
;efe3ec`l4L6T?G 1 April 2002 -1~ Charge Assembly For A Pipe=Coupling
Cutting Crevice   Field Of the Invention The subject invention generally
pertains to methods of removing pipe from a welibore) and mere specifically
to devices used in explosively , splitting a coupling longitudinally, and
still mare specifically to charge aasemblies that are used in such devices.
4 Description of the Relatd Art lt~ is often desirable to sever, split or
otherwise out a string, of tubing ar casing . to recover the pipe firom
wellbores. in cutting pipe within~a,wellbore, pipe restrictions ere often
encountered. Thane restrictions may be in the form of a packer or fishing
spear planed within the pipestring for the purpose of retrieval, or they
may bs of natural causes such as scale, paraffin, collapsed pipe,
or~smaller Inner String of pipe stuck within the larger diameter pipe that
is to be cut. ~ Restrictions inhibit the use~of present outters that
require a full opening , or full inside diameter to achieve an effective
cut, Other folding or spring-loaded devices have been developed ~ to run .
through these restrictions, but these devices have met with little
commercial ~suacess 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,
nitrogtycarrin, and various forms of shaped ~oharges. , ~ ,  Chemical cuts
are extraordinarily expensive and require the outer edge of the cutting.
device t4 be immediately adjacent lwrthln a fraction of an Inch) to the
pipe being out. By its dsrsign, the outer diameter of the chemical
cutter~head must be very close tc the iilside diameter of the pipe being
cut. This Ilrnits the use of the chemical , nutter in tubutare that have a
restriction above the cutting paint. Dus tc 'the "plstQ,n   1 April 2002 -
2 w effeot", the outker floats into the hole, thereby slowing down the
costly process of cutting and retrieving pipe from the ground. Baokoff
shots are anothQr way of separating the pipe within a welibore. This
proee$s is simply placing an explosive device across a coupling and putting
left-hand or reverse torque the sting of pipe to be backed off. When the
ptoper reverse torque is tn the pipe, the explosive is disohargd thereby
creating shock waves et that point. ~ y The pipe then simply unscrews. The
limitation of this method of pipe retrieval is thax there ie no ~uarantem
as to where the pipe might unscrew. The use of nitroglyaarin la another
method of severing the pipe at a coupling. This method, although simple and
aaonamiael, simply blows up the tubulars and its imrttediate environment.
Better said, it makes a mess of the pipe, that ~is pulled and left in the
ground. The use of nitroglycerin is not environmentatly sound In xhat it
prohibits or limits the res~ntering of this welibore for future use. There
are 'various forms of radial-shaped oharges iii use arid sveral of these
products offer excellent cute) however they have two inherent problems. As
in the chemioai cutter, the outside diameter of the radial nutter assembly
must be very close to the target or inside the diameter of the pipe being
cc~t. This design limitation is due to the shaped charge design phenomenon
of "standoff" whereby the dist$noe between the charge and the target is
crucial to its performance. Another resultant problem resulting from the
large outside diameter of the cutter is that it has a "floating effect" as
'rt is lowered into the hole. Additional weights are required to heap push
it into the hole. By-in-large though, thQ biggest drawback to the use of
the radial charge is that h cannot be run through any significant
restriction or aonstriotian in the pipe. in other words) one must have a
Putt opening from the surface to the required cutting depth. 



