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APPARATUS AND METHOD FOR PERFORATI NG AND STI MULATI NG A SUBTERRANEAN
FORVATI ON BACKGROUND OF THE | NVENTION 5 FI ELD OF | NVENTI ON: The present

i nventi on r eWwaiesda0167 an appar at us and net hod for perforating WPOT/US312594
and/ or a subterranean formation(s), and nore particularly, to such an

apparatus and pro g ' N Eg.g‘?rg% i ! I 1 |
e R AT

I ndi vi dual lengths of relatively |large dianmeter netal tubulars are.secured
together to forma casing stri ' | | bl -t @ subt erranean
wel | 15 bore to increase %e%ﬁ&?ﬁpgagffqggﬁmf@(we and provide a
path for psoducing fluids to the surface. Conventionally, the casing is

cenented to the | bore f nd subsequently perforated by detonating
shaped expl osi ve\aﬁéhpdié.wvagégéﬁ%rforat i ons extend through the casing and

cement a short di stangggi Béé()%ehi'%@@ﬁt’i@ﬁ | f@fates NoC ! @gpamﬁﬁ aﬂfﬁs%egﬁod Yor

desirabl e to conduct such perforating operatlions w

pressure in the perorétiig gvell easirigaandionia isubtestanean dotnheticngsyyaand nmore
pressure. Under overbal anced copditions, the |1 pressyre exceeds the |

pressure at whi cﬁﬁr{\%&ﬁa}'ﬂ& is&ﬁRy\?mlaqqséE%rEnY\gaﬂfﬂg?%r &Ipin @ Rropaliapt is
fracturi nggoccur smgloydtftovdubstariticlgfsitlRanediisty 8hhafde tHSeffdetfeReRs 8f sLa$
perforations may penetrate several "inches into the formation, 25 and

the fracture net ReFieraignsanedtaistyayiate the subterangan fermationds).on. Thus, an
enl arged conduit r [ |l'ow between the formation and
R O e i

the well, and wel sitgrificantly increased by

del i berat el y i nduci ngiridividual lersgties oft retativelyfiangetdiameter Yietal tubelape sfeRsdtired
process is conplete, the pressure within the wel] is allowed to

30 .
decrease to the deesthertopan 2GRS MERS whichiis positigned within, atsubtersanean well
inj ectiongsAs t h@ohg RSinkidast B4 Gty of B WaVbdredrRAbRdidd £phtH &5t reaGkiAS

fiuids to the surface. Conventionally, the casing is cemented to the well bore

face and subsequently perforated by detonating shaped explosive charges.
These perforations extend through the casing and cement a short distance
into the formation. In certain instances, it is desirable to conduct such
20 - perforating operations with the pressure in the well being overbalancad with |
respect to the formation pressure. Under overbalanced conditions, the well
‘pressure exceeds the pressure at which the formation will fracture, and
therefor, hydraulic fracturing occurs in the vicinity of the perforations. As an
« | | example,-the perforations may penetrate several inches into the formation,
25 and the fracture network may extend several feet into the formation. Thus, an
enlarged conduit can be created for fluid flow between the formation and the
well, and well productivity may be significantly increased by deliberately
inducing fractures at the perforations,
When the perforating process is complete, the pressure within the well
30 is allowed to decrease to the desired operating pressura for fiuid production
or injection. As the pressure decreases, the newly created fractures tend to
close under the overburden pressure. = To ensure that fractures and
perforations' remain open conduits for fluids flowing from the formation into to
the well or from the well into the formation, particulate material or proppants
35 are conventionally injected into the perforations so as to prop the fractures



cl ose under the overburden pressure. To ensure that fractures and
perforations remain open conduits for fluids flowng fromthe formation

into to thggiergr fromthe well into-the fornmation, particﬁtﬁhﬁ.’ edsef i 2l
or proppants 35 are conventionally injected into the perforations so

as to prop the fractures WO 98/ 10167

PCT/ US97/ 12594 2 open. In addition, the particulate material or proppant
~may scour the surface of the perforationsg and/or the fractures, thereby
enlarging the conduits created for enhanced fluid flow. The proppant can be
enpl aced either sinmultaneously with formation of the perforations or at a

later time by a f iet ' : e, _the | ower
portion of t%e %&ﬁbéﬁg@gﬁﬁb@eﬁﬁrﬁ%ﬂaﬁ ?‘%%@ﬁb"@ﬁﬁ’ﬁﬁ%ﬁ”% suriace
erforation. Thefdaegefforatiohs angentie/frattures|tHendby érilgrgiry tha icahBa:

Practurels by thg r ggu?re uf id | et/he a/el Inboreuyduri ng c,omlogg??lﬁg?a%d .
over bal anced per ?8?&??’??&"3}9&4 g?"f’-okg.e PASPH% cﬂ{‘&ﬂ emrlacsd ithangimulianecusly y

to achieve an ovgirabrivitim éfthe perfoPdtidns! i at & iatetine B9ré°n\)€6§ar\?ﬂrﬁw ?5?' y

expensive_and tine consumng to operate, gas propellants”ha een utl
in conjunBtion unethogs: For sxample.dbriowerporionofithe wellbprensary be filled withta ve

hydraulic f ' haped_expl gsi har d dto f |
berforations wianh LB Poar L pRBrAR. cTRE Yard s ABspRusHlfy fvariinus e
formati on and a gurfiratioAtanid friagfiirb€ by thd pressure8Miglini the WaRborer BarirRg ed

subterranean interval and propagate fractures therein. U S. Patent Nos.
4,633, 951, 4, 68Foowentianaloverialensed periorating operatiges.cri be a net hod of

mor e gas generat ng. ou the i BreLrEECh Al RS d BETeVE S VeiiBobly

depth ini@ wel | onditign e welll boge are aelativeiyoéxgnsive andi timbiconsuhiind) toay
brs Peon §ons. Bt S pibianl DRt bR b 1 sohicest B pAARIG:

plurality of gengeRARUSHE & W¥s eXpnsive BRErmEtvE 18 hydrsuliddRsctdring. Shaped

' explosive charges are detonated to form perforations which exiend through

the casing and into the subterranean formation and a propeliant is ignited to

1S pressurize the perforated subterranean interval and propagate fractures

therein. U. S. Patent Nos. 4,633,951, 4,683,943 and 4,823,875 to Hill et al.

describe a method of fracturing subterra_nean' oil and gas producing

formations wherein oné or more gas generating and perforating devices are

positioned at a selected depth in a wellbore by means of by a section of

20 wireline which may also be a consumable electricat signal transmitting cable

or an ignition cord type fuse. The gas generating and perforating device is

comprised of a plurality of generator sections. The center section includes a

plurality of axially spaced and radially directed perforating shaped charges

which are interconnected by a fast burning fuse. Each gas generator section

25 includes a cylindrical thin walled outer canister member. Each gas generator

sectioﬁ is provided with a substantially solid mass of gas generating
propellant which may include, if necessary, a fast burn ring disposed adjacent |

to the canister member and a relatively slow bum core portion within the

confines of ring. An elongated bore is also provided through which the

30 wireline, electrical conductor wire or fuse which leads to the canter or

: perfofating charge section may be extended. Primacord fuses or similar

| zed



plurality of axially spaced and radially directed perforating shaped

charges which are interconnected by a fast burning fuse. Each gas generator

section 25 WO%HYPldes a cylindrical thin walled outer canistRCTUSYHES.

Each gas generator section is provided with a substantially soli.d mass of",

gas generating propellant which may include, if necessary, a fast bumri ng"'\ 3
AN

di sposed adj acent to the canister nenber and a relatively slow bum core
portion within the confines of ring. An el®ngated bore is al so provided \
t hrough which the 30 wireline, electrical conductor wire or fuse which -
| eads to the center or perforating charge section may be extended.

