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Pat ent Application No. 10/684,858 (which was filed
Oct ober 14, 2003 and which is entitled "Method to

I nprove Perforating Effectiveness Using a Unique

Mul ti pl e Point I ni ti ated Shaped Charge Perforator"),
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casing, cement liner and surrounding formation to provide
paths or tunnels in the formation through which o0il 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 liner and surrounding target formation. In
many casges 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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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 oil 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 cilrcular 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 discussion that a
25 method for creating linear or slotted perforations using
explosive shaped charge perforators of a more
conventional design as compared to that of a linear

shaped charge is desirable.

30 SUMMARY
In accordance with the invention, it has now been

found that linear and other non-circular perfora-tions
can be made in subterranean hydrocarbon-bearing
formations surrounding a wellbore by detonating in the

35 wellbore uniquely designed, non-linear, shaped charge
perforators having multiple initiation points. The
shaped charge perforator of the invention is comprised of
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surrounding a wel |l bore by detonating in the well bore
@isgind e demirglie.ah,ealmr&ﬂﬂsmletrshapedechavgag gide walls,
per f or at ayi, [ [ poi [t he

Shapt éﬁﬁ%ﬁ%%EQ éér ogg{or Sfﬁehb%%egggon BlSmgbg' i sed
@‘xplcamaa sihagige, qmpmsm@anofaﬁu Sy aheerpbdosdye %ﬂilﬁg the -

I d b
B P ﬁgﬁt@’; acé%@lefdgg} ealy sqa@ a«aihgssﬂd @%s@aﬂ bk

mal N ex npri, sed g | osi ve
fetid s amde alatoRn qangd@iwwm@yrﬂﬁemgr—aé \J@neéf si@ses -

HiRs e inck-itd er@n G difd 'o%rs%dUC'I‘hg a%b3 WeARer ldharge has
netal i ner closes the 0] % .g of. the case.

R LIRS e J B FORTET (e, Lhe
vmt %lrt]'gf aﬂge‘ gfrmdﬁd.dﬂ‘lwfsdhﬁm cefset de fiinker byr tife tdimsed
e ne l.ose ac Sl
Rod R 1 de S S oA e S e v
oind rm:nﬁrsmte tsurtflec eslufpe g [theerinside shafedecind gae

I
PEf A&, t| on OI ntp%%f zﬁﬁée%a c’i%.\t%rt‘i% AN gPIFesi ned to

inrtia I n expl osive_ charge
ihave aﬁW@rmpdmcmes Jé?:'é:mr} >pq1@&§t &@rofben@aia @Xploswe

S AR e b e s on i
iner.is me
R inCARIRYIVE faTdh SHCRHRAT habeR 5%5%%‘10 charge
?B@Effﬁaﬁcﬁh.e Jlsﬁtdét(brpﬂnﬁi J adlee t]th.exelxydlSO(f@tthmd bersra nag jet
or ion 1n
paét}f ef,aastztf o% Spﬁn]c] w[]l;éatcl'?shaﬁo ap rs%(‘j#%e t@l?ﬁ Cér[a%‘h.eaé' the

Ion
e di orepenafratre uhwémdmpanhmlmé@gc tfavrrgtatlon in

PELLRr 2t mffé%_m argg{s}adﬁa@ AdH 1d i3 aR P Yot 1 4 in

mai h expl osi ve These i nitiation points are
u@@%]f@rmﬁﬁ¥Pmocated on either the back or sides of

the main exph osipee FhRFEE dbodiaembeift t1B5 antntion, the
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 thelmain~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 casing, 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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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 oilfield 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 formation damage than the
circular jets that are formed by conventional shaped
charge perforat‘ors. This, in turn, will result in
increased flows of oil and gas through the perforations

into the wellbore.
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non-linear and have a nore conventional exterior
configuration than linear shaped charges, they can be
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Flgure 7 is a cross-sectional elevation view of

a shéped 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 elevatlon 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.

