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Description Field O The Invention The subj ect

I nvention generally pertains to nmethods of renoving pi.pe froma
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When t he beeppdéveloped 26 run through these restrictions, but these devices have met with
15 little commercial success due to their mechanical complexity and high failure rate.

" Over the years a variety of methods for cutting pipe in a wellbore have
been developed. Some of these include chemical cuts, backoff shots, nitroglycerin,
and various forms of shaped charges. '

Chemical cuts are extraordinarily expensive and require the outer edge
20 of the cutting device to be immediately adjacent (within a fraction of an inch) to the
pipe being cut. By its design, the outer diameter of the chemical cutter head must
be very close to the inside diameter of the pipe being cut. This limits the use of the
chemical cutter in tubulars that have a restriction above the cutting point. Due to the
“piston effect”, the cutter floats into the hole, thereby slowing down the costly

25 process of cutting and retrieving pipe from the ground.
Backoff shots are another way of separating the pipe within a wellbore.
This process is simply placing an explosive device across a coupling and putting left-
hand or reverse torque the string of pipe to be backed off. When the proper reverse

torque is in the pipe, the explosive is discharged thereby creating shock waves at that



torque is in the pipe, the explosive is discharged thereby creating shock

waves at that -2- .
poi nt. TReo §d/PRest hen sinply unscrews. The limtation of thSrrogAgskiof pi pe
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: radial charge is that it cannot be run through any significant restriction or constriction
in the pipe. In other words, one must have a full opening from the surface to the
required cutting depth,

20 The remaining option for cutting downhole tubulars is the use of the
linear-shaped charge. As in the radial charge, the standoff phenomenon has dictated
the design of various devices using the linear form of a shaped charge. Several of
these devices use mechanical springs, unfolding charges or remotely extendible

‘ frameworks to properly position the charge with the proper design standoff against

25 the coupling to be cut. Again, the complexity of such mechanisms have proved to

be unreliable and impractical when exposed to the severe pressures and temperatures

of downhole environments.

Background Of The Invention

30 3 To avoid the problems and limitations of current methods of removing
pipe from a wellbore, it is a primary object of the invention to provide a method of

separating two pibes by destroying their coupling.



Background O The Invention 30 To avoid the problens and
limtations of current nmethods of renoving pi pe froma well bore, it
is a priwerggngsflect of the invention to provide a method JCT/USYI17541
separating two pipes by destroying their coupling.

A second object is to provide a nethod that uses a
cutter having no moveabl e parts.-3- - A third objéct
is to use a cutter whose dianeter is less than half the i nsi de
di aneter of the pi peskcond diject Befmpetdde a/etethbd that tsespa cpitdryhating mo
Itself ainst the inside wall of the pipe in both a radial and
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These an er objects of the invention are provided by a no
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the charge to the coupling, detonating the charge to split the coupling
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speeds generally unrestricted by obstacles or “piston effects”.

These and other objects of the invention are provided by a novel method
of disassembling a pipe from a well by lowering a linear charge into a well, sensing
_ the location of a pipe coupling just above the cement, magnetically orienting the
20 charge in a radial and rotational orientation relative to the inner wall of the pipe,
axially aligning the charge to the coupling, detonating the charge to split the coupling

longitudinally, and removing the pipe from the wellbore.

Brief Description Of The Drawings

25 Figure 1 is a cross-sectional view of a linear pipe coupling cutter.
Figure 2 is a cross-sectional view of the cutter taken along line 2-2 of
Figure 1. .
Figure 3 is a cross-sectional view of the cutter taken along line 3-3 of
Figure 1.
30 Figure 4 shows the step of locating the cement depth.
Figure 5 shows the step of lowering the cutter into a wellbore.

Figure 6 shows the step of sensing the location of a pipe coupling.



Fi gure 1. _ Figure 3 is a cross-sectional view of the
cutter taken along line 3-3 of Figure 1. 30 Fi gure
4 shows Hiyoghbgiy of | ocating the cenent depth. pcT/USYT/17s4fi gure 5
shows the step of lowering the cutter into a well bore. :

Figure 6 shows the step of sensing the |ocation of a pipe coupling.

