;e3e\ Xt 6Ti wdr PHASED PERFORATI NG GUNS Background The invention relates to

phased perforating guns. 5 Perforating guns, used in wellbo
perforating a formation, include charges nobun~ed on a base E@EM@H@WHMWMPe
charges are often phased, that is, pointed in different dir

perforating around the circunference of the wellbore. The charg8%!4sed may
be capsul e charges which are 10 each individually sealed by a

agai nst corrosive fluids and el evated tenperatures and pressuM@mﬂ@mMﬁwﬁmw
wel | bore. On the other hand, if non-capsul e charges are used,

havi ng a seal ed housing is used to surround and protect all of t Hgoooor

non- capsul e charges fromthe hostile 15 environnment in the well bore. Figs.
1-7 illustrate various types HHAEEI) CPERFQRATING.GZOSReferring to Figs. 6a
and 6b, exanples of perforating guns in which non-capsul e charges are

| oaded in a carrier housing are shown. In Fig. 6a, a perforating gur_ 22

i ncl udes a base structure 22b and noBackpzoladchar ges 22a nounted on the
base structure. Th a r ' [ hol es
22b1 to receive thgh%oﬁggg{@#%h%%%%g%%%%étg Iéé%%%@gﬂécll {élgg'and
protects the unseal ed charges 22a. The carrier tube 22c is sealed to

prevent well| fluidpkrem-danay raitde et d8s wrbdhes hpbesp22bdrit DHE

whi ch non-capsul e charges are nounted) are 30 greated_ al ong the tubular
base StructhrP T 19 a SHFtUFCpaPeErRs BOFREERoRt figParEas SES AT Ered vl |
t hi ckness 22tk cHargksades dftdasprdsed:cuhatr benegppiatedcieatiad fiaretite
carrier tube 226 {84 euce LOS PLOLLYSLOR, 06 BHET 810, Lhe CarL ofe Luhe wal
created by The expl 0si Ve foFte’* The hasirng o £he non-capsul’e perforating
gun is det evedrardy SThéecchasgesonsefiomayohet hapeubel ahaass yhigdt are

22b. Sifpl adoh idafigaubb1yas6aiLiiehyt HDE23616aEEReR R RasGoslikCt Ure 22D
having a plurality of |ntegraII¥Fconnected rings in which non-capsul e

charges carf BE-FDRARSF LR TRE FPRESTRFRTESNPPGUPEESSHERSt ABt thRe

non- capsul ersliasPes. arch ata@ngeldeirnhan80Ei phasgadcppklieenchepyeespagrdi ng

areas of redqug thi ckness 23d. are creaieg hn1the carrier .tube 23c. Tgﬁ

areas of r d 3 HiZHmess BRURAd2n3ReLapsBPESEREr §8s URESt T8I FHATPE Ehsur e

a m ni nrum amelindrafeqr dklidd Hgtii® bonrsapseler ehbedesnfrbhetbhet bossukikace

of the gar rérg;ixt&ggezl,g%qhn @lﬁg &QElQngi s fired, the non-capsul e charges 23a
re

and base structure ak apart, but the debris remains in the carrier
tube 22b. The carrier tube 22b can then be retrieved fromthe well bore. 20
Referring to Figs. rhigsand-¥bi1a ddtrate/ Rer@mendaleas per frrmdd Mo i 1 s
illustrated. In Figure la, a gun 10 includes capsul e charges 10a which are
phased (poi'&t in different directions) approxi mately 9GE from each ot her
to 25 perforate the formati on about the circunference of the wellbore. A
detonat bpg cord 10 r.Qu ch ¢ or i the charges in
respons%ato a det oﬁg\falgg%gggiar?%l l%‘Si: a(r:gha c%;dggsebf'i sexgao ne%g%e to the next,
adj acent clReRfoRAHRDIGERS plaswhbeh Bon-capsule| angrges| prealdpfitr antly
confi gured pesfrariadd HbhuHihd 2 OCENEIRE . @ PhUFBS1 ¥ 0f acBRs LB ENAKTGENt hat
are connected to each other via rivets 12a. In_this configuration, thg
capsul e charges AriiShas P IBOE-FrohiEeeath SERPONFFERSUSE GRATIRS <22
i 1lustrat e ntovnwddhesn typesoaie 180Hpbeaed. peTherbasagsguasrunbi gbbar e,
(espoct ¥Condldet Y SU4LB: HRG1 36 o FARIIRP! €0 OHORe1 L0 ELY nBR- 2
capsule charges. A carrier tube 22c encloses and protects

the unsealed charges 22a. The carrier tube 22c is sealed to
prevent well fluid from damaging the charges 22a. The holes
22bl (into which non-capsule charges are mounted) are

30 created along the tubular base structure 22b in a spiral

pattern. Corresponding areas of reduced wall thickness 224

-1 -



10 gun 14 includes capsul e charges connected together by nounting wres
«14b: In Fig. 2b, a perforating gun 16 includes capsul e charges 16a nounted
on a rigid base structure 16b, which is nmade of sheet netal w th openings
to receive the capsule charges 16a. In the enbodi nents of 15 Figs. 2a and
2b, the capsule charges are nounted to alternately point in opposite
directior_s along the nounting structure 14b or 16b. Referring to Fig. 3, a
perforating gun 18 includes 20 capsul e charges 18a nounted on a straight)
relatively rigid base rod 18b. The base rod 18b may be hollow, allow ng a

detonating qangila ke seRledd kriouah 4:he canderathereof-49ri coppgction to

each of the charges 18a. The capsul e charges 18a nay be nounted onto the
base 18b usiFRGIEEFeWd P25 2Refr KENY G HG PR TN T R bt g Hukn2bhe

includes a phufdlert Yubk Gapgulceesltaidges, 20k raupies vh fokase sthep 20b

t hat incl udes a.netallig$§trip havinga I raLigﬁbof throggh-holes giggosed

for connect PORSE0St RE E&Fr BSPoREPTY 30 R s Dot RS

enbodi mrent shewpoisitkiog. shownhen tle tulullstn thase shemictu8 NHsch 2002

capsul e charges 20a are nounted to point in only one general direction.

Referring to Figs. 5a and 5b, a spiral strip perforating gun 21

manuf act ured by OwefirGlamihesin Ifkg. ofbFta yerrherTexke, 28s chkustasateed.

The spiral garslepsewc%%l BY U2 hgl ACIHHARS 18 g} lHﬂali!ﬁt}’edgafﬂpsm e charges

21 a nounted along a spiraling base“strip 21 b. "The direction of the

capsul e chaF@é%leE%eé EL898elsr MPACE BPItERSileachargns sfan e paRensedi p

21 b andi ¢ henampuat sobreWcsh fhglivedn sePs Whe g eon -RefylidG-h&-fkgs. 7a

and 7b, a perforatiggﬁgyn 24 iggtg ese%g sul e charges 24b nmounted on a base
[ |

strip 24a. ThE Basé pr2#a 8 _ S5t U e TIRAP AN Rt gRfRral | y
a: ong Itz cemt Q"ed@&lela Eaif:%@[sé szgZTaé:lé' @&@ac{é@é tﬂrprth%%%ﬂt?ﬁtékgtﬂbfﬂ first
pl ane and a_secon anar _portio qnnect ed ..o, and, subst ant i y
coextensivezifth &H RFFEEE Bgrfﬁgﬁc %dtﬁﬁcﬁﬁqsﬁ §5§5€6ﬁh1¥%ﬁﬁq%ﬁﬁ €an
angl e to thehbirges phaneallbe ubi tasyrst ructinrienuormectnty diheds tstd bg
second s f 2 3.praoyide stru .S Kt d.resis eto
bendi ng Jl'o% ?ﬁ?ﬁmé?% %Egagégsfj'e‘eéagbleserz%%%fr%gea:é?g%ﬁa e%frf:‘oen%e%%g% to
the first addcsecongepbhei gna 25afized. 2443 con-repsade shange®3asasdown

in Fig. 7b.plhe bas@cshibp2ghapiaakudes recesses niabialiienatalys cat ved
into the first and second surfaces 24a2 and 24a3, each recess 24al being

f 3
shaped to r&B& FBTFRETcFHPENPEPent TR SRARESH CAPEAR<H S3¢hdhfE 2®. The
capsul e charger2ébetdsthemdthe pkatbogd.a correspondi ng surface of the base
strip by @ nounting bracket 24c. A detonating cord 26 is connected to each
charge Z4b. The base strip 24a is nade of hardened steel, and the nounting
brackets 24c are edgfsmdaoftyiTidst ekt ardglh, ptalinkaryoe sxpehdalhe

mounting brgekebsa2464MBYUnbEsPRY ey EONNEE! base sty 24n by a
pai r of scr%ms. Vﬁen gnghgrgg de?o%gtés?atheggsgggFgfég%nnﬁhf*ﬁb:ﬁfacket

breaks to aFREW fRE SPBALLENGFGEILESIAG WO LRl Breo PRRE SFotPorhnsed Her

wel | bore. Haweyerenthgibaseishkl PagpRoxdmatSuURsbicEutrecrhedicr othdkecanber

2001 portion ?-1a3 connected to an~i substantially coxtensive with the

first potti BATAREAFGI RBSi AOEM3EEBRIAPONEI Ghear iaruadRrence fe thHaat pl ane.

