;ope3devs 6TKOS 06 NOV 2002 APPARATUS AND METHOD FOR STI MULATI NG A
SUBTERRANEAN FORMATI ON BACKGROUND OF THE S- REFE?E&IQFN Q002
RELATED APPLI CATI ONS This application i s” ” m on-in-part o

er |

copending United States patent application, . 081711,188, filed
Septenber 9, 1996. FIELD OF | NVENTI ON: The plggog(@ht invention relates to an
apparatus and nethod for stinulating a subterranean formation(s), and nore
particularly, to such an apparatus and nethod wherein a propellant is
enpl oyed to stARRARAZUSHENDUMETHCD EOR STHWHLATING ASUBIERRANEBAMCe t he
effectiveness of perforations whi ctFQRMATIONConmuni cati on between a well
and the formation(s). DESCRI PTI ON OF RELATED ART: I ndividual |engths of
relatively |arge dianeter netal tubulars are secured together to forma
casing string which is poBACERROWNMOR THEINYENTIGNan wel | bore to
increase the integrity of the well bore and provide a path for producing
fluids to the surfaceROSSARERERENCE O RELATED AFPLICATIGNSed to the wel |
bore face and subsequently perforated by detonati ng shaped expl osive

ghar ges. These Eeﬂ?waﬁblmaﬁomw ansbritihuaticghint et oasbps@mg:iumaersbtla@sshort
istance into the formation, Inp ce LN jnstances, it i esirable to
conduct such PREPLFRRIFATP 'QFNBnég&MH h@ear%c?é%‘?méeﬁi&?@well bei ng
over bal anced with respect to the fornmation pressure. Under certain
over bal anced conditions, the well pressure exceeds the pressure at which
the formati onFiUD OF AMYENTIONANG t herefor, hydraulic fracturing occurs in
the vicinity of t p tid : e e r.at-Qns y
penetrate several I?ﬁﬁcﬁfeé;s%fuﬁtlﬂa%rgnﬁ?lﬁn%? i gérﬂjll,rm{aﬁa(? pt%E%ugré{E: urﬁé{hgj@t \7\%? kK may
ext end sever astirigsting ra subteraneamfermationflugnd moreagtiqyudatlyc dmduch aman be

created for fluid flo t J0 ' d L) _.and_wel |
productivity ?&Rﬁ'%‘&ss%ﬁﬁepﬁ%l"{"%ﬁ?'ﬁé gg&sdgggﬁeﬂ er%‘B@g%@ttglism?‘ﬂﬂﬁ?ch?g
fract Iulr es at hﬁdwergmrehn rfom?aﬁoa(ds) _hnd{o_r to &I?hrﬁ:el‘thé) eTfe&&f@Beﬁ?ﬁ@f aRfoes t&idﬁng
propel | ants have been utilized in lLieu o raulic fracturing techniques
as a more cosYNigR PERUIJE, coMEYRIsAtion b@ﬁ@eaqrbagﬁ%ﬂ aﬁ‘%&bﬁé%’f‘@“f’f‘&%tur es in a
subt erranean HRSORIPPION OF RECATE®NWARTW th conventional propell ant
stinmulation techniques, a propellant is ignited to pressurize the

d
perforated subt er igvikial lengtbsPirelaivelielarag dametaraerial Wpylarsare secured: he
perforating tstggfkhépto%nﬁﬁcalgiﬂg%gfwﬁkﬁ% Héﬁ@oﬁewsﬂnga stBRrRheRR Melint

stinul ation consists o cast cylinder of sol rocket propell ant
havi ng a centhasé ta igateaise thesiptagsity akhthe iwelldese end poivide a pathrfar produsing

osi tioned wig hj | e for i ' r
b opel Fant . Tibentg e Sufacss i chilohalf, (g ekings chfiferia W vl pore
cardbﬁard t ulface land_ssbsdeqde;ntl}(rpeefotate?fbgquem?attdlgtsgm_ledrelxpmsd/e d:llfar?g?e.r, this
ropel l ant stinul ation.too acks s i cien chani cal stre .to
b Chetand « ndltesp etoRHEBt R iaidhne SR socmak A SRR HBERIICRBR bor e)
in particul arth@fordlatiomOlnfcetfaircisiahcee Vi isidediralila 4o @bnd\f&@ublﬁ‘?e%l‘é_tin@or e
t enperature exceeds about 275 F. In an attenpt to increase tool integrity

during use i PPeEtiges withshapressiiein thaywellbeing puerbalansed with resnedt tathe

carrier, e.g. ' rAld @,Egb : | i { & ar ound
t he cylinder f%'ﬁ‘ayr"ﬁ é?#gﬁ.uﬂ%v\ever ;mt e gv\'/célﬁ%%dt E@d}ﬁqs'sﬁte%g@, '5'13.98'3'%200 | bs.
for a 20 footexceeds the pressurs tad whishube fonmatian wilk Srasture| lapdi thedeforat ed
wel | bores. Thys, .0en DL or. att Vi ce ich utilized

