrated a retrieving tool 44 having a
housing 46 with a predeterm ned dianeter that is adapted to traverse a

|l ength of a main well flow conductor and an el ongated flexible finger 48
havi ng an upper end 50, a distal bul bous end 52 and an internediate

el ongated portion 54 adapted to contact t3k diverter 10. The housing 46
preferably has an overshot portion 56 that has an inside dianeter

suf fi ci ent EFUHHLE |Ghenaixthd t F@ecryRGARgdtPPhgeP hasbrrhagsing b amrd
preferably, the inside dianmeter is sufficient to radially surround_fhe

di verter 1AM TIRIMEALDt PEHEOT 58°FGHOPanffal PFERRAIDPG | LRIt HRdinally
el ongated fl.exible finger nmenber 48 w espect, to the in - | f1 ow
conduct or, "'t}}?é"r “élhiagﬁ %Fﬁgu%p%]éeﬁflé% an§7a'ojr'?“éﬁ ?ét% ilhod‘l?]orbq
44 with re o oth aac{q | ti};%_,{gag dhe £l apgeted-Ehexid! e
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the distal dudEII8NGRive abkﬁnhﬂngey&ﬁ@g fﬂd)mo@:eQeEhéerﬁﬁ‘iﬂ? t&61 e n
wel | flow conductor ‘as the elongated flexible finger nenber 48 flexes.
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W th such conposite structures. The upper end 50 of the elongated flexible

finger nmenssy UGidshidiamaben|trmthae suffiddimnt dal Hotialler enxrounddohe ed

within the housing 46 via a securing device 58, which is configured to

secure the QWRsr Gipeter of the diverter. The lower end 68 of the running
tool 60 is provided with an aperture 72 for receiving a shear pin
therethrough.

Turning briefly now to FIG. 5, there is illustrated the
running tool 60 positioned over the diverter 10. The ‘inside
diameter of the overshot portion 64 radially surrounds the
diverter 10 apd is extended over a length of the diverter 10 to
about the mid-point of the second compliant spring member 34.
The diverter 10 and the running tool 60 are joined together by
a shear pin 74 that extends through the aperture 72 in the
running tool 60 and into a shear pin aperture 76 formed in the
side of the diverter 10.

With the runﬁing tool 60 now having been described, its
method of-operétion and use will be discussed with reference to
FIGs. 4 and 5. The running tool 60 is positioned over the
diverter 10 on the well’s drilling platform or it may be
delivered to the drilling sight pre-assembled. In either case,
the running tool 60 is secured to the diverter 10 via the shear

" pin 74. The running tool 60 with the diverter 10 attached is

lowered into the main borehole, and the diverter 10 is set in

place with the desired orientation. When the diverter 10 is set



50 of the elongated flexible finger nenber 48. Preferably, the securing

device 58 i
associ at ed

portion of the securing device 58 is tapered to_prevent the upper end 50 of

s a material designed to withstand the lifting pressures

with retrieval operations and has an upper portion configured to
t he sane shape as the upper end 50 of the elongated flexible finger nenber
48 and is adapted to receive and secure tB@ upper end 50 therein. A |ower

the el ongaiREe Plage bl Sepakaringdiarge i employed Rysindtingr BPhPBuEhe
The el ongated f|exible finger nber, 48 preferably ha hear abl e.sectjon
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flexible fi
retrieving
Thus, shoul
retrieving
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Hal ebg}gﬁgigf 10 be stuck within the main borehole, the
e

tool 44 can separ ated therefrom upon application of the

predeterm ned seppsmttRE iB6¢E, itheshapshpendberibstRat pabk¥nt iBdention
centralizes the distal bul bous end 52 wth respect to the main well flow

conduct or .
44 of FIG

puovidgs noav tdiveske3, fider @ i Subtlearstanatad whtlyet ai edingrtepl
2 with the overshot portion 56 of the housing 46 extended over

t he divert eretifiewingtteck| amdmesthdds xibidd viertdog pbibets4gravgugddowthe
the diverter 10 for renoval of the

well and retrieving the diverter. The diverter comprises: (1)
a body having a lower portion adapted to be coupled to a diverter
anchoring structure and an upper portion having a slanted
diverting surface, the diverter adapted to be placed within a
main borehole of the subterranean well at a predetermined
location and orientation proximate a junction of a 1lateral
borehole with the main borehole, the slanted diverting surface
adapted to redirect an object having a particular diameter and
coming into contact with the diverter into the lateral borehole
and (2) a compliant spring member associated with the slanted
diverter surface. The spring member is resiliently retractable
toward the slanted diverter surface to allow the object to
traverse the junction and enter the 1lateral borehole, the
diverter therefore dynamically adjustable to compensate for an
insufficient minimum diameter of a selectable one of the main
borehole, junction and lateral bbrehole.