The unitaryywsinigettr e AogaednhYihfechbirist oandea8ear arbusir kaces Hagand

2~t a; prOV|§§€séructural o] and resistance to bending of the unit. The
S

su r
capsul e cha LPB25IBIaFPEr ABREFFSCORNEEERETES Re 3 FESCRGT Fecond
portions 2-ka2mahds2=| B8chf chhegbase sbhnpcZe=d, tasthkowextn Ridjaddnt The
base strip 2¢a_incl ude sses. ,~-lal alternately carved Into the first
and second gﬁgfggegyg-Egggégdsiifaﬁpcéach recess 2.al being shaped to
recei ve Xthe circunferential shape of a capsule charge 2~b. The capsul e
charge ?4b is held in place on a corresponding surface of the base strip by
a nounting bracket 2=Ic. .~1 detonating cord 26 10 is connected to each
charge 2-1b. The base strip 2~a is nade. o hardened steel, and the nounting
brackets 2~c are each nmade of mld steel, e.g., plain carbon steel. The
nounting brackets ?-~c may be physically connected to base strip 2=la by a
pair of screws. \Wen a charge detonates, the associated nounting bracket
breaks to allow the spent charge casing to fall to t:~ie bottomof 1~ the
wei | bore. However, the base strip 2-la Itself can withstand detonation of
the charges -1b and will not shatter when the charges 2~b detonate and may
be retrte~-ed fromthe well bore. The perforating gun ?-1 is further
described in |l t.S. Patent No. ~, 09~,999, entitled "Through Tubing
Perforating Gun Includln® a Plurality of Phased Capsul e Charges | ~~founted
on a Retrievable Bass Strip ~'ia a Plurality of Shatterable Support 20
Rings," assigned to the Assignee of the present application. Summary In
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capsul e char~es nounted I n correspondi ng support nn~s, each support nn~

bei ngadj ust abl e by sel ective deformation of the base structure to face in
one of a plurality of Substitute sheet - 28 March 2002 itself can

wi t hstand detonation of the charges 24b and will not shatter when the
charges 24b detonate and nay be retrieved fromthe wellbore. The
perforating gun 24 is further described in U S Patent No. 5,095, 999,
entitled "Through Tubing Perforating Gun Including a Plurality of Phased
Capsul e Charges Mounted on a Retrievable Base Strip Via a Plurality of
Shatterabl e Support _20_Ri ngs," assj.gned to_the Assignee_of the present
appl i cati on. Surmmar y2I f+8ccdPdaRc fﬁﬁePﬁéﬁlﬁRﬂéa TGQrﬂﬁ¥£5” Y i BEY a
Sx]pendatl;: e mezfmcalltdd@hga,llr)plmmi&;sim:c@pﬁfsﬁ_ ah&ugéurfhaaﬁaraf a

ef ormabl e nmateri the base structure includi capsul e, charge support
Fings integral i He® HaR%? sTTRtt ufed ’%Ja‘é?\tiuggﬁrt iflnghéﬁbst antially
circul ar i n chraheyimtieduceriodn camaule cdhaddesi akef phasad LBEESdppart ring
so that debris _ is reduced upon firing of the perforating gun; and capsul e
char ges mBurft&d* i3-S 1 espondi ng support rings, each support ring being

adj ust abl e by sel ective deformati on of the base structure to face in one of
a plurality of diregtions.to_pr.oyjde | urali of combinations. af asi ng
patterns, wherein tﬁégﬁasga}sﬁqa&br é?'g’s‘g&é'}a(??n%oeot & Ito\WefsorOEagﬁPglnent
01;] thﬁ di St%ﬂlﬁa%élﬁtp/tﬁeﬂbr%&ﬁ@%d&%,ﬂm&;hlékéf dﬁésb@ct’?ﬁ&‘l?b%igén&hay of
the charges._|ln another_aspect, there is provided_.a pegforating.gun, .
conpri si ng: S Pelﬁﬁﬁﬁﬁeﬁﬁﬁﬂ4g}%ﬁuﬂﬁﬁ%'pof?i%hg'eééh ﬁa@FgGgaﬁtb%%ning
di sposedl0henet Hrdougir, luebeh oyeniliyg ddjugdsabdentectadetogethyrong of a
plurality of_ di t ; |l e .0es un | E . opepi ngs: and
connectors ir?rﬂq‘(%tﬁgﬁ y}'?oensﬁglgﬁ{ng %g?al%g'ntig;’up%;g?fg%%glgbﬁg,E{élgcﬁsconnect or
-5 Subst i tincd usiesetcap il HadEngas A0 mountgd el | @nsigedprasede a

plurlity of Gorbidiatd A OfwHIRAS 1IN0 Mald S NSshAWErREPat N1 DRSESLINGE UES 1S
deformable to all ow for adjustnment of the di stance between, successive
I

rings. m or F&EFTIAF SYeh SRAF IS t1R# chatyeshe AStRERCSsPRCt
there is1pr@digded 2a perxd @t it dapsWeHatdgs & uppaitedesder havi ng
support portj Vi o] i ng di sposed. t her et hrough, each_openi ng
2 Dot abl e (3 Prea AL RO U RS FPSFE AL T . P B SR ges
mount ed i n tfEUSFariendgdl @aw Iddhnectors integrally connecting adj acent
support portions, each connector having

Referring to Fig. 3, a perforating gun 18 includes
20 capsule charges 18a mounted on a straight, relatively rigid
base rod 18b. The base rod 18b may be hollow, allowing a
detonating cord to be inserted through the center thereof
for connection to each of the charges 1l8a. The capsule
charges 1l8a may be mounted onto the base 18b using screws.
25
Referring to Fig. 4, a perforating gun 20 includes a
plurality of capsule charges 20a mounted on a base strip 20b
that includes a metallic strip having a plurality of
through-holes disposed for connection to the corresponding
30 capsule charges 20a. In the embodiment shown in Fig. 4, the



bent portions to alit a center o f each capsule charge generaily with a
<l ongi tudinal center 10 axis of the gun, the bent portions enabling the
support portions to be adjustable to different positions to align centers
of different sizes of capsul e charges gener a”SuB@t‘itUtééﬁéé; @WWQQOZ
center axis of the gun. In another aspect, th

arrangi ng an expendabl e perforating gun to shoot in one of a plurality of

per forat i reprsie RHBEG 2 alelBRpiakd G i HEndF Snf QERBITeRetBhrcr ol “ana

i ncl udi ng capsul e charge support rings inter al with the base stricture;
form ng each sugport ring._to be substantially circular in shape to reduce
an anmount of naRefardng §eddds P& anthabtna@ sRif Strip peAgeatieg gum1qegpufaciured

reduced aft{;fty bogﬁlt HoBes 2dnd My ?tl’ftn%ﬁﬁgsﬁ% Mk flhg'tg?ttea A d Fgﬁrg??%n ne

of a plura rectirons; nounting ca tharges tn the su ng;

and adj ustperforating djiat ancnacmdémrplmme@fsca@sme h@ardes Adhomounted bibrigase
structure, in order to var{bshot density_ of the charges. Substijtute sheet

_ 28 Mar chSRitRIPIHRAREStripeAtb phe F’Hﬁ@t'QTbOE'Fthﬁa%SLH%rﬁhéngﬁ 24 @e dgtermiped
charge ge amé ¥p|\‘\%¢]sghaz>ul A Ftﬁﬁge”&hﬁcfl'ﬁtgﬁd B Snfunt oF hﬂfé?gew&rpegﬁsule

portions e I Ng portiohs to be adjustable to

posi tions d¢reargesgn centers of different sizes of capsul e charges generally
with the |longitudinal center axis of the gun. In another aspect, there is
provi ded a nmet hod of arrangi ng an expendabl e perforating gun to shoot in

o OT 2 PRefeling Yo Higg OB Nl 1912 cRHPARRY Blin P [Rbfes LS B Chafhes 240

conprising: pro ora 'i'ng gun ng a base str
def or nabl emmanmd arh aahalse strlmﬂmgﬂwbasé strcpha4ges aumitary struotyse ithateigrsnt

with the base s ture; formn eac to be anti al |

ool ar Pt Hond 83 cahtar i torat Breh 1A ASHOD P44 bt SIS ¢

rings so taahe%'aré Sebdnd ?QH@Fﬁoﬁ oTneZ4éée§é}g§c'téH“to éH\E_J §Eb£'t%nﬁ§@“c&é&&&‘?§&e
ne o I rections; I'n

ring to face in any o a plurality o mount capsul e
charges i n/vlﬂmehesﬁ;s;b@ortlan and lvamglinealsasondhportioa atizst amgle tb ¢heviiest ptarec dbei ve

Charges, B SHUERTB{arEhpY Lhf i3t 2hspsord Surtapes 32 pdkadediaitens of -
l'i nk-type ﬁﬁ%@%@@hﬁ cE’ﬁrafnerré isfwwo%%%en'a'i of the @PPT%E@J% & Hraas 22b Wi fe
ding s 2

and strip-type sem - expena e guns. is a diagramof a capsule
char ge, phareecaltgrantaly auqnngctgdnto Fhegf:rstt am;i aemrut;pamcmfs 24a2@nd 24zhaf dbe

non- phase erfor 5 |s a diagramof a spiral-type capsul e
charge per %?V'H?J@J%sg%o&@ n R 6b are diagrans of a phased)

non- capsul e charge perforating gun Figs. 7a and 7b are diagrans of a

differently configured phased, capsule charge perforating gun. -6
The base strip 24a includes recesses 24al alternately carved into the first

and second surfaces 24a2 and 24a3, each recess 24al being shaped to receive the
circumferential shape of a capsule charge 24b. The capsule charge 24b is held in
place on a corresponding surface of the base strip by a mounting bracket 24c. A
detonating cord 26 is connected to each charge 24b.

