WD 01/ 058832 PCT/ US01/ 02893 SHAPED RECESSES | N EXPLOSI VE CARRI ER HOUSI NGS
THAT PROVI DE FOR | MPROVED EXPLOSI VE PERFORVMANCE BACKGROUND The invention
i s gener aWDy1/084831 ed to recesses in explosive carrier houPcagso(/easeh as
perforating gun carrier housings) that provide for inproved expl osive
performance (such as inproved performance perforating shaped charges).

After a well has been drilled and casi ng has been cerrent ed in the wel |,
perforations are SHARBINRESESSESUNIS LG CARRIER HOURINGH A

reservoirs in the fﬁfz&%%@ﬂwweb@efos% BAFBARCET f Or ating i's
commonl y used, in whreim——shiaped chiar ges ar e m)unte' M perrorating guns
that are conveyed into the well on BAGKGRKIUMNB, wireline, tubing, or

anot her type of carrier. The p erforatlng guns are then fired to create
openi ngs in the cdbp Hb"eah‘?ﬁ xchee&reB}ﬁaelﬁe FHeSSSETIZ SXRIOSI Ve [FaITIeD PRSIRESn

vVarious t ypezst ugh apﬁérff&ﬁﬁﬁé @91 %‘t}'ﬂér HRsR letﬁ‘at Sﬂﬁ(’iﬁﬁe ForRfy iro'i'ea ex 16&196 gun that

i ncl udes rip tarrier ch cap aped cha ges ma nount ed.

The capsul e p&a@mhncet@blgesumrevm_mtrﬁmmenbaperbe:aingd;hqmmhla@s)t o_ protect the

shaped charges fromthe | | . ‘enyi.ron Anot her type qf. gun i.s a seal ed
hol I ow carrier gufitehaivea hasdeem Eeéi c?laWB%/ &% er‘*F‘&FX'ﬁeh e&w@ﬁ% -capsul e
shaped- char 988 By oI RHAA0 aﬁ&@ c§1|%ﬁﬁﬁf€at1696f fI6RIs 'E@ﬁéve'@ﬁ SRS th B a

| oadi ng tube“or a strip Inside the low carrier. Thinned areas (referred
to as recessé&)fnammy ahé teovetihdrs. nSltaped vmrge pﬁrfqrhtelgv@ICDmm@éyuSeérm wWoelsi ng to

aIIoweaS|er ation b rforatln ets fromfired [ ges.
Anot her type$ gﬁﬁariggs e ?i%%gf’(ﬁl iR SFTeH ng}"ils tlfhatszﬁgf’ O%Vygi%}{%‘pgﬁ \,Seﬁf‘ r9§

i ncludes a Bhélﬂﬁ‘xle' Witee, AMIAD W GRSthdraypedfitat@gTHRE PeifOratiag Buns aw\/meﬁh one
non-capsul e sha charge may be npunted. Another type of gun is a puncher

gun, designe cﬂlmcgto;ygcpart@ ppanéngsiie thernasing gnd t.etersl perfosatiang intarthe fosmpiéonsy

S|mlar wel | bore kinin ter

drillpipe, drill (}':) Oggt%m !)anrfoq‘é{t %@gg)rugf(l‘?rﬁrﬁg)é&? ?ﬂp %no{] EQPCIP%% of
gun is a cut ta8krip eeFeoseahich capsmaxhapai dHagels hﬁﬁuyﬁ@,mﬁlﬁﬁtd]g'['hdhaphlﬂﬁsl}i@ﬁddrl [
collar or simlar wellbore lining in_a atternV\/r]1 V\fl afllov¥lrerﬁ)val of
sane Wit hout chagayEecanigied ipsapad c@asules to protect the shaped charges from the we

environment. Another type of gun is a sealed hollow carrier gun, which includes a
hollow carrier in which non-capsule shaped charges may be mounted. The shaped
charges may be mounted on a loading tube or a strip inside the hollow carrier.
Thinned areas (referred to as recesses) may be formed in the wall of the hollow carrier
housing to allow easier penetration by perforating jets from fired shaped charges.
Another type of gun is a sealed hollow carrier shot-by-shot gun, which includes a
plurality of hollow carrier gun segments in each of which one non-capsule shaped
charge may be mounted.

Another type of gun is a puncher gun, designed to perforate the interior tubing,
casing, drillpipe or similar wellbore lining while leaving the exterior tubing, casing,
drillpipe, drill collar or similar wellbore lining intact. Another type of gun is a cutter
designed to perforate the tubing, casing, drillpipe, drill collar or similar wellbore
lining in a pattern which will allow removal of same without damage to the formation

or other wellbore structures.



or other wellbore structures. 1 WD 01/058832 PCT/ US01/ 02893 Referring to
Figs. IA-1C, an exanple of a conventional perforating gun 10 including a
hol | ow cawpioe0s58822is il lustrated. The hollow carrier 12 c®aTAiSAs038bur al
shaped charges 20 that are attached to a strip 22. Alternatively, the

shaped charges 20 e tt ch adi ng tube inside the ho ow‘
carrier I'n thgegﬁ%%‘ior 3 i&r%{h‘ij‘éiFPé’%t f VEHLTRLP LE‘Oidare
arranged 'n toRRBSLAn ORIV BiBer M)f& ihARed. ﬁ%%ﬂ@%f@ﬁfﬁ& IQ%)Sn@irﬁ%hﬁﬁl

provi ded. The hollow carrier 12 has a housing that includes recesses 14
t hat have gehmpedcharges 2cthhtare ntached éx2 staip 22} 1Altarnaiively, the shiaped chargeyae

o that the pevRsRerg i afotd ot Reblsipe Fela PRRBCL My P RGRuESY PC5, 0

resi stance paltrﬁh cffent, iR 18 Pé@m&gd@gzma@é arrakibe8 e ApRdee pattdift! Nohippase of the
jet to create openlngs in the surrounding casing as well as to extend

per f or at i onsairgsments may #ee bopravidednd the casing. As shown i n t he
cross-sectional vi \évh%fo %?2%@5 %ﬁﬁ%nl Sheth Hqﬁ&%ce%g t14% avyi ew of

Fig. 1C, each rec u sur ace e Y&urface 16.

A web 19 (V\/géxféﬂall}smﬁ:uldiﬂrm%srat%gll@dilraﬁi‘d ih [Feg. QAL rTies rebexsss Iﬂgaréﬂ&mgl&:dftor med
bel ow the recess 14. The side surface 16 _and the bottom surface 18 are

general |y peHpeHBVai eorrespopdimgethaprddarzey B sp dhat Bie nsthorating J?Lt83X§F’| threyghe

surface 16 dgf. ﬂ%ﬁrm Ssl4. As
wll be descﬁebrggﬁsgtcggﬁgfthelxwggléégrtg%yaﬁggfg% |CE%{nrgr] 2@1 sur ace 16 of a
typi cal receperfdrnanaeiotthe jetftd echieapeningsonthe emmMng/@amg ashvadl asmd er f ere
with the perforatin et (fro fired shaped charge) as it extends
through the P’é@%‘iger%ﬂjat“iﬁﬁrm%’tg] ﬁBT”é‘tle’P’nQ%B’é theyo@$188r educes the opening in
the casing created dywh h&ma%s@rseéﬂdﬁal Yi8%: oflf@g 1BeARL tH@MgEtﬁ&lh%%e&k@{ages

the depth of penetration may be reduced. Referring to Fi
general | y coniesadf Egaﬂéd:adlnmcgﬁ 1210nclud¢smjlemtoansurfm@é8 anéaéldezutfmmao‘ts as
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general |y recess 14. The s1de surface 16 and the bottom surface 18 are generally perpendicular
to each other. The bottom surface 18 and side surface 16 define a generally
cylindrical geometry in the recess 14. As will be described below, the generally
perpendicular side surface 16 of a typical recess 14 causes reflection of compression
waves that interfere with the perforating jet (from a fired shaped charge) as it extends
through the recess 14. For big hole charges, this reduces the opening in the casing
created by the perforating jet. For deep penetrating charges, the depth of penetration
nﬁay be reduced.

Referring to Figs. 2A-2B, a generally conical shaped charge 20 includes an
outer case 32 that acts as a containment vessel designed to hold the detonation force
of the detonating explosive long enough for a perforating jet to form. The generally
conical shaped charge 20 is a deep penetrator charge that provides relatively deep
penetration. Another type of shaped charge includes substantially non-conical shaped
charges (such as pseudo-hemispherical, parabolic, or tulip-shaped charges). The
substantially non-conical shaped charges are big hole charges that are designed to

create large entrance holes in casing. Another type of shaped charge is a puncher



coni cal shaped charge 20 is a deep penetrator charge that provides
relatively deep penetration. Another type of shaped charge incl udes
subst ant iwbDIloy/0s8382 coni cal shaped charges (such as pseudoPl@risspbeses cal ,
parabolic, or tulip-shaped charges). The substantially non-conical shaped

charges are bjg hole charges that are desi. dto reate, | ar ntrance

holes in casﬁh%ge Wﬁ&ﬁhﬁéﬁsg%@zﬁa@ﬁ i@%gﬂgl& C#‘ngrgg%ﬁﬂgg%ﬁo 02%@%%/ 058832
PCT/ US01/ 028931 iRk Gfeciti, Ghort fande DPp&ichhiiged version of a big hole charge
designed to create large hole wth a specific, short range of penetration.

