ABOGADOS (”V
Sefiorea
DIVISION DE NUEVAS CREACIONES
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
Santafé de Bogoti, D.C. — e
g Adi APERDOSTRIA ¥ CORERCTD
Acacisn : SHTIND Q00NNG! Foljos: 1

' : Frcha (AD): 2800-10-11 1558,

Trmite, 1 &R MIBNESD | ARISTRV 19 CoeEe
Depecdecia: 2009 DIVISION IE NIEWS CHERCIOND

Re.: Cédigo 02-01-329
Expediente No. 00-73.260
Solicitud de Patente
SOFITECH N.V.

En relacién con el Expeqiente de la referencia y con el fin de-dar cumplimiento a la
preceptuado por el articulo 40. literal d.) numeral 3 de la Convencién de Parls
adjunto a este escrito sirvanse encontrar |a copia certificada de la solicitud de
patente de la cual se reivindica prioridad, la cual se encuentra debidamente

traducida en sus apartes pertinentes.

Ustedes Atentamente,




: ‘l‘ll EYUNT lTlu])IS’ll&'l‘]uS(lFuuﬂ TRICH x 2
WYY 10N WEOMTHESY PRESENTS SHAIN, COMES L
UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

September 15, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 09/410,153
FILING DATE: September 30, 1999

By Authority of the
OMMISSIONER OF PATENTS AND TRADEMARKS

T. ' WALLACE
Certifying Officer




d B A
ASSISTANT COMMISSIONER FORPATENTS  CASHZN *Tt '3 oy 322 _
BOX PATENT APPLICATION N

WASHINGTON, D.C. 20231 .

Nais; .l:G_l';.'ﬂ.-'- CPR Ui 1L g
SIR: |
‘Transnitted herowith for fling is the patent spplicaton of: .
Inventor(s): Lawronce J. Lalsing '
For: MULTILATERAL WELL ENTRY 2
o

J PRIORITY is claimed opon the following epplication(s) uoder 35 USC Sec. 119:
Applicstion No. Lfled . -

-
8799

i

o

| o

- Lot

wESE<

b
-+

sEa

(1]

(]

|

unsigand)
{ Information Disclogore Statenemt with Form PTO-1449 and Prior Ast atiached
o Please retun the encloged solf-addressed postran] to the wndersigned, propety

dute-stamped, upon receipt of the enclosares.
a CLAIMS AS FILED
a L) @ () ) 5
R FOR NUMBER NUMBER RATE BASKC PEH
B FILED EXTRA 760350
o | BASIC FER — $760
- TOTAL 35-20= X $15 270.00
CLAIMS
ﬂ INDEPENDENT 11-3= o E3TT)
CLAIMS 624.00
. - -
o it X R260/150 o
ﬂ TOTAL FILING FEES ) ’ i |
0 Sinall Buiity Stasement
3 Reduced foes for Scoall Batity (Verified Statement Baclossd)

The Commissioner is heroby mthorized 1o chargp fecs which msy be required
Deposit Acoount No. 04-1579 {56.0522) fiar Fling of this patent application.
A duplicase copy of this sheet is caclosed.

] Recordstion Form Cover Shoet snd Amigoment sstached. The Comlssioner is
hereby snthorizad 1 charge feos which mey be required to Deposit Acconnt

No. 04-1579.
Date:_ 22 %p1 59
E?n#"‘
Attorney for Applicani(s)
Reg. No. 42239

“EXFRESS MAIL" MAILING LAREL NO. EXIS04911103  DATR OF DEPOSTT __Eestexher 30, 1999

THERERY CHRTIFY THAT THIS PAPER OR FEE OR ANY DOCUMENT LISTED A% EEING ENCLOSED I SEING
DEFOSITED WiTH THE UNITED STATES POSTAL SERVICHS "EXFRESS MAL POST OFFICH TO ADDRESSEE" SERVECE
UNDER 37 CFR 1.10 ON THE DATE INDICATED ABOVE AND IS ADDRESSHD TO THE ASSISTANT COMMISSIONER
FOR PATENTE, WASHTNOTON, D.C. 25231

Tiicla B, Vin Hooer 9



10

660E6R" ESTOTH O

56.0522
Patent

MULTILATERAL WELL ENTRY

Eield of the Inventiop

The invention relates generally to thes location
and entry of a lateral hydrocarbon wall fyom a main wall-
borxre in a subterranean formation, and additionally ¢to
treatmant and/or analysis of a lateral hydrooarbon well
aftsr spuch location and entry.

Background of the Invention

Multilateral hydrocarbon walls, i.s., hydrocarbon
walls having one or more secondary wellbores connecting to
a main wellbore, ars common in the oil industry, and will
continua to bas drilled in substantial numbers in the £fu-
ture. Location, or location and entry of one or more of
tha secondary or lateral wellbores, whather in completion
or treatment procedures for a new well, or for recondition-
ing or reworking of an older well, often poses a problmm
for ths wall service operator.

A comom approaach for location and entry into
lateral wellbores, particularly in level 1 and level 2 well
construction, is to zun jointed pipe from a sexvice rig
Just barely into the latersl wellbore using standard loca-
tion apd kickoff procedurass. Coilabla tubing (commonly
referred to in the industry as "coiled tubing®) carxying =
service or work tool is then run through the jointed pipe
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and into the lateral wellbore. In tho usual opproach,
however, the axtra axpense of a service rig adds signifi-
oantly to tha cost of emtry operaticns. Again, in acmo
dases, even 1f the cost of the service rig is accepted,
procedures employed for location of a particular lateral
wellbore often lack precision and can be time consuming.
Accordingly, efforts have oontinued, _and thars has been a
need, to find an alternative to sexrvice rig depandent and
inefficient approaches, particularly for level 1 and level
4 maltilateral well rewcorking operations. In particular,
there has bean a need to provide an effective location or
location and entry mathod and a locator, entry and ser-
vicing tool that would reduce costs and allow use of
relatively inexpensive colled tubing procedures. The

- invention addresses these needs, and provides a msthod,

system; and tool for location, entry or re-entrxy, and
servica operations, each of which is particularly adapted
to "coiled tubing” usage.

Bumaxy of the Invention

Accordingly, in one aembodiment, the invention
ralates to a mathod for location, or location and antry, of
a lateral wellbore from a main wellbore of a multilatersml
hydrocarbon well, the method being characterized by unique
cperation of a controllable or controllably bent sub. In
this embodiment, the working tool employed, including the
aforsmantioned sub, which possesses particular required
po.it:l.oning and/or deflection ocharacteristics, is operated
in the main wellbore in a manner such that location of the
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desired lateral wellb.r. ip fucilitated. For conducting
wallbore trea‘mant o servicing, the work tool will oom-
prisea well treatment and/oxr analysis components, upl:!:onilly
in the "bent" segwent or axm of the sub. Advantagesously,
with weall treatment and/or snalysis components provided in
or near the sub, the invention permits immediate treating
operations in the located latara]l weallbore, tripping out
and removal of tha aub being unnecessary.

In a further aspect, the invention relates to a
novel system for location or J.E:ca.t:l.on and antry of a later-
sl wellbore from a main wellbore of a hydrocarbon well, and
whiah furthsr includes means for working or reworking the
well, ths system comprising a work string and a uniqua
wallboxe working tool suspsnded an the work string. The
noval working tool terminates in a segmanted work-locator
sub having a terminal segmant which may be "bent®™ according
to predetermined dssign requirements. In partiocular, the
work-loaator sub of the system is adapted to semi-rigidly
or semi-flaxibly position ita terminal segment or semi-
rigidly or semi-flexibly defleot its terminal segment at an
acute angle with respect to tha longitudinal axis of the
string or other seguent of the sub, the terminal segment
further being of a length adapted for lateral wsllbore
incursion. The terms “semi-rigidly” and “semi-flexibly~,
as utilised hearein with respect to the positioning or
daflection of the sub terminal segment, arxe understood to
indicate a relative rigidity at which the directing or
positioning components of the sub are designed to maintain
the position of or daflection of ths sub's terminal
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segumant. This dagree of _::l.gidi.ty is unlike the r:l.gi.d':i.ty or
stiffnees at which common controllable bent suba are hald
during drilling operations. Instead, the sub of the 'ay-atm
is structurally adapted for, or ecm::l:aol structural
componants for, positioning ths terminal segmant with
sufficient rigidity forxr efficient wellbore aentry, as
bhareinafter described, while. providing the capacity for,
whan the terminal segment 15- daflected from the
longitudinal axis of the string or othar segment of the
sub, limited yield of deflection to a predatermined force
or conatraint or to a reduction of the angle of daflection
in zesponse to encounter of such force or constraint, or to
an incresse or axpansion of the angle of deflectiomn in tha
absence or elimination of such force or constraint.
Accordingly, whan the terminal segment is "straight®, i.e.,
at least a section thereof is in or generally in a line
coinoident with the longitudinal axis of the remainder of
thse sub or ths string, ths sub's terminal segment
positioning componants will ba designad to hold tha
terninal segment with suffiocient rigidity or firmmess that
the terminal segment does not pendulate ox "dangle®™ to any
significant extent dua to gravity from the rest of the sub,
a firnmess important, £for exampla, in wellbore aentry,
advancement, or retrieval. In the deflegted postura of the
terminal segment, the positioning components of the sub
will be designed not only to provide the terminal segment
with a certain momant to deflect or position and maintain
the segmant in deflectiomn, but will be adapted yield
somavhat to the wellbore wall’s comstraint, to adjust to a
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limited increase of the angle of deflection upon removal of
any amtra;ln.i.ng force on tha terminal segment, or to the
de-crease of or reduction -of the angle upon encounter by
the terminal segment with a constraining force excesding a
pre-detarmined level. -Thus, for exsmpla, ths sub
components are adapted or structured, omn omne hand, to
maintain its terminal segmant securely against the main
wellbors wall, even though oconstrained thereby to asoms
extent fram further deflectiomn, while., on the othar hand,
if the terminal segment is further or fully defleated
during open lateral wellbore aentry, being adapted for
constraint and reduction of tha degres of deflection to
scme degrea, if, for axmmple, ths work tool is raised and
the terminal segment again encounters the constraining wall
of the main wellbore. To accampligh this type af resilient
positioning or deflectiom, appropriate mesans ars providad
in the sub, as hereinafter described. Again, as utilized
hexein, tha phrase "of a length adaptsd for lateral
wallbore incursion® inpdicates that, in sizing the terminal
segmnent for use in a main wellbore of specified width, the
langth of tha termin-al segmant is sizxed to that length
affeative to protrude oxr projsct a sectiom of the terminal
segaent into a lataral wallbore if ths deaflection angle
bstwean tha longitudinal axis of the string or ramainder of
the sub and tha longi-tudinal axis of the terxminml segnent
is incressed from the deflection angle detexmined by the

intersection of the lomgitudinal axis of the string orx

ramainder of the sub and the terminal segment whean confined
by a main wellbore wall. Importantly, tha tarminal segment
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of the work-lccator sub of the s:7 i, .. 1. %ulil BPu-
ferred aspact, further camprises myunie * . 1 L8 bt 1
and/or analyeis go that, once the _l.at.s: &. eu e ke
located and aentered, the lateral may Dbe wrvloen: 'aees &7
and/or measurements taken without withduswei o tu.
Finally, nsans for orxiemt-ing tha work-locateor snl I, ...
wallbore and means cooperating with the woxk-locato:: 4.4
for wsignaling ths location of a lateral weilborc azn
provided in the system. .