-4 - Figure 7 showsgthe step of "l ongitudinally cutting
a pi pe coupling. Figure 8 shows the step of renoving a
string of plpesfr d
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first adapter 16, a first nagnet 1 8 having a first magnetic field
20, ‘a second adapter 22, and a coupling locator 24. Coupling |ocator
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st ruct ur &0l cthofr¥ '°r aéﬂ%?éf"af@et h?é lsd%'sg t% taaﬂﬂm'"al inside

hyqipost afijatneter 34 opaeﬁﬁur@@ @dﬂ%@émeﬁwf!%no@ad.m}%\;&&mod pige g6 st
charge" as used herein refer's to an expl osive charge whose length is
gr eat er varous msmcdeh 38 aogutbed restrictionat40 includingaddit notr initedrtentsicale,
shaped c ail s,of shaped charges, such as 20 | ongi t udi nal

h
char ge 493ra§fe BJZF&‘P Pﬁﬁﬁd iPP®. S. Patents 5,501, 154; 4, 693, 181;
2,587,244, 4,498, 3@\7cr<f§%ds€ctml%@f'loﬁ@t%hﬁhcﬁé@e%%ﬁﬁl?ai2)fsshown in

|ncorporated by ref erence herein.
cr oss- seEigureal. vilengitudisanebarg® iassembiyn Tih intlydes $.|0Nﬁguéma18:harge 42
15 contained within an aluminum housing 44. Housing 44, as well as all other external

structural components 82 of cutter 10, must be able to withstand hydrostatic

pressures exceeding 5,000 psi. The term “longitudinal charge” as used herein refers

to an explosive charge whose length is greater than its width as bpposed to “point”

. and “circumferential” shaped charges. Details of shaped charges, such as

20 longitudinal charge 42, are explained in U.S. Patents 5,501,154; 4,693,181;

2,687,244; 4,498,367; and 2,605,704 all of which are specifically incorporated by
reference herein.

A cross-sectional view of magnet 18 is shown in Figure 3. Magnet 18

is a conventional magnet attached to a non-magnetic housing 46. Ilts magnetic field

25 20 is not strong enough to support the entire weight of cutter 10. If it were, it would

prevent one from lowering cutter 10 down through pipe 36. Magnetic field 20 is,

however, strong enough to draw coupling cutter 10 against an inner wall 48 of pipe

36. This establishes a proper rotational alignment 50 and radial alignment 52 of

longitudinal charge 42 relative to inner wall 48, as shown in Figure 2. The term

30 “radial alignment” used herein is often referred to in the industry as “standoff” which

is the critically important facial distance between the face of the charge and its

target.



is a conventional nagnet attached to a non-nmgnetic housing 46. Its

magneti c field 25 20 is not strong enough to support the entire weight
of cutt ey 7*}; it were, it would prevent one frorpdPusyTiinggicutter
10 down throug pi pe 36. Magnetic field 20 is, however, strong

enough to draw coupling cutter 10 against an inner wall 48 of pipe

36. This establishes a proper rotational galignment 50 and radial alignment
52 of | ongi tudi nal charge 42 relative to inner wall 48, as shown in
Figure 2. The ter l4 g e
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t wo- condgot,o gwwetﬁe foulfrions, ShebiyuUdsdur es 1 and 5. One

conduct or enter wire) is connect one end of coil 30 and cap 14.
Anot her concﬁmtmcer&@n( depth Sdrisuerernsinadgcotied 16dalewvesed intocpipe 3D

4 via sjpructur 82 of cutt.er

bl 6
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| nst r umenbn8dcEBR foutiee avvaplis agrbuvod conmettaditrachil 80@mal camti4ivie strdetural
switch 86

components 82 of cutter 10. Cable 76 suspends cutter 10, provides means for
conveying current that ignites cap 14, and conveys a coupling location feedback

20 signal to an instrument 84 (e.g., combination DC power supply and microampmeter).
Instrument 84 senses the coupling location feedback signal and includes a switch 86
to ignite cap 14.

The coupling location feedback signal is an electrical signal induced
through coil 30 upon magnetic field 28 being disturbed. Coupling locator 24 passing

25 across a pipe éoupling 88 causes the magnetic field disturbance.

To identify the lowest coupling above cement depth 54, cutter 10 is first
lowered to cement depth 54 and then raised while monitoring the coupling location
feedback signal using instrument 84, as shown in Figure 6. Once a coupling depth
is identified, as indicated by the feedback signal reaching a predetermined limit, cutter