All identical reference numerals in the figures
of the drawings refer to the same or similar elements.
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cross-sectional elevation view of a shaped charge
perforator of the invention simlar to that shown in
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initiates the individual 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 charge perforator 10
shown in Figures 1-6 comprises a single, monolithic
axisymmetric metal case 12 having a closed back end 14,
side walls 16 and an open front end 18 that define a
hollow interior. The case is preferably made of steel,
but 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 conventional perforating gun.



The detonator cord i initiated by a blasting cap that
is activated by an electrical signal generated at the
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closed back end 14 and side walls 16.

The open end 18 of shaped charge perforator 10
is closed with a concave metallic liner 24, which usually
has a shape selected from, among others, conical, bi-
conical, tulip, hemiépherical, 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
ghapes. 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
liner is usually selected from the group consisting of
copper, tungsten, lead, nickel, tin, molybdenum and



center rear of closed back end 14 through its walls
upward and downward at about a 45 angle fromthe
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These pat hways 20 intersect and conmunicate with

pathways 22 in the walls of side walls 16, which
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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 shaped 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
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the art. A booster explosive 28 fills the pathways 20
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may be the same as or different from high explosive
conpri sing mai n explosive charge 26 and is usually
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initiates the booster explosive at a 31ngle location at
the rear center of the closed backfend_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 Eo 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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These sl ot-shaped or linear perforations do not bridge
as easily as the round holes forned by circul ar shaped
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than two points.

The actual size of the slot-like perforations
and the resultant tunnels formed in oil and gas
formations utilizing the 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
glot-like perforation having a larger aspect ratio and
shorter length. If one of the initiation points is moved
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the formation be substantially |inear having an aspect
rati o greater than about 1.5, preferably greater than
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strai ght, deep and undanaged. In order to obtain these
optimumresults, the jet produced by detonation of

» e‘éaodnn stlrt@ehacihaufﬁge:hﬁerdm]aisjwes fednalrdreb.decs udiset aretaraldfy one

10

15

20

25

30

35

Lot g E i %%Ej&é%s%h%b% S TROUEE Y

sm*rs@ xom ghe |1§Qi©rtrﬂaltlfgﬁ me@‘reprfe&hteh@uoptdmnmmde of
d Nidy aRd 3fige ¥ h‘ﬂ%h%gié?:{h?e%b%tll

180 apart SI ngl € plane perpendicular t
RHItRER Lrﬁﬁd z'arﬁ ait By ovi klh ereeiucsr & eerioragion kaving

Lahdeéﬁxo%rg}w@@ecﬁ haltdd nearovae@f ehal RIHh R He

obtwd %X éé:[”t' r%_gtg}e sp& o gle %&)@%%tttor&g}d the

ndndbd Yee L rad mmrxf dreatahche flidrtewd Al thafdeslBy rdssdt in

N Nt I R R e
mlrcn:llsce 1ameslaaﬁ1jalk$|;zaafﬁﬁratm@rsﬂl@tvlm|gka Rerfoerattispest

%f@%ﬁd&%ﬂg 1 formed in oil and gas
formati ons utl Z|n the non-1inear shaped charge
per f or at or sltbfthene e &fn the Javesdlop vespnigped

td¥o¢OC At O Mnpin |ék§lc’§1\ﬁ¥‘ dMArfes oFN thike sPfrid®harge
surf e of %ngll;‘g‘ﬁ(:k and/or si,des qf .the main explosive

RASEE 9t iSRRG G G fHhPeiRte by
aabdmﬂoér&ﬁr aparliosanvd thdiadles afetiohatexdpliasi Io‘ﬂe ehalkge by use

l9cating g he :tclcosredtOQ[ﬁ:t N&r 10 tE%d%%%'%oo hél'e'd a

narrow fan-s ape jet t produces "a“ sl ot
pler¥okrattiamn afavihey waigmabargspeen bat C@ram@dr efudt |dueiey:tly

| | endbn bty &JRY WAG AR FE‘PJe”h%ef Wt '&e‘bo%%%

the back of the charge wll result 1n a wder
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AESLPNA 10N AN EHA! e 3RRAEer! SPIRITSRY ke main
length, If one of the initiation pointS i s nove
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 prbximity to each other
with each cluster being located about 180° apart on the
main explosive charge.

