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The remmining option for cutting downhol,e tubuiars is the use of tReapril 2002
| i near shaped charge. As in the radial charge, the standoff phenonenon has

E di‘ctated the design of various devices using the |inear formof a shaped

charge. Several of these devices use nechanical springs, unfolding charges
or renmptely extendible frameworks to properly position the Charge with the
proper design standoff against the coupling to ice cut. Again, the

conpl exity of such mechanl sns have provéd th be unreliable 1 April 2002
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The remaining option for cutting downhole tubulars is the use of the linear-
ghaped chargse. As in the radial charge, the standoff phehomenan 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 standaff against the coupling

to be cut. Again, the complexity of such mechanisms have proved to be unreliable
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The novel faatures belleved charaotenstlc of the invention are set forth in the

appended olalm.s.‘ The inventian itself however, as well as a preferted mode of uss,
further objects and advantages theraof, will best be understood by reference to the



1 April 2002 .8. the force, strain) and the pipe's nodul es of ~ el gatAprit 3002
and cross-sectional area. Running a cenent bond lag is another conmon

nmet hod of determ ning cenent depth 54. This nethod involves lowi ering a 20
khZ sound transmtter 70 and. receiver 72 that provides an electrical

~f eedbaak signal 74 that varies 8a a function of the sound danpening
charaoterie~tics of the material surrounding pipe 8fi. O her nethods

consi der the volunme of cenent 62 using vol unetric cal cul ations, or sinply

gases. ~~y »Owce cement depth 54 f's det'erm' ned, cutter 10,is I,._()\A/ere_ci into
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seating the upper end of housing interior.-98. The taower end of the housing
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44' and held in pleas by nmeans of set screw i06. O-ring seals 108 acre al so
provi ded Pstal mgiptine af sha PreferrediEmbadimegt 44° . Longi tudi nal | y spaced
fromthe endp 4 it g I i t ona | der
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- o, L, f 1 a2 o, o
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no gap between the segments within the housing open interior; and tReapril 2002
segnents thus placed formng a |inear charge. 2. The charge assenbly of
claiml, further conprising: a pair of spaced apart charge abutnent nenbers
mounted within the housing interior, the abutnment menbers engagi ng the

al i gned charge segnents at each of two opposing ends thereof. 3. The charge
assenbly of claim2, wherein: one of the charge abutnment nenbers includes a
housi ng end closure for. closing off oié€ end of the charge housing. 4. The

bl e e darob. atrain apd the WRES) Dagries o1, aleRfeofy HRE PRH PRl RS Do
urg Ie ng ; Rg?ﬁhlgggﬂ]ammag § Sndther ebmirianwetredof atmhntnm@ ceifisat depthye

, furth ch I ted
M hin L RS, | TRiEmeor inyaiehavearing & ekt st SEnREFer 2o Arikrebbhues oy
the char Qﬁt%ﬁﬁ%&%nfﬂéc&ﬁhﬂeﬁhbiﬂ ﬁgham erfnattmeerwaeummaf the'sbdmd t he

I nterior t he charge housing e _charge sembly of claim5, wherein:
t he char gempebinghchaeacseririosi ¢icthed E!ﬂt&"ﬂawﬂwmﬁﬁﬁgﬁ Péoaﬁ'al p?“%'x["tﬂ’ih?
rails, e | nt-s-
bei ng pogﬁﬁlsléglég\%%ﬂh na{ hgfﬂ?gtlt gdgﬁ{ gelhf\dgdy'g? glrdgih “Jﬁtﬁﬁg Eg?&eglgn by
means of t-he Omcaicementdapth 54 i’smmmihedmmerlﬂrls lawwemhmtgpipssaﬁbmwa\of

W Chin a oo Spadusior geaxLoaid 7o aa 0o mBUIGELT aRE 81 il Fofdidiar
metal sheg aeh&rcwm iBleahR8cRRds oife ARTHF 6dIRBQANAAHIETE. Kpctipooendietor

expl osive core. 9. The charge assenbly of cl ai wher ei each char
segment & (meexarm) Jg & @reunst coppaeted, Eﬁn"&"gpé e AR gﬁ YeP (PF"WQ‘?HNK

HNS,  PYX o%%dorgﬁ% @ﬁpbpﬁhﬁ‘é? 1010cabfac76 iefends 2atl V1 Of pdvidd® meaniofofi N:
conveyinq aurrant ‘that ignites cap 14, and conveys a coupling location feedback
signal to an instrument B4 (e.g.; combination DC pswer supply and microampmatet)
Instrument 84 senses the oduplmg location feedback signal and includes a swltch 86
to Igntta cap 14,

The ooupling locatlon feedback sugnal is an efectrical signal induced through
coll 30 upon magnetic field 28 being disturbed. Coupling locator 24 passing across
a pipe coupling 88 dauses thé magnetic field disturbance.