In a furthsr particular aspact, tha invenciwm
comprises a work tool which is adapted for performance in
the invention metbod and which includes s combination of
elensnts including a noval segmented work-locator spparatus
or sub. In this embodiment, the novel sagmented work-
locator apparatus cosprises a proximate attaching sub
segment, attachable to a work string or tool at ocne end
thareof, and a distal nose segment, preferably having a
wellbore treating section, coupled to ths attaching sub
segment at tha othar end thareof, tha two segmants belng
coupled in such manner that ths nose segment may bs semi-
rigidly positionad so that its longitudinal axis coincides
at least substantially with that of the attaching segment,
or may be pivoted and semi-rigidly positioned at am acute
angle with respect to the longitudinal axis of the attach-
ing segmant, the nose segment being of a length adapted for
lataral wellbors incursion. The terminal section may
optionally contain analysis or mesagurement components,
although commonly thess will be located in the main body of
tha tool. Indioation that tha axis of the terminal segment

«
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coincideas &tf: loust l.-"""‘"'.-l!t“..i."q.'i.:‘.}' wata the odn of the work:
Btring or aumnthe: gy o:-wr” mavel.: J$x<d amtes that, whilu
pexrfact aligomen & caes_abkiv ana o . JAed, At 18 not -:'e-
quired, amd tlat, € ecmal rat. . ° tne length of the
toxminal segment’, wsvi: A . .l 1 ldeita.: doeg not occur
to the extent that entry iut:- & ua.sr wellbore iz prevented.
Accordingly, in each or the spb embodiments described here-
in, tha sub may ba lowared into the main wellbore "bent® to
soma degrea if the main wellbore width is of such extent
that the widest angular extension of the terminal segmant
does not bring tha terminml segment into eignificant con-
tact with the main wellborae. '

In yet a further embodiment, a novel controllably
bant sub for location, location and entry, and treatment
and/or analysis of lateral wallboras is described, the sub
being characterized by unique operational capabilities.
The sub of the invention is adapted for maintaining semi-
rigid or semi-flexible positioning of its terminal menber
or segunent in the manner dascribed, and in its preferred
form, is provided with novel force relief means to prevent
damage to its componants by excess fluid pressure generated
forae or by accidantal undue constraint of the "bent" arm
or temminal member of the sub. The novel sub of ths in-
vention is further providsed with means for alexting or
signaling an operator when ths terminal segment of ths sub
is "bent” more than a predetermined amount, i.a., the acute
angle of thse sub has increased or become greater. Othar
novel and unique aspects of tha method, system, and appara-
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tuses of the invention are sat ocut .. : £:7(v i3 X
following detailed descriptiom.

Bxiaf Degcrivtion of the Drewing

Figure 1 is a schematic representation illustrating eut:;
of a working tool in a lateral wellbors in a manuer accoxd-
ing to tha invention.

Figure 2 is a schematic representation illustrating gener-
ally ths conponants of a controllably bent sub accorxding to
the inventien.

Figureas 3a, 3b, and 3c are cross-secticnal views of a con-
trollably bent sub of the invention in the plane of the
sub's bend illustrating sub orientation adapted for low-
ering or insaerxtion of the sub into a main wellboxe.

Figures 4a, 4b, and 4c are crosa-sectiocnal views of a con-
trollably bent sub of the invention in the plane of the
sub's bend illustrating sub orientation adapted for loca-
tion of and entxy of the sub intoc a lateral wellbors.

Figure 5 is a sectional view along line A-A of Pigure Ja.
Figure 6 is a sectional view slong line B-B of Figure 3b.
Figure 7 is a sectional view along line C-C of Figure 3b.
Figures 8a and 8b are sectional views of a plug and cam
stxucture employed in a sub of the invention along the
langitudinal axis L of tha sub.

Figure 9 is a sectional view along line D-D of Figure 3b.
Figure 10 is a sectiocnsl view along line E-E of Figure 3b.
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Flgure 11 ig a cross-seﬁtio‘.:al view of thz prelerreld unigue
force limiting traumuission means of thke invention in a
straight sub orientatior.. '
Figure 12 is a cross-gectiounal view ol tlhe preferrad unique
force limiting transmisegion means of tha jnvention in a
bent sub orientation.

Figures 13a, 13b, 1l3ec¢, and 134 are cross-sectional views of
a controllably bent sub of the invention in the planae of
the sub's bend containing the force limiting transmission
meang of the inventiom.

Figures l1l4a, 14b, l4c, and 144 are cross-sectional views of
a controllably bent sub of the invention in the plane of
the sub's bend containing the force limiting transmission
means of the invention and illustrating sub terminal
segment deflection at high fluid flow.

Detailed D X n e Tn n

According to the msthod of the invention, a well-
bore working tool is provided on a work string, the working
tool comprising and terminating in a segmented work-locator
sub comprising or having a terminal segment adapted to
semi-rigidly or semi-flexlibly position and/or to semi-
rigldly or semi-flexibly deflect its terminal segment at an
acute angle with respect to the longitudinal axis of the
string, the terminal segment being of a length adapted for
lateral wellbore incursion. The terminal segment may also
possess some curvature, i.e., may be curved, as described
more fully hereinafter. In the method of the invention,
any controllably bent sub structure providing the required
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capabilities may be used, although, as mentioned, -J
spacific subas desaribed bherein ara preferred. Thus,
designed with "knuckle joints® of different structurc L.
the particular subs of the invention, or having restrict:
*ball joints® may bs used if constrained to bend in tiw
required manner and i1f pto_v:l.dcd, as nantioned, with
appropriate force adjusting means, as well as the lateral
incursion fesature of the Lﬂ.-mtion, and, most prefarably,
with well treatmsnt/and or analysis featurss. Other means
of accomplishing a "bend®* inoclude a pin Joint, bourdon
tuba, or asymuetrically slot-ted member with intezrmal
pressurigation means. Addition-ally, while the preferred
subs of tha invention emphasize flow of the work and
treating fluids through the sub, e.g., through tha terminal
segmant, other designs may be em-ploysd. For axample,
lateral ports in the sub may be used, with fluid ejection
occurring in the remainder section of tha sub or even in
the main work tool body.

Accordingly, upon provision of a suitable working
tool, in the case of a vertical main wellbore, ths tool is
then lowared in the main wellbore to a location proximate
and below, or ubove, tha lateral wellbors to ba located or
located and entered. The terminal segmant of the sub of
tha tool will preferably be maintained, on lowaring, at mn
angle coincidsnt with or at least substantially coincidant
with the axis of the work string, minor deflection, as in-
dicated, baing poasibla, depending on the 2ain wellbore
diameter. In the case of a slanted or horizomntal nain
wallbore, the tool is advanced into the main wellbore to a

10
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position proximate the laternl wellbeo:«;, either posterior
to or anterior toc the lateca’. weilbea... In either situa-
tion, the terminal segment of the sui. @+ then posic:‘.oneci or
deflected in the main wellbore at &t acuta or incressed
acute angle with respect to the longitudinal axis of the
work string or other gegment of the sub by applying a
deflection force ~or moment _to the terminal segment in
excess of that required to thrust the distal or nose and of
the terminal segment into contact with a constraining wall
or side of the main wallbore., The effect of the applica-
tion of excess deflection force or moment is that the tar-
minal segment possesses potential for further increasme or
expansion of the acutas angle of deflection should the con-
straint of the main wellbore wall or side be eliminated or
dissipated. In this regard, for simplicity in deseription.
the “"wall" of a wellbore is understood to include not only
the aurface of the subterranean formation forming the
wellbore, but may include casing, liner, cement, ete.,
pregsent in the wellbora. At this point, operation of the
sub to locate the lateral wellbore or "profiling® of the
main wellbore may be commenced. Optionally, and prefer-
ably, however, the sud is then oriented in the main well-
bore in the correct azimuthal direction by any known
procedura and devige, For example, the work string may
include an indexing device or a continuously run motoxr
providing 360 degree coverage which may be auitably em-
Ployed by those skilled in the art to orient the sub. In
the case of an indexing device, the index range is prefer-
ably on the order of 30 degrees.

11



-

&H0OEGO" ESTOTHLGO

To comnence the profiling, in the zaso of & wve-
tical main wellbora, and depending on the location ol ' :@.-
sub, eithar below or above the lateral's junction watl ..o
entry to the main wellbozxse, the string is raised oxr low-
ered in the main wellbore. With a slanted or horizonted
main wallbore, depending an the location of the sub, either
posterior or anterior to tha lateral's antrance, the string
is retrieved or advanced. In both cases, the axcess de-
flection moment on tha terminal segmant is maintained
during movement or displacement of tha ptring. In either
case, tha lateral wellbore may be located according to the
invention in the following manner. As the sub is raised or
lowered (or retrieved or advanced) in the main wellbore,
the distal snd ox nose of the terminal segment of the sub,
at an acute angle to the longitudinal axis of thes string,
continues in contact with the main wellbore wall or sids.
Howevar, when tha open lateral wellbore is reached, the
constraining or canfining force of ths main wellbore wall
or slde is eliminated, and the tip force or axcess po-
tential emezrgy in the suml-flexibly maintained terminal
segmant is relsased, expanding the acute angle made by the
terminal segmant with the longitudinal axis of tha working
tool oxr sub. If the termingl segment is of a langth sdapt-
ad for lateral wellborsa incursion, the noss or end section
thereof will be forced or urged into the open lateral well-
bore, thareby "locating®™ the lateral. This expansion may
be sensed by an operator at the surface by a variety of
sensing mechanispms or masns, and tha terminal segment may
then guided or advanced further into the lateral wellbore.

12
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. Opon location and entry inte che [atural wellbore, ths

terminal segment of tha sub nay bz etuzzed to and semi-
rigidly fixed at & posirion or augle allowing advancement
into tha lateral. Normally, thir wili be a reduced acute
angle or, preferxably, an angle that iz at lesst substan-
tially coincident with that of the longitudinal axis of the
work string or sttaching sud segmemt. Treatment operations
and/or analysis may then be commenced. The well trestmant
procedures which may be carried ocut are any of those com-
monly undartaken, such as acidixing, flushing, cemanting,
etc. In a particularly prefarred embodiment, surface f£fluid
pressure in the system i3 meagured whila raising tha
string, and tha locaticon of tha lateral wellbore is
signaled by change in pressure. '

The invention is aespecially useful for re-antry
of level 1 and lavel 2 multilateral wells, although it is
not limited thereto. As employed herein, the expression
"level 1" is used in the manner commonly undexstood in thae
art, alu raferring to well construction characterized by a
"parant®™ or main wellbore with onea or more lateral well-
bores branching from the main wellbors. In level 1 wells,
the weallbores are opanhole and the junction is wmsupported.
The expression “"lavel 2" is also used as coammonly under-
stood in the art, as referring to well comstruction charac-
terized by a "parent” or main wellbore which is aased and
cemented, with one or more openhole lateral wellbores
branching from the main wellbore that may or may not in-
clude s drop-off liner. As employed harxrein, the expression
"main wallbore®™ in not to be taken as referring simply to

13
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the principal or initial wellbore (whether vertical, slant-
ed, or horizomtal) in a munltilateral wallbore system, but
is to be understood to include a "secondary® wallbore, 'ra--
gardless of orientation, from which it is dasired to enter
anothar joining secondary wellbore.