' Figures 7 and 8 in the drawings illustrate
embodiments 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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- 11 -fromthe back of the explosive charge to the
rear of one of the sides of the explosive charge and

wo basosdies i s noved fromthe back to the rear PET/URID04/031970

opposite side of the explosive charge, an even w der
fan-shaped jet will be produced and in turn w|ll
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%1? ﬁ; ,{1@#2&5@ 180 apart on the main
explosive e ur in the draw ngs
i |lustrat e %V%fe“th?éih“\?ﬁéntqfoﬁ@ mqna'rlltn@atrhe

SN ML At R &t ©8atlod chyttlﬁs fifoeteintd drn ithe NwEeated -
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ﬂ)éWﬂﬁhEaitQFr shovwhdwn Flgriggukd S Slmarifairatmﬂ M&) arenprises
a%hgg\gei& agvl'JJ{neg 3a béjfosed back end 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 explosivé charge -at the initiation
points 54.

The perforator 40 is detonated by initiating
the booster explosive 56 at the rear of each passageway

- 13 -



differs in having a third initiation point 31 | ocated

on the back of the nmain explosive charge 26 at a point
wme@s/osd1es central horizontal axis 11 of perf ore€DUS04/031970

This - 12 -third point on the main explosive charge is

initiated by the booster explosive 28 that fills

passageway 23, which runs through the wall of closed
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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

25 points in order to form a fan-shaped jet that produces
gubstantially 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

30 linear. In such cases 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.

35 ’ This application discloses a non-linear shaped

charge perforator for use in perforating an oil and gas
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expl osi ve charge 50 at two initiation points 54. The
passageways are filled with a booster explosive 56

initiation points 54. The perforator 40 .is detonated
by initiating the booster explosive 56 at the rear of
each passageway - .13-52, usually by use of a

detonator cord, not shown in the drawing, that is in
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t Gorhettentral horizontal axis of the perforator. In

t he enb0d|mﬁﬁ;%.%ﬁlbgﬁt|ﬁ&ﬁﬁh@@ntdeSEingdt@hﬂMﬁmlbhe
mai n expl osi ve charge of the shaped charge perforator

oﬂlshéalmquw|Qﬂwlﬁsthﬁ|f¢%ﬁﬁﬁ1%ﬂ¥ £GBLBFE ot SRS RE
Ordegaaglfc%f“%ﬁbc%&b%ﬂg{ﬁghjéf 0@l - REOENEESi s disclosed

stbety near perforations in the target
f aemaihon. It wi || be understood, however, that

All of the numerical and quantitative
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
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.

A The following claims are entitled to the
broadest possible scope consistent with this application.
The claime shall not necessarily be limited to the

preferred embodiments or to the embodiments shown in the

examples.
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initiation at two or nore points can also be used to
produce non-circul ar perforations of shapes other than
WO 2vems8193 N such cases the initiations points BCEUS2004/031970
usual Iy distributed about the exterior of the nmain
expl osi ve charge such that on sinultaneous initiation
at the nultiple points a non- circular shaped jet is
formed as opposed to a circular shaped jet. This
application discloses a non-Ilinear shaped charge
perforator for use in perforating an oil and gas : -
14 -fornatimhlipﬁuenmm cpraonwﬁiIHdW@ahaatbepplucatiQnB,
COBRY L8S o PnOP Bkl s aﬁasgfmaéga GatRldl -¢asE &

I sposed a mai n expl] osive charge between the
f retersrdt ke HasdiiswaPehirattInsed PCRYROESREdyEn Cheir
5 Mednali rekpeherahd Wihehdkoseflebanie end of the case. The
mai n expl os 0 I n
P %\Y@h@%ﬂ %5 GORLALAS; Sl splb%e!n HE’S@"L%‘%%Om

poi nt s, era ini_.tiation points_ |ocate
wt?f@ﬁﬁflt:eoh%%\f%ﬁﬂls |ea80§w$%fc% a&rd ttRe tBRaf §8ured in
thﬁk ahenihfe perforatident stiet aratyed lttkeamabns char ge