The base strip 24a is made of hardened steel, and the mounting brackets
24c are each made of mild steel, e.g., plain carbon steel. The mounting brackets
24c may be physically connected to base strip 24a by a pair of screws. When a
charge detonates, the associated mounting bracket breaks to allow the spent
charge casing to fall to the bottom of the wellbore. However, the base strip 24a

-4-



Substitute sheet - 21 Decenber 2001 -6 Brief Description of the Drawms
+Fys: la and Ib are diagrams of |ink-type expendable perforating guns Fibs.
2a and ?b are diagrans of wire and step-type sem -expendabl e guns. Fib. 3
is a diagramof a capsule charge) phased peSubstituterghastn. 2% Ddcemikri2dod

di agram of a capsul e charge, non-phased perforating gun. Fib. ~is a

di agram of a spiral-type capsule charge perforating gun. Fibs. 6a and 6b
are diagrans of a phased, non-capsul e charge perforating eun. F~~s. 7a and
7b are diagrans of a differently conflgured phased, capsul e charge
perforating gun. Substitute sheet - 284Narch 2002 Fig. 8a is a di agram of
a perforating gun having support rings integrally connected for receiving
capsul e charges. Fig 8b is a diagram of a capsule charge for nmounting to

the perfor ]?pt LAg. gun CgfneF[Lg to QR4 Stﬁja%%ug%acoawﬂg% @ru‘ﬁ {lé)ﬁrsl gglglf§lddc?lv\l/[‘! S

di agrans of a perfora gun arrange OCKW’'S€
pattern. Fi agﬁcon]:lQ&naﬁCht 316) bn de e the [ﬁ'x-rata:mﬂes ir deumtaemtdlcaxge ammedbyahgfrtifaad at i ng

gun arranged in a tw sted 4 at t

.11 a an re top-
and si de- viSeHR™ iy s 4ot a”:Q fpé?‘dg? ﬂﬁlcgu S&Pf?oéhgﬂéidfeflﬁm&“cﬁedbpﬁégaeafa the
pattern. Fig;. h%elc%pﬁnéitmﬁ&@mmar@ aR@hAR Ao ALk 1R dﬂ@wrﬂgmws@i&!nﬁ pRAGEd
apart support rings to achr eve a reduced shot density, -

24a2 and 2443 of the base strip 24a, as shown in Fig. 7b.

The base strip 24a includes recesses 24al alternately carved into the first and
second surfaces 24a2 and 24a3, each recess 24al being shaped to receive the
circumferential shape of a capsule charge 24b. The capsule charge 24b is held in place on

a corresponding surface of the base strip by a mounting bracket 24c. A detonating cord 26

10 s connected to each charge 24b.

The base strip 24a is made of hardened steel, and the mounting brackets 24c are
each made of mild steel, e.g.. plain carbon steel. The mounting brackets 24c¢ may be
physically connected to base strip 24a by a pair of screws. When a charge detonates, the
associated mounting bracket breaks to allow the spent charge casing to fall to the bottom of
the wellbore. However. the base strip 24a itself can withstand detonation of the charges
24b and will not shatter when the charges 24b dctonate and may be retrnieved from the
wellbore. The perforating gun 24 1s further described in ULS. Patent No. 3,093,999,
entitled "Through Tubing Perforating Gun Including a Plurality of Phased Capsule
Charges Mounted on a Retrievable Base Strip Via a Plurality of Shatterable Support

20 Rings," assigned to the Assignee of the present application.

Summarv

In accordance with the invention, there 1s provided a expendable perforating gun,

comprising:
a base structure made of a deformable matenal. the base structure including capsule

|39
w

charge support rings integral with the base structure. each support ring substantially
circular 1n shape to reduce an amount of matertal forming the support ring so that debnis ts
reduced upon firing of the perforating gun, and

capsule charges mounted in corresponding support nngs. each support ring being

adjustable by selective deformation of the base structure to face in one of a plurality of



Detail ed Description. Referring to Fig. 8a, an expendabl e perforating gun
-100 ‘i ncl udes a base strip 108 that forns support rings 114a5 1l1l4e to

recei ve capsul e charges 110a-110e, respectively. Each of the capsule
charges 110 is secured to a correspondi ng suppgibstituftdsHekst - Y8 fdreh 2002 N9
ring 118. O her nethods of retaining the capsute charge to the base stTip
108 car. be utilized, such as using cotter pins or 10 bendabl e tabs.
Referring to Fig. 8b, each capsule charge 110 includes a capsul e housi ng
that has a |l ower portion 138 with a first dianeter and an upper portion 140
\évith a seci?r?lf éérr?vnﬂrmfﬁj ;:letdn"c’:a’t'nsmcoth_thedi:laangb14 er24g£ia]pg wmghd)tﬁshéttﬁﬂrnwﬂéﬂ ther st
i anet er. is a the u r portion to be fitted through the

openi ng i ncfifﬂee%@6@‘«3&@09?1}%&{{&1&%r@?aﬁwﬂroehmegweﬂmrei dherpssiarating aedugh
t he suppory rid i : I r B\y Y/ I r4i 138
cont act o 11 BOUthel deEthbed IR PaiehE NG SeBbd et HioudR TG
portion 14Pedbrating @apslulbkmdngﬁi ﬁ@rzﬂ'&ylcﬂ @?]mdeChﬁeuienChb'rgﬁs ﬁ/lwmt@j annang
ring 118 ig jnserted to_l ock, t capsul e charge 110 against the support
ring 114. ég{r@NéBf@aQ%S%ﬁﬁn'&)b@@?ﬁlgra tyscan%naétergBIﬁt WRRATE 20iHRI%g 2g8igned te hat
connects t r The strip 108 is nmade of a deformable
mat eri al , @%c'ﬁébg neg ﬁggﬁgég?te%fplgﬁgg?' nmetal, for exanple, 1075 hor _
rolled steel. However, other deformable materials, such as any ductile 30
sheet nmetal or ductile plate metal that can include al um num copper,

stainl ess steel, or nickel) may be us%&‘m@@_ The base strip 108 is

tw stable so that the rings 114a-114e face in different selectable
directions, thereby permtting the capsule charges to shoot in many

di fferent conbilnadcordarsie witkshe inveatiory there Ehpraviden assxpeptableyseérnfarating he
perforati n&’ﬁ;ﬁn 100) the capsul e charges can be arranged in a OE-phased
pattern (i POt he charges fire in or_e direction),.a
tri-directional JégﬁtE diHd ki i i
conti nuous 45E asg?%%Ffrggth{?%p% d(el %ﬂé\/\ﬁi/ec adj agggtéﬁﬁhg@égg%é%%gugﬁ{)?meftlu%%
wit: 10 resgpstie chbargepsuppotigingsaintggral Rithatheebase shraucturet eaph nsuppoet ring

o 2l T SYSEEL T S b 6 G
shown in Hifsso hakdebks ié\rédiddilipNamy apheeridiatiRggliar ahd ng gun 100 is

that the distances between the rings 114 on the base Strip 108 can be
sel ected to varoapsHie ehrgeadneinted Inearrespending suppost rings, sashssypporyiingn

each of hertoing S A0E a0 &0 RettimaRBE f 48 Hask TR 10 68 A on,
t he perf orgititdiigy gldirdddidnk o fprblide experdiapbcoribipatisH® BOphasihg pattddds, on the

base strip 108 receives the naxi nu~-n _npact of the explosion when a
correspondi ng cHpRiEin thahase shueiureds defarmable thallewpfur adjustipentiaf el

Y e A A R R A T s T

is fired, the bass strip 108 shatters and drops to the bottom of the
wel | bore 30 along with a terninating knob 12, with the renmai nder of the 9

g N —
per f or at i ndNGARtRRIRSAESEI thatenlg RBVIREd fyPerfelaking gunpoompggindand 106,

being retrieve I : : : : t
of materi al usch rry enifer if BBt BphonsTRFLAAR ah MRt disBUR
of debris thes¢ethSough,| saclh openibot adjustable He fadd bor anyfore ofha pdwalityt of p
138 is shat.tered is reduced relative to many prior designs. To manufacture,
the base H1GGOH®8 can be |aser cut fromsheet metal. Alternatively, the
base strip 108 Ii fromnetal, or it can be
manuf act ur ed as@égggﬁrgesmuﬁggéﬁ]gﬁ?%e@gg&'% ts bottomend has a
menber 115 t hatcaroweatars integrallyeconaentingadjagerhspporPportionst sactoponnector



