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casing, cement liner and surrounding formation to provide
paths or tunnels in the formation through which oil and gas
can flow toward the well, through the holes in the cement
liner and casing and into the wellbore for transportation
to the surface. These perforations are typically
cylindrical or round holes made by conven- tional explosive
shaped charge perforators. Usually, these perforators are
tightly arranged in helical patterns around downhole tools
called well perforators or perforating guns, which are
lowered into the wellbore adjacent the target oil and gas
producing formations. Once in place the shaped charges are
detonated, thereby making multiple holes in the well
casing, cement liﬁer and surrounding target formation. In
many cases hundreds of these charges are detonated
sequentially in rapid succession to produce a large number
of perforations that penetrate radially in all directions

into the target formation.
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less than about 2.54 cm (i.e., less than about one inch).
After holes have been formed by the shaped charge
perforators in the formation, a highly viscous fracturing
25 fluid containing a propping agent is often pumped into the
formation to hydraulically fracture the rock and prop the
fractures open, thereby creating a permeable flow path
through which o0il and gas can enter the wellbore. A
typical problem often encountered when fracturing through
30 the circular tunnels made by conventional shaped charge
perforators is that the circular holes have a tendency to
bridge with the propping agents causing what is known as
"screen-outs" to occur in the fracturing process. These
"screen outs" frequently cause the fracturing treatment to
35 be halted. It is known that circular hole diameters must
be at least six times the median proppant diameter to avoid
bridging and the resultant "screen outs" that create
operational problems. It is also known that, if the holes
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It is clear from the above discussicn that a method fcr
creating lirear or slotted perforatiors using explosive shaped

charge perforators of a more conventional design as compared

to that of a linear shaped charge is desirable.

SUMMARY

A first aspect of the iInvention is defined in appended
claim 1.

A second aspect of the invention is defined in appended
claim 20.

A third aspect of the invention is defined in appended

claim 23,
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the main explosive charge. The initiation points are
usually located on the -main explosive charge such
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t he
shaped charge perforator contains only two initiation

points for the main explosive charge. These initiation
points are usually both located on either the back or
sides of the'main-explosive charge between about 165° and
about 195° apart, preferably about 180° apart, in a plane
perpendicular to the central horizontal axis of the
shaped charge perforator. When dinitiation of the main
explosive charge takes place at these points, ‘the
resultant detonation wave collapses the metal liner into
a jet having at least a portion in the shape of a hand
fan. This fan-shaped jet produces a linear or slotted
perforation in the césing, the cement liner and the
hydrocarbon-bearing formation surrounding the wellbore.
A booster explosive, which may be the same or
different from the high explosive comprising the main

explosive charge, is usually used to initiate the main
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initiation points. The booster explosive is then
initiated, usually wusing a detonator cord, at the
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the potential for bridging during fracturing treatments,
thereby increasing the effectiveness of the treatments
and decreasing the mechanical risks involved with such
treatments. Since the perforators of the invention are
non-linear and have a more conventional exterior
configuration than linear shaped charges, they can be
easily adapted for use with current cilfield perforating
‘equipment thus eliminating the need to retrain personnel
in their use. In addition, the fan-shaped jets produced
by the inventive perforators may expose more formation
surface area and produce less formétion damage than the
circular jets that are formed by conventional shaped
charge perforators. This, in turn, will result in
increased flows of oil and gas through the perforations

into the wellbore.
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enbodi ment of a shaped charge perforator of 5 the
i nvention having two initiation points on the main
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Figure 7 is a cross-sectional elevation view of

a éhéped charge perforator of the invention similar to
that shown in Figure 3 but having three initiation points
on the main explosive charge;

Figure 8 is a cross-sectional elevation view of
a shaped charge perforator of the invention similar to
that shown in Figure 3 but having four initiation points
on the main explosive charge;

Figure 9 is a cross-sectional elevation view of
‘an alternate embodiment of the shape charge perforator of
the invention having two initiation points on the main
explosive charge; and .

Figure 10 is a cross-sectional elevation view
of a shaped charge perforator of the invention similar to

that of Figure 9 but having four initiation points on the

main explosive charge.

A1l identical reference numerals in the figures

of the drawings refer to the same or similar elements.
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penipiates tBe 1nd1v1dua1 explosive shaped charge
perforators 10 in the perforating gun as it travels
through the detonator cord. The non-linear shaped charge
perforators 10 can be designed and arranged on the
-perforating gun so as to penetrate the hydrocarbon-
bearing target formation with substantially non-circular
perforations symmetrically in all directions or, if
desired, in a pre-selected plane or planes.