odqlfg g%‘fgnéu&{h %%aEQ nmﬂlblﬂen%rppa%eﬁ | {:gpél%jse

non-circ grefer an-shaped je
10t Wé‘itlléleélr éést]tlﬁea?ctaénnéls tipl W |ﬁ&5@@oaﬁa %?%lptwn
Nocoirig uhay, pﬁtEf:KH dlitensed pt ef@itabice sliahinshaped
PR pRN21 | Bl SN0 fRTALLe 0n Nna

canPnreserves m or dr ¢l al m now
(Mvaﬁiaﬁh@nﬁuthﬁ@ eyl ﬂ@ébaﬁeth%cﬁﬂﬂﬁﬁﬁlaﬁﬁ §FOPRabtirtde
Orappébeenbknaihen of features that is disclosed
herein. Al of the nunerical and quantitative
measurenents set forth in this application (including
in the description, clains, abstract, draw ngs, and
any appendi ces) are approximations. The invention
illustratively disclosed or clainmed herein suitably
may be practiced in the absence
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of any elenent which is not specifically disclosed or
cl aimed herein. Thus, the invention nmay conpri se,

W@ omvsi03819Df , or consist essentially of the el eP€nUS2004/031970

di scl osed or clainmed herein. The follow ng clains are
entitled to the broadest possible scope consistent
with this application. The clainms shall not
necessarily be limted to the preferred enbodi nents or
to the enbodi mentld.Ss oKD IN es . - 15 -Al
patents, prior-filed patent applications, and any
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| i pedk e, t Beaekosiest h&ﬁﬂfo@ﬁdt@faﬁ@ackeawu&)emtﬁamy

CPERMRI IoTg (PSR, O0h1E SR e ol
cl oz dis substantially flush with said 11ner, and
(b) detonating said non-linear, shaped charge

perforator by initiating said main explosive charge at
two or more points located such that said liner is formed
into a jet having a shape that enables said jet to,
penetrate said hydrocarbon-bearing formation in such a
manner as to produce a substantially non-circulaxr

perforation in said formation.

2. The method defined by claim 1 wherein said
jet, when viewed in cross section perpendicular to the
plane in which the jet is broadest, comprises a fan-

shape.

3. 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.
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back end, sides that conformto and are substantially
flush with said side walls, and a front that conforns
W 008088195 substantially flush with said |inerpPCEOS2005931970

detonating said non-linear, shaped charge perforator

by initiating said main explosive charge at tiwo or

mor e poi nt S«Jjq J OM@dnee:llﬁa td'%ln&di ﬁy: chebimi 3 wheredn said

intp a j aV|n e .t hat enabl es.sai tq.
genErfal & AP TR A0 A g FERG PP RAREOREFRobRiRuLar

ntmsm'ehie aSertttra:fr drehacier om tst b siixast loﬁl baidoshapiedcoharge

perfﬁﬁat|on in said formation. . The nethod defi ned by

P& ﬁa%%%Teln said jet, when viewed in cross section
perpendicular to the plane in which the jet is

broadest, coOnpriyses & éﬁ"%{é@ﬁ%ed by TGQa‘:‘[ﬁt Rogndetinedaiq

by cIa|n11 wherei n sai d nmai n expl oSive charge is
imein aexplesivarinan sl%ritmttsla&mﬂs P&e t¥er PaééltSeb\%@ﬁen

abogtit 16565 anch aboutl 9 paidart- b9 4aidTBackebliodaid main

defined, by claim3 wherein said points of initiation
BEPIPELY ‘F{‘b?’ég% ane perpendicular to the central .
hori zontal axis of sald shaped charge perforator. 5 .

The et hod defi ed Qy gg%%- e%&%%lﬁithW@hgreln said

expl osi ve charg S | poir ntS bet
abaih éﬁﬁlmmvamimrg]eeaeapamtmesiaa& bawok pointgi Hetween

%ﬁﬁ@é@é%@a e 150 o yﬁtﬁ%hh%@l@ef Siped By ghagm

erern sard maln expl osi charge 1s initiated at
twdipoprplopbraedir®dout 165 and about 195 apart on
sai d sides of said main explosive charge. 7 . The

net hod defi ned claim§. rein.said i,nitia
points are focat %‘H%jgﬁfdﬂgﬁﬂf§PﬁgéF i Ba %egﬁlgaﬁald
nﬂnﬂtfapi@nlpmnmﬂsuqma loddtedreihedideiided bpacl ahm back

thrgéfd m fh explosive charge.