The coni cal shapedhelcanigel shapdd ¢hasger 20t ilustratedHindTig 24\ insludgsl e snain explesive
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turn initiates deto ion.o | Ne i . t tion
wave that S\Xé%% "}“ﬁ%%&%l% %‘éﬁ%?\éegéd nlé*f??’%gf%&z%ﬁs ﬁ‘?@%%%ﬁf—‘?‘&ﬂ%g@u pon
det onati on, tyWifich initGeY inftihtds@etddiatian of the eiairt Oxplegivesent aehtwvaidbodaidiedale nes)
col | apses under the detonation force of the main explosive 36. Materi al

fromthe col Ithgswaensitheughthershaprd chargsmy. Ay tomm indiie 7B, $rem geanation; st ed
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perforating jet appro eet per second
and produces detopaiién foresefithe maimexpesive 34. i Matsrielf frgo dindeollapseddipeade flows h.

The tip portionis the fjrst to, penetrate the web bel aw t he recess 14
' the hous rPPESUBHDS (3eh gRhossifeated s fsaprBrderAg ngdoh 46109
penetrates theiwellbore fluid imediately in front of the web and inside
the geonetry of the recess 14. At the velocity and inpact pressures

gener at ed by the jTe tip ¢f the perfaretihdist trav¥dluatdpeasis of appresisesdely 36,080 deet aotay
fromthe tip of ' due t.
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1(‘.3);1 ga\r/‘\z: ngr eQ?{ES{rﬁ&ﬁsQHe i e pEREE AR Mhe WEDL 1 91BelWR thd Edcessf 14lindhé Bodsing t2est and
the gun carrier. The perforating jet tip then penetrates the wellbore fluid immediately
in front of the web and inside the geometry of the recess 14. At the velocity and
impact pressures generated by the jet tip, the wellbore fluid is compressed out and
away from the tip of the jet. However, due to confinement of the wellbore fluid by
the substantially perpendicular side surface 16 of the recess 14, the expansion,
compression, and movement of the wellbore fluid is limited and the wellbore fluid
may quickly be reflected back upon the jet at a later portion of the jet (behind the tip).
As fhe perforating jet passes through the recess 14 (Figs. 1B and 1C), a
compression wave front is created by the perforating jet in the fluid that is located in
the recess. When the compression wave impacts the side surface 16, a large portion
of the compression wave is reflected back towards the perforating jet, which carries
the wellbore fluid back to the jet. The reflected wellbore fluid interferes with the
perforating jet. The effect is more pronounced in a relatively deep recess with a

perpendicular side surface (such as side surface 16), or if the clearance between the

gun carrier and the casing is limited (that is, the gun carrier is close to the casing).



may qui ckly be reflected back upon the jet at a later portion of the jet
(behind the tip). As the perforating jet passes through the recess 14
(Figs. 1Bverd/o3s8p2 a conpression wave front is created bpCrhsopeaspdrati ng
jet inthe fluid that is located in the recess. Wen the conpression wave

i npacts the side surface 16, a large portio of the conpression wave is
reflected baten $igslerranqsdebusendhe, BithArieh and iRy cayMgas ?ng’d WIFEAGREPY hor e

fluid back tﬂet%&,r{?gtreg&% Jo?&sdr@s%fo%dvmlolfME fnshdeurabObEIE WeBiBoidhlink he

perforating jet. ef tect nore pronounced In a relatively deep recess
with a per pamtihe wflectesi cdempsessioaceve offthe side sifacesifrdfdberetess 14@lsoi f t he

cl earance between the un carrier and the casing i.s limted (that is, the
gun carrier FUNPEIQITRS H'é@@%?sl?aﬁﬁ)g? Ogthﬁéﬁﬁﬁe%(%@%ﬁ?ietﬁkp%gf/‘gﬂ%ﬁe When
the cl ear ancg,etiReulibe: iBtdeRAES Wih tRNskridifikael Mdy tdlubé tHeldepih of
interactions between the reflected conpression wave off the inside surface
of the wel | bperetretei (fgr deepgentteatingicharges @r tenmizeceishe pasig ntgnge hale (for de

surface 16 O%i tl{&}? recess 14 also conbine to inpede the free passage of the
shaped char gB&MoC H¥&Hh the wel Ibore fluid. The resultant interference

wi th the perforat ingidittdn ©BNe dQHELihMovepaThnhce SEMepedbiatng {ct.ahe deep
penetrating charges) or the size of the casing entrance hole (for big hole

charges). | nresessifoinaed ing gumecagrdasihoasing shawld glve agroppifioratherfastory. nas

perforating |et, t I, &C I i L l.d al so
account for %I%%I}mﬁ%%c%r%sgﬁzlsd?%%\gﬁls?ﬁ@é@ﬁ?ﬂggﬁtﬁe ?@{&%Lﬁgcgggfehgs 14 is
formed bel owcirhier atisBig DuUrdAauhe skdpet bRarge perforating) jpu passgs throughshd web $haped
charge perforating jet passes through the web 19 of the carrjer housjing 12,

an exit bur r thegriss hepsng &% anft Byrgpaybrerers protypdeg oparesdhe gitsidge

carrier housjag, biowe ‘ﬁﬁlﬁsirt% yHB@ﬁ&é?,go)?[ 5 SestANEAndRREs BabRMhd RBess&gesses)
rough, t rr I I

for the jets to pass t e eXit I's kept. bel ow the externa

surface of t fur the@jets toghs theoughy the exit howss kept belowt the exteena] surfase shthepvalnd
L NI WL e I AT
to such compgpetsckhifg HEinsidB shi$add @ B WaIHorEYRthol & dth? cofipbhedesin the
wellbore to prevent damage to such components as the gun is being retrieved to the
surface.
In forming the recesses, the recesses are made relatively deep to reduce the
resistance path for a perforating jet, but not so deep that the carrier housing is unable
to support the external wellbore pressures experienced by the gun carrier. The size of
the recesses are also optimized to ensure that jets pass through the recesses and not
through the carrier housing around the recesses. However, the sizes of the recesses
are limited to enhance the structural integrity of the carrier housing in withstanding
external wellbore pressures and internal forces created by detonation of the shaped
charges.
The generally cylindrical geometries of some conventional recesses provide
for relatively reliable carrier housing integrity. However, as explained above, such a
geometry causes interference that may adversely affect the performance of the
perforating jets. Other types of recess geometries are also available. For example,

some may have generally elliptical shapes. However, such recess geometries may



In form ng the recesses, the recesses are made relatively deep to reduce
the resistance path for a perforating jet, but not so deep that the
carrier hWOMLALSBE unable to support the external well boPeTASer&89ES
experienced by the gun carrier. The size of the recesses are also
optimzed to I Srid gﬁgﬁ Q&;ﬁ ough
tﬁe carrier %";‘ﬁdi‘tﬁge%’.w&%dﬁ he r§§3%§% %\g\%c% g@séf:%gygé?%uﬁg% ecesses
are limted moclemh'&ncarearmétlmtwmetnhoaiung,rﬁmgnoteytoofmucﬂle:anmrthmmmg]ousi ng in
wi t hst andi ng Frnal wel | bore pressures and internal forces created by
det onati on of® Fﬂ shaped charges. The generally cylindrical geonetries of
sone conventi onal Aﬁfé@&ﬁrﬁ@%mﬂhﬁﬁék Qﬁemit%r 1Er§Hr@dedVI€ééésés% AR beothar é’)dpfd‘sntéOUSI ng
integrity. However, as explained above, such a geonetry causes
interfer encecmathqmgadmbmbye peirfasmiancehef shepedomhatges er othet ¢xplgsivekor at i ng
ets. Oher type reces ries. are al so avail able. For exanple,
Jsome may hav‘é’}% Lﬁé%%}ffcyl%llnf gg‘ﬁ‘@‘e%ﬁyﬁ% OUSISnever, such recess geonetries
may 4 WO 01/058832 PCT/US01/02893 cone at the expense of carrier housing
integrity, since the recesses may take up too nuch surface area of the
carrier housing, or renpve too nmuch éﬁﬂﬂﬁ&ﬂiﬁousing material. A need thus
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housi ngs that i npr ce o ar ges or 0si ves

wi t hout sac rmf:]udemhdslmi@falvmg Dplutaiey cfakcdseds, batigbdgs hw&ﬁpﬂem gener al ,
according to 8 nbodi &Spgﬁr a carrl er for containing osives incl udes

a housing ha¥fhyracHrie oynd thesgiphery aégéhaﬂeéé‘é%ntﬁ’&\'ﬂileﬁﬁﬂ%t%rq phery
and a side édfﬁgr BRRonS¥ARA bR BRGNS (PRI LRI B GeR0RBR 0! R A0bE O

the reflection o conpressi on waves generate esponse to an explosive
jet created ofim explodbeonati on of an expl osive. O her enbodi ments and
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description, from the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-1C illustrate a conventional perforating gun that includes a hollow

carrier having plural recesses.