The non-linear shaped chargelperforator 10
shown in Figures 1-6 comprises a single, monolithic
axisymmetric metal case 12 having a cleosed back end 14,
side walls 16 and an open front end 18 that define a
hollow interior. The case is preferably made of steel,
pbut may be made with other metals, such as aluminum or
zinc. As shown in Figures 1-6, the outside of case 12 is
generally cup-shaped, but can take any shape which allows
it to be easily used with a conventiocnal perforating gun.
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50 interior of the case 12 formed by the inside surfaces of
closed back end 14 and side walls 16. '

The open end 18 of shaped charge perforator 10
is cloged with a concave metallic liner 24, which usually
has a shape selected from, among others, conical, bi-

25 conical, tulip, hemispherical, trumpet, bell-shaped,
hyperboloid, hyperbolic-paraboloid and parabolic.
Although the liner 24 shown in Figures 1-6 is in the
gingle shape of a cone, it will be understood that the
liner could comprise a combination of the above-mentioned

30 shapes. The liner is preferably formed from a homo-
geneous mixture of compressed powdered metal held
together with a small percentage of a binder material,
which can be, among others, a polymer or a metal such as
bismuth or lead. The powdered metal used to form the

35 liner is usually selected from the group consisting of

copper, tungsten, lead, nickel, tin, molybdenum and
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parabolic. Although the liner 24 shown in Figures 1-6

is in the _single shape of a cone, it _will be
FIESE650

Fhersot he 11 SRl CGFSF Coepliseramay be
GRENIMRE o o rﬁb]&bp\tﬁéwtd@ﬂ@iaao ishkepes cf®eing

I|ner is preferably for oma honD geneous
&E’ Se]srg Cﬂ% held together

W|th a srml’ﬂhep&tccle]nivagmuﬁr:aafomfdexasmuer ifa:lrmed/\/rhjycrclosed

n r S
SR A ST A R 4 R s YR SR or
35 emex4 u@ Lf@dalleq' vs:eﬂha@t éd oty mﬂ@@lg'ﬁomt@an@lstwwh
f i el i e
o, GHiEsped Widthe PCT/ uszoo?f/ 6“?11317%@%@% %e;&m rge

tafer edfhe Imgibrﬁ?%]é%f‘e’svet HEYgLicl Wmay he Rhgohithed #H%m
w0l by eanof TEtR) st eagind, @anmgNoerm PETN,

npr es ovvdere net al hol | i.nterior
B T
&t t heh |mmsj:aazsmiplmnfe 48 erll2 the foddedivwe t20 aand 22

rﬁ_rghcl%(maolslél %‘Eé ai2 m"fﬂé elio%zé:t@ﬁhgﬁﬂ%%#v%g%ﬁrbe

forma mai n ex osl ve charg
é)&;ﬂ @rne amter | &l Lheyene R hHgh a-*«méosm\excqwsmg
Mln AR od NV H: f%na\w,u&%mf%msew ﬁlom?Oahe

NL-11 or_another suitabl e explosive known in
ATREste ST oE RS 2Jel$t'rer4 sahcw& pat%}?%%&}@loswe

g hes Vi) |c$or@cfa<§t§§et11€ bakhe émfﬁatﬁ X s il ek glens ive
t same as,_ or | f erent from gaq_Z]E)o Iosllvte 3 £ are
T o b o o SRIELBE S apne
dcbmtsmeri radsouthel d%° grwd palofute XIH 55 \mﬂemhe'ldf dEdwesen

I I
sur? e o(?J aﬁﬁﬁ) PShyey cﬁyrﬁgﬁfa ﬂﬂeﬁéi[ag %Isaﬂd'ﬂv\% bagdo apart

mal n ex 0S| ve rge "at

|3t athe risa G qﬂh.th@t%ﬁl poFmkes Bee tcﬂ}itr% e Thasken
aPL 1 Do ANSh AROST p 8P rab B eTb i heldiBRfle plane
perpendicular to the central horizontal axis 11 of
perforator 10. The interior portion of the case
typically contains only the main explosive charge and is
normally devoid of wave shapers, deflectors, inserts,
inner cases and the like. However, for specific design
purposes, there may be a situation where the interior of
the case may contain one of these items.