15 end, the base strip 108 is attached to a first nour_ting bracket 106 by
-mear_s of nuts and bolts fitted through openings 120. The top end of the
nount =ng bracket 106 has openings 122 through which bolts are thy-eaded to
attach the nounting bracket 106 to a cor..n8abstitute siteetl021 DErenmtier 2001
connector piece 106 in turn is connected to a second nounting bracket 1Q2
that attaches the perforating gun 100 to the rest of the perforating
apparatus, including a firing head. 25 Figs. 9-12 illustrate different
enbodi ments of the perforating gun 100. Referring to Figs. 9a and 9b, the
base strip 108a includes rings 200a-200f3-twisted in a 45E (d1E)
right-:land 30 cl ockwi se helix pattern. The break 202 shown in the draw ng
i ndi cates that any nunber of rings 200 can be inserted. The - 10 ri ngs
200a- 200h %re i ntegral attached to one angther by means of integral

|
connect ors 2"6%5’-“?5’4?{9"@%8&’ ety RECUBHAMANS PEPBS U PPHFRSar e def or mabl e, t hey
can be tw sted sughid BRaththerEdutess B2 LAEe HbP A&LsheRNEr BE duFREOUS 5
directions. In the enbodi nent of Figs. 9a and 9b, going fromthe top of the
gun 100 dobgiweehicE¢sags nreoan oughtogaey $ok diigerosiliclsharges each successive
ring is at a clockw se 45E angle with respect to the previous ring. Thus,
if the ring 200 ' B hep.the ring,200b lies 10 in a
pl ane B that i sﬁla%nbgi%ﬁg%hghgﬁfe&w@ﬁ%ﬁ @ggg[g?m%lg:’fﬂé Lrgrg? }elgr]g?ice pl ane. The
next rinAg 200c 4 iseppdrn ngnpicarievifeatuppord Sertamygl eachi bdvimgespemening dikpesgl ane B
and at a 90E angle with respect t he reference.plane. 15.The | engths of
t he connecg‘Srre@:gﬁ%ae%f%fﬂe[ﬁBgB&H?I%bq%fosSCGS’QI“(%P%PEPP@ B Y 45785 Yot  density
of the perforatdapgul@ttnreddsndigrdihie iteapeniagd: apd 108 wi t h capsul e charges each
having a | ongitudinal dianmeter of 1-11/16", a shot der_sity of 7 shots per
foot (SPF) can ¥8netEds eveallaennsctggdiac ey SUPROTE RYfIgBS SagipCoanedien haywgsi t y
of 6 SPF Rt B&rierdioCMRH a deller 8f ddcB caf@RSAMaLCNAEART wifh SBASIIGRPEdYerOf S
SPF can be achi eved. By varying the shot densi't y, fluid flow profiles from
per f or &8 ecaxisoefithe 8w shedient punensigaklinggh¢ Hppert pariose (B alhstabiputo eldffarent

optim ze Viﬁ)'s ltio quﬂgnfg%néfrk % di%@?eélgrsi—gs 190 chdo| WS EEALE ge\ﬂ'%gz@g d&%iﬁéﬁ)?g%

arranged i cht I'ngs 210a- a=a arranged ina
(b'I E) patlibeginudinihenter agys o2t@au210g are 30 arranged in the foll ow ng
sequence: 210a in a reference - 11 pl ane; 210b in a plane B that is at a

+45E angle with_re t_to.the ) I wg2aPc in a plane C.that is
at a -45E angl gn V\ﬁmt%ﬁ’%(rgeassé%%’t H{e(r)é' S% gﬁg\nge% %1%% |O§l %ﬁ % aB$’3ﬁeanatex%eng E angl e
Wi th the reepadhg tconttheh@dtanene;of2l Perilisy bfi cambinpli@izeofbpHakiag paserad, the +45E
angle wth respect to the pla~~e D; 210f is in a plane F tr~at is at a +45E
angl e W t gt EP'FFSt he plane E; and 210g is in a plane Gthat is at a
-45E angl e W t BrdvREREE belfGratifieg Ry a bat® shn@irbekadt @@k We@nakbit hardase
strip 108 of the perforating gun 100 is that the_ rings in the base strip
can be adj2dd{eHding EBHRHSAESUPRAT 18 ”HF%TF“e‘?’éfl"nfhe@P%‘e‘gm&%&ul e charges such
that the capsukgnehargeSustol Milslio 8k SALEBNES @lduar & gﬁagé B redideSinS¥ofRd! NY

al ong the gun 100. For 15 exanple, in Figs. 10a and 10b, bent porticns 211
can be cr eameriphusehe form dlgp saPPLbRIESEP dis defusieedueddrger ge1@ation0g such t hat
the center of £ [, 4erikS; k .a center axis
A ot he gunt o0 5" Brpe P kSO PHT EFRENT S BLARG, B, D05

havi nlg ri Rgs Zsmanm&(ifapaﬂergmwdlritheallmttpirmglszlmdl pattern, that is, all

capsul e chargeg,.are nounted to point ral Ly in-one direction 25 As
Shown 1 Frgo 1 TG Sohd Ahec RIS by uBsPR e 6% Blkwion S &

whi ch t heosRarivagy dhet aeeity atthacengessupport rings 240 is increased to reduce
the shot density of the perforating gun 1G. As illustrated, the integral
connectors between successive support rings are



30 Il engthened to decrease the nunber of rings per unit length. - 12

. Substitute sheet - 21 Decenber 2001 -13 "'hat is clained is. 1. :fit
expendabl e perforating gun, conprising: a base structure made of a
deformabl e material. the base stricture incl udi ~apns ch t
rings integral with the base structure, each s%ﬁ%ﬁ%y
circular in shape to reduce an anount of material Form ng the support ring
so that debris is reduced upon firing of the perforating gun, and capsul e
charges nmounted in correspondi ng support rin,Ts, each support ring being
adj ust abl g,y S td fiQrdmhi e I Qi of
a plurality oq@?i recétdlfg(r)\'ggtto %ﬂ@ov?(r:}%é?{éelgpﬁrelaélelﬁt%é%%d*@ctgﬁgfq\éa&ebﬁgﬂ fwgﬁgggi ng
pat t er ns. laBgidEnal certbeakisase thergu, the bient peftmnsednabling thel suppbdrportions

adj ust nrent, of the di,stance, between. successive rings,, i.p order to var hot
Goner (v ortorhe dfstadle T Hitdrgnl Boruiahs i ol G oottt Bnt ettt as o
structure i & OF: 'é]'rh%(" I connectin

successi veéHsérlg%%%Ptehgfa#ggﬁﬁjsﬁ%'rllﬁg@gg'?%%ﬂng é%?fgg@f%%/m ?, vvhereign t he

base structure is preformed for |~ a predetetTttined size and

of cach connectBrABHHET SRPSS. SaEcs APHUEH 4 ANSHEHGN ARG AN RRelatis

charges mMugH&8tihd guhetoPSRsotShIdHe 8f § pidiaftyP8f ESmBirationg Wi bated
wherein the pl ur‘a igty of conbi nations pof pm?lsi ng pattepns i'ﬂ%} uagglpt hems’

f ol | owi ng:the-rpethsdrapnpenigieg:n) ~~'' cl ockwi se helix pattern, ?0 and +->~;
~p~ =l ~ twisted pattorn. 6. The perforatut~ qun of claim ereLn th

bass struct ur o MG Sopciormliva in ARG PASE o uehiuBy Mie A1 S dBidtgiable
perforati nhategial &hd CindMiding VéEseld éHarrge bggspatt rﬁﬁgfsﬂiﬁteg%mm@u the abase
material selected fromthe group cunsisitng of steel, alununum copper, and
ni ckel 8. siysdwreor ating gun, conpnsm-: a support nermher havi n~~ support
portions each Vi n

~m~~ di d i | h b
P anoed ot anyOniliG £500 SupBoT ioc He SunaahPE . GréRBn M Shdod I Fedifa At .

nunber of HhoEkt SOFRItERAI Rffd?hﬁﬂ'i@gngért ﬁhﬁ§ < tHER RS iSeBased aRer be
i npl emented with the base strip 108. S Thus, the perforating gun 100 of ~ers

i mproved fdedanaliaon;ty by allowing different conbinatior_s of phasing

el ot vel y it SHRL YTy to BRp AU o3 olFbfly ForkEndmre”
di star_ce bet wahbuntey aggsulé chiaf%s iaanetsappgdtmmggdn@o vary the shot density
of the gun as desired. Because the base strip 108 is r_arrow relative to

the di aneter ofadiugiingedhawdistaore, betweepasecesssive 1108 dih deforpysgtthenbase
closer to s;i’Pu%tL?r’ed% é@e\eﬁgﬂlg&%rﬁg&e@%géﬂ@ ;fq,gshq, edd for shooting charges

closer to the casir I men re wthin the scope of the
foll owi ng clains.

Brief Description of the Drawings

Figs. la and Ib are diagrams of link-type expendable perforating guns.

Figs. 2a and 2b are diagrams of wire and strip-type semi-expendable guns.
Fig. 3 is a diagram of a capsule charge, phased perforating gun.

Fig. 4 is a diagram of a capsule charge, non-phased perforating gun.

Fig. 5 is a diagram of a spiral-type capsule charge perforating gun.

Figs. 6a and 6b are diagrams of a phased, non-capsule charge perforating
gun. Figs. 7a and 7b are diagrams of a differently configured phased,
capsule charge perforating gun.