The remaining option for cutting downhol,e tubuiars is the use of the
linearshaped 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 the coupling to ice cut. Again, the
complexity of such mechanisms have proved tn be unreliable   1 April 2002
-3 and impractical when exposed to the severe pressures and temperatures of
dOwnhole environments. . . The amount of ~ expiosiv~a in the linear charges
needed far effectively putting downhole pipes and couplings is generally
too great to allow them to be shipped by air and economically shipped, by
ground transportation This is due to certain government regulations that
prohibit the air transportation of certain classes of explosives and piece
stringent requirement on those transported slang roadways. ,As slower, more
expensive, modes of transporting these explosives, must be used, this
increases the shipping time and costs and may often result in long and
costly delays. ' Summary of the invention A charge assembly for use in a
cutter for splitting couplings used in joining together lengths of buried
pipe, the charge assembly comprising: an elongated charge housing defining
an open housing interior; at least two linear charge segments, each segment
being longitudinally aligned in an abutting relationship with one another
such that there is little or no gap between the segments within the housing
open interior; and the segments thus placed forming a linear charge. T118
linear oharge 'segments may be formed from an explos)ve core erfcased
within a metal sheath. ~A pair of long'rtudlneliy spaced charge abutment
members may be mounted within the housing interior, with th4 abutment
members engaging the aligned charg segments. at Opposite ends. ~ one of the
abutment .menlbe~s includes a housing end closure. 'rhe abutlrient members
.may be provided with biasing means. for ~ engaging the longitudinally
aligned charge segments and urging the charge segments Into the abutting
relationship. Further) a charge segment retainer, which includes a pair of
longitudinally extending rails, may be provided and located within the
interior of the housing. The charge`retainer engages the charge segments
for lateral retention of the charge segments withih the Interior of the
charge housing., Brief ~pescriptlon of the Drawings the novel features
believed characteristic of the invention are set forth in the appended
claims. The invention itself however, as well.as a preferred mode of use,
further objects and advantages thereof, w111 best be understood by
reference to the    1 April 2002 -4 following detailed description of en
illustrative embodiment when read In con junotion with the accompanying
drawings, wherein: I"iaure 1 is a cross-seotionai view of a linear pipe
coupling cutter constructed in accordance with the invention. Figure 2 is a
cross-sectional view of the cutter taken along line 2-2 Qf Figuro . _ 1. ,
. , ~ ,, , .. Figure 3 is a cross-sectional view ~of the cutter taken along
fine 3-3 of Figure 1. 



Flgbre ~ shows the step of loosting the cement depth. . ~isure 5 shows the
step o! lowering the cutter into a wettbore. figure 6 shows the step of
sensing the location of a pipe coupling. FipurR 7 shows the stop of
longitudinally cutting a 'pipe -coupling. Figure 8 shows the step of
removing a string of pipes from a wellbore. Figure 9 is a cross-sectional
view of a charge asembly of the .cutter shown with a plurality of oharge
segments mounted therein and constructed in accordance with the invention.
Figure 10 is another arose-sectional view of the charge assembly of Figure
9, shown with the charge segments removed. Figure 11 is a transverse
cross-sectional view of one of the charge` segments held within retention
rails of the charge assembly and constructed in accordance with the
invention. ' Detailed Description of the Preferred Embodiment Although the
invention has been desoribed with reference to specific embodiments, this
Idesorlption is not mant to be construed in a limiting sense, Various
modifications of the disclosed embodiment as well as ahrnative embodiments
of thp invention will became apparent to persons skilled in the art upon
reference to the description of the invention. It is therefore contemplated
that the appended claims will oover any such modifications or
arrtbodirnants that fall within the true scope of the invention. A ooupiing
cutter 10 of Figure 9 includes a longitudinal charge assembly 12, an
alectrioelly ignitable cap 1 ~, a first adapter 18, a first magnet 18
having a first   1 April 2002 magnetic field 20, a second adapter 22, and a
coupling locator 24. Coupling locator 24 includes a secand magnet 28 having
a second magnetic field 28 extending across a coil 3Q. Cutter 10 fiss a
major diameter 32 that is less than half of a nominal inside diameter 34 of
a pipe 3B. s~o that ct,ttter t 0 can readily travel through pipe 3B past
various obsta`des 3$ and other restrictions 40 including, bu't not limited
to, scale, paraffin, or ealiapsed ptpe. ~ ' A cross-sectional view of
longitudinal charge assembly 12 is shown in Pigufe 2. Lar,gitudinai charge
actembiy 12 includes a single, iong'rtudinal harga 42 Contained within an
aluminum housing 44. Ho~sirtg 44, as w.ll as all other external structural
components 82 of cutter 10, must be able to withstand hudrostatiQ 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 opposed to
"point" and "oircumferential^ .shaped charges. Details of shaped charges,