It has now been found that detonating a non-
linear shapéd charge perforator 10 of the invention in a
wellbore drilled into a hydrocarbon-bearing subterranean
formation by initiating the main explosive charge at two
locations or points about 180° apart on the outside
surface of the back or sides of the charge will collapse
the liner 24 to form a fan-shaped jet that produces slot-
shaped holes or perforations in the surrounding



about 170 and 190 and nost preferably about 1800,
apart 20 on the back of the main expl osive charge.
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pl ane perpendicular to the central horizontal axis 11
of perforator 10. The interior portion of the case
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detonation wave traveling through the detonator cord
initiates the booster explosive at a single location at
the rear center of the closed back;end_14 of each
perforator. The detonation waves created by the booster
explosive travel through the two pathways 20 and then
through the booster explosive in the two pathways 22
until they reach the initiation points 30 located about
180° apart on the back of main explosive charge 26.
Detonation of the main explosive charge is then initiated
at these two locations to produce detonation waves that
collapse liner 24 ﬁo form a high velocity jet that
travels forward usually between about 7.0 and about 11
km/s. The forward traveling jet leaves the open end of
the perforator in the form of a highly focused metal
penetrator having a shape similar to that of a hand fan.
This jet, after it penetrates the wellbore casing and
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rgﬁggtéholﬂgaﬁgg'produced by detonation of each shaped
The actual size of the slot-like perforations
ana the resultant tunnels formed in oil and gas
formations utilizing ﬁhe non-linear shaped charge
perforators of the invention can be varied by varying the
location of initiation points on the outside surface of
the back and/or sides of the main explosive charge 26.
Typically, if the two initiation points are about 180°
apart on the back of the explosive charge, locating them
close together on the back will yield a narrow fan-shaped
jet that produces a slot-like perforation having a small
aspect ratio and relatively long length, while moving the
points further apart on the back of the charge will
result in a wider fan-shaped jet that will produce a
slot-like perforation having a larger aspect ratio and
shorter length. If one of the initiation points is moved
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when 10 viewed in cross section perpendicular to the
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gI03|ve charge and the other is noved fromthe back
?ﬂetPehPlB%aFﬁeebEb%ElF@estﬁﬁ%ﬁr explosive or the main

charge in lieu of a detonator cord. Also, instead of
being initiated at two single initiation points located
about 180° apart on its back.or sides, the main explosive
charge can be initiated at a cluster of points, e.g. 2, 3
or 4 points, located in close prdximity to each other
with each cluster being located about 180° apart on the
main explosive charge.

Figures 7 and 8 in the drawings illustrate
embodlments of the invention similar to the one shown in
Figures 1-6 but differing in the number of initiation
points on the main explosive charge. The embodiment of
the shaped charge perforator of the invention shown in
Figure 7 is similar to the one shown in Figure '3 but
differs in having a third initiation point 31 located on
the back of the main explosive charge 26 at a point near
‘the central horizontal axis 11 of perforator 10. This
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explasl & GhardRy 2 AlodtdP Wtk BRA 44 and side walls 46
that form a hollow interior with an open end. A liner 48
is disposed within the hollow interior and closes the
open end. A main explosive charge 50 comprised of a high
explosive material fills the hollow interior of the

_perforator and conforms to and is flush with the inside

surface of liner 48. Two passageways 52 in the back of
the closed end 44 of the case 42 run from the outside
‘rear surface of the case through the walls of the closed
back end and communicate with the back of the main
explosive charge 50 at two initiation points 54. The
passageways are filled with a booster explosive 56 that
contacts the main explosive charge at the initiation
points 54.

The perforator 40 is detonated by initiating
the booster explosive 56 at the rear of each passageway
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booster explosive 28 that fills passageway 23, which
runs through the wall of closed back end 14 al ong the
central horizontal axis 11 of the perforator. 5 The
egbodlt ment Ef t he shaped charge perforator of the

i nvention_shown in Figure 8 i
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perforator.
In the embodiments of the invention described

above, the main explosive charge of the shaped charge
perforator of the invention is initiated at two or more
points in order to form a fan-shaped jet that produces
substantially linear perforations in the target
formation. It will be understood, however, that
initiation at two or more points can also be used to
produce non-circular perforations of shapes other than
linear. In such caées the initiations points are usually
distributed about the exterior of the main explosive
charge such that on simultaneous initiation at the
multiple points a non-circular shaped jet is formed as
opposed to a circular shaped jet.