In order to describe the invention more fully,
referance is madae to ths asccompanying drawing. In thes
interest of clarity, many features related to the manu-
facturing or maintenance of specific apparatus features of
the invention, such as sectioning, bewveling, or fileting,
and common comvaction msans, such as threading, which are
well known or fully zealizable by those skilled in the art,
and which have no bearing on the essence of the inventiom,
have not been described. Again, the very specific descrip-
tion of ateps or elements herein are not to be taken as
limiting, it being understood that equivalent steps or
means are contemplated to be within the scope of the in-
vention.

Accordingly, in Pigure 1 thare is illustrated a
typical looation and entry of a lateral wellbore which has
been carxried cut by the ianvention steps dsscribed previ-
ocusly. In particular, there is shown'a segument or portion
of a multilateral wellbore 1 having a vertical main well
bors 2, with a lateral or slanted bore 3 comnnecting at a
Junction J. While a vertical main wellbore is illustrated,
those skilled in ths art will recognizs that wellbore 2, as
indicated, may be slanted or horixzontal, and that, cem-
monly, more than ona lateral will be joining wellbore 1,
although only one lateral is shown. In Figure 1, wvertical

14
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main wallbore 2 is provided with casing ¢, L& tha ccang -
tion of lateral bore 3 at junctiou O is an opsc hole con:
nection. '
Designated generally as £ is a working tool whilch
anbodies aspects of ths invention. Working tool 5 ig sus-
pended from work string 6, the atring in this case campria-
ing coiled tubing, which has bean supplied from coil 7 via
a surface injector through the wellhead. Thes tool has been
centerad in the main wellbore with centralisers 8, and a
knuckle joint (not illustrated) may be included in the
assambly. The working or treating fluid is supplied
through ths cciled tubing by means of pump or pumps 9, from
an appropriate supply souxce (oot showm). While for
profiling a common wellbors fluid, such as water or hydro-
oarbon f£fluid, may be utiliszed, for well treatment, such
work fluids as acids, e.g., hydrochloric acid, flush
liquids, spacers, and cemsnts may be supplied. Pump means
$, along with pressurs measurement means 9a, may also be
ugsed as = paxt of or a componant of inportant meana for
determining the location of lateral weallbore 3, as dis-
cussed more fully harsainafter, ¥Working tool 5 is com-
prised, upc;rl:-ntly. of segmanted work-locator sub 10,
shown as providing insertion of a segment or portiom
thexeof, or attachmant thereto, into the lateral wallbore
3. As illustrated, sub 10 comprises an attaching and
deflection section 11 and terminal or defleated segmant 13.
Terminal or deflected segment 12 includes axtension or
sagment 13 as well as optionally tapered or roundad nose
saction 14, and segments 13 and 14 will preferably comprise

15
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structure for weall treatmsnt and/or analysis. Segment 1%
is shown as being extsnded at an acute angle a with respect
to ths longitudinal axis of ths working tool or of B.gl;ll‘ﬂl:
11, and is sizxed in a length sufficient for lateral well-
bore incursion. In the illustration of Figure 1, ths angle
a is the maximm deflection of terminal segment 12, the
angle having incressed from its previous arc whan the ter-
minal segmant 12 was conatrainad by the main wellbore 2.
¥While the maximmm value of the angle O may be varied
depending on the main wellbore size and on the size of
terminal segmspt 12, suitable deflection angles for
practicing the method of the invention and use of the sub
of the invention, assuming the terminal section of thea sub
to ba "stralght®™ will zange from about 3 or 4 dsgrees to
about 30 degress with a range of from about 4 degress to
about 15 daegrees baing preferred, In this regaxd, the
shape of terminsl segment 12 may be wvaried or irregular to
soms extent, and, ss mentioned, may have some curvature or
angularity (mot illustrated), so long as tiu angular and
sizing parameters thereof are consonant with the reguire-
mants described herein. In such case, tha acuta angle of
deflection may be considered to be definad by tha inter-
section of the longitudinal axis of the string or other
gsegmant aof the sub and s line from the beglnning of the
curva, where ths curve is tangent to the longitudinal axis
of the string or other segmant of the sub, through the end
or tip of the terminal segment of the sub.

In the manner described previously, the lataral 3
has been located by utilization of the excess deflection

16
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force approach of the invantion, and 1. chig camé, by ypx -
per oriemtation of the sub. Segmunt 1% of too: € wil,
include the appropriate oriemting equipment, such an -!,n—
dexing means, or an orienting motor, and may include other
analyxing and/or treating components as are common in
working tools, as well as telamsatry components, and thase
may also be present in tha sagments designated 1§ and 13,
Figure 2 is a schamatic 1llustration of tha
arrangemsnt of the respective operating sections of tha
novel comntrollably bant sub of the invention, shown in an
orientation suitable for entry into a main wellbore. In
the assemblies of the sub shown in the additiocnal views of
the drawing bhereinaftex, which, because of length and com-
Plexity are providad in pections, it will be undsrstood
that the arrangemsnt of ths sub follows the schemea of Fig-
uze 3. Acoordingly, in Figure 2, letter A designates a
hydraulic pressure transmission sectiomn, with comversion of
fluid pressura to machanical force, and which may include
an optional and preferred further load limiting and back
force relieving section FR; letter B denotas s segment or
section which provides conversion of nechanical force
transamitted thersto to dseflection of a loocator or caliper
segment or arm, and may includas structure responsive to a
deflection of the loocator segment for signaling such de-
flection; and letter C denotes a locator or caliper segment
or structure N providing means for lateral wellbors loca-
tion or sntry as well as structurs for well treatment (NT).
:I‘:L_gu.rol 3a, 3b, 3c, 4a, 4b, and d4c illustrate the
n-n_unb].y of a sudb which may be bant in controlled manner to

17
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carry out the lateral wellbora location, and location and
antry aspects of the invention, as well as being adapted to
perform appropriate well treatment and/or analysis once the
lateral wollbore aentry has beem achieved. As shown in
Figures 3a, 3b, and 3o, thers is provided a housing section
or pipe 50 which comprises means, not illustrataed, suah as
a box end, fcr attaching one end thereof to a pin for sus-
pending on a work string. Commonly, such a satring may
include, anterior to the comnnection with 50, and oot illus-
trated, check valves, a disconnect (in tha event ths tool
geta stuck), and a ciroculation sub., At the opposits end,
housing section 50 is connectesd, suitably with threads or
other suitable means 51, and communicates with chamber 52
in housing member 53, to form a firet or prinaipal bhousing
for containing the components of A and B of Figure 2. The
housing 53 4is adapted for wallbore insertion, being sized
in light of the diameter of the wellbore to be entered, and
will prefexably be shaped externally, as shown, in a gener-
ally cylindrical or tubular shape, although this is not
required. A seal or seals 54 are provided for a fluid
tight arrangement. Alternatively, a proper seal may also
be achieved by other mesans, such as a metal to metal seal
(not shown), or in some cases, eliminated if not raquired
by the application.

Mounted in housing section 50 proximate its entry
into chamber 52 is an optional flow directing and limiting
orifice rod camponant. In particular, thera is shown a
flow directing and mounting membexr 55 which is shaped to
provide flow paths or ports 56 for fluid transmission, a

18
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cross-section thereof being shown in Figuie S. The pel-.-
tion of membar 55 is determined by shouldar, as sbown, wis.:
a get acrew 57 or by other suitable means enployc-:d. fnx =~
tention. Manmbar 55 is also provided with a beora 56 i
which is mounted an orifice reduction meane or rod 59. Rnd
or mesber 59 comprises pin section 60, and is sultably
mounted for movament in extension 61 of bore 58 formed Dby
retainer section 62 of member 55. Rod 59 is threaded in
member 55, with set screw 63 in slot 64, or other suitable
means, provided for stability, and the longitudinal axis of
rod 59 preferably coincides with the longitudipal axis I of
the housing 53.

In the oconfiguration illustrated in Figures 3a,
3b, 3c, pin 60 extends in chamber 52 into an orifice inpext
70, which may comprise more than one slement, and which
defines a orifice chambar 70a, having a defined orifice 71.
Extension of the tip 60a of pin 60 into orifice area 71
causes a larger flow area and thus a lower pressurs drop
whan the area 71 is in its lowermost position. The insart
70 is mounted in a body or msmber 72. Body 72 extends in
housing 53, being slidably mounted therein for lomgitudinal
displacement, and is fixed to a mandrel 73 by threading and
by screws 74 or other suitable means. Ratainar xing 78
holds orifice insert 70 in place in member 72. As will be
evident to those skilled in the art, orifice insert 70 and
body 72 combins to form a piston (designsted gemerally as
H) which is employed for longitudinal displacement of
mandrel 73 in bhousing 53, and which is thus adapted to
transmit £luid force applied. In particular, pleton R
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includes the hollow chamber sections 75a und 70a and throat
71. Chambers 75a and 70a connect through throat or bore
71, section 70a commmicating through the aperture ox- inlet
75b with a bore 76 in mandrel 73. Body 72 is preferably
provided with a hex cross-section at :75¢c, thes hex section
allowing torquing of member 72 on to mandrel 73. Acaording-
1y, if the mandrel 73 is not constrained, piston H and
mandrel 73 may be displaced slong the lomgitudinal axis of
housing 53 by suitable application of £luld pressure acting
on the piston H.

Bowaver, reaslsting ths movemant of piston E and
mandral 73 is spring 77, which surrounds mandrel 73 over a
portion of its langth., BSpring 77 abuts the and 79 of pis-
ton H at one end and at its other end abuts shoulder 79 of
grossover slesve 80 (Figure 3b). Various copstructions,
including making 79 an integral abutmsnt in 53, may be anm-
ployed, but as shown, shoulder 79 is formed by a smleave 80,
the sleeve 80 having a bore Bl through which mandrel 73 may
translate. Accordingly, spring 77 provides a resistance to
the movement of piston E and mandrel 73, to the end that
diminished foroce is translated from the piston H to further
conponants of the tool. While selection of a spring of
sppropriate characterigtics, e.g., wize and spring preload,
will depend on a variety of factors, such as mandrel size
and ths desired resistance, etc., snd is well withic the
ambit of those skilled in tha art, a suitable spring pre-
load, for example, might range from 150 to 6§00 lbs foxr a 2
1/8* ocutside diametsr tool. The spring preload is cal-
culated as the free length minus the assembled length of
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the spring, i.e., the deaflection, Ctimes the sp.-ing zui..
The spring 77 preload determines the pressure drc;: requins,
to overcoms the spring preload force and casuses the tor
minal segment to deflect. The net orifice flow avea 60u,’’l
may be varied in order to allow the sub to deflect only ai:
a flow rate higher than a predetermined threshold.