30 10 is then raised a distance 90 to longitudinally align charge 42 to coupling 88’ as

shown in Figure 7. At this point an operator trips switch 86 to detonate charge 42.
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shown in Figure 7. At this point an operator trips switch 86 to detonate
charge 42. Although the invention is described with respect to a gereferred
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1. - A nethod of using a coupling cutter for splitting a coupling that
joins two pipes that are buried in a wellbore, said coupling cutter

conpri SiwQ9/17®1 | ongi tudi nal charge, an electrically i ®GWESFRTM44p
adapted to detonate said |ongitudinal charge, a first magnet, a
second magnet, and a coil in magnetic flux relationship with said second
ragnet; said nmethod conprising the steps7of:

| owering said coupling cutter longitudinally into said two pipes;

using a first magnetic field of said fClflitnsmagnet to magnetically 10

draw said coupling cutter against an inner wall of said two pipes such that
sai d | ongi tudi nal charge assunes a predetermned rotational and

radi al relationship rel atji%ehod Ifé"s' dﬂ, g\aiar S?ﬁ;fﬁﬁé% &H@pimago | ng

d| sturbing a second maghetic ? ma ne

$aid seqgeis TWONpipeac titsts asabdrieduip ang:e@lborengsadl clowplam @bﬁavmmpgzsm; d
15 coupl i na cutter; duci ng an el ectr.i cal

si ghal tinneitydinghchardn. i anglegtricallydgnitable cap adaptsfi taﬂgquﬁe@'%&rw'wwd
ragneti ¢, fd 8Lda first magnet, a second magnet, and m'nltlﬂ%%&ﬁi ﬁﬁf 'réiﬁtaphgﬁﬂ with

si gnal ; y|ng a co ept ocati on of

-sai d. COUéHldj sgconttmagatt;2éhid medhiothcemiptisiti g the stﬁﬂs si gnal reaches a
predetermned lint; sai.d coupling cutter
| ongi tudinal Iy a predet rwetiRg said coupling cxtes ’?'?QJ'HV%‘E?UIV dRRLFRIHGE YR PimeS:

| ocation to |ongitudinalkiAh g8t ﬁ%&aét&“ﬂélh“gf B3l first ma%ﬁ{-';‘?{cg?né etitlafy

coupl i ng; onveyi ng an e ectri curre t to
said el edraiv caid y:mmhngadnhtmelcagatrmt% lnndi'GWQﬁabfGSSIdl 'dqumges uslicha thathaaide,
t her eby- expl odi ng sai d | ongitudinal charge, t

i tudi.nal | it
and subdragitHdiNa) chatds I3sUResA P tPHg'"%@F%W@&PH r @&%i fﬁ'ﬁ@%nsm}; r e’%t%(ﬁe

readily se : separating said two pipes
at said %o%%?qnhgr V\%JpOf said two pipes; 2. The nethod of claim11, further

conprising the step of disentbihgi mgecond magnetioeinlddefpsaid seadndmagdet by
e el N g 22k L08ond magnet across Said Soupfing BuiRg shid step of lawering Sag.
pt h | CR&ASHHh
15 coupling cutter;
inducing an electrical signal through said coil as a consequence
of disturbing said second magnetic field;
monitoring said electrical signal;
identifying a coupling depth location of said coupling cutter at
20 which said electrical signal reaches a predetermined limit;
moving said coupling cutter longitudinally a predetermined
distance from said coupling depth location to longitudinally align said longitudinal
charge to said coupling;
_ conveying an electrical current to said electrically ignitable cap to
25 detonate said longitudinal charge, thereby exploding said longitudinal charge to
longitudinally split and substantially destroy said coupling, whereby said two pipes
are readily separable; and -

separating said two pipes at said coupling.

30 2. The method of claim 1, further comprising thé step of identifying

a cement depth location and wherein said coupling is identified as one being above

) ) O

said cement depth location.



3. - The method of claim1, further conprising the step of renoving

one of said two pipes fromsaid wellbore. 4. The.
met hod of{ydsiivgel: wherein said two pipes have a nom nal peTusorirsistie

di aneter and said coupling cutter has a major outside dianeter that is |ess

t han hal f of said nom nal inside dianeter, whereby said coupling
cutter can pass by a vari ety of _ogs_t acles and restrictions within
said two pipes. 5. The nethod of claim1, wherein

said first magnetig fie i : | Sl f [¢CJ .
support the enti reg\‘/vei gmeo@ega?cgo%gﬁﬁmi %ﬁ#gﬁfr&g%mb%h\?ﬁ%&éb&yﬁgﬁg&’ '}‘8
coupl i ngoRyidfasaid awapipes esedsdiy welbaren wei ght through said two

pi pes. 6. A nmet hod of using a coupling cutter for

splitting a coupling that 15 joins two pipes that are buried in a

wel | bore, said coupling t rhsl . . qqﬂ! |.n n

electrically igni tgbl e (':l'g\% @ggrbc?%g?tcﬁhg?bgvaqeée'snaf%fhl 0 g&)ﬂ%écﬁ ﬁéy@%a\ﬁ&%inaﬁ‘