such as longitudinal charge 42) are exj~lained in U.S. Patents 5,fi01, t
54; 4g83,181; Z,8$7,244; 4,49$,387. and 2,605,704 all of whioh~are
speclfioally Incorporated by . reference herein. A crass-sectional view of
magnet 18 is shown in !=igure .~. Maanet 18 is a no~ventional magnet
attached to a non-magnetic housing 46. (ta mognetic fieid 20 is not strong
enough to support the entire weight of cutter 10. If it were, it would
prevent one from lowering cutter t 0 down through pipe 36. Magnetic field
20 is, however, strong enough to draw coup(in cutter 10 against an inner
wail 4B of pipe 36, This establishes a proper rotattonai alignment 50 and
radial alignment 52 of longitudinal charge 42 relative to inner wail 48, as
shown in Figure 2. The term "radial. alignment" used herein is often
referred to in the industry as "standoff^ which is the critically important
facial distance between the fans of the charge and its target, Referring to
Figure 4, in operation, typically ane first determines a cement depth S4 of
a wetlbore 5fi. In this example, wellbore 56 extends 10,000 feet deep 58
with 3,040 feet of its lower portion 80 Set in cement in place at an upper
portion 64. Most of plp~ 36 is surrounded by mud f B. Cement depth b4 can
be determined several different' ways. One can determine cement depth 54 by
exerting an axial farce 68 ~cn pipe 38 and calculating the pipe length
(above cement) as a function a f   



1 April 2002 .8. the force, strain) and the pipe's modules of ~ elgatlity
and cross-sectional area. Running a cement bond lag is another common
method of determining cement depth 54. This method involves lowiering a 20
khZ sound transmitter 70 and. receiver 72 that provides an electrical
~feedbaak signal 74 that varies 8a a function of the sound dampening
charaoterie~tics of the material surrounding pipe 8fi. Other methods
consider the volume of cement 62 using volumetric calculations, or simply
gases. ~~ y Once cement depth 54 f's determined, cutter l0,is lowered into
pipe 3B by way of a two-oondWator ooe~xit~l cable 78) as shown in P`igures
1 snit 5. One conductor 78 (center wirel is csonneoted to one and of coil
30 and cap 14. A~oTher conduotOr 80 (outer ar~mori is a , ground aonneeted
to coil 30 and cap 14 vie structural components 82 of cutter 10. Cable 76
suspends cutter 10, provides means for conveying aurra~t-that~ignites cap
~1~4, and conveys a caupting location feedback signal to an instr~iment ~4
(e.p.; c~mbinatioh DO power supply and microampmateri. instrument 84
seils~ss the'oduplins location feedhaak signal and includes a swftah 86 ' f
to ignite cap 14. ' The ~aouplihg ioaation feedback signa~i is an
electrical Signal induced through coil 30 upon magnetic field 2~ being
disturbed. Coupling facator 24 passing across a pipe coupling 88 causes the
magnetic field disturbance. To idsntify~ the loweax coupling ` above cement
depth 84) ~eutter t 0 Is first lowered to obment depth 54, and then raised
vvhiie monhoring the coupling location feedback signs! using instrument 84,
as shown in Figure 6. Once a coupling depth is identified, as Indicated by
the feedback signal urine instrumenf B4, as~ shown in Flgurs 6. Once a
coupling depth is /identified, as indicated by the faedbaak signal reaching
a predetermined limit, cutter 10 is than rained a distance 80 to
lon8itudinaliy ~atign charge 42 to coupling 88' as shown In Figure 7, At
this point an oQerator trl~s switch 86 to detonate charge 42, The explosion
longitudinally splits coupling 88' (Figure 8) so that pipea'~6 are radlaily
separated and rerr~aved as indicated by arrows 92 end 94, respectively.
Referring now to Figures 9-14, a charge assembly 12' is shown. 'the charge
assembly 7 2' is similar to the charge assembly 12, shown (n Figure 1 with
similar components designated with a prince s~lmbol. The charge assembly
inaiudes an elongate, cylindrical charge housing 44' that defines a housin
interior 98. The   1 April 2002 .7. oharge k~ousing 44' will typfaally have
en outer diameter of between about 5!8 inah to 2.0 inches. The charge
housing interior 96 is closed at its upper, end by a nonmegnafie metal sub'
48' and.the housfntl 44' is held in place by means cf act screw 100. ~ A
pair of 0-ring saals 9 02 are provided ~ with the sub 46' for e~feotively
seating the upper end of housing interior 98. The tower end of the housing
44' is closed off by end plug 104. The end plug 104 extends at least
partially into the housing inte~iar 96 and Is mounted to the charge housing
44' and held in pleas by means of set screw 106. O~ring seals 108 acre also
provided for sealing the lower and of housing 44' . Longitudinally spaced
from the end plug 104 within the !lousing interior 86 is a detonator holder
110. The detonator holder 1 I0 ~is. sized to closely fit within the hpusing
interior 96 and is provided with an ,apertur 11 Z ~ for raoaiving detanetor
1 14 (Figure 10) . The detonator holder 110 and end plug 104 are jeined
togpthar by a pair of parallel charge retaining rails 11 B, 117 (Figure 11
~ that extend longitudinally within the housing interior 96. The retaining
rails 1,16 are secured at the ends to the holder 110 and and plug 104 by
fasteners 118 and 120, respectively, with the and plug 104, detonator
holder 110 and rails 11 f forming a removable rail assembly unit 121. As
can be seen mare clearly in Figure 11, each retaining rail is provided with
inwardly prajeating retaining lips 122, 124 that. define a channel 126.