Primacord fuses Ofgriferd 4 po%@ r¥dr 1Ré frcumferencs of the cani '
PCT/ US97/ 12594 3 il rﬁndleter%r%{?e isposeﬁ near t?le glarocurﬁ g?re“rﬁ:aer"a?mf’ﬁres' Each

cani ster nenbers. gascgeneratereaectiaruis siouitameousiy iignitad te gerierateg combdstion

berforated to for yeaRer ap.EopeHfe Rk caSiotE; ECE IR R oketdRietin fom
si mul taneously. 5 aperturdiciwiiiat geneadtionof yas conimences virashliyh sindiSitarRouslyS
at approxinmately 110 mlliseconds after ignitjon of gas generating unit. and

that from a peri o@&enatien el heyparerating-$rred charges Aocurs; at approximately 110

substantial porti s ' ' ' -
generated by gas %H@%&ﬁ%%ﬁ%ﬁgﬁl@é Iﬁag,t%h&rﬁgn&%h ggi&gﬁ} tsf{)érﬁo?ga"e'?dgf .
di scl oses an i nt-egbautti1 ailliséconds tqp200 oniliseconds\d sutnstantial pdrtjioropithbaotal
fracture device apd t ho or_enhapcin roductiQn,i-n oil or s wells. A
cani ster contai nsaﬁwgﬁm‘fﬂ 'h? Qﬁ*@ﬁﬁﬂ@ﬁ%ﬁ%ﬁ 38"5@%%@8@%%%%3%989"1 s
packed a gas propel | any, -gaPutést N604 381,337 &5 Ford #0lal. ddisERIse8 HrKkintdgrafad jet
Patent No. 5,355,802 to Petijean describes a nethod and 15 appar at us
for perfort®ing apediorstionorand, reantiaiiedy propellartofracture daviceaandgmethiod for

PR 1, P ShHBfiind BT bR e T X Eafidfh S5B5RR £RRBHRY o
which . shaped charge grenades around which is packed a gas propellant material so
as to form a solid fuel pack. . _
U. S. Patent No. 5,355,802 to Petijean describes a method and
15 apparatus for perforating a formatioﬁ surrounding a wellbore and initiating and
propagating a fracture in the formation to stimulate hydrocarbon production
from the wellbore. A tool includes at least one oriented shaped charge which
is connected to detohator vié a firing cord. At least one propellant generating
cartridge is also positioned within tool and is connected to wireline cable
20 through delay box via wires and cord. S
U. S. Patent No. 4,253,523 to Ibsen discloses a method and apparatus
for well perforations and fracturing operations.” A perforating gun assembly
is comprised of a plurality of shaped charges positioned in spaced-apart
_ relationship to each other in an elongated cylindrical carrier. The spaces in
25 the carrier between the shaped charges are filled with a secondary explosive,
| such as an activated ammonium nitrate.
U. S. Patent No. 5,005,641 to Mohaupt discloses a gas generating tool
for generate a large quantity of high pressure gasés to stimulate a
subterranean formation. The tool comprises a carrier or frame having a series
30 of staggered openings spaced longitudinally along the tubular member.



IS connected to detonator via a firing cord. At |east one propellant
generating cartridge is also positioned within tool and is connected to
wireline t hrough delay box via wires and cord. nt
No. 4, 2538@8?}{@9‘{ bsen di scl oses a nethod and apparatus for P\%‘(‘%ﬂﬁ%ﬁ
perforatlons and fracturing operations. A perforating gun assenbly is
conprised of a plurality of shaped charges positioned in spaced-apart.

rel ationship to each other in an elongajed cylindrical carrier. The spaces

in 25 the carrier between the shaped charges are filled with a
secondary expl osive, such as an activated ammoniumnitrate. U S. Patent

No. 5,005, 641 to Nohaupt dIS | oses, a ga atJ ol for generate a
| arge quantity (tpﬁm?f gﬁgb’P§§ 3%@'98?'@'8 T'é‘c‘ﬁg'ﬁf"gl?ﬁt%ﬁ’amhf cugh

formation. The J16h afhGamitib e or frarre having a series 30 of -
st agger ed openi ngs spagﬂo' ?gﬁ%ﬂ u@%ﬁgﬁ'y al ong the tubul ar nenber. WO
98/ 10167 However, none of these prior art devices whieliutili2ed/ptdpéitants in -

Chr ough whi ch SRrfrRerod adf 88y hvEEs Haydoled i Bhefiad eudstens:
art devi §es whisakistictdryzresults.o Thuspat nesd eﬁi@m forcdn appadatls aﬁﬂfrﬁéﬁburfsr
devi ces have proved to provide conpletely satl sfactory results.

Thus, a need eRe§Ealng and awpalaémsaawptﬁganem ffermation whieh Rrovides for

stirrulatln a : ﬂ'cgﬁéo

comruni cat ?on Egﬁ\t;\geér?tﬁ fa org gﬂg@ﬁ; @%%{Eﬂ?@?ﬂ%‘#% %’lﬁﬂerranean
penet r at ed therfedmyatxo'ﬁﬁpmetratedﬂhmbgbj ect of the present invention to
rovi de an appar at 10 .., thod for perforating and stinulating a

Eubt err aneainor naﬁBHs'v\HsbﬁnM??ééh? ores r'BM‘%M%WW(% Fﬁﬁpﬂéﬁﬁé%n

the wel kore anghd ﬂﬂ%thd?rﬂél‘fB?ﬁﬁr\é %ha%xhﬂﬂaﬁﬁé‘ﬁtiﬁé‘i'aﬁ?ﬁ{ fiMhatibh vbtﬁcl"i" SO

obj ect of the present invention to provide an apparatus -
provides for improved communication between the wellbore and the

subterranean formation penetrated thereby.

It is also object of the present invention to provide an apparatus for

perforating and stimulating a subterranean fonﬁation which is relatively simple
15 in design and can be readily empioyed with a variety of perforating gun
designs. ‘ _

Itis another object of the present invention to provides an apparatus for
perforating and stimulating a subterranean formation which is substantially
destroyed upon firing thereby eliminating the need to retrieve the apparatus

20 from the well. | |
itis a furiher object of the présent invention to provide an apparatus for
perforating and stimulating a subterranean formation which provides
repeatable bums of the propeliant component of the apparatus.
it is still a further object of the present invention to provide an apparatus
25 for perforating and stimulating a subterranean formation which uses
perforating charges of lesser energy than previously employed.
SUMMARY OF THE INVENTION
‘To achieve the foregoing and other objects, and in accordance with the
purposes of the present invention, as embodied and broadly described herein,
30 one characterization of the present invention comprises an apparatus for
perforating a subterranean formation which comprises one or more explosive



perforating and stinulating a subterranean formation which is relatively
sinple 15 I n design and can be readily enployed with a variety of

perforating qigefigdasgns. It is anot'her object of the present inpenUSoM25%4
provi des an apparatus for perforating and stimnulating a subterranean

formation which is substantially destroyed upon firing thereby elimnating
the need to retrieve the apparatus 20 fromthe well. It is a further

obj ect of the present invention to provideSan apparatus for perforating and
“stinulating a subterranean formation which provides repeatable buns of the
propel | ant conmponent of the apparatus. It is still a further object of the
present invention tiargesva dhelhof prapetantsaritha detorator pallistically cannactbd to the

stirmul ating a subterraneapn formati on which use erforating charqges of
| esser ener gy thanﬂﬁ’@%"ﬁoﬁg?f"@rﬂﬂ'89%.9"%‘9]%!533?99%?@ ?ﬁﬁﬂﬂ?wﬁﬁ' ‘g'&ﬁn?\'}e
the foregoing and gtdiepepdmtects, and in accordance with the purposes of the

présent invention, as enbodi ed and broadly descri bed herein, 30 .one :
characterization of thdnsthereeharasternizatinn frbhe SRISSARt dpyentian Lamprises an

perf orat| ng g1 subt g5 230 rdr Yeirkfing W bittefraRBEA 16nalR, LmBREPO 3 BAFRL

charges, a shell ofgapt @@ biadped Tharge Ppasitioried withirl ithe icantiéry arehacsheatht of
t he charges. The one or, nore ex :sggi ve C

> charges are positioned wthip the
shel | of "propel | anProPai8phBAtes stantiz Y_Pgﬁ'rﬁlfnﬁﬁg 3t igastang %%‘?‘R‘{]Q?P'g°ﬂ
comprises an 5 . 2PRAIANSNGP 'chaAttBraatdl) ot thEDbRYsEAD SVertiohBmpRses a
conprising a carrier, at |east one shaped charge positioned within the
carrier, and a shesethostcfperiomtinga subteganaan fonmation whichyis pesptratad by el

at |east o n@; hapegoémiarv(ﬂ'\eg' casilg POSTiBRED TRt L6 as28 estibifth Uif cBRRSHiLation

I nvention conprise ) ]
between the formation and the well bore. The method comprises detonating

a perforating charge in the well bore thereby igniting a propeilant material
which is interposed between the perforating charge and the casing and
perforating the casing. '

15 A further characterization of the present invention is a method of
perforating a subterranean formation which is penetrated by a well bore
having casing positioned therein so as to establish fluid communication
between the formation and the well bore. The method comprises- posit_iohing
a sleeve of propellant material substantially around at least one explosive