Figs. 2A-2B illustrate formation of a perforating jet by a conventional shaped
charge.

Fig. 3 illustrates a portion of a gun carrier housing having a plurality of ‘
recesses in accordance with one embodiment.

Figs. 4A-4B, 5A-5B, 6A-6B, 7A-7B, 8A-8B, 9A-9B, 10A-10B, 11, 12A-12B,
and 13 illustrate different embodiments of recesses useable with the gun carrier of
Fig. 3.

Fig. 14 is a chart of test results comparing the performance obtained with
recesses of prior art Figs. 1B-1C and recesses of the invention Figs. 4A-4B.

Figs. 15A-15E illustrate a simulation of a perforating jet extending through a
conventional recess according to Figs. 1B-1C and compression waves generated at

different time points.



BRI EF DESCRI PTION OF THE DRAWNGS Figs. 1A-1Cillustrate a conventi onal
perforating gun that includes a hollow carrier having plural recesses.
Figs. 2A-wBoilosssszrate fornation of a perforating jet by &Crarsvseaspdnal
shaped charge. Fig. 3 illustrates a portion of a gun carrier housing

having a plurality of -.r ' . k-t by | F'gs
an 4B, SA 5B, 6A BB LPATEE ARRyR Sgﬁﬁg@&?%‘ﬁp%‘gg‘%% %g%ﬂi%ﬁ%%‘
illustrate dictésenedtrdiarhoditpii-gBaindroeapsaeidn vavab benerdttdattdifferguttinar r| er
of Fig. 3. Fig. 14 is a chart of test results conparing the performance
obt ai ned mntmmn$ecesses of prior art Figs. IB-1C and recesses of the
venti on 0SSR FLOR SACSFekl Uabiahend UL ne prdly
perforating jet exX conventi onal recess according to Fi gs.
| B-1C and coefiemtisg QdemmﬁESpgﬂmmsated at different tinme points. 5 WO

01/ 058832 PCT/ US01/02893 Figs. 16A-16E illustrate a sinmulation of a
perforating jet extending through a recess according to Figs. 4A-4B and
conpressi on waves generated at different tine points. Figs. 17 and 18
illustrate different enbodi nents of recesses having inwardly extending
side surface portions. 6 WO 01/058832 PCT/ US01/ 02893 DETAI LED DESCRI PTI ON
In the follow ng description, nunmerous details are set forth to provide an
under standi ng of the present invention. However, it wll be understood by
those skilled in the art that the present invention nmay be practiced

w t hout these details and that numerous variations or nodifications from
t he descri bed enbodi nents nay be



possi bl e. For exanple, although the described enbodi nents include recesses
used wth perforating gun carriers containing shaped charges, other

enbodi merw® oma§ss3i ncl ude carriers for other types of expl @€INES81/02883 used
here, the terns "up"” and "down"; "upper" and "lower"; "upwardly” and
downwardl y"; "bel ow' and "above"; and other like terns indicating relative
positions above or below a given point or elenent are used in this
description to nore clearly deypsHTARFEPYIESORIPHORNtS of the invention
However, when applied to equipnent and nmethods for use in wells that are
devi at ed or hori z&hthgifollgwingiseseriphipn nuseerows detailspresat fertidtoroviddent hat when

arranged in i i.ated or . horizant.al, arientat.io such terns
may refer toﬂré&%et%?&{‘%oﬁ '{P‘S%tr & lsr(tllgk%n%f) o Hé)ﬁeyeroﬁ ‘?@H’ rundf’%%o fiibéfﬁlg‘?ﬁeps as
appropri at e. skilediicthe detnk thé proseho e RO TBE bacBted Wighdud ViRRE HERls ARCESSes
formed in the outer wall of a carrier housing are shaped to enhance the

performance 81t BWABRYS Veatiogs er medifisatiens frqm e describad) eshodiagnts may bsed

here, "recess, i - L hj Lon or rtion
of an expl osr oS sy Tt ARBIEAIoS] P YeschibaerMod il ARFR RO REL ' e
t o detonat i owithfpetfomting @uoshniers Gucdining cleped Shamys, lbehee embydialentsvagy ous
different sha ?S A rg%ess may be pounded by one or nore side surfaces and,
optionally, H{}‘EICHB’E‘TG oL GHhes DPes ALPLOSVESop sur face. W thout the bottom or
top surfaces, th@gshe&ERs: eper.alql ”» B¢ oy 1 ' e
shaped to reduce %rs u‘ﬁ%cont ?’\gﬁy%&?\%ﬁrgﬁl%{& ?a\(/)?/?ly ﬁﬁ%ﬁ%ﬁ?g{%ﬁﬁ@%& romthe
si de sur f acesndfowieandyte'dwiey” anthabgedrend gthef likdtermemeatingreaiveed t o
control the interaction of the wellbore fluid wth the passage of the
shaped char gBOSEYSEBOT BT RRIQY G YoOReEN L oisephare e md lséﬁé"rr{j’ on i oge

provi di ng fotlefbgiesetbé s8R EMPENARNWIJE PhelBUERR! HvdveE Svheh REpliRIGESSES are
al so designed to maintain col | apse resistance fromexternal pressure and
burst resi stdhp@entagehmathedsdar usgdr siells thah agsrdsyintaden hoBgontald acwhep

ent rance. hot S0 EPAY echilmel o i el o Serlafetin AR B The W hroncep ™

penetrator chaipas ofigitatien, sudteRaBSmay refer to a left to right, right to left, or other

relationships as appropriate.

In accordance with some embodiments of the invention, recesses formed in the
outer wall of a carrier housing are shaped to enhance the performance of shaped
charges (or other types of explosives). As used here, “recess” refers generally to any
type of thinned region or portion of an explosive carrier housing to allow easier
penetration of a jet due to détonation of the explosive. Such recesses may have any of
various different shapes. A recess may be bounded by one or more side surfaces and,
optionally, by a bottom surface and/or a top surface. Without the bottom or top
surfaces, the recess would generally be a hole. The recesses are shaped to reduce or
control the reflectivity of compression waves from the side surfaces of the recesses.
The geometry of the recess is formed to control the interaction of the wellbore fluid
with the passage of the shaped charge jet to improve performance of the shaped
charge. While providing for reduced interference with perforating jets, the recesses
are also designed to maintain collapse resistance from external pressure and burst

resistance from internal detonation pressures. By reducing interference of the



The shaped recesses in accordance with sone enbodi nents acconplish the

obj ecti ve of enhancing perfornmance of shaped charges by controlling,

di srupti g0 001058882i | ori ng refl ected pressures or conpressiPOR/UAAVEXSI3 N
wel | bore fluids that are induced by an early portion of a perforating jet

ener al |y adt R et AGrE EaRE BAle TRy Pl e SRRl Pl e ©

perforating df@tdeeﬂ'@@namﬁggs)nﬁ@bé énhahcddne shaped recess nay be varied
to focus or diffuse the reflections, depending on the desired performnmance.

Dependi ng on t he Thegpwhaped reserspeia aseeidgrce Wibsqmg epedimgaly agromplishdhe t he
early portioqn..of. j r I : ortion
of the i et ropoivks? shifheindafionhihcg St Shark N BB AR PRI, BREEREY B0 ce
with sone enfaidiinErflected prdssureshafpespressionneaves irs eekisaat fldidsfieat ard infuddi | es
or arrangenents. Rather than the  cylindrical recess with a %ener ally

per pendi cul aby & epslyRertior af aperfraiingiet(ths i ghthe jetdnlhsieflseisd PrestBe 8ks, t he

shaped recesgs, | ' ngﬁg [ Hhant ed
si de or peri%%ﬂleé} %ﬁ@ﬁ‘&?‘%@%&aﬁ “%%#3%8@5@% re agfgggthf éﬁt&t]e %1?? %rlrl?
surface of tpaforgiesst. Theegeohrtriceptofiledsf theisifaped ravass thawle warfeddad fgous opl anar)
Cross- sectign or_a concave or convex cross-section. The side surface my
al so have a &gfflﬁef‘th’é, ectiens. depepdie-giiba degjredReEgrmgicen Dirarnging pi F@iyﬁedapt ed
to scatter, § Phardd BRIWeRSt HAPHE QbarkLhb @6l £ PortiOARE BRSGBr ¥BMSle The

di anet er of tiﬁsglg%ottgrrggsurflage, tgge de?orth of tﬁgorecesgﬁ?vmrh respe?:t to

t he outer sutypackargés arradonganyiportidroefshege) foraledp penedrattisipe and ori entati on

of the side surf may be ected.to optim ze. shaped har ge _per for mance,

col | apse resi st a?@@e ger%?ﬁt%@'x?%ﬂ’%ﬁ“esﬁr"égg‘i?%%ncgHvdthbsﬁpgten}bé’glf%?‘g%%éy %F rom

i nternal detgpgéd mrﬁr&%éWrﬁﬂiffBeﬁ@Fbﬁm of @rrimg@mesis. RapRyf tha@hof a gun

carrier housing 80 is illustrated. The gun carrier housing 80 includes a
I

plurality ofcylindaealaecess pithta geacielly perpsrdigular Hde surkise peBroyElsady SPES. The

gun carrier f i.n . i L imlar to
That Cohown | SOHEYTR BRI, B B3fla fBhedl iRECSPIAEL e ChitodinichuSinty 2
carrier housindd8Q sisatgdesidecsgretipherblysurface at’sofe agth with eespédt ustibadbottsct i on

of the carrier_ housing 80 is represented by |ine B}F. 8
surface of the récess. The slanted side surface’'may have a flat (or planar) cross-

section or a concave or convex cross-section. The side surface may also have a
profile, such as a stepped, grooved, or other profile, adapted to scatter, focus or
otherwise control reflected compression waves. The diameter of the bottom surface,
the depth of the recess (with respect to the outer surface of the carrier housing), and
the shape and orientation of the side surface may be selected to optimize shaped
charge performance, collapse resistance from external pressure, and burst resistance
from internal detonation pressures.