This application discloses a non-linear shaped

charge perforator for use in perforating an oil and gas
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passageways are filled with a booster explosive 56
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ontdeDask ofofBémmepisRsitveat bhae gein ittt isatironnding
pol nts 55 are | ocated between about “~165 and 195,

prfé?]%‘}aéf&&’/‘ about 180, apart in a plane 20
1sper pendi cul &het Bop heCan tiesETHO® | "z%ﬁht%ligk&xko GRafReCr

perforator. In the enpo s e
de@ﬁqlﬁéax noKOTE. 1?hé@en$u2%g%p?gil feat, %ge@dggﬁtnaglon of

shapad:char ge spBeb@saiariosf ofhéeawess igmt sis disclosed
initiated at two or nore 25 points in order to forma
f apextidped jet that produces

All of the numerical and quantitative
20 measurements set forth in this application (including in
the description, claims, abstract, drawings, and any
appendices) are approximations.
The invention illustratively disclosed or
claimed herein suitably may be practiced in the absence
25 of any element which is not specifically disclosed or
claimed herein. - Thus, the invention may comprise,
consist of, or consist essentially of the elements
disclosed or claimed herein.
| The following claims are entitled to the
30 broadest possible scope consistent with this application.
The claims shall not necessarily be limited to the

preferred embodiments or to the embodiments shown in the

examples.
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substantially linear perforations in the target
formation. It will be understood, however, that

wol206dd38fgson at two or nore points can al so be pggaagkat®r/031970

produce non-circul ar perforations of shapes other than
30 linear. In such cases the initiations points are
usual ly distributed about the exterior of the main
expl osive charge such that on simnultaneous initiation
at the nmultiple points a non-circular shaped jet is

formed as opposed to a circular shaped jet. 35 This

10

appl i cati 0&}1@ $ekQs8es, apfmr leiinear p§h@@€dap§i'hafagﬂons,
per f orat or

use i n per oratln (%
D Ens Gty Gt CPETREREh D B26 P00, 7 MRt T S b S o
argetihal edas baes dppliediconpreséscarpordtdd hirg their
ax'?é’P@%} e T8 %g EAsSE f é/i‘%'n%'a i s disposed a nain
0SIi e

exp arge tmeen front of the case, %P%Ph
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ckesetehac N:cﬁ%v@fraﬂhénﬁcﬁtﬁ&nen’lihie amdi hoeki oSiwereshamge
coptains, il IR! € o BLEEaLL AhObks. aREELSEably, WO

i At |a |onEBO|nts | ocate art on

oupdi BecauvIng anst VﬁtﬁéaEh%fr%gévﬂéob?haP PRERC ttﬁ% hose
p%ki@léﬁcﬁnl@mﬁehﬁnahed1QME<ﬁammechamggonﬁg|dnsarmpnion.
such ipt at the net La n
Biceriturar frocs arbraredity STPERCeRAEh o
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NQQ:¢LE cHh@rc e franat LepBin HLf@riablkyatbioseshapetl the
perforations,, in the surrounding formation. 15 The

AﬁBPFEﬁﬁ? ¢ EsHiSres t he right to claimor disclaimnow
or in the future any feature, conbination of

features, or subconbination of features that is

di scl osed herein. Al of the nunerical and
quantitative 20 neasurenents set forth in this
application (including in
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t he description, clainms, abstract, draw ngs, and any
appendi ces) are approxi mations. The invention
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Bal | i'stics, Septenber 23-27,2002

Bojgt-neod L{]:IITQ agisymngetrig liger @gggw ygltﬁlp,s,g(‘ud?amg)ﬁr@m@tnc case and
V
ALY lops PEAgEAE A1) Pl aigoph it eYiposed winin

ap hsiavmirmeridicddtvetn eaid Iver amdehe Thstd, Haakendgof said

426.433. AT -18 LLOYD W(SE .CLAI %5 1. A ma%hod for

f@wm@eya ganeatThAISIN $pid Maip ESPIOIEANAYRINGE 4 B that
r?rgs tfooéﬁ‘ﬂi{%s EWﬂGéH‘WItﬁ sHR 4168 LHASK BAd Bsides that

non- |near ape arge

conform to and are substantlally flush with said side walls, and a front that

LLOYD WISE

conforms to and is substantially flush with said liner; and

(b)  detonating said non-linear, shaped charge perforator by initiating
said main explosive charge at at least two points between about 165° and about
195° apart such that said liner is formed into a jet that penetrates said

hydrocarbon-bearing formation.