chagge, msidd glanfrgnahd saideasithg@anet hasd thadoCOitsidd\digpistet titatlis 1oss than

relationship with . said second rr&gnet; sajd nethod conprising the

st eps of half of said nominal inside diametey,q erely saidiceupling sytiaitgasy pass by a

| ongi t udj ' | | . ap : : _ using a first

magnet i c{'g‘ﬁﬁyﬁ)? Bg%ﬁ%zééj?bg?e%gﬁ%{nsﬁgnﬂg’gﬁa&d [ t(\:l\é? &Y es- draw sai d

coupling cutter against an inner wall of said two pipes such that said

| ongi t udi nal charge ass;i,rres a I_gid?t ?r.m' ned rotati o_nag_ and radial,  :.

rel ationship rel atPve Ihe methpd of glainnd, whareinosaidJingt mpongtrfeld is of a

di stur bi ; e ficel deof i , : i 0.
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sai d second nmagnet across sald cou ng during sai g sard
coupl i ngwhgréley ;said coupling cutter can be lowered rhyuits ryvarweigbt tthrawadh saiginbdo
t hrough said coil as a conseguence of disturbing said second

magnet i cPIAGEt d; . nonitoring said el ectrical
signal; 30 i dentifying a coupling depth | ocation of
said coupling cutter at whi ch said electrical signal reaches a

predeterm ned |im 6, A method of using a coupling cutter for splitting a coupling that
15 joins two pipes that are buried in a wellbore, said coupling cutter comprising a
longitudinal charge, an electrically ignitable cap adapted to detonate said longitudinal
charge, a first magnet, a second magnei, and a coil in magnetic flux relationship with
said second magnet; said method comprising the steps of:
lowering said coupling cutter longitudinally into said two pipes;
20 using a first magnetic field of said first magnet to magnetically
draw said coupling cutter against an inner wall of said two pipes such that said
longitudinal charge assumes a predetermined rotational and radial relationship relative
to said inner wall of said two pipes;
disturbing a second magnetic field of said second magnet by
25 passing said second magnet across said coupling during said step of lowering said
coupling cutter; .
inducing an electrical signal through said coil as a consequence
of disturbing said second magnetic field;
monitoring said electrical signal;
30 identifying a coupling depth location of said coupling cutter at

“which said electrical signal reaches a predetermined limit;

N



-9- - novi ng said coupling cutter longitudinally a
pr edet er m ned di stance from said coupling depth |ocation to -

| ongi t udwaoedsiagsal | gn sai d | ongi t udi nal charge to sRU/GATTS41Q;
conveying an electrical current to said electrically ignitable cap to 5
det onate said | ongitudinal charge, thereby exploding said | ongitudinal
charge to longitudinally split an® substantially destroy said
coupl i ng, whereby said two pipes are readily separabl e;

separating said two pi peRovihgs dafll CetPlingd cudtet longitudinally a predetermined
removing one of said two pipes fromsaid wellbore. 10 . . o

7.  Thedistamerl fodmcsaid eaaiplingr deeth losapionsionlpnditdinally sfign daid ilepgitydinal
a cenent 6e thtl ocacLi on @gqciemherei n said coupling is identified as one

bei ng abG0@'9€ 1o SalGGpyP nt depth location. 15 8.

The nmethod of claim6, wWwhelyihdah didcticalidefertayean slebticdlly ignitabld dd
di aneter and said coupling cutter has a major outside dianmeter that is |ess

t had detortedf saifl Kuiaitusiim!nefrangesitherehvaexpladingraid ypngivdinab ghateg to

ggf ;e{ wg o&@@ng}/\égplit and su%%féne&é{lyoé%s?tpgy} %ﬁi eﬁ%ﬁﬂg@ Sﬁﬁé*eﬁy)mgéﬁﬁ 'RV)\&]% E)ﬁ%s

sai d firgte PedHIRt 66pdradlgl is of a . magnitude that is insufficient to

support the entire weight of said coupling cutter, . wher eby said

coupling cutter can be Iseperatintdgaic tvomipewat)said eourling:sand t wo

pi pes. 25 -_ .10. A net.hqd of. usi a upl i cutter for
“splitting a coupling thé?movmg °Weo?ﬂ§ale\%\/¥v°pPEee§ {}ﬁg} S@?ﬁﬁﬂﬁﬁ%"d in a

welilpbor e, :sai d coupling-cutter conprising a "l ongi tudi nal charge, an

electrically ignitable cap adapted to detonate said | gngitudinal L
charge, a first maghet, Reswedhed phgham 6.dfuather comprisingdhaster of idgntifying

Lati hi . e . _ . Ml |
Steps of B tsgndht Hepth locatRR &hd GhtdHEfRAHTouRTEb]s TEbfed B8RS b ER ] alfbve
W t h sai gaidotérnend depith docdrinre said cenent depth |ocation;

15 8. The method of claim 6, wherein said two pipes have a nominal
inside diameter and said coupling cutter has a major outside diameter that is less than -
half of said nominal inside diameter, whereby said coupling cutter can pass by a

variety of obstacles and restrictions within said two pipes.