20 charge and detonating the explosive charge so as to form perforations
through the casing and into the formation. The detonation of the explosive'

charge ignites the propellant material thereby forming gases which clean the
perforations and which extend fluid communication between the formation and
the well bore. |

25 A still further characterization of the present invention is an
improvement tb a method of perforating and stimulating a subterranean
formation which is penetrated by a well bore having casing positioned therein
so as to establish fluid communication between the formation and the well
bore. A perforating charge is detonated in the well bore thereby igniting a

30 propellant material. The improvement comprises disintegrating an apparatus



nethod of perforating a subterranean formation which is penetrated by a
wel | bore having casing positioned therein so as to establish fluid

com‘rum ca yeen the formati on and the well bore. The rﬁ{.ﬂﬁ ri ses-
det onat i né#‘ggﬁ'gﬁkor ating charge in the well bore thereby igni ﬁ

propel lant material which is interposed between the perforating charge and
the casing and perforating the casing. 15 A further
characterization of the present inventiqp is a nethod of perforating a
subterranean formati on which is penetrated by a well bore having casing
positioned therein so as to establish fluid comunication between the

bropel | ant -t e NPHY SpBSE thel BBBRRL o R, 4357 RNarefr b el o8RG

charge and det ochérgeg the expl oswe charge so as to form perforations

t hrough t he casing and r}to the formatio The det onation of the exfol osi ve
charge ignites the peher ﬁ@ﬁféﬁ%ﬂ#lﬁ@r@ﬁpefnsﬁmm@fnm #adit for aan
the perforation ag%g f @(?\,“r‘ tion
and the well borég N‘Q'f&hpé‘ﬁfét%ﬂﬁgsétﬁ Igt'furt 8 dﬁg@?ﬁél zatlion 5‘1‘%{1&

present iSiventi compeses anrgpparatusifor peffaratmrmduhibrrpaaan fermatiprewtiich has
having casing patEBFUSTapsRcTares And § §oekd o PRereI Bl Buskisi Srhasit
between the for gpdurndtheappanrgtusel | bore. A perforating charge is detonated
in the well bore thereby ignitin oeIIant materlal The
| mprovenent conprises disi B@%Bﬁﬁf%ﬂ’ﬂ%&ﬁﬁ 80167
the perforating char i SAHeAyrd FaRiioL e a%s‘*”@gﬁﬁf#&@ﬂ“ AR R e B
inventiofoi-s a l¢f thefspecificatipnpillasinate’ e embdbdirrmnits of &mbmsanvirmamm and,
subterranean f Ororgaetttlaeornw:\(\hhtlhe description, serve to explain the principles of the invention.

_ In the drawings:

FlG.'- 1 is a cross sectional view of the apparatus of the present
invention as positioned within a well peneti'ating_ subterranean formation;

15 FIG. 2 is a cross sectional view of the appafatus of one embodiment of
the present invention;

FIG. 3 is a cross sectional view illustrating the spatial relationships
between the certain oc;mponent parts of the apparatus of the present invention
taken along line 3-3 of FIG. 2; |

20 FIG. 4 is a partial cross sectional view of a perforating charge as
 connected to @ detonating _cdrd;
- ~ FIG. 5 is a perspective view of one embodiment of the propellant sieeve
of the apparatus of the present invention which is illustrated in FIG. 2;

FIG. 6 is a cross section of a portion of a detonating system suitable for

25 usa in the present invention;
FIG. 7 is a perspective view of another embodiment of the propellant
sieeve of the apparatus of the present nnventlon which is illustrated in FiG. 2
FIG. B is a cross sectional view of the propellant sieeve taken along line

8-8 of FIG. 7;

1.



5 conprises an apparatus for perforating a subterranean formation

whi ch has at |east one shaped charge and a sl eeve of propellant adapted to
posi ti oned awmosdotére appar at us. BRI EF DESCRI PTI ON OF THE DRAWRIGEAISHRA2594
acconpanyi ng draw ngs, which are incorporated in and forma part 10 of
the specification, illustrate the enbodi nents of the present invention and,
together with the description, serve to explain the principles of the
invention. In the drawings: FIG 1 is a crods sectional view of the
apparatus of the present invention as positioned within a well penetrating
a subterranean formation; 15 "FIG 2 is a cross sectional view of
the apparatus of one enpl@ligiericross sbetigrat view of ametier embddirientof @ propuliant
sectional viewillustrating the spatial reL ti onshi ps bet wee él_.h,e_ ertain.
conponent parts of Seeyeftikzed in the apparatus,p 'e_FﬂUQ'ﬁ‘E’PBﬂ‘P‘fy% 13, itpsirated in

3-3 of FIG 2; 20 fFiG.2: FIG 4 is a partial cross sectional view of a
perforating charge as connect ed to a detonating cord;, FIG 5 is a
perspective view of oneFiiAfdsmenitaway view ofithe propeliantsieeva-embodiment depicted

P e ous sfct on PTG BhiE iubfralis bW jhiricr Il atbR el s £ 25 °
use in the present invepiGonq | @ cfodss sBclichdInvieW Bf anotherobmbodiment of the

enbodi ment of the propellant sleeve of the apparatus of the present
i nventi on whi ch i s d@ppamatusef de presantinventionG 8 is a cross sectional view

O el SR e’ | BESARPHON OF e biErERRer EnBOEMBI(RE1OT

a propel | ant As illustrated in FIG. 1, a.well 10 having a casing 12 which is secured
10 -therein by means of cement 13 extends from the surface of the earth 14 at

~ least into a subterranean formation 16. One or more perfbrating and

propeliant apparatus 20 of the present invention are secured to the lower end

of tubing string 18 and lowered into well 10. The upper most apparatus 20 as
positioned within well 10 may be secured directly to the end of tubing string |

15 18. A tandem sub 60 may be utilized to secure apparatus 20 together while

a bull plug 66 may be secured to the terminal end of the lowermost apparatus’

20. Any suitable means, such as a packer 21, may be employed to isclate the

portion of well 10 adjacent interval 16-.-if desired. A tubing string may be

utilized to position and support the apparatus of the present invention within

20 a well bore. Tubing will preferably be employed to convey several apparatus
20 into the same well bore. Alternatively, a wireline, slick line, coil tubing or

s | any other suitable means as will be evident to a skilled artisan may be used

~ to position and support one or more apparatus 20 within a well bore.

Referring now to FIG. 2, the perforating and propellant apparatus of the

25 present invention is illustrated generally as 20 and has one end thereof
secured to a tandem sub 60 while the other end thereof is secured to a bull

plug 66. A perforating charge carrier 22 is positioned between tandem sub

60 and bull plug 66 and is secured thereto by any suitable means, such as by

mating screw threads 23 and 24 which are provided in the internal surface of

30 camrier 22 adjacent each end therecf with corresponding threads 61 and 67 of
tandem sub 60 and bull plug 66, respectively. O-rings 70 provide a fluid tight



sl eeve utilized in the apparatus of the present invention which is
illustrated in FIG 2; FIG 10 is a cutaway view of the propellant sl eeveé

enbodi nmen in FIG 9 which illustrates the ip&g I of
t he sl eevtew ana&ﬂtg?e 11 is a cross sectional view of another en@gg{ nmen

t he apparatus of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS As illustrated in FIG 1, a well 10 having a casing 12 which is
secured 10 therein by neans of cemeng 13 extends fromthe surface of

the earth 14 at least into a subterraneah formation 16. One or nore
perforating and propel l-ant apparatus 20 of the present invention are

d to the | d of t.ub ing 18 di Il 10. Th

o Cost anoarsaalbeStRarCtarhE 28 %kt il SuS B0 witle Oipasy S priea fuid

directly to the tiym €dait bbtweanstairitd 22 and bu‘quMb teaﬂdeahfdgbzf%ggybpea
[u

utilized to secure apparatus 20 together while bul |
secured to the t@l“?ﬁ‘ﬁ%ﬂ'al%ﬂviﬂabﬂﬁlEaﬂftﬁkéﬁfnﬁgﬁmmrmgeiendmta;m atisiast

10 ad} acent | nt orBAphfnichal Bi¥olafing Baéiib Ebad€ o biaaing AAnertadh alf

el 1 hor o Tubrme it pr ot ar oty ba ool ¢ ”a"i?ﬂ‘éﬁ"cz“"“ ?2’3":#2'1‘6'5393?% s
EZiowlent o the san&oﬁ 4&“3& ﬁ?agﬁétﬂ%@%%a 'Féﬂoisﬁ@naglx‘l’@?é" CRFier