To identify the lowest coupling sbave cement depth 84, cutter 10 Is first
lowered to cément depth 54 and then raised while monitoring the coupling Igcatiop/
feedback signal using instrument 84, as shown in Figure 8. Once a coupling depth
Is identified, as indicated by the feedback signal using instrument 84, as' shown in
Figure 6. Once a coupling dapth is 'idenﬂﬂed, as indicated by the feedbaok signal
reaching a predetermined limit, cutter 10 is then raised a distance 90 to longitudinally
-align charge 42 to coupling 88° as shawn in Figure 7. At this point an operator trips
switch 86 to detonate charge 42, The explosion longitudinally splits 6oupling 88’
(Figure 8) so that pipes 36 are radially separated and removed as indicated by arrows
92 and 94, respectively. ‘

Referring now to Figures 8-10, a charge assembly 12’ is shown. The charge
assembly 12’ ia similar to the charge assembly 12, shown In Figure 1 with similar
companents dasignated with a primie symbol. The charge assembly includes an
elongate, cylindrical charge housing 44' that defines a housing interior 96. The

/



each charge segnent has an explosive core with a gramload of |ess thapril 2002
about 25 granms each. 11. The charge assenbly of claim2, wherein: one of

t He charge abutnent menbers is apertured to receive a detonator for
detonating.the charge segnents. 12. The charge assenbly of claim1,

wherei n: the charge housing has an outer dianeter that is |ess than half

the inner dianmeter of the buried pipe. 13. A charge assenbly for use in
splitting -couplings used in jOInIng t ogét her Iengths of burled lee t he

h ch
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open at t Hetalniog rails ¢36h 16 Ha‘Fgﬂwse‘gHﬂmt @meewpbgmtumww prigiainythec bpusing
interior 96. The rataining rails 116 are secured at the ends to the hoider 110 and end
plug 104 by fasteners 116 and 120, respeciive’ly, with the end plug 104, detonator
holder 110 and rails 116 forming a removable rail assembly unit 121.

As can be seen more clearly in Figure 11, each rataining rail is pravided with

inwardly projecting retaining lips 122, 124 that define a channel 126. When the rail
assembly 121 is mounted to the charge housing 44, the spaced apart and plug 104
and datonator holder 110 within the housing Interlor 96 define a detonation chamber
128. A linear or longitudinal charge 42’ is housed within the detonation chamber
1_28. The charge 42’ is formad from a pluraiity of smaller linear charge segments
130. The finear charge segments 130 have a generally V-shaped transverse cross
section', as shAWn in Figure 11, Each segment 130 has an explosive core 132 .
surrounded along the sides by a seamless metal sheath 134, The metal sheath 134
terminates a't the ends of aach segment 130 so that the core material 132 is exposed
at both ends of each szagment 130. Suitable core matarials Include RDX
(cyclotrimethylene trinitramine), HMX (cyclotetramethylene trinitramine), PETN _
{pentasrythritol tetranitrate), HNS (hexanitrostilbene) and PYX explosives and are
generally known by those skilled in the art, These materials generally have



17. The charge assenbly of claim 13, wherein: each charge segnent HaApri2002
expl osi ve core selected froma group consisting of RDX, HW) HNS) PYX and
PETN expl osi ves. 18. The charge assenbly of claim 15, wherein: each charge
segnent has an explosive core with a gramload of |ess than about 25 grans
each. 19. The charge assenbly of claim 13) wherein: 1 April 2002 13 one
of the charge abutnent nenbers is apertured to receive a detonator for

detonating the charge segnents. .A3% A, AFr. Asn9. AU AY. ASY. AA . AAAA.AY
. ATFGH_Xac2knD Q S U W |~ysnhc] X] calU[ca]caUlc a]c aUc

?J% gfgfﬂaygﬁ%ﬁfg% '§§%ﬂ gﬁf@‘@&é‘%%‘? icl %@Q*Jiﬂ/s at a load density of betwean
about 1.60 and 1.86 g/ca.