20 - 13 Substitute sheet - 28 March 2002 What is clainmed is. 1. An
‘expendaol e perforating gun, conprising:. a base structure nade of a
defornmabl e material, the base stricture tncl~tdi n~ capsul e charge support
rims integral with the base stricture, eachSubptiite sheety 21<DdrsnaoeriZ001y
circular in shape to reduce an anount of material form ng the support ring
so that debris is reduced upon finny of the perforating gun; and capsul e
char;es nounted in correspondi ng support rings, each support tang being

adj ust abl e by sel ective deformati on of the base stricture to face in one of
a plurality of directions to provide a pburality of conbinations of phasing
patterns, 10 wherein the base structure is deformable to allow for

adj ust ment of the distance between successive rings, in order to vary shot
densit~~ of the charges. 2. The pgrfo n of ,LClaiml, wherein the
base stricture fin-ther inclu s - |ntegrally connect i ng
successi ve support rings. 3. The perforating gun of claim?, wherein the
base structure Fﬁrsprfaamﬁqufﬂf?tddlhﬂrﬁml”otﬂnl{llf@@%&F&xﬂhﬂe@eﬁ’brﬁﬁnﬂﬂﬂ]snU”ber of
capsul e charges. 4. The perforat;n un of claim?, wherein the |ength of
each connector PpwFt3acadi2 ﬂé‘“eqilé%ftﬂ%ﬂléloé“ﬂré 2k PPt RS FROTHSSPCISblegpBYl e char ges
nmounted in the S r r l.aim1, wherein the
plurality of coﬁgl %aﬁ‘%ﬁ%&@fﬁéﬁgﬁ’;ﬂﬁ%% @Hﬁéw? ﬁ%ﬁi\’ thﬁe fol | ow ng:

0- phasi Ag patt efFig, 4 lsladledrremloﬂlaseps‘rm@l almrgyamreplm,sed?@et@mdmg dni 0/ --1~ tw sted
pattern. 6. The.p ertor({a un o“ ][ h Q)t[he bas;, structure is
made of a rmter] &l° 15 ﬁﬁjrf”ﬂd) SRR %ﬁcﬁpsu ° Lf’%eepeﬁ F3 &' "'~ dun of claim
1, wherein the bas&ashd 66Eittrcﬁagr&nﬁaﬁteplﬁlkecﬁnbn-b:ﬁis&feluahrvs@érf@rhﬁﬁlo &Lrnom t he
~~oup consi sting of_steel, alum num (Pﬁfgr and ni cI ~el . Z~

perforating grifiss c76n%5‘rd|§k? AY: d‘épré"ﬂf)ﬁérat PBLY CABSH ~P1%"i§5‘bcﬁat35‘%lﬂiaﬁins
each havi rtgzrg,patglpe,nhng di 5pos~d - 14 Substitute sheet - 21 Decenber 2001
- 1-1 therethroft~h, each open~n~; ad~ustablo to Lace ~n a~;y one of a
plurality of directions. capsule charges nmounted tn the openings: and
connectors inter ally connecting adjacent support portions, each connector
havi ng bent portions to alyn a center of each capsul e charge generally wth
a | ongitudi nal




canter axis of the gun, the bent portions enabling the support. portions to
. be adjustable to different positions to align centers of different sizes of
capsul e charges generally with the longitudinal center aris of the dun.

The perforating gun of claim8, wherein the di e

openings is selectable to vary the nunber of %@%@ NG 2002
support 10 nenber. 10. The perforating gun of claim@8, wherein the openi ngs
car. be arranged to provide a plurality of phasm- patterns, wherein the
plurality of phasing patterns include the follow ung: O-phasing pattern,

. ~~ cl ockwi se heigi 8apht hediagramndoftadpdforatihg tdutl Hlaethgpalpssnt .rins Intégraﬁy-
nmet hod of arran nfg an expendabl e perforating gun to shoot m one of
plurality Qﬂ“@&%ﬂ r@ét’%ﬁ%‘n@fcaﬁﬁd@i ¢hRrgest erns, the nethod congri st ng
providing a perforating aun having a base stntcture nmade of a deformabl e
mat erial and including capsul e charge support rugs integral with the base
stn~cn:re. forrFigngbdnahdisgrpeof ardapguledctirge fbs trivtintiaglty the peviordtingngemape
to reduce an_'?0 anmount of material used to formthe support r~n~s so that
debris is 9fddec®® after detonarion; t~. 4~istin~ each sL1pp0l't ring to face
m any one of a plurality of d~rect-~ons; nounting capsule charges in the
support n~.g; anti adjusting the distance between successnme nngs by
~ihetonr i ng Lhdﬁgas];easandc%lraef top- oad@rsMe—wevard/lhagmm cbfﬂai perforfatingegun
charges 1? The p~;rfor n of Cl11 1. 1lv r~111 the piuraiity u!
plIUSIII~ arb%ﬁﬁe&'ﬁﬁ %é rﬁ‘év‘@ﬁé qQCJKW‘%ﬁ\%?&?@p@tterﬁhoned pattzn;. 4~ clockmse
heliv pattern, and +-|~ .t; twfisted pattern Substltute sheet - 28
Mar ch 2002 t her et hr ou~h, each opsntn~ adjustab(z to face many one of a
plurality of d-figstiOaSandd@bubre thmraed sidervied diagramseobpeperigmsatingngun

connectors inter ally connecti acent support portions, each connector
arranged in a twisted -4(!‘3‘5/(5]!'—_9/4?‘@J pattern. PP P

Figs. 11a and 11b are top- and side-view diagrams of a perforating gun
arranged in a OE-phased pattern.

Fig. 12 is a diagram of a perforating gun having widely spaced apart support

rings to achieve a reduced shot density.



havi ng bent portions to align a center of each capsul e charge generally
vv~th a lunaitudinal center axts of t.'~e ;un, th~ bent portions enabling

t he support portions to be ad~ustablz to different positions to align
centers of different sizes of capsule char;es generallwwth the

| ongi tudi nal center axis of the dun. 9. The perforating gun of claim8,
wherein the di stance between successive openings is selectable to vary the
nunber o f capsule charjes nmounted in the support 10 nenber. 10. The
perforating gun of claim8, wherein the openings can be arranged to provide
a plurality of phasing patterns, wherein the plurality of phasing patterns
i nclude the follow ng: O0-phasing pattern, 4~' clockw se helix pattern, and
+-4~/0""i-=~~" twisted pattern. fgxali 1ed Dawtrhiostiodn arrar. ~i ng an e: ~pendab

ie perfor ating gun,te shoot Ln gne of_a pluralit f. C i-nat.i

phasi ng patterns, t fz-Ret hiod Eﬁn%%?Si%éL % o%FHFH§a§lSe n%ﬁg FEEQQU%InaVing
a base strudiolr énvilelesf aa balset erodighlld Srathert dommel surperd-nngapbhie-
charge suppaiydl d0%sJduiell dagiidift té&%}]rg,%%e U olils; UL RaRh, support

rin~ to be substantially circ rins e to reduce an 20 anount ©

mat eri al us&aho oforthe Fapsigorchasiggs 93 0t Het sRBFzed i%° r&duced after

det onati on; oSl RthBRMeN SRR it 11Q RC) irk@nhole ©fng Plarality of
di rections; nountin cg&gule charges 1 n_the support rind;, and adjusting the
di stance befedef A& SHEHGE Iy G TG (HAIRR EItTR AT in

order to varkytriRotl odersin beofudiiliehasges ads? uBindadored iginguy of claim

| I, w-h the.plurality of phasui; patterns include the followin~:
O-phasedf@g¥¥¥£%aél% La8%ckwi se hvli:c pattern, an~.i +-t~","'0i--~"
tw-i stea pattern. - 15 Substitute sheet - 21 Decenber 2001 - 15 13 The

method of clam 1 I, gipLLPenyCOOPRSIT 8, each capsule charge 110

includes a capsule housing that has a lower portion 138 with
a first diameter and an upper portion 140 with a second

15 diameter, the second diameter being smaller than the first
diameter. This allows the upper portion 140 to be fitted
through the opening in the support ring 114. The capsule
charge 110 is inserted through the support ring 114 until a
shoulder 136 provided by the lower portion 138 contacts the

20 inner surface 142 of the support ring 114. The upper
portion 140 of the capsule housing has a groove 130 in which
the retaining ring 118 is inserted to lock the capsule
charge 110 against the support ring 114.

25 The base strip 108 is a single, continuous linking
device that connects the capsule charges. The base strip
108 is made of a deformable material, such as malleable
steel sheet metal, for example, 1075 hot rolled steel.
However, other deformable materials, such as any ductile

30 sheet metal or ductile plate metal that can include

aluminum, copper, stainless steel, or nickel, may be used.