Lubing or any ol af sk 8he rERAVeIfart dpdhlurs Grtifinih 35 Wt@ﬁré}w 'o?a”

may be used to position and support® on or nor e appar at wel |
bore. Referring smaller apetties 2y apenings 3G thereiny Qpdnings 88 inthe walbofrchange of

end her eof Socaneniat e basRekee motkBOGRHRY al Rk bl antd i st o

secured %0 a bultheplbe ®harde arrier22 ang peforgng ahan gértuBQ whwgém&aﬁﬁ
bet ween tandem sub 60 and bull plug 66 and is secured thereto

sui tabl e neans, eRgated ‘Wlﬁﬁﬁﬂ@ﬂ%"@%ﬂﬁt A inadsperiorating charge éﬁ "tﬂsea small
ItoLg\rllagfdw: tnht Egr rdgsﬁﬁg&r‘\%%hr eaaaété%% rdo%eirﬁﬁé t an(fgémf@’%gﬁ@gﬂ ﬁa@BF pl ug.
66, respectivel yas dascribgd belowrand ddargef énd 48talighed with and protruding through
opening or aperture 35 in tube 34. At least one lined perforating charge 40
15 is mounted in perforating charge tube 34. A detonating cord 86 is connected
to a detonator above tandem sub 60, to the small end 46 of each perforating
charge 40, and to end cap 68 in bull plug 66. On.e or more additional
combinations of a perforating charge carrier, booster transfer and a tandem
sub could be mounted above carrier 22. Tube alignment end plates 50
20 function to align charge tube 34 within carrier 22 so that the front of each
charge is adjacent a s;allop 27 in the wall of carrier 22.
¥ multiple charges are present, they may be spaced Venically along and
- angularly about the axis of the carrier. The charge density is an appropriate
density determined by methods known to those skilled in the art. Common
25 charge densities range between two and twenty four per foot. Detonating cord
86 connects a baoster transfer (not illustrated) in tandem sub 60 above carrier
22, all charges 40, and end cap 68 in bull plug 66.
As illustrated in FIG. 3, brackets 80 on the small end 46 of lined
perforating charge 40 extend through opening 36 in charge tube 34. A clip 82
30 secures punch charge 40 to charge tube 34. Detonating cord 86 is threaded
through a space 84 between brackets 80 and clip 82. Charge tube 34 is
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seal between carrier 22 and tandem sub 60 while Orings 74 provide a fluid
tight seal bWORMANarrier 22 and bull plug 66. Carrier 22 nay P6a/ES97/12594
commercially available carrier for perforating charges.and contains at

| east one conventional perforating charge 40 capable of creating an.
aperture in the 5 carrier wall 30, well casing 12, and a portion of
the adj acent subterranean formation 16. A Berforating charge tube 34 is-
positioned within carrier 22 and has at | east one rel.atively | arge aperture
or opening 35 and a plurality of smaller apertures or openings 36 therein.
Openi ngs 35 i n t hemownted in camar g2 se that the small epd 46fcharga 4t is/adjacent|scallop
al ong and anguIaHéﬁiﬂ¥%ﬁi; axis of 10 t he tube. . Charge carrier 22
and perforating charge (Be%4 have general ly el ongated tubul ar

configurations. A |ineRefamihgtaFICiod, @typinal perfocating cherge is illbstrated ganerailyn
an aperture or openi

ng 36 .i.n perforating charge be 3 descri pbed
bel ow, and a Iargeaseﬁa- 4R rﬁ&?'&r@&"%ﬁﬁ ﬁaptﬁﬁ&er%ﬁiﬂ?&'ém@&;ﬂeﬁﬁﬁﬂwge
aperture 35gin tu 5 At : | ' i imar 42
nounted in gerfor;%sﬁézéﬁ'a{rr‘%ﬁ%%@%%é g\f%beétw&\%ﬁan%g ?gpgl%gwi%g;%o?:ﬁgchp 8&'4? o]
a detonat or above is cotoaniumetaiiic and serves tamfocus thie emergy of thencharge@ansd emable

charge 40, and to 8 i One or nore additional

conbi nati ons of a'ﬁg%éfiﬁg’nﬁé@%é@%r%sg& booster transfer and a tandem
sub coul d be nounted akpgecsrdahcs 'will? thd presenti invanRtisn, ca dlgdval 80 whicAthas a
function to align charge tube 34 within carrier 22 so that the front of

each charge is adjgananslly taeular eenfigurationntFitl ) is pesitioned anounds parieratipoe
about the J97s of WTRLOSFaTBY 22 dERAGShaGHAcS, oY tfe HEHARling Ml Bribelant
determ ned by net rapparatas 20 of the present imventidni or duringefinal assembily Btereof which
cord 56 connects dMBLRKBAAGE ahibp sl sz ‘RF mieePHlestFic, F st i aotred
above carrier 22, jaldositibAgd afoutd peHttafing chargd&arrier 2! dt dtle-éhd By tandem sub
60 and by bull plug 66 at the other end. Tandem sub €0 and bull plug 66 may

15 be sized to have an external diameter greater than sleeve S0 so as to inhibit

damage to sieeve 90 during positioning within a well bore. Alternatively,

protective rings or the like (not illustrated) which have a larger external

diameter than sieeve 90 may be inserted between tandem sub 60, bull plug

66 and sleeve 90 during manufacture or final assembly of the apparatus of the

20 present invention so as to inhibit damage to sleeve 90. Sleeve 90 may extend

the entire distance between tandem sub 60 and bull plug 66 or a portion

thereof. Sleeve 80 is constructed of a water repellant or water proof

propeliant material which is not physically effected by hydrostatic pressures

commonly observed during perforation of a subterranean formation(s) and is

25 unreactive or inert to almost all fluids, in particular those fluids encountered

in a subterranean well bore. Preferably, the propellant is a cured epoxy or

plastic having an oxidizer incorporated thei'ain suc_h as that commercially

~ available from HTH Technical Services, Inc. of Coeur d'Alene, idaho.

Any suitable detonating system may be used in conjunction with the

30 perforating and propellant apparatus 20 of the present invention as will be

' evident to a skilled artisan. An example of such a suitable detonating system



As illustrated in FIG 3, brackets 80 on the small end 46 of |ined
perforating charge 40 extend through opening 36 in charge tube 34. A clip’

82 30 }1%5[?@@, punch charge 40 to charge tube 34. Det onalpicigyge9hsed6 i S
t hreaded t hrough a space 84 bet ween brackets 80 and clip 82. Charge tube 34
is WD 98/ 10167

PCT/ US97/ 12594 9 nounted in carrier 22 so that the small end 46 of charge
40 is adjacent scallop 27 in carrier 224gReferring to FIG 4, a typical
perforating charge is illustrated generally as 40. A highly conpressed
expl osive 41 partially fills perforating charge 5 case 42. Liner 43

h |
Tetal TG and co et LSy QediNFIES QShtfioysing 2101E Caginie ot R et 10,
tlo per f g(r) a\tM? ah\nﬁggngas ;gm lstrmgiﬂt D 1darm'|ea| o Oh:;e (ndtlsbown@sgulvemmeﬁtlmched :
eeve ic u i
;OSI ti oned arourng cﬁ@??&' nsi ave '&é?b %%%?\#MP%r e

of the perforatiRed 244 aaﬁﬁ@ah{aummars@éwméo AR aﬁh@la?bﬁéﬁt%r mbedawaanor
during fi naI assenbly thereof which nay take place at the well sit

assenbl edS(FI G miston218and the interiefwall ethqusing 210 infiled wnbma\oaumspaamg

other end. | TanadteeisSoadiinbihe BIGH X bl 218 shéartins 22 s ReditebliR
ext ernal di anet @hww@zﬂ and ah'en\gepxﬂazzeaemntis downwara flomege bottorhastve

90 during positiagoning wthin g well bore. rnativ rotectlverl S
or the Iike (notP$ton di@at )a‘ﬂﬂ'l' @R5nigins z!ef‘ S\j’@ﬁ ﬁgﬁnﬁﬂe d $apAeM: sub

sl eeve 90 may bepdrRSéy u?ﬁae{bﬂbtﬁ%ot@ﬁfmid'ﬁ r@%m@#‘ﬁ&ﬂ#ﬁﬁngﬁe@ﬂ%ﬁ WhikR 90

during manufacture or tinal assenbl e apparatus o
present ilBventi ds anadm towanhhbbsmg&aﬁm capablecef/attahmeitdo tandemrsup €0.