2. The method defined by claim 1 wherein said main explosive
charge is initiated at two points on its outside surface between about 165° and
about 195° apart.

3. The method defined by claim 2 wherein said points of initiation are
in a single plane perpendicular to the central horizontal axis of said shaped charge

perforator.

4. The method defined by claim 2 wherein said main explosive charge
is initiated at two points between about 165° and about 195° apart on said back of

said main explosive charge.
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perforator, said nmethod conprising: (a) placing said ,
non-1|inear, shaped charge perforator in said well bore, LLOYD WISE
sai d shaped charge perforator conprising (1) a single,

axi symmetric case having a hollow interior, an open

front end, side walls, and a closed back end, (2) a

jet- produ0|ng axugﬁnnetric | i ner. dj sposed. Mﬁthln

[ aid
aX| sy|’4|5rretrl'rd‘ec'@@ﬁ1 definadoly plging 2 wh ﬁghsglpdﬁgln%%ap{acharge
htlgte'aaét%m? Ban \ MRS ahgGt fﬁ?%‘?ﬁ% tﬁbBﬂaPéﬁ'dﬁ said S|des of
OW I nter tvveen sard T1ner a the cl osed back
Emd:i mfalrsaxmlosmmdmngmt ric case, wherein said main
expl osi ve charge has a back that conforns to and is
substantially flush with said closed back end, sides

that gonf orHe fRtitfdefiredbpslaaits wheteir saifinkiation [setd are
side walls, and a front that conforns to and is

Jodatechon B@Jﬂlsydeslrl%hth& kagk oA paid maerexpierive sharge.

detonating said non-linear, shaped charge perforator

by initiating said main expl osive charge at at |east

two pai.nts T meetiodbiefiied b cand Slwhatein $8h iafiation podits are
that said liner is forned into a et that penetrates
éac%tedrwbﬁaiéétdwﬂ%éheﬁydfi@r%ﬁﬁ@ma'@exﬁﬁgwﬁ& ha6ge:
defined by claim1 wherein said main expl osive charge
isinitiated at two points on its outside surface

bet weegh aboTie ﬂt@h@deﬂr@éﬂ)by cleirs &whetein BaidTllmdia’aienmmnts are
defined by cla i n,said point dnitiation
dpeatef pretaif e maaliBe Sioht Sharicnan SSILS EarBEn

hori zontal axis of said shaped charge perforator. 4.

The net hod defined by claim2 wherein said nain

expl os9.ve chee gmtho@ defined by ethirmt2 whergioisaicsaxsymairic liner

about . 165 nd ab sai C

TR 2 Srne S g Trord B dralB GsfenE o cBicel Hignical
deeifip ﬁ@éinl%?héhéél”tr@mfdé@ rsdlinsHeped, Apperbeiait osypezbelimparboloid
isinitiated at two points between about 165 and about
19% ppedbolien said sides of said main explosive
charge. 6. The nethod defined by claim5 wherein said
initiation points are |ocated on said sides near the
back o0{0sai Themigthed plefinéd &y deimge whéreifilsaidraxispadmetric case

defined by claim5 wherein Sﬁld initiation F ints are . .

| GURPESE AN SUPTPTSIEDS Selasied RMRIToMP GPRYsNg Shephical. biconical
SR, FRIYEp A &rumpet, bell-shaped, hyperboloid, hyperbolic-paraboloid,
cylindrical and parabolic.

11.  The method defined by claim 2 wherein said axisymmetric liner is
substantially in the shape of a cone and the interior of said axisymmetric case is

partially in the shape of a cone and partially in the shape of a cylinder.