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

invention in its broadest form.



diverter 10 froma main wellbore. The upper end 50 is securely engaged
within the housing 46 and the distal bul bous end 52 is received within the
recei ving pocket 24a formed within the |ongitudinal shaft 22 of the
diverter 10. As illustrated, the internediate el ongated portion 54 renuains
within the receiving pocket 24a of the di*?erter 10. The configuration of

t he rounded bul d L.s.such that once received in the receiving
pocket 24a, it gggﬁb&%rgiﬁﬁgigbgg’unless sheared in the manner j ust

di scussed. This bul bous configuration of the distal bul bous end 52 allows a

lifting force to be exerted against the diverter 10 for renoval of the
diverter 10 froma nmain borehole. Wth the retrieving tool 44 having been

described, its use and nethod of operation will now be discussed with
references to FIGs. 1, 1A-1E, 2-and 3. In sone applications, it is
desirable to renove the diverter 10 froma main borehol e. In such

applications, the upper end 50 of the elongated flexible finger nenber 48
is-secured to the securing device 58 within the housing 46 of the

retrieving tool 44. The overshot portion 56 is threadedly attached to the
housing 46 to conplete the retrieving tool 44 and the tool is then | ownered
into the main borehole to the depth at which the diverter 10 is set. The

housi ng 46 centralizes the elongated flexible finger nenber 48 with respect
29 to the centerline of the slanted diverting surface 18, thereby

* c L o s *



elimnating a need to orient the retrieving tool 44 with respect to the
slanted diverting surface 18. However, as the elongated flexible finger
menber 48 traverses the diverter 10, the slanted diverting surface 18
decentralizes the bul bous end 52 of the flexible finger nmenber 48. Thus,
the diverter 10 itself "orients" the retffeving tool 44 with respect to
the diverter 10,_although the refrieving tool 44 never rotates during this

“orientation.” %he R et Pt orieo P . TSP | COBRLEFE B exi bl e
finger menmber 42% dg%&gahggiﬁrgg%e\%o%ﬁ&? D laaagt%%erto”%@eé?@éaés Otf 2

damage or uni nt ngage e main we ow condut

retrieving doolyddy| Srlciirieg | MABLAFE. AE LhP dppRel Sod0ids HaGAhYeds

wi thin the overshot portion e distal us-en engages the

concave tragkadde®f diPereingt adréhvelt sA8dsdiveeEteld adspited dHd das pigced
di stal bul bous end 52 fromthe centerline of the diverter 10 and

decentral i zesthive ehongaind borahdle fofigesab@nbeubddrraisedhe wikkl alat a
bul bous end 52 traverses the slanted diverting surface 18, it passes

bet ween t hertedetathinedaltecatipen tand netrientatsion rerominadre 26, Jwmet iom sof
does not engaqﬁg}he conpl i ant spang menber 26. ‘As the elongated flexible
finger mentRr xRk | Merehodet r WiEhsesatd PR edogehiedei ngsaldf sgbanged,| ¢

is flexed as, a result of the angl e of contact with and degentraljzation
fromthe ceft¥FTHIRT ofSWHEG aﬁ%@@t&F’veF?i M UFe e 3. ORHERTL hBABLIPE0LR
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the divertefpdd | Th s igd-dib1eNoagRy and retrieve the diverter 10. As
the retrieving tool 44 1s drawn away from

a compliant spring member associated with said slanted
.diverter surface, said spring member resiliently fetractable
toward said slanted diverter surface to allow said object to
traverse said junction and enter said lateral borehole, said
diverter therefore dynamically adjustable to compenséte for an
insufficient minimum diameter of a selectable one of said main
borehole, junction and lateral borehole.

2. The diverter as recited in Claim 1 wherein said body
is composed of a composite material.

3.  The diverter as recited in Claim 1 further comprising
a second compliant spring member associated with said slanted
diverter surface, said compliant spring members cooperating to
allow said object to traverse said junction and enter said
lateral borehole.