bort1on ther cof S8 B3 IEaERSE WRG1oBlnEahaIR SRR 2, i idPulich Andler 202
pr oof at the top of sub 60 is in contact with detonating cord 86 passing through
central channel 234 and charge carrier 22, as described above. A booster
transfer is located in each tandem sub 60, linking the detonating cords in the
1S charge carriers above and below the tandem sub.
Upon application of sufficient hydraulic pressure to the top of piston
218, vent 212 and piston 218 simuitaneocusly move downward, opening fluid
passage 214 and cauéing firing pin 226 to contact percussion detonator 230.
The ignition of percussion detonator 230 causes a secondary detonation in
20 ignition transfer 232, which in turn ignites detonating cord 86. Detonating
cord 86 comprises an explosive and runs between the ends of each charge
carrier, passing between the backs of the charges and the charge clips
holding the charges in the carrier. .Cord 86 ignites the shaped charges 40 in
charge carrier 22 and booster transfer, which contains a higher grade
25 explosive than detonating cord 86.
' As described above and shown in FIG. 6, an impact detonator provides
a primary detonation. If the perforating apparatus is run on.a wireline, the
primary detonator could, alternatively, be an electrical detonator. The
- primary detonator ignites a pressure-sensitive chemical in igniiion transfer
| 30 232, which in tumn ignites detonating cord. The detonating cord then ignites
the one or more chafges 40 in the carrier 22 simultaneously. Each transfer



propellant material which is not physically effected by hydrostatic
pressures comonly observed during perforation of a subterranean

formati on(s) WQPs191675 unreactive or inert to alnost all fPOTAS97/12594
particular those fluids encountered in a subterranean well bore.
Preferably, the propellant is a cured epoxy or plastic having an oxidi zer
i ncorporated therein such as that commercially avail able from HTH Techni cal
Services, Inc. of Coeur d' Al ene, |daho. Anygqsuitable detonating system may
be used in conjunction wi th the 30 perforating and propellant
apparatus 20 of the present invention as will be evident to a skilled

artisan. An exanpl i Vo ek /| :
BCT! a0 7/ 19564 15 SoBHteP A chnfiild &P bRoAharTer dBfrBihgAR ?5%??%@ 9 38jacent

capabl e of attachmsatriero Thessystem snay:be sdstonated frafy the top, thebottbm, er botit.

210 and seals flurd padbeyBrons, tEHaSTEs itc o telorild fraSs carisis A8 are
An annul ar chanber iadediwitverrirgds 40 andare conn@éidadith &ltetoritiig Meals) $uck as
housing 210 is filled with air at atnospheric pressure. Adjacent the bottom

of piston 218, she&etqnatingeord 86 Anstring:ef apPanatus 2Q separated hytandem subs 60

pin 226 extends do 1t i ' Qi
vent housi ng 200 aﬁ%ﬁ@%ﬂ&ﬁﬁﬁ%@&%ﬁﬁ%&gﬁé@gﬁ%wS\géllnﬁﬁg th%ﬂ‘f}d
retainer 228 in fi of aduitingStritRy; witelicle, slick line,i coildtubing ordanyothenisuitablei mgans
210 and capabl e of attachnent to tandem,sub 60._ Sub 60, is attached to
perforating charge aéé’f"ﬁi%@re‘ﬂégmAﬂqéﬂ ?qiéﬁ‘%ngmenﬁﬁtzs'&?"?ﬁg may bgreut from
60 is in contact wigxt ' '-ageagmm%- ;
234 and charge car Pi'g?&gyagﬁdggggg?glggaggg\%& A boost er tranfs'?%rcﬁ?gdmamer
| ocated in égch t akdeat thebwel sitei nkhe @ppasatist 20 is thep losated im the aveliswith the

O o ot BiRGARa SRaP Bt IRE ot Rasdf P RBP ) B35 HBotiratet o
218 simul taneous| y pepforatihgvenarges cilerared themi detonated. Upon detonation, each
perforating charge 40 blasts through a scaltop 27 in carrier 32, penetrates
propeliant sleeve 90, creates an opening in casing 12 and penetrates
15 formation 16 forming perforations therein. Propellant sleeve 80 breaks apart
and ignites due to the shock, heat, and presSure of the detonated shaped
charge 40. When one or more perforating charges penetrate the formation,
pressurized gas génerated from the burning of propeliant sleeve 90 enters
formation 16 through the recently formed perforations thereby cleaning such
20 perforations of debris. These propeilant gases also stimulate formation 16 by
extending the connectivity of formation 16 with well 10 by means of the

pressure of the propellaht gases fracturing the formation.
A proppant, such as sand, may be introduced into well 10 aimost
simultaneously with the ignition of the perforation and propeliant apparatus 20
25 of the present invention by any of a variety of suitable means, such as a
conventional perforating charge carrier which is equipped with punch charges,
filled with sand and connected in series to detonating cord 86, as is
dommercially available under the trademark POWR*PERF from Halliburton
Energy Services or Advance Completion Technologies Inc. As such gases
30 generated by bumning propellant sieeve S0 esépe from the well and enter the
perforations formed in formation 16, the ‘sand which is carried into the



passage 214 and causing firing pin 226 to contact percussion detonator 230.
The ignition of percussion detonator 230 causes a secondary detonation in

20 i gnd ansfer 232, which in turn ignites detonati &ﬁéﬁa
Detonatingh®ggaogé conprises an explosive and runs between tﬁgren szgéteach
charge carrier, passing between the backs of the charges and the charge
clips holding the charges in the carrier. Cord 86 ignites the shaped
charges 40 in charge carrier 22 and booster transfer, which contains a

hi gher grade 25 expl osi ve than detofating cord 86. As described above
and shown in FIG 6, an inpact detonator provides a primary detonation. If

the perforating apparatus is run on a wireline, the primary detonator . =
coul d, al ter nat i rastyres dyathe | Rropeliant| gaseseirages orhscqurs niey walls oofathe

ignites a press SiLi kel whérebdn j Nans 2Q dow
which in turn i nﬁéer?%gé%onrgﬁi ng %%?dtﬁ%}ﬁgggée@%%é rltggc%draf{fl‘@%efr?rifbuﬁfzt es the
one or nore charpetweda theformation anddthe i1 0ruSomecafitbe \sand8mday temainfinthe
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booster al so corff3RHIES:8S @8,A5PBRAN: therrby Prexenting jhe fractuses fiom clesingwhen

bo! hl|; 3‘?’33 L {‘Qﬁ,“‘g%?:?’;?ﬁg‘%yﬂﬁfggit S?aé%?f or H;”‘ :%tgg:g,;;' e szz.";
are | oaded wt char gesa sti igni'rgt, aeve miayroe pievs ithy om@aersmosec
Subs 60 i 5 ascerpatel B B8 p Arie (¥ SreRLBRbaN e dniisiRicRRESs BY siRB0E °T,

at the end of a gO{FIG) 7y and Nehichimiz éxiend O.lltisﬁhtiail?me entide lengthhergofaMie
other suitable neans as will be evident to a skilled artisan. Propell ant

sl eeve 90 may beSIB(R) iBrRARitionad adacant g rnad.chargapAf #4caHbahyReD iIgban
oo a0 oL! PRGBS el st 32 P breh g 8 ho et Sl area for
adj acent the forsheever8l tu ignitel aridbbum, bergfenably, stit{s) ST istaperéd (RIG. &) such
charges 40 are ttrl]r%? thg ts 1{] 'ast \%%er g? ne 9n ter%ré tsiu%gbe eo?%?eeve 90 than the external
surface theraof. To achieve a uniform and repeatable burn, the internal
surface of sleeve S0 may be provided with grooves or channeis 94 (FIGS. S
15 ° and 10) to assist in propel!aht sleeve S0 uniformly breaking upon being
impacted by shabed chafga 40. Grooves or channels 94 may have a varied
or a uniform thickness or depth and may be formed in a uniform or random
pattern. '
Referring now to FIG. 11, another embodiment of the perforating and
20 propellant apparatus of the present invention is illustrated generally as 120
and has a perforating charge carrier 122 is located between two tandem subs
160 or between a tandem sub 160 and bull plug 166. In this embodiment,
carrier 122 is constructed of a water 'repeuant or proof propeliant material |
which is not physically effected by hydrostatic pressures commonly observed
25 “during perforation or subterranean formations and is unreactive or inert to
almost all fluids, in particular those fluids encountered in a subterranean well
bore. Preferably, the propellant is a cured epoxy, carbon fiber composite
having an oxidizer incorporated therein such as that commercially availabie
from HTH Technical Services, Inc. of Coeur d'Alene, Idaho. Carrier 122
30 contains at least one conventional perforating charge 140 capable of creating
an aperture in the carrier wall 130, well casing 12, and a portion of the interval