In this exmbodimant,_ the mandxel 73 translates the
hydraulic force acting on piston H to a deflection asection
D whare that hydraulic force is converted and utilized in
section 53a of bousing 53 by appropriate structure to de-
flect a locator-work member at an acute angla in a plane
pasasing through tha longitudinal axis L of the tool. MNore
particularly, mandrel 73 passes through thes connacting
slesve 80 which is joined to or forms part of bhousing S53.
Hleeve 80 is provided at each end with guitable connacting
means, such as thresds 81 at ons end and threads 83 at the
othar. Seals 84 and 65 are provided as shown. A furthar
sleaeve manber 90 is mounted in the housing as shown, msn-
drel 73 passing through mamber $0 in the bore 91 thareof.
Sleeva 950 is provided with seal 92. MNMandrel 73 is provided
with an ocutlet or outlets, such as ports 93 for egress of
fluid from the interior or bore 76 of the mandrel. As will
be evident, sleeve 90 is shaped to allow fluid from ports
93 to exit mandrel 73 and into the bore or space 94. The
bore 76 of the mandrel is plugged or closed at a location
proximate the ports 93 with plug section 96, illustrated iu
Figure 6, of cam msmber 100. Cam msmber 100, including
plug 96, is shown in additional detail in Figures 7 and 8a
and @b. Ths plug section or memberx 96 closes tha internal
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fluié passage 76 of mandrel 73. Plug memwber 96 is thresded
into mandrel 73. The plug member 96 is preferably comn-
nected integrally to the cem member or sectien 100, the
latter having a slot guide 101, although :-tha sections =may

-ba joined by other means of assembly. Alternatively, aam

member 100 may be integral with mandrel 73 (not shown).
Cam member 100 is mounted for sliding displacemant in the
bore of section 53a, receiving, as indicated, the
longitudinal thrust from mandrel 73. The slot guide 101 is
preferably substantially zrectangular and dgonverts the
longitudinal movement of mandral 73 and cam mamber 100. In
particular, there is provided a pivot shaft 102 with cam
pin 103 mounted securely on an end portiom of the pivot
shaft 102 for movemant in cam slot guide 101. A sguaxe
slidexr 104 is mounted on the cam pin 103 for sliding move-
ment in the cam slot 101. 8lidsr 104 incoreases the bearing
area, although tha cam pin may ba run directly in cam slot
101. For aimplicity, the aeaexpression "pin msmber", as
enployed herein, iz taken to include either of thase
arrangemsnts, as well as equivalent msans. A curved cem is
also possible with a round cam follower. The connecting
and of pivot shaft 102 may be of gensrally solid gonstruc-
tion, but tha segment 102a of pivot shaft 102 contains =
bors or intarnal fluid passsge 105 which commmicates with
the bore or internal space of housing section 53a through
an outlet or ocutlets such as ports 106. In addition., anti-
debris turbulence creating ports 107 provide flow into bore
105. Accordingly, fluid may flow through ports 93, through
the bore or space 94 of housing 53, into the ports 106 and
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107, and through bore 105, as described more fully hs~~=-
ipafter.

Housing section 53a terminates in an aperturead
enclosure 110. In the illustration, closure 110 comprises
a spacially desigmed arguately shaped, apertured struaturas,
which may be integral with housing 53a (preferably), or
which may also be provided as a cap {not shown), sultably
attached. The exterior of arcuate closure 110 provides an
apsrturaed segment of a sphare or "ball" which cooperates
with a closure 136, as discussed nmcre fully hexeinafter.
As sphown, closurs 110 is provided with a longitudinally
cutwardly expanding aperture 111 whose center axis 1is
prefearably locsted at least substantially coincident with
tba longitudinal axis of housing 53a, although thia is not
required. The interior wall of oclosure 110 i3 also ar-
cuately shsped (not necessarily the ssme arc as that of the
exterior wall), as indicated by numaral 112.

Pivot shaft 102 is provided with a cirocumferan-
tially disposed mounting shoulder 113 which defines a
saguant of a sphars which is sized and shaped for ocoopera-
tion with the interior arcuate surface 112 of closure 110.
A seal ll4 is provided in shoulder 113 for preventing pass-
age of fluid through apsrture 111l. The segmsnt or eaxten-
sgion arm 115 of pivet shaft 102 extends £rom shoulder 113
thxrough and beyond apexture 1lll. Msmber 115 and aperture
11l are psiszed appropriately for substantial clearance be-
tween them to permit wvariable acute angle gensration by
membar 115 through the aperture 1llil.
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Extension arm 115 of pivot shaft 102 is joined
with the sub segment desigmated gensrally as N by sppro-
priate means, as examplified hereinafter. The terminal
sagment N is adapted for wallbore insartion mund is mulei-
functional, in that it comprises the culminating component
for lateral wellbore location and further may be adapted
for well treatment and/or analysis. YFor exmmple, in addi-
tion to deaign faatures ralated to its caliper or locator
function, the segment N may includa, and preferably will,
means, such as ports, for esjection or egrass of treating
fluids, as well as a subsaction or subsections for measure-' -
mants or analysis.

Accordingly, as shown, tha end of extension arm.
115 extends into segment N, terminating in an anchoring
closure psub-section 130 thereof. The sub-saction 130
preferably comprises a generally cylindrical housing 131,
although this shapa is not reguired, which is suitably
attached to, as by threads 1332, and forms a portion or
section of, housing 133. Housing 133 may include, or be
appropriately coupled at a loocation distal £rom housing
131, with a sub-section 134 which may contain, for axample,
an instrument and telemstry package 135. Subsections 130
and 134 are adapted to provida fluid flow tharethrough frem
the bore of extension arm 115, to the end that fluid may be
trangmitted to a nose sub-section 136, which joins and
commuunicates with pubseation 134, and to egress or aeajeation
through outlats or ports 137.

In the embodiment shown, the portiocn of housing
131 enclosing the end of arm 115 and proximate the segment
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S3a texinates in an apertured recasgn. ric).xarJ -1lasurs
surface 138, with the aparturo 13% -izec .u% 33 plid =
receive ths terminal sectios of extaniuim ar. -'*_!.'-' PR
relatively aclose tolerance and in & manne ' - | g Jar
relative xotatiom. For anchoring oxtenwsir - 'n 1'. '
housing 131, there is fixst provided a dumi taps. .Lu.

140 with angularly offset bore 141, the bushin, 1;:",
secured from rotation by a dowell pin 142 and. being .-
vided with seals 143 snd 144. A threaded terminuc IAG i
extension arm 115 is secured to segment N by & hollow nu’
146 which does not interfexe with fluid flow from tha bora
of extension arm 115. Compression means 147, such as
Belleville washers or a spring, are provided, as well an
shim or backup washar or washers 148. Accordingly, clo-
sure 110, shoulder segmant 113, pivot shaft 103, extension
arm 115, recessed closure 138, and relatad anchoring com-
ponsnta thua provide an effective "knuckle® joint arrange-
ment which, in cooperation with the cam 100, cam slot 101,
and pin 103, as will be esvident, provide displacement in a
plune passing pexpendicular to the central axis of pin 103.
Tha structure dascribed thus provides limited flexible da-
fleation of the terminal segmsnt. That is, ths cam slot-
pivot shaft arrangement permits travel of the slider and
pin (apd thus the pivot ghaft movemant in the housing)} to
the end that, if the terminal segment is constrained, or if
thae comstraint is rumoved, the terminal segment has a limi-
ted degres orxr freedomi of movement. Preferably, a line bi-
secting and connecting the short sides of the rectangular
slot 101, if coplanar with ths longitudinal axis of ths
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mandz'x: 73, would nake ar acute angle with the longitudizia?
axis of mandrel 73 of fxom 25 to 60, wost prefermbly 35 to
45 dajmron. ’
typaratics of the embodiment illuatrated in ¥ig-
ures 2n,3L,3c and 4a,4b,4c is described, as follows, The
sub is mounted by attachment of the pipe 50 or housing 53

to thes end, for example, of a work atring, such as a coiled

tubing work string & providing an assembly comprising an
indaxing/orienting tool or motor, and the string and assem-
bly with sub is lowered into or positioned in a main well-
bore. In preparation, the langth of section K of the tool,
including the nose section 136, is selected based on tha
dianetexr of the main wallbora, as described previously.
When there is little or no fluid flow through the tool, the
force of spring 77 keeps ths mandrel 73 st its resting or
inactive position, ss shown in Figures 3a,3b. This corre-
sponds to tha straight position of segment N in Figure 3¢,
i.e8., there is littls or no pivot or deflection of segzent
N. This orientation of segmant N allows introduction of
the tool into the main wellbors to the desired depth while
flowing at a low rata through the tool. In the preferred
operational configuration, working or treating fluid from a
workstring will £low through section 50, pasaing through
openings 58 into chambher 52, through the internal fluid
passage formed by 75a, 71, snd 75b, and into the bore or
internsl fluid passage 76 of mandrel 73. From the bore of
mandrel 73, fluid will continue through outlet or outlets
93 into the internal or inner space 94 of housing 53, past
the csm membexr 100, entering the bore or intermal £luid
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pasgsage 10E of pivot ghatt gection 102 vie porty UL -
through the bore of nut 146 and inte the hovsing 13., -
section 136, and out portes 137.

Upon reaching the desired depth oz 2 loocur - . -
imate the lateral to be located, for exumple, A% 1. ... .
below or past the lateral, preferably the sub ic rotate' .
suitable means in the string, such as tha indexing mc::
mentioned, or by a continuous rotation motor. Upon reuui:
ing the desired oriemntation, fluid flow rate through tR.:
tool is increased. As the flow rate is increased, a prén
sure drop occurs across the annular gap between the orifice
rod 60 and the orifice 71. This pressure drop generates a
forxoe mating on the piston, the force acting in a directiom
away from the fixed orifice rod mount 55. In the case of a
vertical main wellbore, this will, of course, be “down-
ward®; in a slantad or horizontal main wellbore, diracted
“down hole". ¥When the flow rate exceeds a threshold flow
rate, ths acting force dus to pressure drop across the
orifice rod/orifice exceeds the force of spring 77, causing
the piston H to move longitudinally, as illustrated in Frig-
ure 4a, and, since the piston H and mandrel 73 are joined,
as dascribed, the mandrel 73 moves correspondingly (Figures
4a, 4b). The pressure drop also may ba sensed by gages at
the surfacs, providing a signal to tha cparator.

The longitudinal movemant or displacement of thas
mandrel 73 correspondingly moves the cam 100 and its cam
slot 101, forcing the slider 104 and the can pin 103 to
move angularly to ths longitudinal axis of the sub (Figure
4b). This movement of the slidexr/cam pin causes the pivot
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akaft 102 to move l=zbterally in the housing. Becauss tha
"ball" ouvfecs 113 is longitudioally fixed in place by ar-
cuaty racesy l1ll3 aad the tensioned anchoring of extemsion
arm 115 in segment. N, the pivot shaft 102 is translated or
deflocted in a plane perpendicular to the longitudinal axis
of pin 103. The deflection of pivot shaft 102 forces a
corresponding deflection of tl_:o terminal seqment 115 in the
opposite direction, the fixed lnclio:::l.ng of termina)] segment
115 in segmant N allowing the deflection of segment N in-
cluding section 136 to the side or wall of a main wellbore
(Figures 4b and 4c). If the Flow xate of the driving fluid
is, and 1is maintained sufficiently great (and thus the
pressure drop acting om piston H), the tip force or snergy
acquired by segment N is greater than that required to
reach ths main wellbore pside or wall. In a given case, for
exaxzple, this profiling flow rate might be maintained at 2
barrels per minute. Because ths wellbors wall constraing
the section 136, this excess energy or tip force may be
utilized for location of the lateral wellbore. In this
circumatance, tha pivot shaft 102 does not reach contact
with interior surface of housing 53a or rectangular opening
111.