Referring to Fig. 3, a portion of a gun carrier housing 80 is illustrated. The
gun carriér housing 80 includes a plurality of recesses R that have one of various
shaped geometries. The gun carrier housing 80 may be part of a perforating gun that
is similar to that shown in Fig. 1A. In Fig. 3, a transverse or cross-section of the
carrier housing 80 is represented by line A-A, and a longitﬁdinal section of the carrier

housing 80 is represented by line B-B.



WO 01/ 058832 PCT/ USO01/ 02893 Referring to Figs. 4A-4B, a recess 114 in
accordance with one enbodi nent nay be forned in the gun carrier housing 80
(Fig. 3).wbiog/o58882is the cross-section of the carrier howrsrngoBRsdPn
accordance with one enbodi nent taken along line A-A, and Fig. 4B is the

| ongi t udi nal secty f t canrjer. housing.80 taken along line.B-B As
shown in Fig. 3, iég%ﬁ?r}get(? 48s ﬁégié’ %ISF‘?SBHZ%P 4G8" H%?W“ﬁgﬂe WQ%B“GPF omthe
top is genemal by féinleduh e dun cahaR®oudiig BO(iET). e RRIY Srosd-QR1iBEbT Phery
100 of the recess. may have other shapes, such as rect an%ul ar, square,

triangul ar, @eicpsier balsing$inpacpendanceEigeane grbedimapt takenmlens linppd 4B anghe
114 Y . [ . i f 106.
The i de sur 1225 TEREIHe gt Blesih bEL SR i ¥ AREH Aol R BY A5C o0

used here, ast®inaenFig. BaeschibBedss bxd £petipharol0khhhehaperiepdefymahe tdpds recess
refers to the presence of a wal| ment. of some depth around each point of

se
the peri phefSperalipigrcalagirbyge.| ip f&rtg%rmr%hqd@pe@ﬁ4thw¢%rsf HWeafdhe regesssi de
surface 106 fnﬁﬁﬁ% SRS pes2ERHRE i BEY) sﬁﬁ&'l‘éytngf\ JIRE el BHER SaritistheOVRV ET
if the recess has anot her shape, suclf as’ triahgu %r, square, or
rect angul ar, shapes. shelghoswr ih&tigs. 4A4ABK tbcbw 1dW\hasl e geneandldy flantottoml stirfaegnent s

corresponding. to the_ se n of, the triangle, square, or rectangle. In the
illustrated B niifle §u%§§e gé@hjnb%ﬂﬁ? S‘Hﬁ?ﬁgog ﬁéte_B ?IBWEfShe(PFnPh‘Féng@@ss
114, the sidgcadnfiacasHRbd gt endde dlrfRe a{aeé%ﬁasrarmtﬁ@géﬁpﬁewm&,@e bot t om
surface 104. The side surface 106 wdens as its extends fromthe bottom

surface 104 iepesa refgesterths prsenoeef & el segmendrof sdtheidepth amupd shelppuintyddhet ry
is provided b .the recess 114. As shown in Fig. 4B, two axes X and Y nay
be defi ned. H%’é’ s Y is generally perpendicular to the bottom surface

104, while the X wiihsa geﬁtemmgsmicmaf Beelliplichl eeceds, tHeRidRaiutfaes FF ik d6Minkldds The
angl e of the side surface 106 fromthe axis Y is defined as 0, and the

angl e of t heargppbthe pefipleay vbthefreenss 1 e Rowgyeys, if thedeeqspbas apother shape, t he

illustrated i f. Flg. . .
enbodi nent s, %P%g 'tﬁa%gfﬂé‘g’ Saﬁgdéﬁorgg%a@yaﬁ%’ @lgr%{&iécf ﬁffg&glr(%\?‘y %‘ngtb % (l‘ai{ y eegllrIFl teod
per f or mance sbltiphiesegpentsaoatipoadingtto tisesegmehis\of tHehtiaddlglsquaredtestange.

between an angl e lg"nrtf"lg1 Elf}llrstr%tgg re]n‘n(l))odiment, at each point along the periphery of the recess
114, the side surface 106 extends at a predetermined angle from the bottom surface
104. The side surface 106 widens as its extends from the bottom surface 104 in a
generally cone-like manner. Thus, a cup-shaped geometry is provided by the recess
114.

As shown in Fig. 4B, two axes X and Y may be defined. The axis Y is
generally perpendicular to the bottom surface 104, while the X axis extends in the
plane of the bottom surface 104. The angle of the side surface 106 from the axis Y is
defined as 0, and the angle of the side surface 106 from the X axis is defined as o. In
the illustrated embodiment of Fig. 3B, both 0 and o are 45°. In further embodiments,
the angles 0 and o/ may be varied to provide the desired performance of the
perforating jet. Generally, the angle oo may range between an angle greater than 0°
but less than 90°. A more specific range is between about 10° and 80°.

The slanted side surface 106 that angles away from the bottom surface 104

reduces, disrupts, or re-directs reflection of compression waves from the side surface



but I ess than 90. A nore specific range is between about 10 and 80. The
sl anted side surface 106 that angles away fromthe bottom surface 104
reduces, WOMMOMS3] or re-directs reflection of conpressi oRCRABEE0RPDM t he
side surface 9 WD 01/058832 PCT/US01/02893 106 to reduce interference

with a perfo ing.jet that extends ner al | lLong,an axi.s .indicated as
o oheT & I oo ek e & G S b HERRRE s P SRR Pon B g1 B G
surface 106 ffnﬁibitea|a§mI\ShiQM\@é’anéﬁmy;pBﬂ)eﬁﬁfbﬁlaﬂ to the BoftérAGuhcet Id. Thdgideur f ace
106 relieves a substantial part of conpression waves generated by the

| eadi ng par tsusface {6 thys skepisawaydrque the axpsslo Sleningf A side syrfpse 406 reliedes) 06

increases th i . e ! I t he
perforating ja?sel% S%Pgi e&gﬁ%@re@%@ﬂ&%@%é@%&ﬁ@’ﬁ@%&Eez{d(ﬁ)r?gtvgﬁiert %fretfr? orating jet
J. Consequenpdrforating jeel Ay, thg slhhed selklsedhed 06angeass thertimeuesled fist

increasing the travel tinme for incident and refl ected conpression waves to
the recess sfIBPISEHIAWaVes 4O trayedfyos thepstfatatige jgkd|te tha sidesuriace 199 @d ed i nt o
t he path of f i ! during the critical tine period to reduce
interfer ence‘ga\t/&vlie\ttﬁa{e e@g%t&%’}%ﬁ; generally, the recess 14 according to

Fi gs. 4A-4B has a@omsegsentlycbperadiehing tixarefletted compmriion Wayescamd indreasinerthes i S
bounded by a surf.ace at Jeast a portjon of which is _planar .gnd Lies at an
angl e o { heraye Lmeror opideRigndetiraded Comprassionvves fo o965 side Sulicoee

with an al t egRaid YmouRIEIRAHINBRH ié)f'eﬂife&eh hﬂtgg{er If?ahﬁgf th@‘%em)ltaﬂg%j};@ dhgredR 114

shown in Figs. 4A-4B, the side surface 2 of the reéecess 4 is slanted

away from t heritit timmpstied tocrede@intsiferdmnee withdbsigt.214. However, in addition

to the angling of - the side surface 6, the side rface 206.is al
roughened or ot _he}r 'Ssgerf:ﬁr%b’i’ & ﬁgﬁccﬁr@l&%?%ﬁ#hf 4By iapéxiségerﬁff%g'i n
further di srpphildfo afis I'gbhe el roesOfs BoRRREESSA QRTANB UERastGorRorBeVEich &t eps
208 may be formed in the side surface 206 as illustrated in Figs. 5A-5B.