perforating charge 40 blasts through a scallop 27 in carrier 32, penetrates
propel I'ant sl eeve 90, creates an opening in casing 12 and penetrates 15
formati on 16 wWowgnorgr perforations therein. Propellant sleeve 90PGRUSMIH2594
apart and ignites due to the shock, heat, and pressure of the detonated
shaped charge 40. Wen one or nore perforating charges penetrate the
formation, pressurized gas generated fromthe burning of propellant sleeve
90 enters formation 16 through the recent| yW3forned perforations thereby

cl eani ng such 20 perforations of debris. These propell ant gases al so
stinmulate formation 16 by extending the connectivity of formation 16 with

wel | 10 by neans ofi& imctheradjscent subtermanearvfosmation. dkachsparferating ichgrgent40 is
formati on. A proppant, such as

sand be_introduced into.well ,10. al most
it aneous! v w { FeCHEST G0 GReBina as,Et Perataon”herds: Bl 1 Wik 4 e,
apparatus 20 25  prefdrablie @hgeANsubNY60! ibdll plugtnBE60and uSdrget Iubd 134 are
sui-tabl e neans, such as a conventi onal Eerfpratl ng charge carrier which is

equi pped with puncisonstrugtes ofi @ saatgrish which SwbS\astialy: eqtirely freaks wp or
det ti d 86, | ' : ' d : :
IS0 10, 81 56 g Gl 3008 il HS i

€T VI Ces Or

Technol ogi es I nc. Afisisteghatesifosexdmple a cgebor fibery eppxypcompogite rupor detohation
sl eeve 90 escape fragmthe well and enter t,heigerfoie%t?&ons formed |

formation 16, the ShgHarAesAK0; or e matedal which i FRMP bynableg such as a epoxy,
PCT/US97/ 12594 12 fcgct?@&af Bfo |]ahi“’ssrﬂﬁ£%p€d kmt%%}sf*& ABEGE TV, O if TR fhahh8ne

wal | s of the perfor ons  a ractures, ther enl argi ng the conduits for
fluid fl ow bet ween shiaped changesdsiutilized; theyunay be spaceshverticaliy,alongrandhangularly

e 1 o ndBuon #ECER 18 AR SCPR Gl 8RG8 K0kl bR Spbf ity sy
ignition, sleeve 9Qgtesmipedibymetists kidwn e tioseskilted) irntheeartoCarhition crarge
whi ch may extend through the entire thickness of sleeve .
densities range between six and twelve per foot. Detonating cord 186
connects a booster transfer in tandem sub 160 above carrier 122, all charges
_ ~ 40, and end cap 168 in bull plug 166. As previously discussed with respect
15 to the embodiment iliustrated in FIG. 2, one or more combinations of an
additional tandem sub and an additional perfdrating charge carrier could be
mounted below carrier 122. The detonating cord 186 would then be
connected to a booster transfer in the tandem sub 160 below eaéh additional
perforating charge carrier. In this embodiment, removal of any portion of the
20 gun from well 10 after detonation is obviated since the carrier is ignited and
the charge tube decomposed and/or disintegrated upon detonation of
charge(s) 140. This advantage is especially pronounced in instances where
a very small amount of space, if any, exists below the interval of formation 16
which is perforéted. |
25 The following example demonstrates the practice and utility of the

present invention, but is not to be construed as limiting the scope thereof.

Example
A 36 inch long, 4 inch outer diameter, 3.4375 inch inner diameter
30 . sieeve of cured epoxy having an oxidizer incorporated therein is positioned
around a 3 foot long, 3.375 inch outer diameter perforating gun. This



90 (FIG 7) and which may extend substantially the entire | ength thereof.
The slit(s) is positioned adjacent a shaped charge 40 such that upon '

I gni tion W& eges675haped charge 40 inpacts slit 92 which propégRReds §4aater
surface area for sleeve 90 to ignite and bum Preferably, slit(s) 92 1s

tapered (FIG 8) such that the slit is wder at the internal surface of
sl eeve 90 than the external surface thereof. To achieve a uniform and
repeat abl e bum the internal surface ofMSI eeve 90 nmay be provided with
grooves or channels 94 (FIGS. 9 15 and 10) to assist in propellant
sl eeve 90 uniformy breaking upon being inpacted by shaped charge 40.

and may be f o REOTAIS HAH rR A sPeblh Frrdds Pef ReokPdetres Mhawrkotie 11
anot her enbodi ensigesfantarscanbped ehirieg. M ﬁ&fcrating%%%igﬁ'ﬁ e3U0ippea With of

~the present invention is i]lustrated ?eneral ly as and has a perforating
- char ge carri er tN®proreliapt sleayesMpdnta Asybip@anean melliand is pesitinned by

t and b 160 b, : thi | ' '
Const ot ad of "nscet wirliiiol BBrotdis & s reBlRGNAT A} aBHL 655 rher Aast
ghysi cal 5yf. ef f tppoahrb;gdug?risalsu fun. ]E)_Aﬁesltgggmg:omdnpll'}: Sﬂabmgl;cd:f%ter are -
urin errorati on Qf, su errane ormat . ons an IS nreacilive or | ner (0]
st A1 1 QPHEPeRHinE e el 370 the, SEPRRIEE TS GRten TDPAI IR SSRRG Pohncan
wel | bore. Pretejuay WpddifethiéeiciHeApropeia® 16606 ismsing FamRa ﬁdrfb?étin? al’ y

conposi te having an oxidi zer mcor&gr ated therein such "as that ‘comrerc
avai | abl e frongemHaNdANGlyss cbdheifast gauge. prassure: datal'indicates thadita high

790 capabi o of Pressnd B B3 BlainFE Tor & HuSBaisa baHBarein bl O°
12, andi@ por t nfierosbcbings whictyis dchievabfe #ith @ddnventional perforating gun.
PCT/ US97/12594 13 16 in the _&c&acent subt erranean formati on. Ea

C .
perforating charge 1IN REESOERNNG M PrPRatiaphaRPAFius e the Repest iavenipnfR ge
tube 134 with BeGltitiRed with tubing or wireline. The increased strength of the tubing over

wireline allows the use of a longer perforating and propellant'apparatus,

thereby allowing a longer interval to be perforated and stimulated in a singie

15 trip into a well. A tubing-conveyed apparatus is also compatible with the use

of packers to isolate one or more portions of the well adjacent one or more

intervals of the formation. Thus, the method may be used wherae it is desired

for some other reason t6 limit the pressure to which another portion of the well

~ is subjected, for example, in a well where one or more other zones have

20 already been completed. Further, if the well has a high deviation angle from

vertical or is horizontal, the tubing may be used to push the perforating and
propeliant apparatus into the well.

Muitiple intervals of a subterranean formation can be perforated and

fractured in a single operation by combining two or more perforating and

25 propeliant appératus 20 and/or 120 of the present invention with a single

tubing string in a spaced apart manner as will be evident to a skilled artisan.

In using the perforating and propellant apparatué of the present invention,

shaped charges containing a smaller amount of highly compressed explosive

than conventional charges may be employed since the shaped charge need

30 only perforate casing 12 as gases which are generated by buming propeliant

extend the perforation and fractures into the subterranean formation.