12.  The method defined by claim 2 wherein said jet penetrates said
hydrocarbon-bearing formation in such a manner as to form perforations

substantially in the shape of a slot.
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8. The nethod defined by claim5 wherein said

initiation points are |ocated on said sides near the

front of said main explosive charge. 9. The nethod LLOYD WISE
defined by claim?2 wherein said axi synmetric |iner

conpri ses a shape selected fromthe group consisting

f ical,_bi-conical, tulip, henmspherical, ,
? r uﬁgglﬁfabe‘ﬁhei @%%geﬁmgbélggp df%n\}vﬁgre?r{ said perforations are the

%é%ﬁé%‘?laibséjb%%rﬁmg%hﬁar QlBF! parabolic. 10. The net hod

ned claim ereln said axi synmetric case
conprises an interior shape selected fromthe group

consi sting _of conical.. bj-conical, . tulip,.
heni spiferi cdl1€ m@ﬂwﬁgﬁm%@y c H’gglgdwhﬁmggl& slpthas an aspect
[Fﬁf?@ﬁepégtgpmmtqi_g, cylindrical and parabolic. 11.

e thod defined by claim2 wherein said

axi synmetric liner is substantially in the shape of a

cone, 3. Md AEFEAEafle ) Ut ZFERS KB ASR e crre
s apfitahesustyihitingarat said.twhmimte thyosk pdedterstdctbgnic ldetanators.

wherein said jet penetrates said hydrocarbon-bearing
formation in such a manner as to form perforations

subst i al ' ] ; ;
2y PR BIAG i) hpre S ) e char

e sihwitaheousdy iaitiatedrat saiddpe points by abixioster iexplogiveithatas initiated at
slot. 14. The nmethod defined by claim 12 wherein said

A 89ROk aspect ratio greater than about 1.5. 15.

The nmet hod defined by claim2 wherein said main

expl osive charge is sinultaneously initiated at said _
two polhts Dye swtheddefie¢dby claiinc2 whetgiasaidinitiagon phgaid main

8 5L B A ol 3 e NG g over

byoiat. boost er expl osive that is initiated at a single
point. 17. The method defined by claim2 wherein said
initiation of said main explosive charge is carried

out at,gai - j : TN RN R T QN P W aTo ¥ i

CEher 1631 TR SRRl PRI | Sl A ARyPiBove chage
W @riteited sieuttanedusheattivoirnmeoreheoigis. is initiated

si mul taneously at two or nore points. 19. The nethod
defined by claim2 wherein said initiation of said

Min 419  The method defined by claim 2 wherein said initiation of said main
explosive charge is carried out at said two points and there is no initiation at the
back of said main explosive charge on the central horizontal axis of said shaped

charge perforator.

20. A method for forming substantially linear perforations in a
subterranean hydrocarbon-bearing formation surrounding a wellbore using a
non-linear, shaped charge perforator, said method comprising:

(a) placing said non-linear, shaped charge perforator in said wellbore,
said shaped charge perforator comprising (1) a single case having a hollow
interior, an open front end and a closed back end, (2) a jet-producing liner disposed

within said case and closing said open end and (3) a main explosive charge
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expl osive charge is carried out at said two points and

there is no initiation at the back of said main

expl osi ve charge on the central horizontal axis of

said shaped charge perforator. 20. A nmethod for

form ng substantially |inear perforations in a

subt erranean hydr ocar bon-bearing formati on surroundi n

disposed avidinsaid rollowraierior H%%(\‘e,e%&?é% erangd G 65 BAR end of
rf Q.at ' i IGNPENsHB Bras (PhadN that B6nfBANSI to and is

%%p_q%s%e\gﬁ?reﬁﬁ%%%ﬁrﬂg&ge pert? o?at or in said wellbore,

sabstastiapefusthaity saptcibeedback eodpsides teatconferms imgneare

havi hol | ow _.i nteri f
sogrgeahn e wila sStsiod el o BeRPERy bhmeds 408G
W bBitish fustrweh 38/ Kersang said open end and (3) a
mai N explosive charge -21 LLUru vu~jt disposed w

thi .
sai d Hb) | owletonating saidmenvieesr, sangdihage "atek by ipdiating said
back end of Ld _c j [ b o i °
SR gohiave SFaite"daip P} Bl bolEey i A% 395" apart on
&ﬁé%uwndé alifface biusdid mdih esplogivelobaegt daatkthehsaiddingeés formed
that conformto and ar substantially flush w th sai
Snigea editnal panaraies sef et hpeaig fosmafn e 8 anner
sybstantd al i ' iofatidMBlsai herein said main
aée%) t?))nrg? |Réng égfgls@ntﬂn%rl]ry Wériffr%ﬂ Ogﬁgjé‘gg s’ghﬁagg{aggﬁ‘gr at or
baxpidHive ahamg isanitiatedeatmoeatheopoié charge at two
poi nts between about 165 and about 195 apart on the
out si de surface of said main explosive charge such
that sz d 'Tﬂtgfnétgocﬁ QefRE] by HAma20 fhetdialsaRPogsd dd€s not have
sai d hydrocarbon-bearing fofmation in such a manner
asn eliptiredderafileubst antial ly |inear perforation in said
formati on, wherein said main explosive charge is
initiated at no other point. 21. The nethod defi ned by
cl ai m 29 whegei n Rathddcasgefitees noy halem an20  wherein  said

elliptical profile, 22. The nethod defined by claim 20
whieireexplosive chage isesipIuianeeuedn Aiiated ot Saidi %ﬂ@&lﬁby a booster