The tool is than raised or moved uphole (in the
direction of tha surface) in the main wellbore while main-
taining fluid flow rate, thus maintaining excess tip force
in the texminal segment. Whan the opsning of tha lateral
wallbore is resched, the comstraint of the main wellbore is
eliminated, and because the length of the section N is of a
length adspted for lateral wellbore incursion, aexcess ener-



. RADEGO" ESTOTHhG6D

=2
o

gy maintained or present in the sagment urges or force:s i
tip 136 into ths lateral wellbore, thus locating and p: ' -
ding entry into tha lateral. In this case, ths releacs
segment N may cause pivot arm 102 to contact with the 1. - .
suxface of housing 53a.

Figures 11 and 12 1illustrate a prefearred orc .
relief mechanism which may be incorpoxated into e &%
according to the inventiom. I:n particular, the relieg
structure of Figures 1l and 11 may be incorporated in thn
davice described in Figures 3a.3b,3c and 4a,4b,4c, in the
manner illustrated in Figures 1l13a,13b,13e¢,13d and Figures
14a,14b,14c,14d. Additiomally, the esbodiments of Figures
13a,13b,130,13d and Figures ld4a,l4b,l4c,l4d exploy a unigue
prassure change signaling structure, to the end that tha
tool operator may be alerted vhen the lateral wellbore has
basn xeachad. In Figures 11 through 15d, like numbers
indicate like featuras.

Accordingly, there is shown in Figure 11 a force
relief section, designated generally as FR, which comprises
a2 bhousing 200 adapted for wellbore ingertion, preferably
being cylindrical or tubular, wvhich may, as mentioned, and,
as illustzated hereinafter, form ox comprise part of first
bhousing 53. Housing 200 is joined by suitable connection
to and comminicates with glesve 80, such as by threads ox
equivalant msans 201. At the opposite end of housing 200,
housing 200 is connactad to and commmicates with alseve
202, which may be identical to or analogous to sleeve 80.
However, mandrel 73, rather than terminating in section D,
terminates in section FR in a hollow sleeve 203, Slaeve
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203 ig fixod by muituble muans, such as retaining ring 204
snd pamli 265, | Hha ead of mandrel 73, which furthsr com-
priser an wjauded shoulder section 207. A rxetaining ring
208 ia prouvided, wich the end 209 of the mandrel 73 being
tapered to the size of bore 76. Additicnally, xzathar than
abutting shoulder 79 of sleeve 80, as illustrated pravious-
ly in Figure 3b, the spring 77 ie provided a stop sleave
210 witk shoulder 210a, while the mandrel 73 has a range
limiting stop 211 restricted by the shouldar 206 of slesvae
83,

Sleave 203 exteands into the hollow section 212 of
sleeve 200, sleaeve 303 being sized and adspted for lomgil-
tudinal displacemsnt or movemant ineide the bore 212 of
sleave 200. At the end of slesve 203 thare is provided a
shouldaxr 213, which is in contact with and receives the
force of spring 114. Ths load protaction spxring 214 suxr-
rounds a second hollow mandrel 215 over a portion of its
length and abuts shoulder or step 216 on mandrel 215. The
salection of a spring having tha required characteristics
for spring 214 will depend on a varleaty of factors, such as
the dasired resistance, sto., as discussed previcously, and
is within the ability of those skilled in tha axrt. Shoulder
216 may be integral with mandral 315, or may be provided
separxately, as shown.

The second mandrel 215 is provided with a coupler
sleeve 117 whose outer diameter is sised for slidiog move-
mant or displacament in sleeve 203. Sleeve 217 is mounted
on mandrel 215 in any suitable fashion, such as by threads,
and has a boss 218 which limits longitudinal displacemant
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of the mandrel 215 by cooperation with the shoulde: 213 £
sleave 203. S8leeve 217 is furthex provided with O~y -
seals 219 and 220. Accordingly, there is provided a chamb -
221, bounded by the end of first mandrel 73, the proxima: .
end of second mandrel 215, and the sleeve 203, which will
vary in length depanding on ths displacement of mandrael
215, the chamber 221 providing a asealed fluid flow patl
from the boxe of mandrel 73 through tha bore or intexnal
fluid passage 2322 of mandrel 215.

In the preferred ambodiment of the invention, tha
above-dascribed force relieving device is incorporated, as
indicated in Figure 2, into the foroe conversion segment A,
thus providing a controllably bent sub with unique foxce
raliesf and deflection characteristics. Refarance is mads,
in addition to Figures 11 and 12, to Figures 13a,13b,13q,
13d and l4a,1l4b,1l4c,14d which illustrats the preferred sub
opsraticnal configuratioms. Tha prefarred configuratiomns
additionally camprise a novel pressurs reducing and dif-
ferant sigoaling element, npot used in ths sub of Figure
4a,4b,4c, and whose manmer of operation is described in
connaation with the description relating to Figures 1l4a,
14b,140,14d. Accordingly, in figure 1l3b, sleave 850, as de-
scribed previously, rather than joining housing 53a, ocon-
negts with and communicates with the housing 200. Housing
53a is, instead, connected to and communicates with sleeve
202. The mandrel 73, rather than terminating in sectiomn D,
terminates ino a Fcct:l.on designated generally as FR and is
in fluid commmication with chaxber 221.
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In the prefrorsl configuration, two modes of
operation ave rurmitred, Depanding on £luid £flow rate
through tue sul, boii 7irst maudrel 73 and second mandrel
215 may move mi a single entity, or the motion of the two
mandrels may be decoupled from each othar, If mandrel 73
apd mapndrel 215 move as a unit, mandrel 215 asimply £funo-
tions as mandrel 73 in the mammer describesd in relation to
Figure 4a,4b.4c, moving the cam slot 101 and thereby caus-
ing the slider 104 and ths cam pin 103 to move angularly to
the longitudinal axis of the housing 53. Deflection of thas
segaent N occurs in the manner described previously with
respect to Figures 4a,4b, dc.

On the othar hand, if mandrel 215 is dacoupled
from mandrel 73, as described bareinafter, thsa result is
significant limiting of the force applied to the cam of the
cam-deflection machaniem. This decoupling permits deflec-
tion of the segunent N, while limiting the force applied and
preventing overload on tha cam maxber 100. Conversaly.
decoupling ilnsures that, if significant constraining forca
is encountered by the terminal segment N, the cam mechaniem
is protescted. For eaxample, in the circumstance where tha
apexator has located the lateral (the effective diameter
msasured is larger than that of the main wellbors), but-has
continued movement of tha sub and bhas pulled the nose sec-
tion 136 from tha lateral upwardly or anteriorly in the
bent position, the constraining force of the main wellbore
oo the cam is relieved by the dJdecoupling. In such case,
the tip 136 will ba forced back into the main wellbore

while allowing the angle of deflection a to be reduced.
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Accordingly, with refersmca to Pigurs 13a,13k,
13c,13d, if there is no significant fluid flow through tlc
sub, the terminsl]l segment X is maintained in alignment wite.
the other sections of the sub, i.e., generally aligned witi
the longitudinal axis of ths housing 53. This alignment is
accomplishad by the spring foroe from 77 acting on the cou-
pled first and second mandrals 73 and 215, which pull the
cam manber 100 toward the housing section 50, causing tha
pivot .shaft 102 to ba positiomad in the manner ghown in
13c. This position may advantageously be employed in main
wallbore entry or advancement in or retrieaval £fram a
wellborse.

If tha fluid flow rate is below that which gener-
ates sufficlent hydraulic foxce to overcome the spring 77,
the rod 60 will remain insida the orifice 71. The hky-
draulic force actuating ths omm mechanism is than a
function of the small annular flow passage between the
orifica 71 and rod member 60. PFigura 11 illustrates tha
d:upluc-nn-nt of mandrel 73 and the relative positions of
the mandrels 73 and 215 in this circoumstance. If thes flow
is increased, causing the piston HE and mandrel 73 to be
displaced in housing 53 away from section S0, the orifice
_w:l:l.l translate with mandrel 73 and remain in loose prox-
imity to rod 60, similar to the position illustrated in 4a.
However, the mandrel 73 and the mandrel 215 are displaced
longitudinally in bousing 53 as a single entity, causing

‘deflection of the segmant N. This ocircumstance is illus-

trated in Figures 14b,1l4c,144d.
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At o high fiow rate, e.g., greater that 2 barrecls
per minute, thke jistor F mover longitudinmlly in bousing
53, the orifice 71 clearzing rod 60. The resultant increase
of flow area reduces the rslative pressure drop through
piston H. The mandrel 73 maoves longitudinally, compressing
spring 77 and spring 214 and translating until the stop orx
shoulder 211 on mandrel 73 abuts the shouldesr 206 of sleeve
80. As the mandrel 215 moves lengitudinally, the boss 95
moves to ths position shown in Figure l4c. That is, boss
95 (mounted on the mandrel 215) clears the end of sleeve 90
(fastened to the housing 53a). The pressure reduction when
the tool is bent acts as a sigoal to ths surface that tha
lateral has been entered. If ths force on the piston H
axcesds ths preload force of spring 77, and spring 214 is
compressed, mandrel 215 is zreleased and decoupled £from
mandrel 73. Tha orifice rod position ‘is as shown in Figure
14a, the length of chamber 231 in Figure 1l4b being reduced
dus to the displacemsnt of tha mandrel.

The decoupling of ths second mandrxel provides
great advantage. As indicated previously, if the coperator
continues to pump at high flow rates, thearedby gsnaxating
sufficient force on the piston H to ksep it advanced in ths
bore of tha sub, dscoupling of the mapdrel 215 allows .tha
angle a made by the segment N and ths longitudinal axis L
to ba reduced, so that the segment N may be ocoustrained
without dsmage to the sub. Again, the spring 214 protects
the cam mechanism from overload under high flow rate situa-
tions when the sub is straight or is being oclosed at high
flow rate conditions.
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Additicnally, the boss 55 on mandrel 215 provides
& veluabls signaling function similar to that performed by
60 and 71 in the first sub. . In particular, when the noca
or tip 136 enters a lateral wellbore, ths additional de-
fleation of segment N, acting through the extension amm
115, pivot shaft 102, mnd slider 104 on the cam 100 and
mandrel 215, opans up additional area for fluid flow past
boss 95 (Figure - 14g), theareby resulting in a pressure
zeduction which may be sensed by suitable pressure nsa-
surement davice and which is cbgservable to an operator at
the surface. This pressure - dxrop provides an esffective
diamater threshold measurexsnt or indicator at the position
of the tip 136 in the main wellbore, indicating to the
operator that tha diamater of tha bore exceeds ths known
main waellbore diameter, and, in ths absence of a washout,
sigmaling the location of a lateral.