4. The diverter as fecited in Claim 1 wherein said body
has a central longitudinal shaft and a dilated opening to said
.central longitudinal shaft on said slanted diverter surface, said.

dilated opening adapted to receive a retrieving tool into said

N



30 the diverter 10, the bul bous end 52 is received and captured in the
retrieving pocket 24a, and the elongated flexible finger nenber 48
transmts a retrieving force to the diverter 10 to displace it
longitudinally within the main borehole. In the event that the diverter 10
becones stuck in the main borehole, the Hfusing 46 and the overshot portion
56 may still be renoved by applying enough lifting force to shear the

el ongat ed feentinale 1f¢nﬁjérudﬂé¥ﬁierswt,Al sarcharetelgvinghdanl angagirg mgdid
still be renoved h ppl yi ng enough lifting fQrce_to shear the hreads 20
(FIG 1) attedie W Fnenﬁab t%%ﬁ%rﬁ@?giéughﬁa%héw r EPeaRELPY i§34A

t he anchoring structure. Lt wil of c rse

d h
el ongat ed i Hﬂ(§QQIﬁﬁﬂllﬁﬁﬂﬁ§§IXB ﬁ&véﬁgafgggrfﬁbgégédég ﬁﬁ; ge
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met hods for renDV|ng t fromthe main oreh

diverter 1Qf gaB@r HBB@E“ Jreide hdd af BeaR8teP0l &5 ithdiP¥hle &f 'ééf&' 1RBYer@S
a last resort. Thus, hi s aspect of the present invention, the retrieval

tool 44 r ewmdmthelrbbydw%t]uﬁjw a0 beegshop ddvvddiated @i thla fretp Mdwtiticn.

As previously mentioned, this is as opposed to the prior art nethods of

gr aspi ng tW@odiweﬁﬁadl@r@m\HNMm@Mndosagdaspgmgnthe diverter at a prescribed

| ocation on the diverter face, therefore requiring that the retrieving tool

be pre- 6. The diverter as recited in Claim 1 wherein said lower '
portion of said body has threads to receive said diverter
anchoring structure, said threads being shearable upon
application of a predetermined separating force to separate said
body from said diverter anchoring structure.

7. The diverter as recited in Claim 1 wherein said
diverter anchoring structure comprises a locating key for
engaging said anchorihg structure at said predetermined location
within said main borehole.

8. The diverter 'as recited in Claim 1 wherein said
diverter anchoring structure comprises an orienting lué for
engaging said anchoring structure at said predetermined
orientation within said main borehole. |

9. The diverter as recited in Claim 1 wherein said
diverter has an interface associated therewith for receiving an
elongated portion of a retrieving tool, said elongated portion
having a shearable section to allow said elongated portion to
separate from a remainder of said retrieving tool upon
application of a predetermined separating force.

10. The diverter as recited in Claim 1 wherein said

compliant spring member is a leaf spring having first and second

LI



oriented. Turning nowto FIG 4, there is illustrated the retrieving too

44 of FIG 2 adapted to function as a running tool 60 for the diverter 10.
The el ongated fl exi ble finger has been renoved, and the housing 62 has been
nodi fied by renoving the securing 31 structure therefrom The runni ng
tool 60 has a housing .62 and an el ongat edsg@vershot portion 64 extendi ng

| ongi tudi nal ly theref-rom having an upper end 66 and a | ower end 68. The
housi ng 62 drmds aslidakide cagpperedoritimim Haitdhatppexr quoftiigur exf temidhrimatied| vy
receive a running -string to lower the running tool 60 to the desired depth.
Addi ti onal lay mirddd.eoragcsiase pection &fl smid dieafnspaandi exeendingafrom said
sufficient to radjially surround _the outer dianmeter of the diverter. The

| oner end e asitechdivexting susface yeshlirntisd th crniAckpartdEvest rraid
receiving a,shear pin therethrough. Turning briefly nowto FIG 5, there is
i 11 ustrat e®FETunning tool 60 positioned over the diverter The

10.
10°and | 5 oxt enddt odoPerHEna, BarerRand, shrPhfeqt FHUAM I Syl b M

10 and is exten&éd over ength 0 i ver abou m

of the secqpd 1COMRIAN s SIY ithE TR oF4. The diverter 10 and the running
tool 60 are JgVne Egﬁﬁﬁﬁgi by a s ea? pin 74 that extends through the

fipe[L ure 72 in igdiyyi BEiB00hi $dreeld Wikdia SAeakaiti Nberehblee 4 foiiwed
" © subterranean well at a predetermined location and orientation
' proximate a junction of a lateral borehole with said main
borehole, said diverter having a body having a lower portion
adapted to be coupled to a diverter anchoring structure and an
upper portion having a slanted diverting surface, said slanted
diverting surface adapted to redirect said object having a
particular diameter and coming into contact with said diverter
into said lateral borehole; and
bringing said object into contact with said diverter, a
compliant spring member associated with said slanted diverter
surface 'resiliently retracting toward said slanted diverter
surface to allow said object to traverse said junction and enter
said lateral borehole, said diverter thgrefore dynamically
adjusting to compensate for an insufficient minimum diameter of
a selectable one of said main borehole, junction and lateral
borehole.
12. The method as recited in Claim 11 wherein said body is
composed of a composite material.
13. The method as recited in Claim 11 further comprising
the step of compliantly retracting a éecond compliant spring