20 e. The method of claim 6, wherein said first magnetic field is of a
magnitude that is insufficient to support the entire weight of said coupling cutter,

whereby said coupling cutter can be lowered by its own weight through said two.

pipes.

25 10. A method of using a coupling cutter for splitting a coupling that
joins two pipes that are buried in a wellbore, said coupling cutter comprising a
longitudinal charge, an electrically ignitable cap adapted to detonate said longitudinaf
charge, a first magnet, a second magnet, and a coil in magnetic flux relationship with
said second magnet; said method comprising the steps of:

30 identifying a cement depth location with said coupling being above

said cement depth location;

I



- 10- | owering said coupling cutter
longitudinally into said two pipes, wherein said two pi pes have a
nom nal inside dianeter and said coupling cutter has a maj or outstde
di amet er wioh3®178% | ess than hal f of said nominal inside di REVET/17541

wher eby said coupling cutter can pass by a variety of obstacles and
restrictions 5 wthin said two pipes; - - using a
first magnetic field of said first magnretOto nagnetically draw sai d
coupling cutter against an inner wall of said two pipes such that said

I ongi tudi nal charge asslsweriagwaidieoaplihgedittertiohgivndinalipdntegaidl two pipes,

relationship relative . to said ipner wall of said two pipes, sai
first nayfared saiditwoeings havea negrinalinsidediamaser an¢§aa%§eppﬁw EHtter pas
support th | AR el ' , | :

coupl i nggcﬁaﬁyr bggsr{ e‘HP@\ﬁgéregﬁég ,SIKJ;P%@ o&rni% vveq.l:éz;i{ht8 f t‘ﬁ%ﬁ%ﬁééf?ﬁ% “B?b“gst?"
di st ur bi pegherebpsaid cagliayi cutteekdnopassaby ety tipisitables and restprtionsg
sai d second .magnet across said coupling during said step of |owering said
coul i ngwdthin said two pipes; i nduci ng an el ectrical signal

through said coil as a GRARPAURIEFnagnetic fi%ﬂnﬁt Shidf A &%g&%&eﬁfﬁ?{%etically

magnetic-field,; _ ori ngll sal

si gnal ; draw said coupling cutter againstdamtinfigri wallaot eajl twg pipps hsuobc thatosaidf
sai d couFﬁI ing cutter at whi ch said electrical signhal reaches a .
pr edet er langitidingligharggassumes a predetermined rotatipiajiang radial relatipnsivg relativer

| ongi t udinal .y ' : - 6l | | i :
| ocat | on™t AP HERRHRE BF0 pipas, sgid hist e i dng B 8 alhiEEes thet
cou@ i ngls insufficient to support the entirecoueighyt of saitl ebapling calttery wieatebyosaidi d .
electrically_ ignitable ca etonate sai d | ongi tudi nal charge,

t .d
ther eby ERBPHRE FyTLAIGRN B%&@&&%QV iEhamge wedapsthroug R vgid SWrRIPES: spl i t
and a substantially destfiQyr5iagda %%%B'r\'dnﬂxag\“ﬂa’ﬁﬁeﬁ%(lgggwl*r g?fd"eeé’érﬁ’ﬁ{%n%tl Bgs

are readily separabl e; I ng said
at sai d pasgihgnggid aedond magnet across said coupling dueimgvsaid step offloswrihg said

ipes fromsaid well bore.
PP coupl?ng cutter;

15 - inducing an electrical signal through said coil as a consequence

of disturbing said second magnetic f.ield;

monitoring said electrical signal;

identifying a coupling depth location of said coupling cutter at
which said electrical signal reaches a predetermined limit;

20 moving said coupling cutter longitudinally a predetermined
distance from said coupling depth location to longitudinally align said longitudinal
charge to said coupling;

conveying an electrical current to said electrically ignitable cap to
' _detonate said longitudinal charge, thereby exploding said longitudinal charge to

25 longitudinally split and a substantially destroy said coupling, whereby said two pipes

are readily separable;
separating said two pipes at said coupling; and

removing one of said two pipes from said wellbore.
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