' 8. The method defined by claim 6 wherein said
initiation points are located on said sides near the
middle. of said main explosive charge.

9. The method defined by claim 6 wherein said
initiation pointé.are located on said sides near' the
front of said main explosive charge. '

10. The method defined by claim 3 wherein said
axisymmetric liner comprises a shape selected from the
group congisting of conical, bi-conical, tulip,
hemispherical, trumpet, bell-shaped, hyperboloid,
hyperbolic-paraboloid and parabolic.



initiation points are |ocated on said sides near the

m ddl e of said nain explosive charge. . The nethod
waledosossioby claim6 wherein said initiation poPEL/ESEN€031970

| ocated on said sides near the front of said main

expl osive charge. 10. The nmethod defined by claim3

wherein sajd agheVEBAcd ddfied WP d1NEEm & Sorh%%m said
sel ected fromthe group,consisting of co |caI :

2EIFYBERL TG CasehERTRARERF caT, 1R &F) %ﬁ%‘é‘bﬁd
RetiRt RakOl ouiby@ehb@lst@ngabﬁbobmdaandbpaeabpéar tul:l.p,

K ANEEAE Loa S UBRr | CELUAAARRCRr | BYPEHARO S8 ect ec

rbbalgp@uﬂabomsuéL|nglmﬁdrnuabaandbpar@bmbﬁ¢
tullp, hem spherical, trunpet, bell-shaped, .
hyper bol oi d, hyperbollc parabol oi d; cylindrical and

par abol i c121 TmhemaEthd@iéimﬂdOSbycbam | Ivhersial paid
& | ;pe i ahl n S

S BRI i, 1RCbubBCaHETARE) S Vit fohdbe SORRE

iconega eridaltihe ﬂ@t@ﬁe°§h§§eSéﬂdaaﬁbﬁﬁm@ﬁﬁrbﬁr??%?Iysln

E$EEE¥%MT§ qf 3HeYlshader ofla. cdhe sREhpdrdeilnedihythe

aim 3 ereln sai d perforations are substantially
tSREReh e 2CYAWEEEE . 1 . The nethod ‘defined by clai m
13 wherein said perforations are the shape of a

substantially &p ngﬁ%‘aﬁ%‘?o‘tﬂe Pned @igﬁg Igj%ﬁ&eecg.lpysald

claim 13 ére as an rat1 o greate
tgearf catenitons. Brel @ubShentéahdy tbei agapbyoa ai ﬁl@t
wherein said main expl osive charge is sinultaneously
initiated at said two pQints, by separate el ectronic

“det onat or $4. 17Th$h@eh?é9ﬁoée§élﬂ?‘ﬁe‘ay bSietmi tn IR g paid

SH 2k TR P B8 theChakge of ai Bubbaaaetalyyi Diheated
at. said two points by a booster explosive that ie

iHhqG-ated at a

15. The method defined by claim 13 wherein said
glot has an aspect ratio greater than about 1.5.

16. The method defined by claim 3 wherein said
main explosive charge is simultaneously initiated at said
two points by separate electronic detonators.

17. The method defined by claim 3 wherein said
main explosive charge is simultaneously initiated at said
two points by a booster explosive that is initiated at a

gingle point.

18. The method defined by claim 3 wherein said
initiation of said main explosive charge is carried out
at said two points and there is initiation at no other

point.
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single point. 1 . The nethod defined by claim3
wherein said initiation of said nmain explosive charge
w0 2008a88192d out at said two points and there iBCT/US2004/031970
initiation at no other point . -21-19. The net hod
defined by claim1l wherein said main explosive charge

is initiaged S'![‘Hé”thé‘ﬂ%&'%éfﬁie& WYy (LR @ Rdidtiedin &:ui
A-nethod for, forming substantjally ljn er f atlo
iz §&Eﬂéﬁ?§ﬁe§ﬁaﬁgarb%a%%bﬁla%% &t gf#ﬁﬁ%ﬁ %iy "two
S mrediged nksel | bore using a non- Ilnear shaped
charge perforator, said nethod conprising: (a) placing

said non-linear, shaped charge perforator in said well
bor e, sal dOS haaemlethad geop eff ixem i reudEEritsialg | Dinear