- 8 -



preForm n~ the base structure for a predeterm ned size and nunmber o~~
capsul e charges -15 What is clainmed is: Substitute sheet -12 June 2001 1.
An expendabl e perforating gun, conprising: a base stn~cture nmade of a
defornmabl e material, the base structure including capsul e charge support
rings integral with the base structure, each support ring substantially
circular in shape to reduce an anount of material form ng the support ring
so that debris is reduced upon firing of the perforating gun; and capsul e
charges nounted in correspondi ng support rings, each support ring being
adj ust abl e by sel ective deformatio f.the base structure to _face_ in one of
a plurality of di rg[&ﬁ g?ﬁss? osrp?ltﬁli]g%é)ali)lea?%?f%fSeoﬁ%?ﬁa{:}q%né'*a?sphasi ng
patterns, 2114kelpéef duaki ng dufifeteakasmllectehdreeidl tdur lvase sdharcihyr e
further includes connectaor portigns.integrally,connecting successive
support 1 iReetorETRe” Eadt sPREing SR oo ta Mot dim] RS

struct ure isopbiahathedsf of ahpsedgt prttredssi z&harsd Mmbexagfp leapsudiang
charges. 4. pLathag oun g clal pher e the lengtd af-.2achq
connectoﬁﬂp%?$ﬁ%%P?é seFthggﬁeltg’yagén%%gsnunber 5%£Eapsu e_cha{:r_geyé
mount ed in imeab@Eerbasadt pretesn Tha poifdr alilnghgushairadsaifhbe iwher ei n
the plurali of . k i ops.ot _phasi t i.nclude the foll ow ng:

0- phasi ng ﬁ%%?éﬁh?gggigﬁz¢k§dggghg ?éhgg $§En§g§§§:%4§%0%}45 tw sted
pattern. 6.-4%E/@Er+ébEt phgsgdnfotiobai nrt, ankengiimuches Hade sgtimadt ure is

de of terial includi t tal. 7. Th f ti f clai
1 whor ei n PHE-baRe L HBLGSPeoRatE BRagsRal BFFar ol G5t A0S PO he gr oup

consi stijng ©dsséeel coak UptBUIbuE0PREEgedNd Biekake the base strip may
be manipulated to permit each support ring 114 to face in
many directions, the possible combinations of phasing

patterns are numerous, with examples shown in Figs. 9-12.

15 A further advantage of the perforating gun 100 is
that the distances between the rings 114 on the base strip
108 can be selected to vary the shot density, that is, the
number of shots per given length. Thus, the charges 110 can
be spaced such that they barely touch each other, or they

20 can be spaced a large distance apart. In addition, the
perforating gun 100 is fully expendable. Each support ring
114 on the base strip 108 receives the maximum impact of the
explosion when a corresponding capsule charge is fired, and
both the support ring 114 and the adjacent portions of the

25 base strip 108 surrounding the exploding capsule charge are

broken into small pieces.

After the perforating gun 100 is fired, the base
strip 108 shatters and drops to the bottom of the wellbore
30 along with a terminating knob 12, with the remainder of the



-15- Substitute sheet - 28 Decenber 2000 What is clainmed is: 1. (Amended)
~1n expendabl e perforating gun, conprising: a base structure nmade of a
defornmabl e material, the base struc~urc including capsul e charbc support
rio s integral with the base structure, each support ring substantially
circular in shape to reduce an urtount o Ptnaterial form ng the support
ring so that debris is reduced upon firing of the perforating gun and
capsul e charges nounted in correspondi ng suPhort rings, cacti suphori. sing
bei ng adj ustable by selective deformati on of the base structure to face in
one of a plurality of directions to_provide a plurality of conbinations of
pl easi ng paPeEFPsRtINg(PHRneAded)nciURengePPEREHngy JFRT Tt di2m £0%herein
the batS_e stamtyos,fyéihgrer@hedea @gamlefeﬁer wlé(l][lfdd%{é? éﬂﬁe&gfa%idsyl -
connecting successive suppor ings. 3. e _perfaqrating gun of claim 2,
wher ei n theB%%%%s§t?§cFB$esW§lgr@gBPﬁEdOFoWaﬁeﬁﬂégeﬁﬁ¥ﬁfngh e tRd
{tunbﬁr ?f ba@@uéEr?baIQESand,tthrmﬁgéomanLnﬁ?@Uﬂn@hn&lwﬂﬂd%brggetab? t he
engt h of. each, corul ccto t~tign_| S sc tahlc to var i_e nunber
capaul o Chargits nhtnten PREERE BRoshE, PRLERPEY Aeira=h TR, Pare iy foin 108
claim1l, whesesmatberefutal kejiluoEdombilaatirenscomaplyagimigrpadsegntss i ncl ude
the follow ng: O-phasing pattern, 45 cl ockwi se helix pattern, end +45/0/-45

tw sted pattern. G_'fhe perforating gun of claim1l) wherein the base
structure i s made 8P AapfAqrg ndhrlitRFSsHeEetinel @8 . can be nkaser &l i ns~

gun of claifmdéy yheseiRethe. bagecsiheliveeyl SctABIR Rk acrabenioal csal ected
Subst ] { dt SHRR(SE BACREIE 808°2804nEE Bt HEGoGT Gifamh £1 SB1: rt her
conpri s; n~:mamyfdorurad abeabasstshyg.cture for a precleterm ned size and m
nber of capsule charges. - 16
The base strip 108 at its bottom end has a member
115 that connects to the terminating knob 112. At its top
15 end, the base strip 108 is attached to a first mounting
bracket 106 by means of nuts and bolts fitted through
openings 120. The top end of the mounting bracket 106 has
openings 122 through which bolts are threaded to attach the
mounting bracket 106 to a connector piece 104. The
20 connector piece 106 in turn is connected to a second
mounting bracket 102 that attaches the perforating gun 100
to the rest of the perforating apparatus, including a firing
head.

25 Figs. 9-12 illustrate different embodiments of the

perforating gun 100.

Referring to Figs. 9a and 9b, the base strip 108a
includes rings 200a-200f, twisted in a 45E (V1E) right-hand

30 clockwise helix pattern. The break 202 shown in the drawing
indicates that any number of rings 200 can be inserted. The

- 10 -~



-16= Substitute sheet -12 June 2001 8. A perforating gun, conprising: a
support nenber havi ng support portions each having an openi ng di sposed

t her et hr ough, each opening adjustable to face in any one of a plurality of
di rections; capsule charges nmounted in the openings; and connectors
integrally connecting adjacent support portions, each connector having bent
portions to align a center of each capsul e charge generally with a

| ongi tudi nal center axis of the gun, the bent portions adjustable to
different positions for if.~e~ent _si_z e s of capsule charges. 9. The
perforating gun of clabgb%b wherein the di stance between successive

openi ngs i s Fe&9&c t2ee NP LIRE SHERRErY GHC el et RRYANABERTeBYi n the

s menber k~m§$t o ih&-eg'g‘alp%rofrﬁfeaidd& @ouof2 ¢4l me&Bisahergin the

openi ngs cann _be. arra niw Rrova ld-a, ~~~ , p~~~~g~~~t~ r-~,, erein

the plurali €Y SRS %3%6‘5?@ ?’:i%é:}eu‘g%”ﬁ{%l#'olqkbw Al pn (P%h%'é?ﬁbg%at tern,

45 cl ockw seukdl ithapatcher rinasd 264%3-U0MD fadstiad qrat te@ia.ofl nudenetod of

arrangi ng: an. | e rforati to shaot_in one o plurality of
5 g*%?%%qgﬁgu RE 93 F%%Qﬁgiﬁﬁdqgéﬁ% ,ilané éb, %éh%ga

conbi nati on pleasi'ng "patterns, TiSTNg: provi
per f orati ngfgom iie fgracbaséesnamctlfle dmde dfhen disfasr rdlflee- Hdleraae and

i ncluding capsdhgeaNangs $HRROLL M NG dJULral- M i 4 he hase Stpcture;

form ng each support ring to be substantially circular 1n shape to reduce
an amount oftSkaf8eilel WisBd rE§PREtmtchEhupFatiqunhgsing t ITRuebkf sthe
reduced after debgpat hoRs tw sti rd t ' one_ of
a plurali ty?g'flgditz(réect Fg‘%g ané Ir%gf%%%%lilsb?‘l%t%%e E§ eéth’l-ef %g‘%ﬁlecrbe erig%%)o
8, A perX®rani agpdane Bompeitsiisgat a 45E angle with respect to the
reference plane. The next ring 200c lies in a plane C at a

45E angle with respect to the plane B and at a 90E angle

with respect to the reference plane.

15 The lengths of the connectors 204a and 204b are also
selectable to vary the shot density of the perforating gun.
Using the base strip 108 with capsule charges each having a
longitudinal diameter of 1-11/16", a shot density of 7 shots
per foot (SPF) can be achieved. For 2-1/8" capsule charges,

20 a shot density of 6 SPF can be achieved. For 2-1/2" capsule
charges, a shot density of 5 SPF can be achieved.

By varying the shot density, fluid flow profiles
from perforated formations surrounding a wellbore can be
25 configured to optimize well production.