If, after conduating the above described proce-
dure, no pressure change is cbserved in ths retrieve ox
advance, the tool ip indexed, e.g., 30 degrees, the sub is
returned to =mn appropriate position, and the asbove-de-
saribed procedure may be repesated. Altsrunatively, the tool
may be slowly rotated while moving the tool. Thia would
achieve 360 degrese spiral coverage and reducse fatigue
ths ocoiled tubing and time zequired to locats ths lateral
in addition to simplifying the cperationm.
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What is claimad ias:

1. A mathod for loaating a isteral wellbore from a main
wellbore of a hydrocarbon well with a working tool
comprising

providing a wellbore working tool on a work string, the
working tool terminating in a multi-segment work-locator
sub adapted to semi-flexibly position the terminal segment
of the sub, and to semi-flexibly deflect the terminal
segmant at an acute angle w:lth_re-pnct to tha longitudinal
axis of the string, the termindl segment being of a length
adapted for lateral wellbore incursion)

lowaring the tool in the main wellbora to a locatlion
proximate the lateral wellbore to bs entexed and at which
the end of tha terminal segment is balow or posterior to
the lateral wellbora to be anterad)

positioning tha terminal segmant of the sub in said main
wellbore at an acute angle with respsct to the longlitudinal
axis of the work string) '
raising or retrieving the work string in the main wellbore,
while maintaining a section of tha terminal segment in
contact with a wall of said main wellbore, and locating the
lataral wellbore by incresase of the acute angle between tha
terminal segment and the longitudinal axis of the work
string and by entry of a section of the terminal segmant
into the lateral wellbore.
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2. The methud of claim 1 in whiah tha sub iz orianted in -
thn majin vellbora before raising the work string.

3. 7The method of claim 2 in which tha work string
camprises colled tubing.

4. The method of claim 3 in which surface fluid pressure
is measured while raising or retrieving the work string,
and the location of ths lateral wellbores is determinsd by a

change in pressuras.

5. The method of claim 3 in which the terminal segmemnt
includes mesns for well treatment and/or analysia.

6. A method for locating a lataral wellbore from a main
wellbore of a hydrocarbon well with a working tool
comprising

providing wellbore working tool on a work string, the
working tool terminating in a multi-segment work-locator
sub adapted to semi-flexibly position the terminal segment
of the sub, and to semi-flaxibly deflect the terxrminal
sagment at an acute angle with respsct to tha longitudinal
axis of the string, the terminal segment being of a length
adapted for lateral wellbore incurasion;

lowering the tool in the main wallbore to a location
proximate the lateral wellbors to be sntered and at which
the end of the terminal segment is above or anteriorx to thas
lateral wellbora to be entearad) ’
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positioning the terminal segment of the sub in said main
wellbore at an acute angle with respect to the longitudinal
axis of the work string) -
lowaring or advancing the work string in the main wellbore,
while maintaining a section of the terminal segment in
contact with a wall of said main wellbore, and locating the
lateral wellbore by increase aof the acute angle between the
terminal segmant and the longitudinal axis of the work
string and by entry of a section of the terminal segmant
into the lateral weullboze.

7. The method of claim 6§ in whiach the sub is oriented in
the main wellbore before lowering or advancing the work

atzxing.

8. The mathod of claim 7 in which the work string
comprises coiled tubing.

9. The method of claim 8 in which surface fluid pressure
is msasured while lowering or advancing ths work string,
and the location of the lateral weallbore is determiuned by a
change in pressuras.

10. The method of claim 8 in which the terminal segment
includes means for well treatment and/or analysis.
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11. A mathod for locating and entry of a lateral wellbore
from a main wallbore of a hydrocarbon well with a working
tool comprising

p::mr_:ld:l.ng a waellbora working tool on a work string, the
working tool terminating in a multi-segment voi-k-loaltqr
sub adapted to semi-flexibly position ths terminal. segment
of tha sub, and to semi-flexibly deflect the terminoal
sagmant at an acute angle with respect to the longitudinal
uxis of the string, the terminal segment baing of a length
adapted for lateral wellbore incuxrsiom)

lowazring the toocl in the main wellbore to a location
proximate the lateral wallbors to be antered and at which
the end of the terminal segment is balow or posterior to
the lateral wellbore to be entered;

positioning the terminal segment of the sub in said main
wellbore at an acute angle with respect to tha longitudinal
axis of the work string;

relising or retrieving the work string in the main wellbors,
while maintaining a section of the terminal segment in
contact with a wall of said main wellbore, and locating the
lateral wallbore by increase of the acute angle between the
terminal segmant and ths longitudinal axis of the work
string and by entxy of a section of ths terminal segmant
into tha lateral wellbore)

guiding the remainder of thae terminal segment of tha sub
into tha lateral wellbore; and
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positicning the terniii’ veymant o 5. £, rSh respaer '
the longitudinal axis of the sub B Eoa . e il Ba, o0
advanced or retrieved in the ) :irov..l *:ia.d

12. The mathod of claim 11 in whici: Pl D3l L
the main wellbore before ralsing the w» - -, ugy

13. The method of claim 12 in which thr. work uiring
comprises coiled tubing.

14. Ths mathod of claim 13 in which surface fluid pressurs
is measured while raising ths work string, and the locatien
of the lateral weallbore is detearmined by a change in
pressura.

15, The msthod of claim 13 in which the lateral wellboras
is treated.

16. The mathod of claim 13 in which well or formatiom
analysis is performed in ths lateral wellbora.

17. A method for locating and entry of a lateral wellbore
from a main wellbore of a hydrocarben well with a working
tool camprising

providing a wellbore working tool on a work string, tha
working tool terminating in s mlti-segmsnt work-locator
sub adapted to semi-flexibly position. tha terminal segment
of tha sub, and to semi-flexidbly deflect ths terminal
segmant at an acute angle with respect to the longitudinal

40
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axig of th-, cirim;, - -+ afinal sazment Leing of a lencil:

adapted #nx lLatoswS WehTlare dace aisay

lowaring ch =on.. & L. iy sellbore to> a location
pruximute the lateral v alloore to be entured and at which
the end of tha teasu:- ‘-grent s above or anterior to thke
lateral wallbore to k- -.itored;

poaitioning the termi ..l segment of the sub in smajid main
wellbore at an acuts angle with xrespsct to ths longitudinal
axis of tha work string;

lowering or advaccing the work string in the main wellbors,
while maintaining a saction of the terminal segmant in
contact with a wall of said nain wellbore, and locating the
lateral wellbore by increase of the acute angle batween tha
tarminal segment and tha longitudinsl axis of the work
string and by entry c-:f a section of the tarminal segment
into tha latexal wellborxe);

guliding the remainder of the terminal segment of the sub
into the lateral wellbore; and

positioning ths terminal segment of the sub with respect to
the longitudinal axis of the sub so that the sub may be
advanaed or retrieved in the lateral wellbore.

18. The method of claim 17 in which the sub is oriented in
the main wellbore befora lowering tha work stxing.

19. The msthod of claima 18 in which the work string
camprises coliled tubing.
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20. The methkod of claim 1¢ in which au k... ¢in:d Rzurr 72
is measured whila lowering the work atr, - s’ 2
location of the lateral wellbore ie @ov * ' o 5 = - ou:
in pressgure.

4l. The mathod of claim 19 in which thes iataral wa_?.lhszo
ia treated. )

22. The mathod of claim 19 in which well or formation
analysis is performad in the lateral wellbore.

43. A segmented work-locator sub adapted to semi-flexibly
deflect its texminal segment at an acute angle with respect
to thes longitudinal axis of a string or anothar segmant of
the sub, the terminal segment being of a langth adsptaed for
lateral wellbozre incursion.

24. A segnanted work-locator sub adapted to geml-flexibly
position its terminal segment, and to semi-flexibly deflect
its terminal segment at an scuts angle with respeat to thas
longitudinal axis of a atring or anothar segment of the
sub, the terminal segmant being of a length adaptsd for
lataral wellbore incursiom. -

25. A segmented work-locator sub comprising sn attaching
sub segment adapted for attachmant to a work string or tool
at one end thereof; and a nose segment coupled to the
attaching sub segmant at ths othsxr end thersof, the
attaching segment and the nose segmant being aoupled in
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such manner tlLat thg ncae fogmens: muy be semt-rigidly
positioned so thai 1. Jearw - ina’. axie coincides at least
substantfall-- y.'*L {' .. ..Lc¢ attaching segment, or may be
semi -rigidly pivuteu ard pusitioned at an acute angle with
respact to the lomgitudipal axis of the attaching segmant,
the nose segment being of a length adapted for lateral
wellbore incursion. -

26. The sub of claim 25 comprising means for well
treatment in the nose segment.

"27. A system for location or location and entry of a

lateral wellbors from a main wellbore of a hydrocarbon well
comprising a wellbore working tool suspendad on a work
string, ths working tool terminating in a segmented work-
logator sub adapted to sami-flaxibly position its terminal
segmant, mnd to semi-flexibly deflect its terminal segment
at an acute angle with respact to the longitudinal axis of
tha string or another segment of the sub, the terminal
seguent being of a length adapted for latersl wellbore’
incursion.

28. Apparatus comprising

a first bousing adapted for wellbore insertiom snd provided
at one end thereof with an apertured closure and adapted at
the cother and thereof for conneotion to and commmication
with a work string;

a piston, baving an internpal fluld passage, disposed in
said first housing, at a location toward the end of said
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firat housing adapted for comnection to & woxr) . =, :i'.

piston adapted for longitudinal sliding displacu~y= L -

sajid first housing)

a mandrel, having an internal fluid pasuage, digfiir ' Iu
sald first bousing internally to sald piston &nd coanezted
at or proximate one end to said piston for longitudipal
displacement with the piston in said first housing, the
£fluid passage of the mandresl communicating with the fiuid
passage of the piston at or proximate said one and of the
mandrel and with a fluid outlet or cutlats in the terminal
segmant of the other end of the mandrel, which ocutlet or
outlets cou‘n;n.'l.el.to with the interior of the first hnuu.ng;
a cam member connected toc ths terminal segmant of sald
other end.of the mandrel and disposed for longitudinal
sliding displacement in said first housing;

a pivot shaft, having an intermnal fluid passage, partially
disposed in said first housing, the pivot shaft comprising
an extension arm which extends through and beyond the

~ aperture of said closure, said pivot shaft having mounting

means, and being mounted in said housing for angular
displacement of the extension arm of ths pivot shaft in
sald aperture, the pivot shaft being operatively cannected
to. said cam metmber for ssmi-flexible positiocning and
deflaction of the extension arm and in such manner that
longitudinal sliding displacemant of the cam mamber in said
lf:lr-t. housing provides angular displacement of the
extension arm of pivot shaft in the aperture;

: n' -'néond housing adapted for wellbore insertion having an
‘anchoring closure at one end thereof provided with a

14
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recelving aparture ndipll.ad r . wagaivs the terminal section
of said extensson arna csaict zurulvin apsriure and gaidd
anchoring eclosure positio..d for and ssild receiving
aparture receiving the tarminal se~tion of said sxtension
arm)

means disposed in said second housing cooperxsting with sald
anchoring closure and said mounting means for anchoring the
terminal section of the extension arm of said pilvot shaft
in said second housing, the internal fluid passags of the
pivot shaft ocxmunicating through cutlets with the interior
of the first housing and with the intericr of tha second
housing to pravids a fluid passage between the interior of
the first housing and the interior of the second housing;
and

meaans for agress of fluid from the second housing.

25. The apparxatus of claim 28 comprising a spring
partially surrounding the mandrel in said £irst housing and
positioned to resist the longitudinal displacemant of the
pleton in the first bousing.