Ot her types Penargndfies atanpmglate thopked on the side surface 206 in other
nbodi ts. F [ : | . i j h
embodr ment s. - ror ﬁéﬁ&g&éﬁ gﬁgi.%g)f%, Y Céss%%ﬁ%%éﬁ ande Pf@?'lg%ﬂér‘ﬁgﬁ'vé nto the

side surface 206 surface. ative nore random
pattern may ahbadilent sftisrithstrited hAssiitheths wickack 4 shown in Figs. 4A-4B, the side

surface 206 of the recess 214 is slanted away from the bottom surface 204 of the

recess 214. However, in addition to the angling of the side surface 206, the side
surface 206 is also roughened or otherwise provided with a predetermined profile to
aid in further disruption of reflection of compression waves. For example, steps 208
may be formed in the side surface 206 as illustrated in Figs. 5A-5B. Other types of
profiles may be formed on the side surface 206 in other embodiments. For example,
grooves or slots may also be machined into the side surface 206 to roughen the
surface. Alternatively, a more random pattern may also be formed in the side surface
206 to roughen it.

In another embodiment, effective disruption of reflected compression waves
may also be achievable by forming a profile on a side surface that is generally
perpendicular to the bottom surface of a recess, such as with conventional recesses.
Thus, a modification of the recess 214 would be to provide the side surface 206 at an
angle of about 90° to the bottom surface 204 while forming some predetermined

profile in the side surface.
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206 to roughen it. In another enbodi nent, effective disruption of reflected
conpressi on waves nay al so be achievable by formng a profile on a side

surface twetoliosssgeneral |y perpendicular to the bottom suPCaason28a3 r ecess,
such as with conventional recesses. Thus, a nodification of the recess 214

woul d be to provi h ide rface 206,af. an ngl e of about 90 to the
bott om surf ace 2(}%‘%3%11%&8??%’3&%@6, Logti 3 oit %ﬁ%@eqpﬁ?rglglgce .?l?ql%léeri n the side
surface. 10 MBodinéhESBRIsIAED. UBRH/023 334 dBed @it haddisérefel HbbtonbArdGRic & T ecess
314 in accordance with another enbodinent is illustrated. The recess 314

does not havBfases@p &t biewmbodimeniyokliige 4As4Braad 4-38. nstaadethe figsesy Pt s of
Figs. 4A 4Band @&r?l&ﬁﬂcpﬁgt‘?}?guwhﬂmgaf §irfage %&%ﬁl&t 0as, A JGRa" Al b%’rﬂ) refyg% eg Sor

curvil i near surface extends aroun periphery o

314. The ar chateeessBrlfadbe 30aefsutface 3Grehe fbdssl 49R@MGwh th FiggoA-8B-i6B i s
generally sem -hem spherical in shape and has a bottom surface portion 305
that is corfensiaby seny-hemispherisal ig shapsandlgs abghomeuriaseprytion 36 batiss shown

in the secti®pgluou¥ vAUEA sidd Elﬁ?a%lbg@rtﬁ)w?;f@%‘m%%g ArS (ds S wh W %ielséaﬁ)?lgl in a
direction fromthe bottom surfac portion to the upper edge or top of
the recess aftwnd). The sfdalshifpeeriQohie thusehirvilivear mcedisectidt 4ronT the beitdm ssfadace
portion 306 of.tfgpsurface 30 extendg a\é]va fromthe axis J (along which

the perf or atPHPT TP B heTRRey edge dmp opibe : é??hoﬁé efull pevivhranphthaassesed by
the arcuat e 33ur frae §id§@9ffac%%ﬁirﬂ®n Sdieof Bt lrRB300 RxRhdl Aeaytof thiihfigage

.I‘
portion 306 and the axis i s such that conpression waves generated by the
per f or at i ng (pleng ehickribie perforatingipt eriends) assaincapredéterssined fedattonstep defiwdd ect ed

¢ acoss 14 5ABE MR obroeoe A i it onstie SE e et B RS dtindng

si de surf acehetdbs ¥ Batuch shat esapkdidn W@V&sagéﬁeﬂafédﬂﬂgﬁﬁ@pertf)ﬁﬁﬁﬁg jet BfteAding
es a

I gS.
8A- 8B, anot her enbodi nent of a recess 514 inclu ottom surface 504

and a side siARABe2906 aqiass atecesisreflacieddwak ino the pattuplethe Prrdoedngiee  si de
PurLace, 400 o0, WOREAEYS 61 86, PO AERRGR A
per f or at i ng hottbm surface 404 and a side surface 406 that is generally concave in shape.
Referring to Figs. 8A-8B, another embodiment of a recess 514 includes a bottom
surface 504 and a side surface 506 that is generally convex in shape. The concave
side surface 406 and the convex side surface 506 of recesses 414 and 514,
respectively, are shown extending away from the axis J along which a perforating jet
generally travels. Again, both side surfaces 406 and 506 are curvilinear from the
bottoms of respective recesses 414 and 514 to the tops of the recesses.
Referring to Figs. 9A-9B, a recess 564 in accordance with a further
embodiment includes a lower portion 570 and an upper portion 572. The lower
portion 570 has a bottom surface 554 and a generally perpendicular side surface 556.
In the second portion 572, a slanted side surface 558 is slanted outwardly with respect
to the side surface 556. The lower portion 570 is generally cylindrical in shape, while
the upper portion 572 generally forms part of a cone. The recess 564 is thus generally
a combination of a conventional recess and the recess according to Figs. 4A-4B.
‘Thus, the embodiments as described in Figs. 4A-4B, 5A-5B, 6A-6B, 7A-7B,

8A-8B, and 9A-9B, as well as other embodiments as described herein, may generally
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generally travels. Again, both side surfaces 406 and 506 are curvilinear
fromthe bottons of respective recesses 414 and 514 to the tops of the
recesses.wBaefessssng to Figs. 9A-9B, a recess 564 in accor @emasowdashs a
further enbodi nent includes a | ower portion 570 and an uppelr portion 572.
The | ower orti.on 570 ha bottom surface 554 and a genera

per pendi cul glpc@'fiﬁgcgﬁﬁf 3’&@1 .Smgﬁiﬂv?ﬁéecgés@éﬁﬁc %Pgia%ﬁ%ﬁg%e,ne?hg’lp&?ﬂnéh si de
surface 558 fosxfl BNEash RUEWAE Kiihediblh si®RSReGbe, ith thB /istdrds o 1haegis3e6. The
| ower portion 570 is generally cylindrical in shape, while the upper
portion 572 Wesideaprigcer wrying fam a botiam obihe recEetor aop oS tBG4cdss abdwuishe

generally I i 0 conventional recess and the recess according
to Figs. 4A?fﬁ1§%%$hﬁ%&°?ﬂﬂ‘eer%cﬁ%8‘di ments as described in Figs. 4A-4B, 5A-5B,

6A-6B, 7A-7B, 8MD8RribadgerRfalBBin aasthewhy,36melchtodaReingp Mcfuds dess! | bed
herein, may generally 11 WO 01/058832 PCT/US01/02893 include a carrier

with a housiymga/holsingewith resessengashlaving 4n agisi Ihegegess isidefingshbynpide  to

axis J). Eac i i . Sl S i { ] stance from
fhe axt s to et BRfsd SR LRed do il R UEHRE et dieldSh SBRBRES &' Top
of the recesmpadtdithension edudlslthpdistapteefrymehe shifadecto @8 Sppdiwcuifiechngener al | y
i n anot her wa enbodi nents may include a carrier having a housing

with rec esse@g®3¥89% QRE hinepessipe dhrogghandgpespandicularde theaisyIhs se¢and  sur f ace

and has a fiasﬁéctaﬁa&fs}o@éﬁﬁgwmsaﬂ& oﬁ%eeﬂlﬁmg% ofll'f,sg%fa%hﬁ&e ahde first

aspect dinension equals t I'stance fromone surface to an opposite
sur face and measasdradehgad hmgpassing tleropgtsaridgprpdndoudgr tatic qaer gmépdipendianlat o t he

is. Th d.. t . di i | s the, distap f. f t
an opposi t e L4 HELAERE CRREINEY e o Lo PR OpESI PRI O

per pendi cul agotioth bitBe docess taraqop@m@qgéegyl ar to the first aspect dinension.
The first and second aspect dinensions vary froma bottomof the recess to

a top of the recddeferrgrtetigsnd0Ad OB, gsanotlgAembBdinient, arrocdse bl4mobuiesrent , a

per pendi cul SPnepdef PN ds BBy prPeRupis R virdRBRE L5 A
nodi fi cati onis @éndrl®y peekd 3o fibhxvl!| Al miodefidaelen af the recess 614 would include a

concave instead of a convex-shaped bottom surface 604. Another modification of the

recess 614 would include a slanted side surface 606.