member associated with said slanted diverter surface toward said
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side of the diverter 10. Wth the running tool 60 now having been

described, its nethod of operation and use will be discussed with reference
to FIGs. 4 and 5. The running tool 60 is positioned over the diverter 10
on the well's drilling platformor it may be delivered to the drilling

sight pre-assenbled. In either case, the Banning tool 60 is secured to the
diverter 10 via the shear pin 74. The running tool 60 with the diverter 10
attached i sslankedd Baverthr nm&uwrfeceehols@idandcanml idinter tepring | smeubera
place with the desired orientation, Wen the diverter 10 is_set .32 into
pl ace, a separReTagingrte allewpfaiddobjerttEPnErapesdet feid uivnAEieRoRNB0
to shear the shear pin, 74 and there freeing the running tool 60. The
runni ng too?n%%ri§a£%e%a? KP¥THM S he main borehol e. From the above, it
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obj ects trayetsi fHh t Lh&¥kN e, digser N enRer
a%(l')’cég%gg&ye:ﬁa&itméf sha¥tNGhideadiderdiea Jﬁénﬂh?‘e gfoe said

conpri ses: aving a |lower portion adapted to be coup to a

diverter aned@tidlD 1¥rdithidi®iadnghaft Upp&aidosl aftedadivirtierskarfade, said
diverting surface, the diverter adapted to be placed within a main borehole

of the subtmetlamdafiurutidr abmprisédgt ehenatep bdcréceivimg soreentiaving tool
proxi mate a junction of a lateral
into said central longitudinal shaft via said dilated opening,
said retrieving tool engaging said body within said central
longitudinal shaft to allow said retrieving tool to exert a
retrieving force on said body.

15. The method as recited in Claim 11 wherein a segment of
said upper portion has a diameter less thanlthat of said lower
portion, said method further comprising the step of allowing an
overshot associated with a retrieving tool radially to surround
said segment.

16.  The method as recited in Claim 11 wherein said lower
portion of said body has threads 'to receive said diverter
anchoring structure, said method further comprising the step of
shearing said threads upon application of a ' predetermined
separating force to separate said ' body from said diverter
anchoring structure.

17. The method as recited in Claim 11 wherein said diverter
anchoring structure comprises a locating key, said method further
comprising the step of engaging said anchoring structure at said

predetermined location within said main borehole with said

locating key.
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borehole with the main borehole, the slanted diverting surface adapted to
redi rect an object having a particular dianeter and com ng into contact
with the diverter into the lateral borehole and (2) a conpliant spring
menber associated with the slanted diverter surface. The spring nmenber is
resiliently retractable toward the slante¥8diverter surface to allow the
object to traverse tRhe junction and enter the_| ateral borehole, the
di verter therefok®- dyFefmimathod ag) ¥eeiErd inoCeaiPehs sheredn gaiddiveresent
m ni mum di aneter of a sel ectable one of the main boneholf, j unct,ion aggg
| ateral bor¥HNFLNG { FEIYRTURE FARKASSSvERt i BrHeRd % sLUliv aftdFesmeEhRd
been descrige I n_det ail .thoiggsgglled in the art _shoul d. understand that
u

t hey can mekd" ??(ﬁﬂ?mgﬁﬁﬁdg%, FPt?ﬁi%ﬂ%?Q%ﬂ?'EFﬁ r%??gﬂglﬂ%r%ﬁ¥Pﬁ&¥¥ﬁnu
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conpri si Ng: g PAsky; ydvily Bug Over portion adapted to be coupled to a
di verter anchoring structure and an upper portion having a

19. The method as recited in Claim 11 wherein said diverter

has an interface associated therewith for receiving an elongated
portion of a retrieving tool, said elongated portion having a
shearable section, said method further comprising the step of
allowing said elongated portion to separate from a remainder of
said retrieving tool upon application of a predetermined
separating force.

20. The method as recited in Claim 11 .wherein said
compliant spring member is a leaf spring having first and second
ends slidably captured within said upper portion of said body,
said method further comprising the step of resiliently contacting
and diverting said object with a midd}e arcuate section of said
leaf spring extending from said slanted diverting surface.