Figs. 10a arnd 10b illustrate a base strip 108b
arranged in which the rings 210a-210g are arranged in a
twisted 45E/QE/-4SE (V1E) pattern. The rings 210a-210g are

30 arranged in the following sequence: 210a in a reference
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a support nenber having support portions each having an openitZg di sposed

t hcrei hrough, each opening adjustable to face in any one of a plurality of
di rections; capsule charges nmounted in the openings; and connectors
integrally eonnectuig adjacent support portions, each connector having bent
portions to align a center of each capsule charge generally with a

| ongi tudi nal center axis oFthe gun. 9. The perforating gun of claimS8,
wherein the distance between successive openings is selectable to vary the
nunber of capsul e charges nounted in the base stntcture,

-1-0.--(Eaneel tccf- -, 11. 1'hc perforating gun oCcl gim 10, wherejin the
plurality ofﬁ'ﬁﬁ‘&s’i g OFatiPe s Qcir’?é‘l%@e %(?I IBSwd o 4 piEtngvhE Rt ern, 45

cl ockwi se hekispepat t-0r RheaRd ferdd /14 d Wstrd Ratd pTdne d2chécnethed of
arrangi ng an expendaU_.e perforating gun to shoot in one of a plurality of
conbi nati ong ofi>5 &aGiLFg YRt EEFREGthE MR REE® Somprridd nf R o¥i BE RGBS A2

per for at | ng,0ugsBayhig -2, A33€ SENLAE JTaAe 9fs Fudelotenabl ¢ npterlal and
i ncl udi ng capsule charge supp0|ﬁ rings intcgrai "W the ‘base structure;
form ng_emnchlanppar thaicndst acha sulsy amiglal w ot rEdmicd eshape poaxeduce
an ;ul zount of material used to -Cormthc_su~ort rings SO that debris is
rcduceci al Pey2d48fonst iton2 PHESE Ag teach ISudsork *1415% aigkacelth any one of
a plurality kecti ; ~ %% 7= 3% 13 A i ng
capsul e chaf%%ggFE Fﬁeeggpg%?gerFﬁggéhifi%%hésnét gé%%fﬁgfg?#?ﬁ%? ?%E%%er
conpri si ng: 2adf85t RRGLENY iGN Fa50e e tte &fes Bd@ESSiRe rings to vary shot
density. 13. The perforating gun of claim12, wherein the plurality of

phasingafatterns include the follow ng: 0-phased pattern, 45 cl ockw se
hel i x pat@ern, and AEhpr 4523 ne «oif pilte dpase strip 108 of the

perforating gun 100 is that the rings in the base strip can
be adjusted to compensate for the different sized capsule
charges such that the capsule charges all sit along
generally a center axis extending along the gun 100. For

15 example, in Figs. 10a and 10b, bent porticns 211 can be
created in the integral connectors between rings 210a-210g
such that the center of each capsule charge is mounted
generally along a center axis A-A of the gun 100.

20 Figs. l1la and 11lb illustrate a base strip 108c¢c
having rings 230a-230f arranged in a 0OE-phased pattern,

that is, all capsule charges are mounted to point generally

in one direction.

25 As shown in Fig. 12, a base strip 1084 includes
support rings 240a-240d in which the spacing between
adjacent support rings 240 1s increased to reduce the shot
density of the perforating gun 100. As illustrated, the
integral connectors between successive support rings are

30 lengthened to decrease the number of rings per unit leagth.
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14. The method of claim 12, further conprising: preform ng the base
structure for a predeterm ned size and nunber of capsul e charges. 1~
Substitute sheet - 28 Decenber ?000 nounting capsule charges in the support
rings. i3) 'rhe metlnod oFclaimt2, furtl ncSubstitate sheet- 2djDisdantitsertdno1

di stance between successive rings to vary shot density. 14, The perforating
gun of claim 12, wherein the plurality oFphasing patterns include the

f ohowi ng: 0-phased pattern, 45 clocl -wisc helix pattern, auzd +45/0l -4~
twi sted pattern. 15. The method of claim 12, further conprising;
prefornm ng the base structure For a pr-ddeternined size and nunber of
capsule cl ~~trges. -~.--EEatne-el-lei. -'=-~~-E~~-IE~~-. ~-& f
Eatmecl -1 ecf}- .AyE .AlL,.Any .AFS5Y. A ,.A3HY. A E. A3[| . A& A3!Y. A& . A A .A
Al A As, . A& A Anl 2. AF30. AnF . AYY_.AFI% A LAY AY. ALY} }T

. 7<@HNPX} %HﬁBiVTEETE*a]ca]cAa]ca]cAa]ca]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cfaU] cTaU] c: a] ca

, BgG """ H#SURE +1 X' ) * AnKRhvdine perforbivel @bl Xhsadiea] cal cal ca] ca] ca] ca] ca] cal ¢
a] ca] ca] ca] c™a] ca] ca] ca] ca] c”a] cal ca ca%ca]ca]ca calcalca]calcalcalcal X ,, <
“i--ly . a base structure made of a deTormable 'material. the base structure incliiding

| chal cal cAGFEaT o SE) oAl CAFRal Ca el (o ey Care oy o) Ry 2EfaPed i bve

9&: (:): 5::sub&ahtiglly circular in shape to reduce an amount of matenal forming the support ring so
<@<<<=i ==z=H?As(C| CAEYE~ysni d Z| cal.-cal ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] L4 @Qfégﬁféggff%ﬁ?%m@'?‘b%fﬁﬁ% Bg\'tﬁr@ar]%ﬁﬁnc l]cga] ca] ca] c*a! YEbFI I | KKNf NP
QZORSRS T =[] \;:\Eulfsule chlarg}cs mougted]m c]orrcsponc]img supp]ort r]ings,] eacl]1 su;ipon]rmg] |
UEUOUUOWWVWYY[ [ =[ B TAAMA| Yxsnid Z] ca]cal ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] teaned) cHpeeal e et 8'51‘%5’}’(92]‘@3}“6%]“6 Feraie &1ce &) eaf] Y Rluralidaaa Thb

b. cOcl eeeegeggef SKM ol idelarpiled i Iolfé&am@z\&ﬁkbtpfmﬁlg%}t@ﬁkcal ca] ca] ca] ca] cal ¢
a] ca] ca&ca] ca] c*a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] c*a]ca] ca] ca] ca]ca]ca]callmim
mmiTnnd%ooo0+pppp<qadiereit e base structure 1s deformable to allow for adjustment of the

sSess” LUt LythaaRLaH) Lleealcabasal saleal el aal salnobentepleal cal cal cal cal ca

] ca] ca] ca]cajca]c caJca]ca ¢al ca cajc t u<uuuBvvVWewpwws x| xxybyyz
Zzfzzz-{g{{| (12| VI\|]|||}xsnid_Z]]]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ¢a] ca[lbapedpwaig ajrca] dat &) earein]thapaa]stadtom! fithdr Hdijdes~~) sT+

= < nhb N N cN X
2 cal cal caPinrLaprnRe PRl B Al e SR AR e bl wino] W ¢
~a] ca] c™a] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]
c™a] ca] c"a] ca] é"a] cahepafaaumdthiaf claim 2, wherein the base structure is preformed for

15  apredetermined size and number of capsule charges.

4. The perforaing gun of claim 2, wheren the length of each connector

portion is selectable to vary the number of capsule charges mounted in the base structure.

5. The perforating gun of claim 1, wherewn the plurality of combinations of
phasing patterns include the following: 0°-phasing pattern, 43° clockwise helix pattern,

20 and +45°/0°/-45° twisted pattern.

6. The perforating gun of claim 1, wherein the base structure is made of a

material including sheet metal

7. The perforating gun of claim |, wherein the base structurs 15 made of a

material selected from the group consisting of steel. alumimum. copper, and nickel

£
W
[o2e]

A perforating gun, compnsing:

a support member having support portions each having an opening disposed
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1019 53109688 {indr SSLARIES (4oL PERLONRCo0) pal EAOUE O LELLAWRAREGEL: 10
10} }}~SH= 10! 105 105 1055100/6& F)
+'10965& ()S3FAPI 0YBBREpFuLes we%&tpy PPFF[ QSF&P 108.
100 "L #1@%& ()-!'* L #10%)0& ()-IBL #109&' ()-Z109%0& () -! KS! 10%00&' () - @: 10%0
& ()-:%. 45672[PE
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(O)-7X BdEPEfléfﬁbﬂIKly&by1@9@0@1n§ A10%98réne YEOMBYRaE) oEs of phasing

109%& () - YllQ&@%é)néYCﬁgﬂl é&it?@ﬁr@% relatively small amount of
material (and therefore a relatively small amount of debris
10 after perforation) is used. The distance between adjacent
rings can be adjusted to vary the shot density of the gun as
desired. Because the base strip 108 is narrow relative to
the diameter of a cased wellbore, the base strip 108 can be
positioned closer to one side to achieve better efficiency

15 for shooting charges closer to the casing wall.

Other embodiments are within the scope of the
following claims.

20
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What 1s claimed ts.

L. An expendable perforating gun, comprising:
a base structure made of a deformable material. the base structure including
capsule charge support rings integral with the base structure, each support ring

5 substantially circular in shape to reduce an amount of material forming the support ring so

5
that debris is reduced upon finny of the perforating gun; and
capsule charges mounted in corresponding support rings, each support ring
being adjustable by selective deformation of the base structure to face in one of a plurality
of dirsctions to provide a plurality of combinations of phasing patterns,
10 wherein the base structure is deformable to allow for adjustment of the

distance between successive rings, in order to vary shot density of the charges.

2 The perforating gun of claim |, wherein the base structure further includes

PN

connector portions integrally connecting successive support rings.

3. The perforating gun of claim 2, wherein the base structure is preformed for

15 apredetermined size and number of capsule charges.

4, The perforating gun of claim 2, wherein the length of each connector

portion is selectable to vary the number of capsule charges mounted in the base structure.