Pl afTh Bl AP SRERACY o 735 A hon- 11 near

shaped charge perforator conprising: (a) a single
axi synmetric case havi%%pa hol | ow | rior defined by

t
(1) ~s2de wAInan-linegrsh Q&r%ERﬁ& fand (3) an open

\f,\,éﬁ%%rigﬁg' wherein said cl osed back end and/or side
I'S '0f ¥5ai d case contain at |east two passageways
(a)  asingle axisymmetric case having a hollow interior defined by (1)

LLOYD wisE

side walls, (2) a closed back end and (3) an open front end, wherein said closed
back end and/or side walls of said case contain at least two passageways
cofnmunicating with said hollow interior;

(b)  ajet-producing, axisymmetric liner disposed within said axisymmetric
case and closing said open front end;

(c) a main explosive charge disposed within said hollow interior
between said liner and the closed back end of said axisymmetric case, wherein
said main explosive chargé has (1) a back conforming to and substantially flush
with said closed back end (2) sides conforming to and substantially flush with said

side walls and (3) a front conforming to and substantially flush with said liner;
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communi cating with said hollow interior; (b) a

j et-produci ng, axisymretric |iner disposed within said
axi synmetric case and closing said open front end;

(c) a main explosive charge di sposed within said

hol l ow i nterior between said |iner and the cl osed
back end of said axisymetric case, wherein said main
‘@0l osi ve charge has (1) a back conforming to and
subst i al 5;3%%1@

Si desiag oalr ?noé]étéfgxplﬁ%ﬁ/gt?%g?g%ﬁ{; F)dpf usﬁwv%‘}tsg@égp ingle
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b tantiall h.w.th d, | - 22 L
e L g T
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LLOYD wWISE

25. The shaped charge perforator defined by claim 24 wherein said
closed back end and/or side walls of said single axisymmetric case contain two
passageways communicating with said hollow interior, and said means for
initiating comprises a booster explosive occupying said passageways and
communicating with said main explosive charge at said two initiation locations.

26. The shaped charge perforator defined by claim 25 wherein said
initiation locations are both positioned on the sides of said main explosive charge

and said passageways originate at one location in the rear of said closed back end
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passageways comruni cating with said hollow interior,

and said neans for initiating conprises a booster LLOYD WISE
expl osi ve occupyi ng sai d passageways and

conmuni cating with said main expl osive charge at said

two initiation |ocations. 26. The shaped charge

perforator defined by claim?25 wherejn sa

|qﬁ saidagasenancheass twelal) eaif ARk 506 ancotrid %Che wabs &9 gRid
6?' %%Oggg&gxpl osive charge and said passageways

one location in the rear of said closed
back end 23 LLOYD WSE of said case and pass through
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aamd ssad uaqsmga@eya@ylglr@te gﬁ twatseparate jrcatiepainathe rear of said

PO e

liRitibtigh \cyatibasat i ons. 28. A perforating gun conprising

a plurality of the shaped charge perforators of claim

23. 29. The perforating gun defined by claim?28

wher eiqy sai %n{;\ g fhePdHAeeharge
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plurality of the shaped charge perforators of
claink4. 31. The perforating gun defined by claim30
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eflned b\é claim 24 wherein said neans for initiating
REFRTAYREIY N det onat or cord. 33. The shaped char ge

perforator defined by claim 24 wherein said rreans for

initiating conprises an electronic detonator. -
30. A perforating gun comprising a plurality of the shaped charge

perforators of claim24.

31.  The perforating gun defined by claim 30 wherein said shaped
charge perforators are arranged in a helical fashion on the charge tube of said

perforating gun.

32. The shaped charge perforator defined by claim 24 wherein said

means for initiating comprises a detonator cord.

33. The shaped charge perforator defined by claim 24 wherein said

means for initiating comprises an electronic detonator.
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