Referring to Fig. 11, a recess 714 according to yet a further embodiment
includes a bottom surface 704 and a slanted side surface 706 that has a predetermined
angle less than 90° with respect to the axis X in the plane of the bottom surface 704.
In addition to that arrangement, the recess 714 includes an insert 708 (generally ring-
shaped) arranged around the side surface 706. The insert 708 may be formed of a
shock absorbing material to reduce or disrupt the reflection of compression waves.
The insert alternately may be used to tailor the reflections to focus on the jet.
Alternatively, instead of a separate insert, the side surface of the recess may be coated
with a shock absorbing material. Example shock absorbing materials include
aluminum, ceramic, plastic, powdered metal, foam, or other like materials. The insert
708 may have various shapes, with a vertical inner surface 710 and slanted outer

surface 712 shown in Fig. 11. Other configurations of the insert 708 may be used
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concave instead of a convex-shaped bottom surface 604. Another nodification
of the recess 614 would include a slanted side surface 606. Referring to
Fig. 11, woOreossss2 714 according to yet a further enbodi nerCT/USovbasdes a
bottom surface 704 and a sl anted side surface 706 that has a predeterm ned
angle less th 90 wWith .respect to the axis X in the plane of. the bottom
su?f ace 704.Wﬁﬁﬁec§§ﬁ§? i"?‘é}ﬂ%‘@@?{%‘ﬁy %‘?‘P%Iﬁ’gcé"r\%ﬁf‘?e SPF%C?%%&Q IVERRON3Ic| udes an
insert 708 (ges;eesal |y ring- shaped) arranged around the side surface 706.
The insert 708 nmay be forned of a shock absorbing material to reduce or

di srupt the refl eRefegmedp HgmpLasiBoin gegouiance witk angiberambydiraeniat ecgssmay be

used to tai |§)1r4. ﬁlgﬁd%sez( {)cﬁcgotng:é)@gac%%o%,gﬁ&'g s?‘l@ tsﬁtqgcei ﬁ)%'that’afg g re?aeﬁt I vely, instead

of a separate inser surface o € recess nm e doated with a

shock absor bperpendidudiritakhe Hox@emduefasd BOK(as s Osivengormhteessat)s Howdveea
al um num ceranm c, plastic, powdered netal, foam or other like materials.
The insert POS0%ds PIpidedym theggeess Rithadth fip cap sittingran giouiden 80 Bigvidsde 710

and sl ant ed r > 2 I .ayrations of
the insert 708 %ﬁzﬁg%segg %(% 0\?%%8%%&@2&}3@2}U@%&%gggﬁvﬁpﬁ%}écesses
havi ng a gendasidinyr petepelnsibyuveding] fde esamplade pastionedcaomeithe omside anéloesses.
Referring to Figs, 12A-12B, i ccordance w th anot her enbodi nent, a recess
814 i ncl udes"%“a‘(‘){’?%?ﬁlé’ ﬁ?&@@ggg? Brr‘?éi%ﬁ assieéyles_ostﬁ?tfaé@%leéﬁ}éa@P%tgqgés general | y
per pendi cul agefingd ipeROls O £ Uﬁﬁl_@é‘ﬁe%%nWis'a@se‘ﬁﬁﬂé’@é}tth@ﬂﬁ'facéﬂﬁgs_Ses_) :
However, a cap 808 is provided in the recess 814, wth the cap sitting on
a shoul der 8dRmMben§1Gimdy b illed avithaair. i @thethiypss ofggase. or Alupdsemaybepiovilet iseal

812, which e forjyed.of an..el astoner terial or. b | di ng, f.o

exanpl e, is@%gﬁﬂﬂi’ﬁ{ rag@ﬁﬁﬁp ??gmé‘ﬁ SPEQCQEH}‘? ’Ceﬁaﬁ’flgioéﬁ%f)ﬂffeo%?@fm{ he cap
808 to provier cinSatsta thd@tside SR8 IpRsksERaBRGH tlAnietimsRidafiBkhatetche
recess 814. Since the assenbly is assenbled at the surface, the chanber

816 nmay be f0¥ 2 perfopting it ravebingdhropgipths redfesydles or fluids may be provided
ot haber i iR ST B TR Al oAyt e
sanme tine i sgemagikddinshaiit elidtber 816 are significantly reduced as compared to
compression waves generated in fluids in a wellbore that may be outside the gun
carrier housing 80. As a result, interference with the perforating jet inside the recess
814 (the chamber 816) is significantly reduced. In modifications or variations of the
arrangement of Figs. 12A-12B, the side surface 806 may be slanted with respect to the
bottom surface 804. In addition, the side surface 806 may have a concave or convex
shape. Further, an arcuate surface, such as the surface 300 shown in Figs. 6A-6B,
may also be used.
Referring to Fig. 13, a top view of a recess 914 in accordance with another
embodiment is illustrated. The recess 914 may be shaped as a conventional recess or
as any one of the recesses shown in Figs. 4A-4B, 5A-5B, 6A-6B, 7A-7B, 8A-8B, 9A-
9B, or 10A-10B. In addition, slots 910 are extended away from the recess 914. The
slots 910 provide a travel path for compression waves so that only a portion of
incident compression waves are reflected back to the path of the perforating jet. The
slots 910 thus provide a mechanism to disrupt reflection of compression waves

generated by a perforating jet.
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by a perforating jet traveling through the recess 814. Wen a perforating
j et passes through the recess 814, conpression waves generated in the air
chanber 8w6 oa0s883: gni ficantly reduced as conpared to conpPCEASIDMRSAAVES
generated in fluids in a wellbore that may be outside the gun carrier

housi ng 80. As a - rferen it h.thecperforating,jet inside the
recess 814 (the ’gﬁe;%%%rbegﬁq’%?um‘gag%eéﬁ?ﬂr%sgﬁ% Eﬁ/rf (E% ﬁlélgl&l.g W%hh}%&fmﬁgg%ﬂ ons or

variations ofircihieroughi can@ansl raebssks gsordiddolZiBs. HeCohdeecesket acr@Ae may
be slanted with respect to the bottomsurface 804. In addition, the side

surface 806 ﬁﬁ’eﬁlg%é{@e‘*%- concave or convex shape. Further, an arcuate
surface, such as the surface 300 shown in Figs. 6A-6B, nay also be used.
Referring to Fig. 13, a top view of a recess 914 in accordance w th anot her
enbodi ment is illustrdtedledianaceé ecessEMAVIGY e sEEPAVG@S d conventi onal
recess or as any one [of the recesges ghqwe i n |Fi 9p00 44548, |SA-5B, 6A-6B,
7A-7B, 8A-8B, 9A- 9B, [or J.Lq%iLUI:I —adgiyron, |stots;g30 arg extended away
fromthe recess 914. The slots 91P provide a tiravel path fdr conpression
waves so that only a porti dne®df ipci ded4conpriessi olgdaves |are refl ected
back to the path of the-perforating jet-—_The dlots 910 thusg provide a
mechani smto di srupt rlef | edd$%n of corrp?@%si on vvaveso-géenerqted by a

perforating jet. 13 WWQ?%?’Z—PWUSWS’& The t@bi@ bel ow summari zes
test results perforned using big-hple charges flired t'hr ough [conventi onal
recesses accordi ng to [Fi gadveddgelC pnd rerxsses |accong39g tq Figs. 4A-4B.
Cl earance EH AVG EH AVG—75x01.00x45 0. 62 0177 0. 82 0.69 0.74 0.89

0.84 0.73 0.83 0.92 0.71 0.79
The table includes 3 columns, with the first column indicating the water filled

clearance distance between the gun carrier and the casing (in inches). The second
column includes the average entrance hole size created using a big hole charge fired
through a conventional recess according to Figs. 1B-1C with a diameter of about 0.75
inches and a side surface that ié generally perpendicular to the bottom surface of the
recess (represented as the angle 0 of about 0°). The third column includes the size of
entrance holes created in the casing using the same types of big-hole charges fired
through a recess according to Figs. 4A-4B having a diameter of about 1.00 inches and
a slanted side surface 106 having an angle 0 of about 45°.

Thus, as shown by the table of results, the shaped charge performance with
recesses according to the Figs. 4A-4B embodiment is superior to the performance

, with conventional recesses.

Referring to Fig. 14, a chart illustrating the area open to flow created by the
casing opening per shot versus the gun clearance is illustrated. The triangular dots
represent the results obtained with conventional recesses (0.75 inches and angle 6 of
about 0°). The circular dots represent results obtained using recesses according to
Figs. 4A-4B having a diameter of about 1.0 inch and an angle 6 of about 45°. As

illustrated, the average area open to flow per shot obtained with a recess according to
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Average 0.736 0.839 The table includes 3 colums, with the first colum
indicating the water filled clearance distance between the gun carrier and
the casi nyo(oiesssszhes). The second colum includes the aperagel/esbs ance
hol e size created using a big hole charge fired through a conventi onal

recess accorpnA BT Gy ot athLlisdubliReS Blos?bhaSH bl Siveriiglice 2nd @

side surface that is per pen to ttomsur cg of the
recess (reprwsestsed as the angle 0 of about 0). The third colum i ncl udes

i . hol t int I Ising, the sanme types of
e e o et R s A S Bt bt YRS o
di aneter of @beidinglth@ich A dBSeRIdal Resh %Eo??g%it(gﬁigf.uﬁﬂér{tﬁigo@?}%—Zl\ﬁ'gﬁgn&n

angl e 0 of about . Thus, as shown by the resu aped
char ge per f dhraugh e rofeshacooeding toekiga o Bi(Aigst tOA-H6EFambkassetatdB ermbodi nent