When the ~aii assembly 121 is mounted to the charge housing 44', the spaced
apart end plug 104 and detonator holder 710 within the housing interior 86
define a detonation chamber 128_ A linear or longitudinal aherge 42' is
housed within the detonation chamber 128. The charge 42' is formed from a
plurality of smaller iinear~ charge segments 130. The linear charge
segments 130 have a generally V-shaped transverse crass section, as shown
in Figure 11, Each seflment 13D has xn sxpiobive acre 132 , surrounded
along the sides by a seamless metal sheath 134. The metal sheath 13,4
terminates at the ends of sash segment 7 30 so that the core rr~ateriel 132
is exposed at both ends of each segment 130. Suitable pore materials
Include RpX ioyalatritnethylene trinitramine), HMX Icycfotetramethyfene
trinitramlne)) f~~TN lpentaerythritol tetranitrete)) HNS
(hexanitrostifbene) and PYX explosives and are generally known by those
skilled in the att. These materials generally have   1 April 2002 -s
detonation rates of batwgen about 7O00 to 9500 mls at a load density of
between about 7.60 and 1.8g g/co. 



The explasiye pore -132 of esoh eanf~ont 130 may have a graft) load of
explosive 'of less than about 2b pr'ems. This srnount of expioeivo~is
currently aiaaaed as a Class C explosive by the U.S. pepartment of
Transpart$tian so that it,oan be. fegally shipped by air transportation. It
should be apparent, howevar,~ that the amount of explaaive used mey vary,
depending upon the applicable rules and regulations regarding the ~hippin~
of exploatves by aircr$ft. Thus, the amount of explosive used and selected
for the core 182 of each segmarit 130 should be et or below those levels
that mey be legally shipped by air transportation. The charge segments 130
are iongttudina~tly aligned between the detonator holder t 10 and the er~d
plug 104, with each charge segment 130 abutting ag~linst the adjacent
charge serrente. A ooilvd spring 138 mounted to ttle-upper end of the end
plug 104 and projecting into ti,e dstcnation oharhber t 28 presses agsingt
the lowermost charge segtrient 13Q and provides an upward biasing force for
urging the segtllents 7 30 against the detonator holder 110) thus
mairytainlnp the aligned charge segments 130 in a Glare abutting
relationship. There should be little, if any, pap betwen the explosive
mateHal forming the sore 1 ~32 of adjacent segments 130. In this way, the
detonation of the aligned segments 134 forming the charge 44'. will be the
same as that from a single, continuous length of explosive charge. The
length of the rails 116 is selected to accommpdate the desired number of
segments 130. The charge assembly 12' is loaded by first loosening the sei
screw t ~fi so that the end plug 1 ~J4 is fraud. Tha rail assembly 121,
with the attached detonator holder 1'10 and retaining ratl~ 118, is then
removed. The charge segments'130 are then loaded into the chsnneis i 26 of
the retaining rs~iis 1 i 6. The retaining rails 118 ensure that the charge
se~lnlents 130 are properly aligned and also limit tatr~ral movement of the
charge segments 130. When the charge segmeista are loaded into the rails 11
B) the spring 138 should firmly press the aligned charge segments 130
against the detonator holder 114 to form a line of segments 130 farming the
charge 4~2'. When this is done, the exposed explosive core 132 at the end
of the uppermost segment 130 should be aligned with the aperture 11'2' of
the detonator holder 110. The loaded assembly is then inserted into the
charge housing 44' and the set screw   1 April 2002 _g. 146 tightened to
securely hold the and plug 104 and rail assembly 7 21 in piaoe. The
detonator 114 may then be inserted into the aperture 19 2 for detonation cf
the charge 42'. As shown in Figure 9, there are eight charge segments a ~0
used to form  the charge 42'. It should be apparent to those skilled in the
art that the number of charge segments used may vary, depending upon the
size of the oharge needed. The charge assembly of the Invention is a great
advanta~gs~ over the prior art . -  in that it allows several smaller
charge segments to be used instead of a single farg~r  charge. Because
Iewer amounts of oxploaives are used for ea~eh charge segment, the - charge
Segments oan be manufactured ~ and paoks~gad~ to mast ourront rules and
regulations regarding the shipping of explosives to enable the charge
segments tn be shipped by air transportation. This is a particular
advantage in siluatlons were fast shipping times era important. The larger
che~gas used,in prior art devices cannot be shipped by air due to the large
amounts pf explosive that are used. Although the tnvention is described
with respect to specifio emhodimentn, modifications and changes thereto wiN
be apparent to tha5e skilled in the art without departing from the soopa of