30. Apparatus comprising

a first housing adapted for wallbore insertion and provided
at ons end thareof with an apertursed closure and adapted at
ths other snd thereof for connaction to and commumnication
with a work string;

a pigton, having an internal fluid passage, disposed in
said first bousing, at a loomtion toward the end of sald
first housing adapted for commection to a work string. said
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piston adapted for lomgitudinal sliding displacemans 4~
pald f£irst housing;

a first mandrel, having an intermal fluid pasesge, Jau. .-
in saild first housing internally tc said pistou and
connected at or proximate one end to said piston for
longitudinal displacemant with the piston in said first:
houging, the fluid passage of the first mandrel
coxmnicating with the fiuild passage of the piston at or.
proximate sald ocne end of tha first mandrel and with a
fluid outlet or outlets in the terminal segment of the
other and of the first nmandrel;

a second mandrel disposed in said f£irst housing, having an
inteznal fluid passage with an inlet at or proximate one
end thereof and an ocutlet or cutlets at the other end
thersof commmicating with the interior of the first
housing;

a cam member connected to the terminal segment of tha
other end of tha second mandrel and disposed for
longitudinal sliding displacement in said first housing;

a pivot ghaft, having an internal fluid passage. partially
disposed in said first housing, the pivot shaft comprising
an extension arm which exteands through and beyond ths
aperture of said closure, said pivot shaft having mounting
maans, and being mounted in sald first housing for angular
displacement of ths extension arm of the pivot shaft in
said aperture, the pivot shaft being ocperatively connected
to sald cam member for semi-flexible positicning and
deflection of the extension arm and in such manner that
longitudinal sliding displacemant of the cam mamber in said
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first housing provides angw.iax <isp]acw»wn: of the ;

axtension arm of the pivel sha<k ir, ! » aperture)

means for coupling tho fiisi: .wind-.:.’ aud the second
mandrel, providing a closed fluid pasrage between said
first and second mandrel, and in suchk manner that sald
second mandrel is decoupled from sald first mandrel if a
fluid force axceeding a predetermined thrashold is applied
to said piston, or if significant canstraining zcment im
applied to the pivot shaft when deflected;

a gsecond housing ad.pl:-d_ for wallbore insertiom having an
anchoring closure at one and thereof provided with a
recelving aperture adapted to receive the terminal sectiomn
of said extension arm, said recelving aperture and said
anchoring closure positioned for and said rTecelving
aperture receilving the terminal seation of said extension
arm;

means disposed in said second housing cooperating with said
anchoring closure and sald mounting means for anchoring the
terminal section of the extansion arm of said pivot shaft
in said second housing, tha internal fluld passage of the
pivot shaft commmnicating through outlets with the interiorxr
of the first bhousing and with the interior of the second
housing to provida a fluid passags batwean tha interior of
the first housing and the interior of the second housing to
provide a fluid passage bstwean the interior of the first
housing and thes interior of the second housing; and

means for egress of fluid from ths second housing.
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31. The apparatus of claim 30 camprising a £irst spring
partially surrounding the f£irst mandrel in said first -
bousing and positioned to resist the longitudinal
displacement of the piston in the first housing, and a
second spring partially surrounding the second mmndrel in
sald fixst housing and positianed for decoupling the second
mandrel.

32. A mathod for locating a lateral wellbore from a main
wellbore of a hydrocarbon well with a working tool
conprising

providing a wellbors working tool on a work string, the
working tool terminating in a multi-segmant work-locator
sub adapted to semi-flexibly deflect tha terminal segment
at an acute angle with respect to the longitudinal axis of
tha string, tha terminal segmant being of a langth adapted
for lateral wellbors incursion;

lowering the tool in the main wellbore to a locatiom
proximate the lateral wellbore to be entered and at which
the end of the terminal segment is below or posterior to
the lateral wellbora to ba entared;

positioning the terminal segment of the sub in said main:
wellbore at an acute angle with respect to the longitudinal
axis of tha work string;

ralsing or retrieving the work string in tha main wellbore,
while maintaining a section of the terminal segmant in
contact with a wall of said main wellbors, and locating the
latexrsl wellbore by increase of the acute angle between the
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terminal megment and the 16ngitud.i.na.-. e o . e ovEeC
string and by entry of a sectior of thr-. VoMb e awLn
into the lateral wallbore.

33. The method of glaim 32 in whigk thu wul: lg cLi.;od in
the main wellbore before rn.:l.si":ng'the worl. otriag. .

34. The method of alaim 32 in which the work otring
comprises coliled tubing. I

35. The mathod of glaim 34 in vhich ths terminal segmamt
includes means for well treatmsnt and/or analysis. ’
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Abatract of the Disclosure

In one embodiment, the invemntion ralates to a
method for locatiom, or location and entry, of a lateral
wellbore from a main wellbore of a multilateral hydrocarbon
well, the method being characterized by unique operation of
a controllably bant sub. The invention further relates to
a syastem for location, or location and antry of a lateral
wellbore, including a specialized controllably bent sub,
and most preferably, to a controllably bent sub deasigned
for efficient lateral wellbors location and/or entry.
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ENTRADA A POZOS MULTILATERALES

EIVIND! NE

1. Un método para localizar un pozo lateral de un pozo principal de un pozo de
hidrocarburos con una herramienta de trabajo, que comprende:

proveer una herramienta de trabajo de pozos en una columna de trabajo; la
herramienta de trabajo termina en una unién localizadora de segmentos miiltiples
adaptada para colocar de manera semi flexible el segmento terminal de la unién, y
para desviar de manera semi flexible el segmento terminal a un angulo agudo con
respecto al eje longitudinal de la columna; el segmento terminal tiene una longitud
adaptada para incursién al pozo lateral,

bajar la herramienta en el pozo principal a un lugar préximo al pozo lateral
al que se vaya a entrar y en cuyo extremo el segmento terminal esté por debajo o
posterior al pozo lateral al que se vaya a ingresar;

colocar el segmento terminal de la unién en dicho pozo principal a un
angulo agudo con respecto al eje longitudinal de la columna de trabajo;

subir o recuperar la columna de trabajo en el pozo principal, manteniendo al
mismo tiempo una seccién del segmento terminal en contacto con una pared de
dicho pozo principal, y localizando el pozo lateral mediante aumento del angulo
agudo entre el segmento terminal y el eje longitudinal de la columna de {rabajo y
entrada de una seccion del segmento terminal en el pozo lateral.

2, El método de la reivindicacion 1, en el cual la unién es orientada en el pozo
principal antes de subir la columna de trabajo.

3. El método de la reivindicacion 2, en el cual la columna de trabajo
comprende tuberia espiralada.
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4, El método de la reivindicacién 3, en el cual presién de fluidos de la
superficie @s medida mientras se sube o recupera la columna de trabajo, y la
localizacién del pozo lateral es determinada por un cambio en prasion.

5. El método de la reivindicacién 3, en el cual el segmento terminal incluye
medios para tratamiento y/o andlisis de pozos.

6. Un método para localizar un pozo lateral de un pozo principal de un pozo de
hidrocarburos con una herramienta de trabajo, que comprende:

proveer una herramienta de trabajo de pozos en una columna de trabajo; la
herramienta de trabajo termina en una unién localizadora de segmentos multiples
adaptada para colocar de manera semi flexible el segmento terminal de la unién, y
para desviar de manera semi flexible el segmento terminal a un angulo agudo con
respecto al eje longitudinal de la columna; el segmento terminal tiene una longitud
adaptada para incursién al pozo lateral;

bajar la herramienta en el pozo principal a un lugar préximo al pozo lateral
al que se vaya a entrar y en cuyo extremo el segmento terminal esté por encima o
anterior al pozo lateral al que se vaya a ingresar;

colocar el segmento terminal de la unién en dicho pozo principal a un
angulo agudo con respecto al eje iongitudinal de la columna de trabajo;

bajar o avanzar la columna de trabajo en el pozo principal, manteniendo al
mismo tiempo una seccion del segmento terminal en contacto con una pared de
dicho pozo principal, y localizando el pozo lateral mediante aumento del angulo
agudo entre el segmento terminal y el eje longitudinal de la columna de trabajo y
entrada de una seccién del segmento terminal en el pozo lateral.

7. El método de la raivindicqcién 6, en el cual la unién es orientada en el pozo
principal antes de bajar o avanzar la columna de trabajo.

8. El método de la reivindicacion 7, en el cual la columna de trabajo
comprende tuberia espiralada.
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9. El método de la reivindicacion 8, en el cual presidn de fluidos de la
superficie es medida mientras se baja ¢ avanza la columna de trabgjo, vy la
localizacidn del pozo |ateral es determinada por un cambio en presién,

10. El métode de ia reivindicacién 8, en el cual el segmento terminal incluye
medios para tratamiento y/o analisis de pozos.

11.  Un método para localizar y entrar a un pozo lateral de un pozo principal de
un pozo de hidrocarburos con una herramienta de trabajo, que comprende;

proveer una herramienta de trabajo de pozos en una columna de trabajo; la
herramienta de trabajo termina en una unién localizadora de segmentos multiples
adaptada para colocar de manera semi flexible el segmento terminal de la unién, y
para desviar de manera semi flexible el segmento terminal a un angulo agudo con
respecto al gje longitudinal de la columna; el segmentec terminal tiene una longitud
adaptada para incursién al pozo laterai;

bajar la herramienta en el pozo principal a un lugar proximo al pozo lateral
al que se vaya a entrar y en cuyo extremo el segmento terminal esté por debajo o
posterior al pozo lateral al que se vaya a ingresar;

colocar el segmento terminal de la unién en dicho pozo principal a un
angulo agudo con respecto al eje longitudinal de la columna de trabajo;

subir o recuperar la columna de trabajo en el pozo principal, manteniendo al
mismo tiempo una seccién del segmento terminal en contacto con una pared de
dicho pozo principal, y localizando el pozo lateral mediante aumento del éngulo
agudo entre el segmento terminal y el eje longitudinal de la columna de trabajo vy
entrada de una seccidn del segmento terminal en el pozo lateral;

guiar el resto del segmento terminal de la unién dentro del pozo lateral; y

colocar el segmento terminal de [a unidn con respecto al eje longitudinal de
la unidn de modo que la unién pueda ser avanzada o recuperada en el pozo
lateral.
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12. El método de la reivindicacién 11, en el cual la unién es orientada en el
pozo principal antes de subir la columna de trabajo.

13. El método de la reivindicacion 12, en el cual la columna de trabajo
comprende tuberia espiralada.

14. El método de la reivindicacion 13, en el cual la presion de fluidos de la
superficie es medida mientras se sube la columna de trabajo, y la localizacién del
pozo lateral es determinada por un cambio en prasion.

15. El método de la reivindica_cibn 13, en el cual el pozo terminal es tratado.

16. El método de la reivindicacién 13, en el cual el andlisis del pozo o de la
formacion es realizado en el pozo |ateral.

17.  Un método para localizar y entrar a un pozo lateral de un pozo principal de
un pozo de hidrocarburos con una herramienta de trabajo, que comprende:

proveer una herramienta de trabajo de pozos en una columna de trabajo; la
herramienta de trabajo termina en una unién localizadora de segmentos mdultiples
adaptada para colocar de manera semi flexible el segmento terminal de la unién, y
para desviar de manera semi flexible el segmento terminal a un éngulo agudo con
respecto al eje longitudinal de la columna; el segmento terminal tiene una longitud
adaptada para incursién al pozo lateral;

bajar la herramienta en el pozo principal a un lugar préximo al pozo lateral
al que se vaya a entrar y en cuyo extremo el sagmento terminal esté por encima o
anterior al pozo lateral al que se vaya a ingresar;

colocar el segmento terminal de la unién en dicho pozo principal a un
angulo agudo con respecto al eje longitudinal de la columna de trabajo;

bajar o avanzar ia columna de trabajo en el pozo principal, manteniendo al
mismo tiempo una seccion del segmento terminal en contacto con una pared de
dicho pozo principal, y localizarido el pozo lateral mediante aumento del éngulo

4
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agudo entre el segmento terminal y el eje longitudinal de la columna de trabajo'y
entrada de una seccion del segmento terminal en el pozo lateral;

guiar el resto del segmento terminal de la unién dentro del pozo lateral; y

colocar el segmento terminal de la unién con respecto al eje longitudinal de
la unién de modo que la unién pueda ser avanzada o recuperada en el pozo
lateral.