21. A retrieving tocl for a diverter, said diverter
including a body having a slanted diverting surface énd a central
longitudinal shaft associated therewith, said retrieving tool
comprising:

a housing having a predetermined diameter and adapted to
traverse a length of a main well flow conductor; and

an elongated.flexible finger having an ingerface end coupled
to said housing and a distal bulbous end, said housing
substantially centralizing said bulbous end with respect to said

main well flow conductor, said bulbous end adapted to contact
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sl anted diverting surface, said diverter adapted to be placed within a nmain
borehol e of said subterranean well at a predeterm ned | ocation and
orientation proximate a junction of a lateral borehole with said nmain
borehol e, said slanted diverting surface adapted to redirect an object
having a particul ar dianmeter and coring i3 o contact with said diverter

into said | ateral borehogl e;_ .and a conpli ant sprlqg menber assqcjated with
sai d sl ant &Rid vePlarted, f §dversing srﬁ’-%rrf@q?ent%‘? r e8PFPENt BRIt r%&:‘?%Je
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conposite material. 3. = The diverter as recited in Caim1 further
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di verter surface, said conpliant spring nmenbers cooperating to allow said
obj ect to tofaverssmnEditdnguactrieariendngnferceatd satdrddvénreahdie dikplackhe
diverter as recited in Caim21 wherein said body has a central | ongitudinal
shaft and ®adid siseisenilepgisuddnaldynwishinoagidunabal bohehelen said

slanted diverter surface, said dilated opening adapted to recejive a
retrieving tool 32t o getrieving tool as recited in Claim 21 wherein said

elongated flexible finger is composed of a composite material,
said bulbous end able to.deviate ffom a centerline of said main
well flow conductor as said elongated flexible finger flexes.

23. The retrieving tool as recited in Claim 21 wherein said
housing has an overshot portion radially surrouhding said
elongated finger member, said overshot portion substantially
centralizing said elongated flexible finger with respect to said
main well flow conductor, thereby eliminating a need to orient
said retrieving tool with respect to said slanted diverting
surface.

24. The retrieving tool as recited in Claim 21 wherein said
body is composed of a composite material.

25. The retrieving tool as recited in Claim 21 wherein said
diverter comprises a pair of compliant spring members associated
with said slanted diverting face, said bulbous end traversing
said slanted diverting surface between said compliant spring
members.

26. The retrieving tool as recited in Claim 21 wherein said
5ody further has a dilated opening to said central longitudinal

shaft on said slanted diverter surface, a diameter of said
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35 central longitudinal shaft, said retrieving tool engaging said body
within said central |ongitudinal shaft to allow said retrieving tool to
exert a retrieving force on said body. 5. The diverter as recited in
Claim1 wherein a segnent of said upper portion has a dianmeter |ess than
that of said |ower portion thereby to al B8w an overshot associated with a

tri [ t ool iall d i d t._6. The divert
et eving ool agt bl Loosrioind 2ad Searenl oo, e dterter B
Locelve S GLNGEReLRREATT ARG SEONELYY Sinta ke LI COAIR P SlBen v
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recited in alm1 erein sald verter anc oril ng structure co rses a

| ocating keyake!, @RAAVIrat Sl By Ndhtsd #4 L%éi@IpéékétpéﬁéebﬁbﬁgFﬁg
| ocation within said nmain borehole. 8. The diverter as recited in aim1
wher ei n sakdidi ¥edyeto alltaf isad s retetierengotPpol sSes avery isarild retkigviay
engagi ng said anchoring structure at said predeterm ned orientation within
sai d nai n Borekobn. s8id badlg.di verter as recited in Caim1l wherein said
diverter has an interface associated therewith for receiving an el ongated
portion of a reB7ievThg rebrieving ePohgafetepbiedoinh8iril alswBargbRea

section to allow sad elangated portl of 10 SSPYALS (LM Bul e"BE"GST 3Ly
portion thereof to allow said housing radially to surround said
segment.

28. The retrieving tool as recited in Claim 21 wherein said
elongated portion has a shearable section to allow said elongated
portion to separate from a remainder of said retrieving tool upon
application of a predetermined separating fofce.

29. The.retrieving tool as recited in Claim 21 wherein said
elongated flexible finger is removable from said housing, said
housing joinable to said diverter by a shear pin thereby to allow
said housing to function as a running tool for said diverter.

30. The retrieving tool as recited in Claim 21 wherein said
slanted diverting surface decentralizes said bulbous end with
respect to said main well flow conductor as said bulbous end
traverses said slanted diverting surface.