3. The perforating gun of claim 1, wherein the plurality of combinations of
phasing patterns include the following: 0°-phasing pattern, 43° clockwise helix pattern,

20 and +45°/0°/-45° twisted pattern.

6. The pertorating gun of claim 1, wheremn the base structure is made of a

material including sheet metal.

7. The perforating gun of claim I, wherein the base structure 1s made of a

material selected from the group consisting of steel, aluminum, copper, and nickel.

8. A pertorating gun, comprising:

a support member having support portions each having an opening disposed

3]
Lh
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therethrough, each opening adjustable to face m any one of a plurahity of directions.
capsule charges mounted 1n the openings: and
connectors integrally connecting adjacent support portions, each connector
having bent portions to align a center ot each capsule charge generally with a longitudinal

center axis of the gun, the bent portions enabling the support portions to be adjustable to

W

different positions to align centers of different sizes of capsule charges generally with the

longitudinal center axis of the gun.

9. The perforating gun of claim 8, wherein the distance between successive

openings is selectable to vary the number of capsule charges mounted in the support

10 member.

10. The perforating gun of claim 8, wherein the openings can be arranged to
provide a plurality of phasing patterns, wherein the plurality of phasing pattemns include
the following: 0°-phasing pattern, 45° clockwise helix pattern, and +45°/0°/-45° twisted

pattern.

) I1. A method of arranging an expendable perforating gun to shoot 1n one of a

plurality of combinations of phasing pattcrns, the method comprising.

roviding a perforating gun having a base structure made of a deformable
p g g8 g

material and including capsule charge support nngs integral with the base structure.

forming each support ring to be substantially circular in shape to reduce an

20 amount of material used to form the support rings so that debris 1s reduced after

detonation;
wisting each support ring to face in any one of a plurality of directions;

mounting capsule charges in the support ring; and

adjusting the distance between successive rings by deforming the base

structure. i order to vary shot density of the charges

9]
h

12 The perforating gun of claim 11, wheremn the plurahty ol phasing patterns

include the followmge 0°-phased pattern. 43° clockwise helix pattern, and +43°/0°.45°
g p p p

twisted pattern
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therethrough, each opening adjustable to face in any one of a plurality of directions,
capsule charges mounted in the openings; and
connectors integrally connecting adjacent support portions, each connector
having bent portions to align a center of each capsule charge generally with a longitudinal

center axis of the gun, the bent portions enabling the support portions to be adjustable to

W

different positions to align centers of different sizes of capsule charges generally with the

longitudinal center axis ot the gun.

9. The perforating gun of claim 8, wherein the distance between successive

openings is selectable to vary the number of capsule charges mounted in the support

10 member.

10. The perforating gun of claim 8, wherein the openings can be arrangad to
provide a plurality of phasing patterns, wherein the plurality of phasing patterns include
the following: 0°-phasing pattern, 45° clockwise helix pattern, and +45°/0°/-43° twisted

pattern.

5 L1 A method of arranging an expendabie perforating gun to shoot in one of a

plurality of combinations of phasing patterns, the method comprising’

providing a perforating gun having a base structure made of a deformable

material and including capsule charge support nings integral with the base structure;

forming each support ring to be substantially circular in shape to reduce an

20 amount of material used to form the support rings so that debris 1s reduced after

detonation;
twisting each support ring to face in any one of a plurality of directions;

mounting capsule charges in the support ring; and
adjusting the distance between successive rings by defonming the base

25 structure, in order to vary shot density of the charges

12 The pertorating gun of claim 11, wheremn the plurality of phasing patterns

include the following: 0°-phased pattern, 43° clockwise helix patteru, and +45°/0%-435°

twisted pattern.

- 15 -
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13 The method of clmim 11, further comprising:
preforming the base structure for a predetermmed size and number of

capsule charges
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so that debris is reduced upon firing of the perforating gun; and
capsule charges mounted in corresponding support rings, each support ring
being adjustable by selective deformation of the base structure to face in one of a plurality

of directions to provide a plurality of combinations of phasing patterns,

2. The perforating gun of claim 1, wherein the base structure further

includes connector portions integrally connecting successive support rings.

3. The perforating gun of claim 2, wherein the base structure is preformed for

a predetermined size and number of capsule charges.

4, The perforating gun of claim 2, wherein the length of each connector

portion is selectable to vary the number of capsule charges mounted in the base structure.

5. The perforating gun of claim 1, wherein the plurality of combinations of
phasing patterns include the following: 0°-phasing pattern, 45° clockwise helix pattern,

and +45°/0°/-45° twisted pattern.

6. The perforating gun of claim 1, wherein the base structure is made of a

material including sheet metal.

7. The perforating gun of claim 1, wherein the base structure is made of a

material selected from the group consisting of steel, aluminum, copper, and nickel.
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What is claimed is:

1. (Amended) An expendable perforating gun, comprising:
a basc structure made ol a deformable material, the base structurc

including capsule charge support rings integral with the base structure, cach support ring

subs lamlally cnrcular in shape to reduce an amount of material forming the support ring.

so that dcbris is reduced upon firing of the perforating gun; and

capsule charges mounted in corresponding support rings, cach support 1ing
being adjustable by selective deformation of the base structure to face in one of a plurality

of directions to pravide a plurality of combinations of phasing patterns,

2. (Amended) The perlorating gun of claim 1, wherein the basc structure

further includes connector portions integrally connecting successive support rings.

3. The perforating gun of claim 2, wherein the base structure is preformed for

a predetermined size and number of capsule charges.

4, The perlorating gun of claim 2, wherein the length of each connector

portion is scleciable (o vary the number of capsule charges mounted in the base structure.

S. The perforating gun of claim [, wherein the plurality of combinations of
phasing pallemns include the following: 0°-phasing pattern, 45° clockwise helix pattcrn,

and +45°/0°/-45° twisied pattern.

6. The perforating gun of claim 1, wherein the base structure is made of a

malerial including sheet metal,

7. The perlorating gun of claim 1, wherein the base structure is made of a

material selected from the group consisting of steel, aluminum, copper, and nickel.
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13.  The method of claim L1, further comprising:

preforming the base structure for a predetermined size and number of

capsule charges.
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a support member having support portions each having an opening
disposed therethrough, each opening adjustable to face in any one of a plurality of
directions;

capsule charges mounted in the openings; and

connectors integrally connecting adjacent support portions, each connector
having bent portions to align a center of each capsule charge generally with a longitudinal
center axis of the gun, the bent portions adjustable to different positions for different sizes

sule charges.

9. The perforating gun of claim 8, wherein the distance between successive
openings is selectable to vary the number of capsule charges mounted in the support

member base-stryeture.

10.  The perforating gun of claim +6-8, wherein the openings can be_arranged
to.provide a plurality of phasing. patterns, wherein the plurality of phasing patterns
include the following: 0°-phasing pattern, 45° clockwise helix pattern, and

+45°/0°/-45° twisted pattern.

11. A method of arranging an expendable perforating gun to shoot in one of a

plurality of combinations of phasing patterns, the method comprising:

providing a perforating gun having a base structure made of a deformable
material and including capsule charge support rings integral with the base structure;
forming each support ring to be substantially circular in shape to reduce an
amount of material used to form the support rings so that debris is reduced after

detonation;

twisting each support ring to face in any one of a plurality of directions;

and
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8, A perforating gun, comprising:

a support member having support porlions ¢ach having an opening

disposed therethrough, cach opeuing adjustable to face in any one of a plurality of
dircctions;

capsule charges mounted in the openings; and

conneclors intcg;g}ly cﬂmchti_ng adjacent support portions, each connector

—— e

having bent portions lo align a ceater of each capsule charge generally with a longitudinal

center axis of the gun.

9. The perforating gun of claim 8, wherein the distance between successive

opchings is sclectable to vary the number of capsule charges mounted in the base

structure,
10.——(Cancelled)
11, The perforating gun of claim 10, wherein the plurality of phasing pattems

include the (ollowing: 0°-phasing pattern, 45° clockwise helix pattem, and -+45°/0%/-45°

twisted pattom.

12. Amcthod of arranging an expendable perforating gun {o shoot in onc ofa
plurality of combinalions of phasing pattems, the method comprising:

providing a perforating gun having a base structurc made of a deformablc
material and including capsule charge support rings intcgral with the base structure;

forming each support ring to be substantially circular in shape to reduce an

sniount of material used to form the support rings so that debris is reduced afler

detonation;
twisting each support ring (o face in any onc of a plurality of directions;

and
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mounting capsule charges in the support rings.

12. The method of claim 12, further comprising:

adjusting the distance between successive rings to vary shot density.

13.  The perforating gun of claim 12, wherein the plurality of phasing patterns
include the following: 0°-phased pattern, 45° clockwise helix pattern, and

+45°/0°/-45° twisted pattern.

14. The method of claim 12, further comprising;
preforming the base structure for a predetermined size and number of

capsule charges.
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adjusling the distance between successive rings to vary shot densily.

8

14, The perforating gun of claim 12, wherein the plurality of phasing pattems
inctude the following: 0°-phased pattem, 45° clockwisc helix pattern, and +45°/0°/-45°

iwisted pattern.
15.  The method of claim 12, further comprising:
preforming the base structure for a predetermined size and number of
capsule charges.
+6——(Cancelled)

17——(Canceled)-

+8—(Caneclled)—