Fros ha o oSS RGL RN Samttd, TaER SR sl Siovce pdiratie fsietast ng
openi ng per & hQoint Gefus iRt Vet BREREForldind febsiatd. atied 15BNRqtibangy! ar
g 5

dots represent the results obtained with conventional “recesses
i nches and dRgPeferating jesrniending thgvgh portiams af thtovebsrof poesponding sadesses,

obt ai ned usi ] i A- 4B havi.n di,anmet er of
about 1.0 i n‘gﬁh {:an ﬁégﬁ%‘gﬁg&%&ﬁ Qg%(%f},: %g&oo}égen[era[t teﬁ%{%&gly e aver age
area open t aobipoessiparwsiee tloshttaiteesbrivrithedet 1068 S5 MERAE HleBird 0 14 WO

i given cl earance is superior to

i D S N e R P
recess aceor it RePto e eab AL Aol ek B S ARG ] TR O
ggggﬁi ﬁgcf ae@isgﬁ‘ Ptbttio%s-l()m@and 1602]31615) ar@ntbsasso tielB bf céﬁéﬁpbﬁcﬁﬁ;[g?éls \t/vaves
illustrated, Fi.gs. 15A and 16A show the perforating jets ri at a
ES(r)ien!t bef or aiv?TB"fch[‘g?‘?@t RIEHYSy w%@? thedppisdrons susrosadiag poriags 1005Bangd 168

show the penDOB&alODvepbfestirts bREyvdr MO RPFLY. 956, Bithd sviERsaP!
correspondi ng recesses, ) ) ]
recess with the generally perpendicular side surface, a compression wave portion

1004A constitutes a high pressure reflection from the side surface. In contrast, as
shown in Fig. 16C, no such high pressure reflection has yet occurred in the recess
according to Figs. 4A-4B.

Next, in Fig. 15D, reflections in the conventional recess have created a portion
1006A that includes high pressure compression waves. In contrast, as shown in Fig.
16D, the high pressure compression wave 1006B is still created primarily by the
leading edge of the perforating jet. In Figs. 15E and 16E, a second portion of the
perforating jet that is behind the tip has extended almost through the corresponding
recesses. In Fig. 15E, two high pressure compression wave portions 1008A and
1010A are illustrated. The compression wave portion 1008A is primarily reflected
back from the side surface of the recess and, as illustrated, is about to impact the
perforating jet to cause interference. In contrast, as shown in Fig. 16E, the high
pressure side reflections are not present in the recess according to Figs. 4A-4B. Thus,
the simulation results illustrate the superior perforating jet performance using the

recess>according to Figs. 4A-4B.
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W th conpression wave fronts 1000A and 1000B generated. Generally, the
conpressi on waves closer to the perforating jet have the highest pressure.
As shown wp ofioggs32 15C and 16C, the perforating jet tips hace/usat/easded

t hrough the webs of correspondi ng recesses and are close to extending all
t he way through t r.eces Por.t.ions 1002A an B th t are closest to
the tips of corre B‘WGP% f‘gf o7 39\ 18, TGESSRY 5@8@%&@@&8%& Vel TR wave
fronts surr Owérheﬂerﬁ@d&dnel&% ar03AAR SukRGeRsh3navd ﬁ%&dlﬁ%ﬁ&ﬁ&h@%}deHOV\BVer
as shown in Fig. 15C, in the conventional recess with eneral ly

per pendi cul arsuﬁm&eﬂmumfeaidepteétmfmp‘r@ibﬂm «ﬁapwelpwﬁtono’nave&b Ué@hstr tutes a

hi gh pressure ref ectio mt e ntra shown in
Fig. 16C, no Sﬁﬁrﬁl RS g5 SP dlogpsng 8‘?@85@?%&%5 u§:/ees't 21(1:35%6 é%rf ap %ehl(rﬁecess
accor di ng t 0 g a9; théArdl BurfNext102ii01gdriegallyldRcaveatitieatleauna p bﬂlo'fnhﬂat extends
conventional recess have created a portion 1006A that |ncI udes hi gh
pressure conpreydiyorinkéads, thesideontfresst2024s sensolly nlanariagd extepds atppanglegh

L t i di
Ptige. of t he afrgp BRAE aa D PRt s LAGHEHE BIURE InohoRnl dftacd C0C) 19
perforating jjebat badn ﬂeées@&hh%dbé BrahtaBedRBy &éﬂﬁﬂﬁﬁﬂll@mf)uﬂché@glﬂhot he

correspondi ng recesses 15E, 'two hrg@ pressure corr%éessr on wave
portions 1008@@9&16 @@l@fr@netrauqnuéﬁheashm of theregesspy B8y e difigagend (pohei on
1008A is pringari e surface of the recess and,
as illustrat game* E‘ t%%%gntrplglg%tso nﬁ&ﬂ@ﬁ rc% gtr ng jet to cause

interference. In ophild ﬁh&ﬁnve@ﬁoﬁhm%behmlsf:l(ged Witk respbe thiadimitqarramsber of Si de
reflections are not present_in the recess according to Fi 81%]‘3 4A- 4B., Thus,

the sinmul at i 6fbedignts thase gkifled insthe get "%@r?@??eé’ratep@m%%& madilicaions@pd or mance
using the %&ﬂg@ﬁi@&%ﬂg&gﬂ {0 irfeb@Rd tﬁa%ﬁ@%npéﬁ%e %é(s%@@kgﬁl o/ US01/ 02893

Referring to recesses respectively,

accor di ng t o nuddificationid et mmhansaa{sefalllwmm thettad. spBit@hd sexpesd ds insemionnwar dl y
extending side surfaces that are adapted to focus reflection of

conpressi on waves back onto a perforating jet. Such focusing of the

refl ection reduces the charge performance. In
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Fig. 17, the side surface 1102 is generally concave with at |east a portion
that extends inwardly. In Fig. 18, the side surface 1202 is generally

pl anar amiO@iessds at an angle O that is greater than 90Pwirtusor/espect to
the axis in the plane of the bottom surface 1204. Such recesses may be
advant ageously used in a nultiphase puncher gun.to reduce the depth of
penetration. The shape of the recesses may be different (or the sane)

al ong the differefhphogssnedfis:t he puncher gun. Wiile the invention has been
di sclosed with respect to a limted nunber of enbodinments, those skilled
inthe art will apprecifatarienfoecaugnimgdixplosines sAmpamag: vari ati ons

therefrom It is i ntend;enld t.hah t.he apl*[});?el{ deﬁ cl ai M8, GOVl %{al/insucré' he

nodi fi cations and vari &t 9188 48 PeRP HiONTRE Y rsﬁ?srsi a%d?psggperyof
the invengi oggpd 4 6id¥VELRAQUR &AM PHedundSI0d HEZHRSy ant¥ihiapd o @dofReyits redlice A
carrier for containing explosives, conprising: a housing having a plurality
of recesses, rflgchon etensmpragsidmyaves gensrpiae inresponsa i an Sirlesivajet gededdvendi ng
around the perj,pher. to a geonetry to reduce reflection of
conpr essi on &%@%@mﬁé ggg?égﬁgﬁg%esponse to an explosive jet created due to
detonation of an explosive. 2. The carrier of claiml1l, wherein the recess
further includes a bottom 10 surface, the sjde surface being slanted with

respect to the boftom diiprawier opclapnd, whereindhe press|fastharinclpgdadioforhe si de
surface g? : Al fadel ﬁgﬁfﬁrsﬁlg@%?%eé@ﬁbﬁe%ﬁ réasﬁg?cgﬂhéﬁbtﬁ)% fliggat%g.' n the plane

of the b omsurface, t erm ne bei ng se d in a range
greater than 0 and | ess than 90. 15 4. The carrier of claim2, wherein the

side surface is at a predeterm ped. angle with respect .to an axis.in, the
pl ane of the bott@m surlP§Catief Hgglﬁ%ge‘?{é"rrﬁ‘inﬁﬁ%l“d%ﬁ %eﬁ%wr?gprg%qt%‘??}"éﬁi in a
range great e 1B3RmbAsRriol MS%id iahe fldne SOhe botlbiR sGAide, fe RédebdrMinBd?,

wherein the side surface is generally convex. 6. The carrier of claim2,

wher ei n t he sngle beingfseleeted $n g eanee @rdajer clamdii\aad less than 90°.

15
4. The carrier of claim 2, wherein the side surface is at a predetermined
angle with respect to an axis in the plane of the bottom surface, the predetermined
angle being selected in a range greater than 10° and less than 80°.
20 5. The carrier of claim 2, wherein the side surface is generally convex.

6. The carrier of claim 2, wherein the side surface is generally concave.

7. The carrier of claim 2, wherein the recess includes a generally arcuate

25  surface including the bottom surface and the side surface.