31. A method of retrieving a diverter, said diverter
including a body having a slanted diverting surface and a central
longitudinal shaft associated therewith, said method comprising
the steps of: |

traversing a length of a main well flow conductor with a

housing having a predetermined diameter; and
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application of a predeterm ned separating force. 10. The diverter as
recited in Caiml wherein said conpliant spring nenber is a |leaf spring
having first and second 36 ends slidably captured within said upper
portion of said body, a mddle arcuate section of said |eaf spring
extending fromsaid slanted diverting surdlace resiliently to contact and
divert said object. 11. A nethod of ‘diverting an object within a

subt erranean weldont@stimicsi sid helantpd criveptdimonpurfiareli vither istial a
mai n borehol e of said_subterranean well at a predeterm ned | gcation and
ori ent at i oPYRSuseeRda gium i shoggakefatidieniniey chibnees t addi £irngated

borehol e, said diverter hayi body_havi | tj dapted to b
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into contact with said diverter, a conpliant spring nenber associated with
sai d sl ant ethtdirieid eaiguebateal EbbhgRidindeleghadt B 587 £et5@i iy SR

diverter surface to allow said object to traverse said junction and enter

sai d | at er aderyechiith sald diverter, t baidf buktbdysasndakldupted to engage
said body within said central longitudinal shaft as said
retrieving tool is drawn away from said diverter, said elongated
flexible finger capable of transmitting a fetrieving force to
said diverter to displace said diverter longitudinally within
said main borehole.

32. The method as recited in Claim 31 wherein said
elongated flexible finger is composed of a éomposite material,
said method comprising the step of deviating said bulbous end
from a centerline of said main well flow conductor as said
elongated flexible finger flexes. .

33. The method as recited in Claim 31 wherein said housing
has an overshot portion radially surrounding said elongated
finger member, said method comprising the step of substantially
centralizing said elongated flexible finger with respect to said
main well flow conductor with said overshot portion, thereby
eliminating a need to orient said retrieving tool with respect
to said slanted diverting surface.

34. The method as recited in Claim 31 wherein said body is
composed of a composite material.

35. The method as rec_ited in Claim 31 wherein said diverter

comprises a pair of compliant spring members associated with said
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adjusting to conpensate for an insufficient mninmmdianmeter of a

sel ect abl e one of said main borehole, junction and | ateral borehole. 12.
The nethod as recited in Caim1l wherein said body is conposed of a
conposite material. 13. The nethod as recited in Claim1l further
conprising the step of conpliantly retract2ng a second conpli ant spri ng
menber associated_w th said sl anted dlverter surface toward said

slanted di vetartedudiyesting dfaempl Sadc Sprihed nﬁﬁB‘EFéséBSpe‘?Iﬁl ﬁ‘é}eﬁ’o of

|1 d obj t ot d i t d
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central Ion “rg#'}ﬁémég@g aﬁr}gnﬁaaegi &ﬁh% %Qldﬁg to said central

Iongltudlna t"onsard surface, said nmethod further

conprising the siep Ofpd %@tﬂé&gaa ESEE{-_S&' Rel tqalml 310 WA iGENd 4 body
| ongi tudinal shaft via said dilated opening, said retrieving tool engaging

sai d body wiihihes s @eahuateaoageﬁmgrwé sidf ceh@ralll D¥hgatddigal | sia g
tool to exert a retrieving force on sald body. 15. The nmethod as recited in

Claimll wetesaid sdgmeet fivemterupperfgoetiandhanetedi afetssrid esenthah
that of said |lower portion, said nethod further conprising the step of
al | owi ng arlangsitakbinals s ahafited deicrieagingt r tovi figrmook raeeliving o Beekefnd

proximate said dilated opening, said method comprising the step
of receiving said retrieving tool into said central longitudinal
shaft via said dilated opening, said retrieving tool entering
said pocket'and engaging said body to allow said retrieving tool
to exert said retrieving force on said body.

37. The method as recited in Claim 31 further wherein a
segment of sgid body has a diéméter less tﬁan that of a lower
portion thereof, said method comprising the step of radially
surrounding said segment with said housing.

38. The method as recited in Claim 31 wherein said

| elongated portion has a shearable section to allow said elongated
portion to separate from a remainder of said retrieving tool upon
application of a predetermined separating force.

39. The method as recited in Claim 31 wherein said
elongated flexible finger is removable from said housing, said
method associated with a method of running said diverter, said
running method comprising the step of joining said housing to
said diverter with a shear pin thereby to allow said housing to
serve as a running tool for said diverter.

40. The method as recited in Claim 31 further comprising

the step of decentralizing said bulbous end with respect to said
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said segnent. 16. The method as recited in Caim1ll wherein said | ower
portion of said body has threads to receive said diverter anchoring
structure, said nethod further conprising the step of shearing said threads
upon application of a predeterm ned separating force to separate said body
fromsaid diverter anchoring structure. 142 The nethod as recited in Caim