Beg e it ot S ek Britie el Brofbca it St iy
danmanm¢nmsﬂﬂn@ugdndgcasweéhboteo%$h@gs%|@O@ %%Hr
ag?% psd Ia}ﬁg{éﬂ UQaLYE, ngigemgtﬁ@@s%ﬁ%mﬁgsal d

betmeen Sal i ner and the closed back
end of sai d@agdacinsr sphdsBra-MneaExpFaaPse ChRFge

%th &&%&tﬁatsa%nmwsbb@eansam §H&>§é@néh@d:¢;<y fl ush

said cl osed ﬁ gﬂ ormto 91
é%%?@QH%QQﬁHQQQﬂgﬁsﬂpﬁs 1 Fhs§ﬁﬁaesFﬁ%eag?Y§nga%dgg ov
firr ddat anﬂﬁﬁyﬂﬂirbntaeddlanduhsthnSedlbgckles@,mMEh a

d | d
ot Bl D) B8R0 BEASL o0 bhpEckna closing
eaq]lcbmpﬁm crat gadat(3)we paint §Xbét3ﬁ/é§ﬁ ahayge 185spAged

ex‘?#f ril9s.5a 11 tllia%eﬁﬁl%:%l Q@t%éﬁagalaf 18ak¢ SRENthe

pl osi ve arge such said liner is, forned

fqﬁpgﬁﬁﬂhﬁpﬁggnQrgﬁ %iéﬁeFﬁﬁﬁesWQEFaln said main éxp9031ve
Pt Qg o - é?q%rdm&n‘aar Eﬁ&htﬁaﬂmlsnt&uahdalﬁaaﬁbstaﬁtlally

BE 2 gubetantl Al Ly Beak. ekl OLahEgn kD Sablrorm to

I03|ve C
and are substantlally flush w1th gaid side walls, and a

front that conforms to and is substantlally flush with

said liner; and )
(b) detonating said non-linear, shaped charge

perforator by initiating said main explosive charge at
two points between about 165° and about 195° apart on the
outside surface of said ‘main explosive charge such that
said liner is formed into a fan—shaped jet that A
penetrates said hydrocarbon-bearing formation in such a
manner as to make a substantially linear perforation in
said formation, wherein said main explosive charge is

initiated at no other point.

\

21. The method defiﬁed by claim 20 wherein said

case does not have an elliptical profile.

22. The meﬁhod defined by claim 20 wherein said
main explosive charge is simultaneously initiated at said -
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initiated at no other point. 21. The nethod defined by

claim 20 wherein said case does not have an elliptica
wW@e@hiobsa9s 22. The net hod defined by claim20 WheT/E52004/031970

said main explosive charge is sinultaneously initiated

at said -22-two points by a booster expl osive that is

Luirated gl o single polat, 2%, Ao hhaedk.shageds

AXh§yampbin€. case having a hollom1|nter|or defined by
(1) side walls, (2) a closed back end and (3) an open
front end, mhereln sai d cl osed back end and/or side
wal |'s of Zmi d Zcasm-ddmesim shapedashar@e Patialeneys
8onnun|c§ ing with said hollow interior; (b) a
BWBH&E? é axi symmetric |iner disposed within, said
aX|synnetr|c(@és@ A0 SKAGYERRPET 6P RAPE PRVERRI: 2 (5)