8. The carrier of claim 2, wherein the recess further includes a first
portion and a second portion, the first portion including the bottom surface and a side
surface generally perpendicular to the bottom surface, and the second portion

30  including the slanted side surface.
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7. The carrier of claim2, wherein the recess includes a generally arcuate
25 surface including the bottom surface and the side surface. 8. The
carrier ovoohabssB2, wherein the recess further includes aPCirsn1/038e3ti on
and a second portion, the first portion including the bottom surface and a

side surface gengrall erpendi cul ar to t.he bottom.surface nd the second
portion 30 incl ud?‘ng tﬁggg?%ﬁf gjldﬁglflhg V%llﬁr?lgil?f S19%75 Cﬁifﬁ)%g'@g‘%emneg
PCT/ US01/ 0288éh-siBoothRarfaéy profile. of claim 1, wherein the side surface has a

predeterm ned non-snooth surface profile. 10. The carrier of claim9,
wherein the surface profile includes one or 5 nore steps. 11. The carrier

of ‘claim 9, wherep Theysurfacs: Lald! oS kiudigse e ofHONERAE, S face. 10

12. The carrier o | ai'm erern t’he surface pro udes one or
nore grooyesmotdSstegdie carrier of claim1, wherein the recess further

i ncludes a bottom surface, the bottom surface having one of a concave and
convex shape. 15 14. The carrier of claim1, further conprising slots

extending fromtheys! d?‘he%%%?Sf’leﬁr%',%éraﬁtlgegglj{%@@k}'ogﬂéPx%lu%lle?&s adapted to

recei ve portions of the conpression ~Wwaves. erforating gun

conpri sing: raightmasfirfacee shaped charge; a carrier housing having at |east
one recess, the shaped charge aligned wth the recess, the shaped charge
when fired producing a perforating jet through the recess generally along

an axis, %@5 the rggesshakhfg: 8r st ONPicfeidfith ﬁlrﬁicté?ro?ﬂé fiRERIESHEHII Ng
around the periphery and slanting away fromthe perforating jet axis.

more grooves.

13. The carrier of claim 1, wherein the recess further includes a bottom
surface, the bottom surface having one of a concave and convex shape.
15
14.  The carrier of claim 1, further comprising slots extending from the side
surface around the periphery, the slots adapted to receive portions of the compression

waves.

20 15. A perforating gun comprising:

at least one shaped charge;

a carrier housing having at least one recess, the shaped charge aligned
with the recess, the shaped charge when fired producing a perforating jet through the
recess generally along an axis,

25 the recess having a periphery and a side surface extending around the

periphery and slanting away from the perforating jet axis.
16.  The perforating gun of claim 15, wherein the side surface includes one

or more segments.
30
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16. The perforating gun of claim 15, wherein the side surface includes one
or nore segnents. 30 18 WO 01/058832 PCT/US01/02893 17. The perforating
gun of clwprmasss3nherein the side surface has one of a comggrRiSor/osehncave
shape. 18. The perforating gun of claim15, wherein the side surface forns

part [of -5 & coney; 19. rF0E RELEOL B Aigh 0'uiEkah Ml WDBLERD GG qart i er

housing is part o gun and contai ns one s argg. 10

20. A gun carrier conpeomieR®r céndaoeishapg. having a plurality of recesses; and
a material placed along a side surface of each recess, the material having
shock absorbing characteristics. 15 21. The gun carrier of claim 20,

o1 ai m 20, whorei ntthe it by raptRE R ot L MERER et B OMIR R oy,

gun carri%®r of claim28comherein the recess further includes a bottom
surface, the side surface being generally perpendicular to the bottom
surface. 24. The gun carrier of claim20, wherein the recess further

i ncl udes a 25 bot jem s%%ge@(%_rﬁﬁe',k%%&lgﬁcléiﬁ{fﬁ%e h%%&?&f}ﬁ’q“ﬂ%%q{ o

to the bottom surface. n carrier of claim ere ) e insert
is generally ring shapebot-180si®6 gurambeanitans érershapatt ciargeng expl osi ves for
use in a well bore, conprising: 19 WO 01/058832 PCT/ US01/ 02893
10 20. A gun carrier comprising:
a housing having a plurality of recesses; and

a material placed along a side sutface of each recess, the material

having shock absorbing characteristics.

15 21. The gun carrier of claim 20, wherein the material includes one or more

inserts.

22.  The gun carrier of claim 20, wherein the material is coated to the side
surface. |
20
23. The gun carrier of claim 20, wherein the recess further includes a

bottom surface, the side surface being generally perpendicular to the bottom surface.

24. The gun carrier of claim 20, wherein the recess further includes a

25  bottom surface, the side surface being slanted with respect to the bottom surface.

25.  The gun carrier of claim 20, wherein the insert is generally ring

shaped.

30 26. A carrier for containing explosives for use in a wellbore, comprising:
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a housing having a plurality of recesses; and a plurality of caps each

seal ably covering a corresponding recess to provide a chanber in the
recess sewbad/osssem wel | bore fluids. 5 27. A nethod of i npPoTiusgl/msp3 or rance
of explosive devices in a wellbore, conprising: providing a carrier

housi ng having a plurali . . “defined in part by a
side surface having a %Péﬁ% %P%ﬁﬁ%%B@%%Bg?fg%%gggﬁﬁﬁg t he expl osi ve

devi ces, each expl osi ve piieulityef taysrsacigsaablil Covexipk asoresgjoatling xé@sgiong

t hrough a correspondi ng recess, the explosive jet inducing conpression
waves in wel Proviqs achagibenin the gecsss seplsd Tiomp wellyrgifvids- shape of the side
surface reducing reflection of the conpression waves back onto the
explosive jet. 28. A carrier for containing explosives, conprising: 15 a
housi ng h@avi ng at 2V.eastA mothod of asgrohingipecfoanamekiof pxplodiec ddvidesaish one recess
defined by a sHéface; and the distance fromthe axis to the surface of the
recess varyi NG PPENTAPHERE om of the recess to a top of the recess about

the full periphery of LRRidiRE&R&riefHowkthe l'gatvﬁ?gr 4 bBFaliPbf CONEE, BidhGecess

expl osi ves, conprising: a housing having |"'east .one recess having an
axis; the atefinedsn paribynesidessirfded haviap bpredetsrminad ehapehe at | east one

recess having a first asgl%?t g{nenfi onsqggual i n%ht hi . di tange f.rom one
surface to an opposi t e S0P ICARE PR ST EES SPEhG PO Yo VBESSEU"E 2B t hrough
and per pemdi exhiagivé Rt Eﬂ@ncﬁ?%ﬂﬁoﬁ rrdsPeifdin®RBeds ChHE SRpIOAVE Y iiveRgond

e

aspect di nension equaling Istance fromone surface to an opposite
surface and AeaBEsBen Wawergnavell thad patheirepgss, the pradetcamnephapeptitbegider to t he

econd aspec Pl saruR i eartine B eSlor WP Bl opeo B8Rl Tfme 7 ecass
to a top of the recess. 20 :
28. A carrier for containing explosives, comprising:
15 a housing having at least one recess having an axis;
the at least one recess defined by a surface; and
the distance from the axis to the surface of the recess varying from a

bottom of the recess to a top of the recess about the full periphery of the recess.

20 29. A carrier for containing explosives, comprising:
a housing having at least one recess having an axis;
the at lfaast one recess defined by a surface;
the at least one recess having a first aspect dimension equaling the
distance from one surface to an opposite surface and measured along a line passed
25  through and perpendicular to the axis;
the at least one recess having a second aspect dimension equaling the
distance from one surface to an opposite surface and measured along a line passing
through and perpendicular to the axis and perpendicular to the first aspect dimension;
and
30 the first and second aspect dimensions of the recess varying from a

bottom of the recess to a top of the recess.
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WO 01/ 058832 PCT/ USO01/ 02893 30. A carrier for containing explosive,
conprising: a housing defining at | east one recess; and the recess bounded
by a periywbenassssurface that is curvilinear in a 5 directipeR/dSouomsas bott om
of the recess to a top of the recess about the full periphery of the
recess. 31. A carrier for containing explosives, conprising: a housing
defining at |east one recess having an axis; and 10 the recess bounded by a

surface at | east por i Qi froMynEdinih 1809, coftpdlisinges at an angle to the
axis. 32. A carri g?' for cont a?nl ng elxglegéi ves, corrprlgsi ng: a housi ng having

a plurality of recesseshoeahdefminsat lbmyompeaesseanidohery 15 and a si de
surface extending around the periphery and shaped t eonetry.to focus
refl ection of conpress%&ﬁe‘iﬁé% %urblgggygtp&}p %&%ﬁ%ﬁ%@éﬁf ugrﬁﬁrée)%}noas! ve j et
created dyle g0 @RLRME beRoror fe BXRk &5k M of theresésdabsuttha gl pediptisiynd t he
refl ected conpression waves back onto thé explosive jet. 20 33. The

carrier of cilmireee82, wherein at |east a portion of the side surface is
i nwardly extending. 21

31. A carrier for containing explosives, comprising:
a housing defining at least one recess having an axis; and
10 the recess bounded by a surface at least a portion of which is planar

and lies at an angle to the axis.

32. A carrier for containing explosives, comprising:
a housing having a plurality of recesses, each recess having a periphery
15  and a side surface extending around the periphery and shaped to a geometry to focus
reflection of compression waves generated in response to an explosive jet created due
to detonation of an explosive, the side surface focusing the reflected compression

waves back onto the explosive jet.

20 33. The carrier of claim 32, wherein at least a portion of the side surface is

inwardly extending.
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