L1 e n 8 Tl DR SIS SPIBELSES: ol obal UL keY, Sg1¢
d det t th d in_b hal. e th d.l t
210 P et A A RO B o b Spl ek aget 10

anchoring structure conprises an orienting lug, said nethod further
conprising the step of engaging said anchoring structure at said
predeterm ned orientation within said main borehole with said orienting
lug. 19. The nethod as recited in Caim1l wherein said diverter has an
interface associated therewith for receiving an el ongated portion of a
retrieving tool, said elongated portlon havi ng a shearabl e section, said
met hod further conprising the step of allow ng said el ongated portion to
separate froma remai nder of said retrieving tooI upon application of a
pr edet er m ned
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separating force. 20. The nethod as recited in Caim1ll wherein said
conpliant spring nenber is a |leaf spring having first and second ends
slidably captured within said upper portion of said body, said nethod
further conprising the step of resiliently contacting and diverting said
object with a mddle arcuate section of saill | eaf spring extending from
said slanted diverting surface. 21. Aretrieving tool for a diverter, said
di verter including a body having a slanted diverting surface and a central

| ongi tudi hal shaft associated therewith, said retri'e'ng tool conprising: a

housi ng having a predeterm ned di aneter and adapted traverse a |l ength of
a main well flow conductor; and an el ongated flexi bl finger having an
interface end coupled to said housing and a di st al bous end, said '
housi ng substantially centralizing said bul bous end/th respect to said
main well flow conductor, said bul bous end adapted cont act 39 said
slanted diverting surface and enter said central | tudi nal shaft as said
retrieving tool merges with said diverter, sailbftuot Ad adapted to
engage said body within said central | ongiwkudi t as said retrieving

tool is drawn away fromsaid diverter, said el ongat fl exible finger
capable of transmtting a retrieving force to said verter to displace
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said diverter longitudinally within said main borehote. 22. The retrieving
tool as recited in Caim21 wherein said elongated flexible finger is
conposed of a conposite material, said bul bous end able to deviate froma
centerline of said main well flow conductor, as said el ongated_f| exible
finger flexes. 23. The retrieving toofggs fecited in Caim .i__n sai d

AR
housi ng has an overshot portion radia r Uhding said‘gb§%$§$§§:&in
menber, said overshot portion su6§t nti dgnt ral i zi ng! %ai d ‘-‘}?@:; d
flexible finger with respect to said mai Il flow conductor_ t *\\\\Q
elinmnating a need ta orient said retri ey tool wth re§BEE?\T§§§§ES
sl anted diverting surface. 24. Th% retri Qg tool as recited iGN 21

Ye material. 2%3-%h vin’g'
di verter conprises
said slanted divertS

wherein said body is conposed of a conpe&
tool as recited in Caim2l wherein sai
conpliant spring nenbers associ ated, wgh

bul bous end traversing said slanted diverting surface beppwes saixdea
conpliant spring menbers. 26. FeSetr™e® ng tool as recited in Caim?21
wherein said body further has a dilated opening to said central

| ongi tudi nal shaft on said slanted diverter surface, a dianeter of said

40 central | ongi tudinal shaft decreasi
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proxi mate said dil ated opening, said dilated opening adapted to receive
said retrieving tool into said central |ongitudinal shaft, said retrieving
tool entering said pocket and engaging said body to allow said retrieving-
tool to exert said retrieving force on said body. 27. The retrieving tool
as recited in Caim 21 wherein a segment of3said body has a dianeter |ess
than that of a | ower -porti-on thereof to allow said housing radially to

surround said segnent. 28. The reffiving tool as recited in Cha=in 21

wherein said el ongated portion hggs#shearabl e section to allyﬁ=§§id

el ongated portion to separate frgf ¥ emai nder of said retri ey 4} ool upon
application of a predeterm ned sEpgrddi ng force. 29. The retrg | tool as
recited in Claim21 wherein sai fAat egh, Tl exi bl e finger ig phlie
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from said housing, said housi ngZf
thereby to all ow said housing t§
diverter. 30. The retrieving to
sl anted diverting surface decen
said main well flow conductor a
diverting surface. 31. A ngf
I ncl udi ng a body having a ant
| ongi tudi nal shaft associ ated tlger
of: traversing a length of a maign
a predetermnined dianeter; and |

ch

€ to said diverter by#Z
ion as a running tool f§@
ecited in daim2l wherfg
£0od.d bul bous end wit
bul bous end traverses RN aned
re9Png a di vert egs—saff¥ rter