The explasive core- 132 of each segrment 130 may have a gram load of
explosive of less than about 25 grams. This amount of explosive is ourrently classed
as a Class C explosive by the U.S. Department of Transportation so that it can be. -

“legally shipped by air transpartstion. It should be apparent, however, that the
‘amount of explosive qsed may vary, depending upon the applicable rules and
regulations regarding the shipping of explosives by aircraft. Thus, the amount of
explosive used and selectad for the core 132 of each segment 130 ahould be at or
below those levels that may be legally shlpped by air transportation.

The charge segments 130 are lonqltudmauy aligned hetween the detonator
holder 110 and the end plug 104, with each chégge ssgment 130 abutting against
the adjacent charge segments. A coiled spring 136 mounted to the upper end of the
ond plug 104 and projacting into the detonation chamber 128 preases against the
lowermast charge sagment 130 and provides an upward blasmg farce for urging the
gegmants 130 against the detonator hclder 110, thus maintaining the aligned charge
segments’ 130 in a close abutting relatlonship. There should be littls, If any. gap
between the explosiva material forming the core 132 of adjacent segments 130. In
this way, the detanation of the aligned segments 130 forming the charge 44' will be
the same as that from a single, continuaus Iength of exploslve charga The length
of the ralis 116 Is selected to accommpdate the desired number of segments 130,

The charge assembly 12’ Is loaded by first loosening the set screw 106 so that

" the end plug 104 is freed. Thé rail assembly 121, with the attached detonatar holder
110 an& retaining rails 116, is then ramoved, The charge sagments 130 are then
loaded into the channeals 126 of the retaining rails 116. The retaining ralls 116
ensure that the charge searﬁents 130 are properly aligned and aiso limit lateral
movement of the charge segments 130. When the charge segments are loaded into
the ralls 116, the spring 136 should firmly press the aligned chargs segments 130 -
against the detonator holder 110 to farm a line of segments 130 farming the charge
42'. When this Is done, the exposed explosive oore 132 at the end of the uppermost
segment 130 should be aligned with the aperture 112 of the detonator helder 110.
The loaded assembly is then inserted into the charge housing 44’ and the set screw
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shipped by air transpartation. This is a particular advantage in situations were fast
shipping times are Important. The larger charges used-in priar art devices cannot be
shipped by air due to the larga amounts of explosive that are used.
Although the Invention is described with respect to specific emhodiments,
modifications and changes thersto will be apparent to those skilled in the art without

departing from the saope of the invention.
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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 - - -
. PO

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 cllrarge 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.
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$19%I&cb§rge|;se@nt includes an explo |ve 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



QURAQV7: 1 1 z#10%& ()- 10%& ()- @O0%& ()-Y(10%& ()- 10'0' o 10' o'

10' 0' 0! Y"10% o' 0& ()- G QQRS?SSTzX9uV7: 1 1z 109&Z: & ()-f! lg 109@Z& ()-

109Z-& ()-T!> z#10%6 % & ()-!° z#1owz&' O-1"
z#1098nBMe’ ().- TeTTTj UV} A<uv7: 1 11" *g 109%2Z& ()-f*g 109&Z6& ()-f!"
1092Z8&' () - T#g 100/<z&& ()-T 3109%& ()-! z140983&' () - f x VAN V7 : 1 1,3- 10%
& ()-y10% h& ()-(10% h& ()- 10ZZ 10ZZ 10ZZ!"S2 109%ZZ& ()-S2
10%Z: & () - WeKatsORRBIR "tﬁaVﬁoﬂsuid ﬁtem% hhd &ak)tmeht 1¥mBefs) -d g O%e

g#10% & () -

3 10% hg! ZuzZ[} "
he' ()-$S 10998et) | dhertd pegmerte; ?t) eé‘g'iogfs Q’(Y) onrEs A?ﬁygﬂl‘ﬂ% figoethus

& ()-[[[V]

pihtda édmieritsd Atkaig(a tinebPBharge;

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 beirig
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.

156. 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:

P‘T‘Pr@} 2002
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