the invention.   1 April 2002 10 CLAIMS: 1. A charge assembly for use in a
cutter for splitting couplings used in joining together lengths of buried
pipe, the charge assembly comprising: an elongate charge housing defining
an open housing interior; at least two linear charge segments, each segment
being longitudinally aligned in an abutting relationship with one another
such that there is little or :, 



no gap between the segments within the housing open interior; and the
segments thus placed forming a linear charge. 2. The charge assembly of
claim 1, further comprising: a pair of spaced apart charge abutment members
mounted within the housing interior, the abutment members engaging the
aligned charge segments at each of two opposing ends thereof. 3. The charge
assembly of claim 2, wherein: one of the charge abutment members includes a
housing end closure for closing off one end of the charge housing. 4. The
charge assembly of claim 2, wherein: one of the charge abutment members has
a biasing means for engaging the longitudinally aligned charge segments and
urging the charge segments into the abutting relationship. 5. The charge
assembly of claim 1, further comprising: a charge segment retainer located
within the interior of the housing, the charge segment retainer engaging
the charge segments for lateral retention of the charge segments within the
interior of the charge housing. 6. The charge assembly of claim 5, wherein:
the charge segment retainer includes a pair of longitudinally extending
rails, each rail having a longitudinal retaining lip, the charge segments
being positioned between the rails and being laterally retained therein by
means of the retaining lips.   1 April 2002 11 7. The charge assembly of
claim 1, wherein: each charge segment includes an explosive core encased
within a metal sheath. 8. The charge assembly of claim 6, wherein: the
metal sheath is open at the ends of each charge segment tQ expose the
explosive core. 9. The charge assembly of claim 1, wherein: each charge
segment has an explosive core selected from a group consisting of RDX, HMX,
HNS, PYX and PETN explosives. 10. The charge assembly of claim 1, wherein: 



each charge segment has an explosive core with a gram load of less than
about 25 grams each. 11. The charge assembly of claim 2, wherein: one of
the charge abutment members is apertured to receive a detonator for
detonating the charge segments. 12. The charge assembly of claim 1,
wherein: the charge housing has an outer diameter that is less than half
the inner diameter of the buried pipe. 13. A charge assembly for use in
splitting couplings used in joining together lengths of buried pipe, the
charge assembly comprising: an elongate charge housing having first and
second ends, the charge housing defining an interior; at least two linear
charge segments) each segment being longitudinally aligned in an abutting
relationship one with the other within the housing interior such that there
is little or no gap between segments; a pair of charge abutment members
that are longitudinally spaced apart and   1 April 2002 12 located within
the housing interior) the abutment members engaging the aligned charge
segments at each of two opposing ends thereof, the thus placed segments
forming a linear charge; a charge segment retainer located within the
interior of the housing, the charge segment retainer engaging the charge
segments for lateral retention of the charge segments within the interior
of the charge housing; and _ wherein the charge segment retainer includes a
pair of longitudinally . . extending rails, each rail having a retaining
lip, the charge segments ~ beiri'g ' positioned between the rails and being
laterally retained therein for sliding longitudinal movement along the
longitudinally extending rails. 14. The charge assembly of claim 13,
wherein: one of the abutment members has a biasing means for engaging the
longitudinally aligned charge segments and urging the charge segments into
the abutting relationship. 15. The charge assembly of claim 13, wherein:
each charge segment includes an explosive core encased within a metal
sheath. 16. The charge assembly of claim 15, wherein: the metal sheath is
open at the ends of each charge segment to expose the explosive core. 



17. The charge assembly of claim 13, wherein: each charge segment has an
explosive core selected from a group consisting of RDX, HMX) HNS) PYX and
PETN explosives. 18. The charge assembly of claim 15, wherein: each charge
segment has an explosive core with a gram load of less than about 25 grams
each. 19. The charge assembly of claim 13) wherein:   1 April 2002 13 one
of the charge abutment members is apertured to receive a detonator for
detonating the charge segments. .A3%.A`AFr.Asn9.AU.AY.AsY.A`A .A.A.A.A[.A[Y
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