18. El método de la reivindicacién 17, en el cual |a unién es orientada en el
pozo principal antes de bajar o avanzar la columna de trabajo.

19. El método de la reivindicacién 18, en el cual la columna de trabajo
comprende tuberia espiralada.

20. El método de la reivindicacion 19, en la cual la presién de fluidos de la
superficie es medida mientras se baja la columna de trabajo, y la localizacion del
pozo lateral es determinada por un cambio en presion.

21.  El método de la reivindicacién 19 en la cual el pozo lateral es tratado.

22. El método de la reivindicacién 19, en el cual el andlisis del pozo o la
formacion es realizado en el pozo lateral. -

23. Una unién localizadora segmentada adaptada para desviar de manera semi
flexible su segmento terminal a un angulo agudo con respecto al eje longitudinal
de una columna u otro segmento de la unién; la longitud del segmento terminal es
adaptada para incursién al pozo iateral.

24. Una unién localizadora segmentada adaptada para colocar de manera semi
flexible su segmento terminal, y para desviar de manera semi flexible su segmento
terminal a un éngulo agudo con respecto al eje longitudinal de una columna u otro
segmento de la unién; la longitud del segmento terminal es adaptada para
incursidn al pozo lateral.
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25. Una unién localizadora segmentada que comprende un segmento\ de unidn
de fijacién adaptado para fijacion a una columna de trabajo o herramienta a un
extremo de la misma; y un segmento de punta o nariz acoplado al segmento de
fijacidn de la unién al otro extremo de la misma; el segmento de fijacién y el
segmento de punta es acoplado de tal modo que pueda ser colocado de manera
semi rigida de manera que su eje longitudinal coincida en al menos
sustancialmente con el del segmento de fijacién, o puede ser colocada o pivoteada
de manera semi rigida a un angulo agudo con respecto al eje longitudinal del
segmento de fijacién; la longitud del segmento de punta es tal que sea adaptado
para incursién al pozo lateral.

26. Launion de la reivindicacién 25 que comprende medios para tratamiento de
pozos en el segmento de nariz.

27. Un sistema de localizacién o de localizacidon y entrada a un pozo lateral de
un pozo principal de un pozo de hidrocarburos que comprende una herramienta de
trabajo de pozo suspendida en una columna de trabajo; la herramienta de trabajo
termina en una unién localizadora segmentada adaptada para colocar de manera
semi flexible su segmento terminal, y para desviar de manera semi flexible su
segmento terminal a un angulo agudo con respecto al eje longitudinal de la
columna u otro segmento de la unién; la longitud del segmento terminal es
adaptada para incursion al pozo iateral.

28. Un aparato que comprende:

una primera estructura adaptada para inserciéon al pozo y provista a un
extremo de la misma con un cierre abierto y adaptada al otro extremo de la misma
para conexién y comunicacién con una columna de trabajo;

un pistén, que tiene un paso de fluido intemmo, colocado en dicha primera
estructura, en un lugar hacia el eéxtremo de dicha primera estructura adaptada para
conexion a una columna de trabajo; dicho pistén es adaptado para desplazamiento
deslizable longitudinal en dicha primera estructura;
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un mandril, que tiene un paso de fluido intemo, colocado en dicha primera
estructura internamente a dicho pistén y conectado en o préximo a un extremo de
dicho piston para desplazamiento longitudinal con el pistdbn en dicha primera
estructura; el paso de fluidos del mandril se comunica con el paso de fluidos del
piston, en o cerca de dicho un extremo del mandril y con una salida o salidas de
fluidos en el segmento terminal del otro extremo del mandril; dicha salida o salidas
se comunican con el interior de la primera estructura;

un elemento de leva conectado al segmento terminal de dicho otro extremo
del mandril y colocado para desplazamiento deslizable longitudinal en dicha
primera estructura;

un eje pivote, que tiene un paso de fluido intemo, colocado parciaimente en
dicha primera estructura; el eje pivote comprende un brazo de extensién que se
extiende hasta y méas alla de la abertura de dicho cierre; dicho eje pivote tiene
medio de montaje y estd montado en dicha estructura para desplazamiento
angular del brazo de extension del eje pivote en dicha abertura; el eje pivote es
conectado de manera operativa a dicho elemento de leva para colocacién y desvio
semi flexible del brazo de extensién y de tal modo que el desplazamiento
deslizable longitudinal del elemento de leva en dicha primera estructura provea
desplazamiento angular del brazo de extensién del eje pivote en la abertura;

una segunda estructura adaptada para insercién a pozos que tiene un cierre
de anclaje a un extremo de la misma provisto con una abertura receptora
adaptada para recibir la seccién terminal de dicho brazo de extensién; dicha
abertura receptora y dicho cierre de anclaje estdn colocados y dicha abertura
receptora para recibir la seccién terminal de dicho brazo de extension;

medio colocado en dicha segunda estructura en cooperacion con dicho
cierre de anclaje y dicho medio de montaje para anclar la secciéon terminal del
brazo de extensién de dicho eje pivote en dicha segunda estructura; el paso de
fluido intemo del eje pivote se comunica a través de salidas con el interior de la
primera estructura y con ei interior de la segunda estructura para proveer un paso

7
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de fluidos entre el interior de la primera estructura y el interior de la segunda
estructura; y

medio para sacar el fluido de la segunda estructura.

29. El aparato de la reivindicacién 28, que comprende un resorte que rodea
parciaimente el mandril en dicha primera estructura y colocado para resistir el
desplazamiento longitudinal del pistdn en dicha primera estructura.

30. Un aparato que comprende:

una primera estructura adaptada para insercién al pozo y provista a un
extremo de la misma con un cierre abierto y adaptada al otro extremo de la misma
para conexién y comunicacién con una columna de trabajo;

un pistén, que tiene un paso de fluido interno, colocado en dicha primera
estructura, en un lugar hacia el extremo de dicha primera estructura adaptada para
conexion a una columna de trabajo; dicho pistén es adaptado para desplazamiento
deslizable longitudinal en dicha primera estructura;

un primer mandril, que tiene un paso de fluido intemo, colocado en dicha
primera estructura internamente a dicho pistén y conectado en o préximo & un
extremo de dicho piston para desplazamiento longitudinal con el pistén en dicha
primera estructura; el paso de fluidos del primer mandril se comunica con el paso
de fluidos del pistén, en o cerca de dicho un extremo del primer mandril y con una
salida o salidas de fluidos en el segmento terminal del otro extremo del primer
mandiril,

un segundo mandril colocado en dicha primera estructura, que tiene un
paso de fluido intemo con una entrada en o cerca de un extremo de la misma, y
una salida o salidas al otro extremo que se comunican con el interior de |la primera
estructura,
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un elemento de leva conectado al segmento terminal de dicho otro extremo
del mandril y colocado para desplazamiento deslizable longitudinal en dicha
primera estructura;

un eje pivote, que tiene un paso de fluido intermo, colocado parciaimente en
dicha primera estructura; el eje pivote comprende un brazo de extensién que se
extiende hasta y mds alla de la abertura de dicho cierre; dicho eje pivote tiene
medio de montaje y estd montado en dicha estructura para desplazamiento
angular de! brazo de extension del eje pivate en dicha abertura; el eje pivote es
conectado de manera operativa a dicho elemento de leva para colocacion y desvio
semi flexible del brazo de extension y de tal modo que el desplazamiento
deslizable longitudinal del elemento de leva en dicha primera estructura provea
desplazamiento angular del brazo de extension del eje pivote en la abertura;

medio para acoplar el primer mandril y segundo mandril, que provee un
paso de fluido cerrado entre dichos primero y segundo mandril, y de tal modo que
dicho segundo mandril sea desacoplado de dicho primer mandril si una fuerza de
fluidos que exceda un umbral predeterminado es aplicada a dicho pistén, o si
ocurre un momento de compresion considerable al eje pivote cuando éste es
desviado;

una segunda estructura adaptada para insercién a pozos que tiene un cierre
de anclajp a un extremo de la misma provisto con una abertura receptora
adaptada para recibir la seccion terminal de dicho brazo de extension; dicha
abertura receptora y dicho cierre de anclaje estdn colocados y dicha abertura
receptora para recibir ia seccién terminal de dicho brazo de extensién;

medio colocado en dicha segunda estructura en cooperacién con dicho
cierre de anclaje y dicho medié de montaje para anclar la seccion terminal del
brazo de extension de dicho eje pivote en dicha segunda estructura; el paso de
fluido interno del eje pivote se comunica a través de salidas con el interior de la
primera estructura y con el interior de la segunda estructura para proveer un paso
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de fiuidos entre el interior de la primera estructura y el interior de la segunda
estructura; y

medio para sacar el fluido de a segunda estructura.

31. El aparato de la reivindicacién 30 que comprende un primer resorte
que rodea parcialmente el primer mandril en dicha primera estructura, y colocado
para resistir el desplazameinto Ir:mgitudinal del pistdn en la primera estructura, y un
segundo resorte que rodea parcialmente el segundo mandril en dicha primera

estructura y colocado para desacoplar el segundo mandril.

32. Un método para localizar un pozo lateral de un pozo principal de un pozo de
hidrocarburos con una herramienta de trabajo, qgue comprende:

proveer una herramienta de trabajo de pozos en una columna de trabajo; la
herramienta de trabajo termina en una unién localizadora de segmentos muiltiples
adaptada para desviar de manera semi flexible el segmento terminal a un éngulo
agudo con respecto al eje longitudinal de la columna; el segmento terminal tiene
una longitud adaptada para incursién al pozo lateral;

bajar la herramienta en el pozo principal a un lugar préximo al pozo lateral
al que se vaya a entrar y en cuyo exiremo el segmento terminal esté por debajo o
posterior al pozo lateral al que se vaya a ingresar;

colocar el segmento terminal de la unién en dicho pozo principal a un
angulo agudo con respecto al eje longitudinal de la columna de trabajo;

subir o recuperar la columna de trabajo en el pozo principal, manteniendo al
mismo tiempo una seccién del segmento terminal en contacto con una pared de
dicho pozo principal, y localizando el pozo lateral mediante aumento del angulo
agudo entre el segmento terminal y el eje longitudinal de la columna de trabajo y
entrada de una seccidn del segmento terminal en el pozo lateral.

33. El método de la reivindicacion 32, en el cual ia unién es orientada en el
pozo principal antes de subir la columna de trabajo.
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34. El método de la reivindicacion 32, en el cual la columna de trabajo
comprende tuberla espiralada.

35. El método de la reivindicacién 34, en el cual el segmento terminal incluye
medios para tratamiento y/o andlisis de pozos.
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