'ﬂoﬂba %gé?%i‘ed&f‘ﬁw& ﬁySPpﬁ%ilcm tviam@sal(d)hal kQwsed
Interior between said |liner and t | osed end of salg

barkyandt ARE £35eA0 VPRER| I rW l@%ﬁ@é cfiaP§s
iaaék( &hdaahagkr CoONdOr WA TS tOf asuti G lﬁﬁearuorﬂdallyl faltuila:ast

h said cl osed, back e f
b paaERariers  GoRnr Faschy TR TR0 1hecady,
front conf or niing & g edngrodustiag i amgymmaémw imeni d
l.i.ner S
B188R5etay s tihn SeRRE S Rl GRS S ot MR WIS said
cpemufiroati agdwi t h t he back or sides of said main

expl osi ve Cha&geeahmﬁﬁp 19 &l &hh&géiﬁmépﬁb@68w1th1n
24. The shaped charge per JOrator flned b
gaisi @Oéfl%%t%éﬁférgetﬂ%ﬂle%? LS t?’e egta
eBeha® ealidi aieéﬂrﬁmeeﬁlch%sha@]edre:harngL@arafm ator-
g%&&gsqv%ycharge has (1) a back conforming to and
substantially fiush 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; and

(d) a booster explosive occupying said
passageways in said single axisymmetric case and
communicating with the back or sides of said main
explosgive charge at two or more initiation points.

24. The shaped charge perforator defined by
' olaim 23 devoid of wave shapers, deflectors, inner .cases

and mechanical inserts.

25. The shaped charge perforator defined by
claim 23 wherein said éingle axisymmetric case contains
two passageways filled with said booster explosive,
wherein said booster explosgive communicates with the back
or sideg of said main explosive charge at two initiation

23-



cl ai m 23 wherein said single axi symetric case
contains two passageways filled with said booster
wepbo3sive, wherein said booster explosive conPCIUSEN€631970

with the back or sides of said main explosive charge
at two initiation -23-points |ocated between about 165
and about 195 apart on either the back or the sides of
said mai n expl osive charge . 26. A non-linear shaped

for formn erforatjons in

char, rforataqr

s %EFSES%’C% e&&“&ﬁﬁoﬁbﬁ‘é‘%\% ) POFNBPPBRs195° apart on
cayttiesi he ¥adk @rsithgl eidad syfmetidi nacasexbhvéing a
iugﬂagg%Lnterior defined by (1) side walls, (2) a

cl osed back end and (3) an open front end; (b) a

- produci ng axi synmetric liner disposed within said
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_ (d) means for initiating said main explosive
charge at two locations between about 165° and about 195°
apart on either the back or sides of said main explosive
charge, wherein said shaped charge perforator contains no
means of initiating said main explosive charge at any
other location.

27. The shaped charge perforator defined by
claim 26 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 locatioms.
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communi cating with said hollow interior, and said
means for initiating conprises a booster explosive
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Qfbe of said perforating gun. 34. The shaped
charge perforator defined by claim26 wherein said .
nmeans forB%nithgting copprises_a detonator cord. ,
. perforating gun comprising a plurality of

‘the shaped charge perforators of claim 23.

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. A perforating gun comprising a plurality of
the shaped charge perforators of claim 26.

33. The perforating‘gun defined by claim 32
 wherein said shaped charge perforators are arranged in a
helical fashion on the charge tube of said perforating

gun.
34. The shaped charge perforator defined by

claim 26 wherein said means for initiating comprises a
detonator coxd.

25.



-25-35. The shaped charge perforator defined byclaim

26 wherein said neans for initiating conprises an
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3 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 expl osive

charge on the central horizontal axis of said shaped
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or nore of (@he¥aslingweagyd perforator in said wellbore;
and

(b) detonating said perforator in such a manner

as to produce a perforation in said formation.

38. A method for forming substantially linear
perforations in a formatiom surrounding a wellbore using
a perforator, said method comprising one or more of the
following steps:

(a) placing said perforator in said well bore;
and

(b) detonating said perforator in such a manner
as to make a substantially linear perforation in said
formation.

39. A perforator comprising one or more of the
following elements:

(a) a case;

(b) a liner disposed within said case;

(¢) an explosive charge disposed within said
case; and

(d) a booster explosive in said case.
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elenments : (a) a case; (b) a liner disposed within
said case; (c) an explosive charge disposed within
wa@ai0d/08s18®; and (d) neans for initiating sai d BRPUSEOYVE31970

charge. -27-

40. A perforator for forming perforations in
formations comprising one or more of the following
elements:

(a) a case;

(b) a liner disposed within said case;

(¢) an explosive charge disposed within said

case; and
(d) means for initiating sald explosive charge.
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