Preferably, tandem sub 160, bull plug 166 and charge tube 134 are
constructed of a material which substantially entirely breaks up or 5
deconposes, Wwaresaesstpl e thin walled steel, a material which suB&F’éﬁﬂ’%ﬁsﬁl
di sintegrates, for exanple a carbon fiber, epoxy conposite, upon detonation
+ of charges 140, or a material which is conpletely burnable, such as a

epoxy, oxidizer propellant simlar to that used for sleeve 90.. If nore
t han one shaped charges is utilized, they ﬁﬁy be spaced vertically al ong
and angul arly 10 about the axis of the carrier.. The charge density is

an appropriate density determ ned by nethods known to those skilled in the
art. Common char geAgeorslinglysargragter inambaeasof shapedcharges mayde empioyed in the

Corerer 19°°% RePAIEE Y 8RN, JFARBEE g MY rilndhd Rt
previously di scussapparatus aneiigrestiapéd chargelswhitte produesi larger didretirpaidforatidhs
FIG 2, one or nor cﬁo I nations,of an ad,dltlgnal ':?ﬁgdem sub and an

addi ti onal perfora e3R,Prpduced py epnyentiopa gesdnaype amplayed ipthe
The det onatighg cor ' i t r |
t he tandem s?Jb 1605%%]&%6\,%;3{:%3;%@:3? Pgrr\.gIa Hgg'?'f g?‘g? I@%?rggg%rg sé%éﬁ]gégrldﬁﬁlar

t hi s enbodi nent, rt22veay bavepyoppantidispaersed ithropghout or embeddeduponitha uter
after detonation i i since arri i s _ignited,. . t he _charae, .

t ube deconposed anWﬁéfﬁ'eEB@t@%ﬁﬁ%ggﬁﬁ"ﬁn& ra%ﬁ%%‘é’f??g i‘i@.sg‘fh Iy
advant age i s especgéleriifiihg iblanerspersioh N6t &Y Proppiiteinto tRe YpérfdratioA§URNthe

of space, if any, exists below the interval of formation 16 which is
perforated. 25 subterranega foranatign(sly exanpl e denonstrates the practice

and utility,pf the pres ' 120 LS ' '

limting t h’ed)scope t heré%?béigﬂrrél‘%ﬁ ugt)BQ%éﬂﬂ]%f%%%fﬁ?? %ﬁghédpgwgn%rﬁgfm

3. 4375 inch inner ghventidrehavdbeen destribed and illustrated: ag beirgpoomprised okseveral

i ncorporated therein is gosi ti o&%d around a 3 foot |.ong, 3. _3;5 i.nch é)hut er.

di anet er perf or at i FMBARSNtPALS which are secured together ina fluid tight relationship, it is
within the scope of the present invention to construct the apparatus 20 or 120
of an integral piece of propeliant material which is cpén to flow of fluids from

15 the well bore and in which shaped charges are secured.

While the foregoing preferred embodiments of the invention have been
described and shown, it is understood that the altemnatives and quiﬂcations,
such as those suggested and others, may be made thereto and fall within the
scope of the invention. '

20
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perforating gun has 4 shaped charges per foot, 60 degree phasing of the-

char ges a\Pﬁ g#! | oped carrier. The perforatl ng gun whi ch deSpnfstijipsRgd Wi th
e ant

t he prop eeve is run into a subterranean well and is positioned by
means of wireli ne to perforate a 3 feet interval at about 3630 feet. A fast
5 pressure gauge |s aI so run. After |ogging on depth, S0-bartets of
water are p E‘T and theg qa]lpparatus is ignited. The reI|ne

I s noted not “m etr| eval ,

e propel | amiis She | ng from
t he perforat®lgcgun an anal ysi s of the f ast gauge u ndi cat es
that a high pressure pulse is sustale%vj‘ﬁr 5 ml I| dto

C a

approximately 7 10 m cr oseconds i's achiev e wth a
conventional perforWe elgingun. The perforating and propel | ant appar at us of
the present inyention can be utilized with tubing or wireline. The

i ncreaseld st ehgt/N @PPAFRIUS H@"’MF‘QV&%F?‘W&'ailﬂg)a@uummmformdtlonger
per f or atg ng an&,rﬁﬁggﬁhuant apparatus, thereby allowing a Ionger interval to
be perforated and stifulated in a S|ngle 15 tripinto awell. A

t ubi ng- Gbnveyed appheamEse explasive chamges;i bl e with the use of packers to

| sol ate pne or the well adjacent, one or npre intervals of
the formnation. Th%ghaf ﬁ'tearﬁgﬂ?&g *@%%%@95& W@P@VPMQ%QF'F‘B(P%P%HE
ot her reason tw;mmrsdidhhamfp@gngn; anghi ch anot her portion of the well is
subj ected, for exanple, in a well where one or nore other zones have 20

al r eady ®een .conp® éﬁmatwmamﬂ;canvponnecmdno said ope [or grorécchiasgésn angl e

fromvertical #r h‘e,”[,I 0. push the

perf or at| ng an% gpgég%%ggntpgtgg%laar'@t us F%(H;%F!F%QFF%%PM e intervals of a
subt er r dnean f31r Thei |ap|pawtus lme claimDwhbeein aaill §i6a0vé g edaStanﬁalﬁj &dingrical.
operatiqgn by c n foratin propel | ant
apparatus 20 & i&?r\é\ﬁ' n'%f siﬁé‘efﬂoe?ﬂ'gtﬁ%%q Ras, at; |9@ﬁ‘e°ﬁﬂ1§ﬂ&¥9
string in a snﬁgmnapart manner as will be evident to a skilled artisan. In

using the perforating and propell ant apparatus of the present invention,
shaped dhar gesS.cdmeaappargtus ehelrire 4 whenein said piagivieyextengs substankally thei ve

t han co&ventlomlraq%tﬂeﬁem be enpl oyed si nce t he shaped charge need

| 1 6. The apparatus of claim 4 wherein said groove is tapered.

7. The apparatus of claim 4 wherein the groove extends through the entire
thickness of said sleeva | _

8. The apparatus of claim 1 wherein said one or more charges are secured
in a carrier which is constructed of a material which will disintegrate or
decompose upon detonation of said one or more charges. o

9. The apparatus of claim 2 wherein the internal surface of said sleeve has
grooves therein.

10. The apparatus of claim 9 wherein said grooves are in a random pattern.

11. The apparatus of claim 9 wherein said grooves are in a uniform pattern.

12. The apparatus of claim 1 wherein said propellant is water repeliant or
water proof, is not physically effected by hydrostatic pressdres encountered
in said subterranean formation and is unreactive or inert to fluids which may
be encountered in a well penetrating and in fluid communication with said
subterranean formation.

13. The apparatus of claim 12 wherein said propellant is a cured epoxy or

plastic having an oxidizer incorporated therein.
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30 only perforate casing 12 as gases which are generated by burning
propeéel 'ant extend the perforation and fractures into the subterranean
formation. woYade? 10167 PCT/US97/12594
PCT/ US97/ 12594 15 Accordingly, a greater nunber of shaped charges nay be
enpl oyed in the apparatus of the present invention than in a conventional
perforating appaﬂfﬁﬂ M”WJMIHMEd charges which produce | arger dianeter
perforations than y conveii¥i onal shaped charges may be
enployed in the 5 épp'élr atus of the present invention. Further, '
- propellant sleeve 90 or carrier 122 nmay have proppant di spersed throughout
or enbeddediupon tlde Antappasatusfoeperforating. anthstimplatipga subleyrameao foonatiom
a radioactiye tag&%ﬁ&ﬂqﬁ in determ ning the dispersion of the proppant
into the pefforations I'nhe subterranean formation(s). 10
Al t hough th® vari ous stubediaving at least dree apedurat therathrdugh; pr esent invention
have been described and illustrated as being nprised of several conponent

parts whichare secudddedgpnenthaned @ﬁfﬁiwsiti%’gﬁﬂ withinsaish b4he, each af said at
(W Lhi 0 the GC0DE fiad BRHGREI BN SR BB AU shBEarlRREY e ol

. 120 of an integral pirece of" prope 'S ope
fluids fron®l5 andhe well bore and in which shaped charges are secured.

VWil e the fgregoi ng preferred enbadi ments .of the invention have. peen
described ahd shown, q&?@ﬁ@@?@&&% Ws{'a'tﬂi!’%ﬁtﬁ'xa&ﬂqr&@ﬂ%ﬁe@at least one
- nodi ficatiogs, sughapédichafge. suggested and others, may be made thereto and

- fall within the scope of the invention. 20- 1. An apparatus for )
" perforatingtand stiPmineaprgratus ehelaimdouherein said sheath is a carrier and said tube

is positioned within said carrier.

2

1 16. The apparatus of claim 15 wherein said propellant is a cured epoxy,
2 carbon fiber compasits having an oxidizer incorporated therein. |
1 17. The apparatus of claim 15 wherein said tube decomposes or disintegrates
2 upon detonatio-n of said at least one shaped charge..

1 18. The apparatus of claim 14 further comprising: |

2 a carrier, said tube being pcsitioned within said carrier.

1 19. The apparatus of claim 18 wherein' said sheath of propellant material is
2 a sleeve which is positioned around said carrier.

1 20. The apparatus of claim 1S wherein s_.aid sleeve has a slit therethrdugh.

1 21. The apparatus of claim 20 wherein said slit extends substantially the
2 entire iength of said sleeve.