rting surface and a cerg
ih, said nmethod conpri sif
I flow conductor with aj
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41 contacting said slanted diverting surface with a distal bul bous end of
an elongated flexible finger, said elongated flexible finger having an
interface end coupled to said housing, said housing substantially
centralizing sai.d bul bous end with respect to said main well flow
conductor, said bulbous end entering said 4entral |ongitudinal shaft as
said retrieving tool -nerges with said diverter, said bul bous end adqmged to
engage said body within said central |e#§itudinal shaft as said rejprieving
tool is drawn away from said divergerf said elongated flexible fif
capabl e of transmtting a retrievigsgorce to said diverter to himter!
said diverter longitudinally wthf $3id main borehole. 32. Th
recited in Claim31 wherein said mted flexible finger is ¢
conposite material, said nethod } Al ng, Wbe step of deviatiZg
bul bous end froma centerline of gti n wel | fl ow conduct or
el ongated flexible finger flexesy The nmethod as recited: i¥
wher ei n said housing has an over# drtion radially surround
el ongat ed finger nenber, laj d nefToOf cpnprising the step of sup

centralizing said el ongated -0 ﬁ%u
, thereby elininatingla |n&N#
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fl ow conductor with said overshof
orient said retrieving tool wthg
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to said slanted diverting surface.. 34. The nethod as recited inTKISSSHERFLHAS

wherein said body is conposed of a conposite material. 35. Thq met hBaPRACED

BEEN

recited in Claim31 vvhereln sald di verter corrprlses a palr

spring nenbers as_som ﬁ@emal d

nmet hod conpri sing the Dléi‘?m% 13(‘?% Rsurface

bet ween sai d conpliant s PE .J en The net hod
as recited i n Claim31 vvherel ?ﬁ’.ﬁ’ ? ]’1 aﬁdl | at ed opem ng to

d tral t t
sai d centra Qgc‘tént?g?éfiﬁg?t UOBuB?égﬁﬁ#:éQgegeﬂiveé a&va EE?C?‘cet%levmgg

di anmeter of sai di na ecreasing to forma receivi

pocket proxtsEi €afdl fefhbled ORIV 1Al Sh{Bdt de £O78¥F & S O h& €yl EP a8l
receiving said retrieving tool into said central |ongitudinal shaft via

said dil at efetoprevigy Shed disleriteri.ng The! denbeteny cdriptipesket (Ynda body
engagi ng said body to allow said retrieving tool to exert said retrieving
force on sahaivimgiya Jowadhepoethod sdapmEad etloi el edupBddf duot heer direreienr
segnent of said body has a dianeter |ess than that of a | ower portion
thereof, saucherirg cwdwing end saep WPeradPaFF§oBurkawiRE ng salanted
segnent with said housin 38. The nethod as recited in Caim31 wherein
sai d el ongAEERHoIRT 0RURRICE. shBEr SBVETEEE PGPt hv PR PIresdnyathdn 2

main borehole of the subterranean well at a predetermined
location and orientation proximate a Jjunction of a lateral
borehole with the main borehole, the slanted diverting surface
adapted to redirect an object having a particular'diameter and
coming into contact with the diverter into the lateral borehole
and (2) a compliant spring member associated with the slanted
diverter surface The spring member is res111ent1y retractable
toward the slanted diverter surface to allow the object to
traverse the junction and enter the 1lateral borehole, the
diverter therefore dynamically adjustable to compensate for an
insufficient minimum diameter of a selectable one of the main
borehole, juncﬁion and lateral borehole. The diverter is
configured to receive a flexible finger of the retrieving tool
into a central longitudinal shaft therein to engage and retrieve

the diverter without having to orient the retrieving tool.

Fig. 1
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portion tq=separate froma renmai nder of said retsievi ng tool “ =T :
application of a predeterm ned separ ati ng fdrce. 39. The net
in Caism31 wherein said elongated flexible finger is rempv
housi ng, said nmethod associated with a nmethod of running sai
sai d running nethod conprising the step of joining said hou5| S
diverter with ABSTRACHI n thereby to allow said housing to s F\re Es L{- 3-
running tool for said diverter. 40. The nethod as recited in Caim 31

further conprising the step of decentralizing said bul bous end with respect

to said 43 UHIVERER $%h{h F368.
as said bul bo%ﬁ%i 5 FOR RUGNIY &‘?ﬁ#%%{é'\?mék%m R

A diverter for a subterranean well, a diverter retrieyiﬁg tool and r-nethods'
of diverting objects traversing the well and retrieving the diverter. The diverter
comprises: (1) a body having a léwer portion adapted to be coupled to a diverter
anchoring structure and an upper portién having a slanted diverting surface and (2)
a compliant spring fnember associate& with the slanted diverter surface. The spring
member is reéiliently retractable toward the slanted divérte_r surface to allow the
object to traverse the junction.and enter the lateral borehole, the divérter therefofé
dynamically adjustable to compensate for an insufficient minimum diameter of a
selectabie one of the main'borehole, junction and lateral borehole. The diverter is
configured to receive a flexible finger of the retrieving tool into a central
longitudinal shaft therein to engage .and retrieve the diverter without having to

orient the retrieving tool.

Figure 1