‘1 22. The apparatus of claim 20 whérein said slit is tapered. |

1 23. The apparatus of claim 20 wherein said slit extends through the entire
2 thickness of said sleeve.

1 24. The apparatus of ciaim 19 wherein said sleeve has grooves formed in the
2 internal surface thereof.

1 25. The apparatus of claim 24 wherein said grooves are formed in a random
2 pattern. | |

1 26. The apparatus of claim 19 wherein one of said at least cne shaped charge
2 is aligned with said siit.

heet Has Been Re[ilaced

This S | |
(HWmwawm THI SHEET TS i

REPLACED




conpri sing: one

or nore explosive charges; a shell of propellant, said one

or nore expl osive charges being positioned within said shell of propellant;

and a deto glistically connected to said one or nore The
y&%alm a'%g?us f

appar at us

1 wherein said shell is a sleeve. 3. The appar

claim 2 wherei msaid sleeve has at: | east one groove therein. 4. The
appar atus of cl m‘ﬁ“d one or nore charges are secured in a
carrier vvhichig m a materi which will disintegrate or

deconpose upon
claim1 wherein

et onatti ot of s&id one or re charges. 5. The apparatus of
said propellant is water repel | ant or water proof, is not

hysi cal |y, af f ecfed h drostatl r es enc untered in said
bt er randan t or R W SARRCALIS,f Saift 113 8@@%@@ IAANe 55l
encountered in afoipeld tREAM, WHidH'E ajacdril td Eﬂicﬂaﬂa

subt erranean for

subt erranean for

is a cured epoxy28r Theagpparatus

ﬁa %Ja esaid
mati_on. 6. Teafp paratus of cl alm ereln sai d~propel | ant
rejaimm 14;wharei said psepellant isiwatan repellarmt orAn

Compr i sind o {ohetrRrbRl i€t ahqRall ity EP@?ﬁ%‘?%f%P%éféﬁ@%éﬁm?%e

shaped ch&@ ge poin saidsebterrdrivan feandtion and is anfeartive or thert td faids wiiieh Azyped

charge being ali

of propel I%ant nab@Angeustased d’hﬁ wellpenetrating Qﬂjl %‘aﬁ‘ﬂd#m@l‘i@lﬁahﬂe withh paigt
charge. 8.5 The aghsbfh Saﬁ ‘

ned with one of said at | east one aperture; and a sheath

ﬁﬂﬂidﬁ 7 wherein said sheath is a carrier and

saldtubels posi ti1one ?nn sald carrier.
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29. The apparatus of claim 28 wherein said propellant is a cured epoxy or
plastic having an oxidizer incorporated therein.

30. A method of perforating and stimulating a subterranean formation which
is penetrated by a well bore having casing positioned therein so as to
establish fluid communication betweén the formation and the weil bore, said
method comprising:

- detonating a perforating charge in said well bore thereby igniting a
propeliant material which is interposed between said perforating charge and
said casing and perforating said casing.

31. A method of perforating and stimulating a subterranean formation which
is penetrated by a well bore having casing positioned therein so as to
establish fluid communication between the formation and the well bore, said
method compnsmg

positioning a sleeve of propellant material substantially around at jeast
one explosive charge; and

~ detonating said explosive charge so as to form perforations through said
casing and into said formation, said detonation of said explosive charge
igniting said propellant material thereby forming gases which clean said
perforations and which extend fluid communication between said formation
and said well bore. | |
32. In a method of perforating and stimulating a subterranean formation which
is penetrated by a well bore having casing peositioned therein so as to
establish fluid communic_atioh between the formation and the well bore,
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17 9. The apparatus of claim8 wherein said propellant is a cured epoxy,
carbon fi ber conposite having an oxi di BudyShiatElayBren Rdpiackdt hér ei n 10.

The
appar at us of v 88/10187 wherei n sai d t ube i si nt egr RCTAUSHFAR94
det onati on of sai Wd : apparatus of claim?7
~further conprising: a carrie gl t ube Dberng positioned within said
carrier. 12. The a “ \\@ 11 wherein said sheath of propellant
material is a sleey Si*t i oned aggund said carrier. 13. The
apparatus of claim ¥2 WhefFein said sleeve has a slit .theret hrough. 14. The
apparatus of claim 10 wherein said carrier has at |east one scallop fornmed
therein which is adnafeinte deflofdting dHargé i detenated inRid Welt'tithe tHéreb!igniting a
apparatus of claim 7 wherein said propellant is water repellant or water '
proof, is no® physpoepaliantimatarialtheimpyovesentiGmpisiRgiur es encountered in

sai d subterranean for ' ' ] J o £ fluj |

be encounter®ed in a \/\%*%@ﬁgﬁggb ﬁ%@%@gﬂmﬁ gﬁﬂ‘%ﬁ%ﬂﬁ%@éﬁ#ﬁ%ﬁ%ﬁ?@“
subt er r aneany f or nagaid detdhatioref sgid perforating cltdrgem 15 wherein said
propellant is a cured epo_géror _pl astic having an oxidjzer |ncorporated

theroin. 17.1A ot Rdd Brkiblarran APPATAtds IO PeRaIating AN, SUMWIAting,A xbterranean

formation hCh is¢ fohaéo‘flfpr wel | bore having casing positioned
t herein sow;is to establish ul J‘@ormuni cati on between the formati on and

the wel | bor2, said mantappatatusfor perfgrating a subtemansapdotroation whichbag et least

said well bore thereby igniting a _propellant nmaterial which is interposed
bet ween sai &perfopﬁfiwgﬂ:‘&h@&%ﬁ%ai d casing and perforating said .
casing. 18. & method gfsigeve o probelartiytiaptednty pbsiliéned ardlird sAaaipparatus
formation which is penetrated by a well bore havi na casi rlg posi tioned

therein so ab to e3#afineskit of claim 33whereinusaids! a shittheseteeuah and
the well borg, sal 45 Ha% of 2iERhi23 iSerein said siit extends substantially the entire length

2 of said sleeve.

36. The kit of claim 34 wherein said slit is tapered.

37. The kit of claim 34 wherein said slit extends through the entire thickness
of said sleeve. | S |

[V ] -l -—lh

38. The kit of claim 33 wherein said sleeve has grooves formed in the intemal
surface thereof. '

39. The kit of claim'aa wherein said grooves are formed in a random pattern.
40. The kit of claim 34 wherein one of said at least one shaped charge is
aligned with said slit. | _

41. The kit of claim 34 wherein said propellant is water repeliant or water
proof, is not physically effected by hydrostatic pressures encountered in said
subterranean formation and is unreactive or inert to fluids which may be
encountered in a well penetrating and in fluid communication with said
subterranean formation. _

42. The kit of claim 41 whersin said propeliant is a cured epoxy or plastic
having an oxidizer incorporated therein.

43. The kit of claim 34 wherein the length of said sleeve is substantially the
same as the length of said apparatus. '

44. The kit of claim 34 wherein the length of said sleeve is shorter than the
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positioning a sleeve of propellant material substantially around at | east
one expl osive charge; and detonating said explosive charge so as to form
perforati QAg odfagy9h sai d casing and into said formation, sg| nﬁg‘ilﬂ%ﬁii on
of said explosive charge igniting said propellant material there orm ng
gases which clean said perforations and which extend fluid comunication
between said fo wel | bore. 19. In a nethod of perforating
and stimulati ng'mm‘mmu‘m ﬂﬂ”“ormati on \Q@i ch is penetrated by a well bore
havi ng casing positkoned ¥herei*n so as to“€stablish fluid comunication

bet ween the formation and the well bore, wherein a perforating charge is
detonated ig said I & ptin ro ant material, the
i.nprovenent conpr |4\ssfa+r|1.gI % Si n{'egratm‘ﬁgé] %ﬁ'&?ﬁ? fﬁs%ﬁt?l‘?'ai'drﬁﬂﬂm;ﬂ d
per f or ati ngtchar gésuWhlr‘sentibnbdomﬁbme?‘anrﬁal d perforating charge. 20. A
kit for an apparatus for perforating and stinulating a subterranean

formati on-conprising: an apparatus for perforating a subterranean formation
whi ch has at |east one shaped charge; and a sl eeve of propellant adapted to
be positioned around said apparatus. 21. The kit of claim 20 wherein said
sl eeve has a slit therethrough. 22. The ki't of claim21 wherein the |length
of said sleeve is substantially the sane as the length of said apparatus.
23. The kit of claim21 wherein the |ength of sai d sleeve is shorter than
the Il ength of said apparatus.
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