propel | ants }nga{uflﬁﬁﬁélpﬂ%gw%%?ﬁﬁ,ﬂaez,\réw@,ltg\?fﬁ'bedpec@%% %1y° §5th§frépé?'ory
results in wehé pedforftiont may penetrdicas@icralsinohes irte Ratfamhtion) dindefheabl e
propel l ant burn in a discrete or controlled pattern. In viewof this, a

need exists figctuyegiesyery may sxtend) sevesal fasd| inththey forewations e hust Anci ent
structural i ;éhi%géé& do 't@%ﬂ‘ﬂcea&b%l{egﬂf\%ﬂu dWBé@k%qin the foAidtion®andthedeVi at ed
va ic es

wel | bores o ying dianeters an provi an internally discrete
and control | aliband well tprodudtipbyn mayibe signdicantie igoreasdad hytdelibenatelyit i s an

obj ect of the pre i Nt 0 rQyi de an apparatus for stinmulating a
subt erranean q@;@?f%ﬁu%%%t?% ﬁﬁ'tfgra@Pﬁ%el | ant in which the apparatus has a
hi gh degree of structural integrity. Ii is al so object of the present

t

i nvention to provide an apparatus for i mul ating a subterranean formation
utilizing a solid nass of propellant which results in relatively no debris

apon { gniti on. 2 LA
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-1 pr6 NOV 2002 It is another object of the present invention to provide
an apparatus for stinulating a subterranean formation in whi Cl‘ﬂtﬂﬂNUrVuﬁﬁﬂ%
and position of the ignition points for propellant which is utilized in the
apparatus is controlled thereby achieving a substantially repeatabl e burn
of the propellant. is a further object of the present invention to

It )
provi de an appar at@8s fgaNeRNAPRAIGNE Bays Beeandilized & digHi Fnhvekews can be

utilized at rebafiKghechhidliesREPPHbA dHsetfecil/MARNeD cléke! i
achi eve the fgrlrag%oli gg Candcﬂ%tsher obj ectss, %nd in aeccorcdanggh%(\n%%%{g

purposes of t fachiresdnta isHbtantanean REmatitfbdile deapidapee awitly cdeertivbald
P Do mta = . ¢ .
erein, one CBgc{p?e‘rFTl%ﬁ{ 'sEs‘?aLla‘ﬁBn%cEﬁ'iGuQé,eag%fﬁc?re'#%;{tﬁg ngﬂ{h]o‘e:%{)e's%fzea{ﬁe

apparatus for ating a subterranean / aratus conpri ses
a first tube hedoragedtsubiersaneate inigeval ueither heimeitanenusa withs iot i after atheng t he

| engt h thereof I I t I N Nt outsj de of .the tube
at | east at tRS”gBa@Bgi %)%BOF g?%sg tgg’g’r" P gg%tte gg(fqgrreg't thﬁgﬁﬂs ﬁ © Pb%e#?ﬂg t he
propel | ant magmulationtoatonsisteosf 4 castanylinderof softdrecket propetant hatihg at ube,
and a second neans.for igniting.the first_neaps., Another characterization
of the. pr esenboTRY s Bl M Cas 45 5L SRR a1 2o preifoRscgtan o
subt erranean h@eMatmed iMthe tertemsh Bescylindadsf sropeName! TR holBayhngean i nner
surface and an outer surface and means for igniting the body of Ppropell ant

at a plural i tproyidespuitea thipayalledAlemini oarBABOAHAUbS tHepssistin msertionet
anot her  char agit igfialdt cBfq.! HBWRUES K plopfib SATUBAER tdch kg diitibRd of
whi y a we

stimulating a subterranean fornation Ich is penetrate bore in
flui d conmuni mechanicalistrangthdo ithatand dhe foTaes ensounieredomipen siedntpasitalloni ng

propel I ant w t.hi r. | LR R O%1 ] subt erranean
formation ana‘s'u%'%ﬁ?i“?%ﬁtﬁﬂie' 'g? 53&“@%""%&@9 Mﬂ{ﬂﬂﬁ?#@%@ﬁ%@d&ﬁw%ﬂgﬁgn an

i nner sur f acewelf bolectempapatureekceddisratiquy 2752 Fplopralattemptde imereise sogases

whi ch extend f ui,ij éom’runi cation bgé%ﬁetn th(@ format i oln .{zléld the well bore. A
further char de{egFiY, dyiing, use 10 argsr gter Well Rares, 9 Letatively fasge. dreavy

manuf act ur i NGagrigr @Ol 3 arl * BDRA dbmeter GndUGTB * itiiciS Lis IPdsitionB afouridbth@r r anean
3 0 6 NOV 2002 formatiaon whjch conpri ses provi di nﬁ discrete ignitions

. S Provi
poi nts al ong @fndafRéiPranaliagt eHeweyeh s wsiahh Phive toghte:g BHIKHPS.BESEROPTI ON OF
THE DRAWNGS (Jbec G40 TR the (Hetenas, edtofly I Gevisteaal sdrgdl Thyand form
a part of the specification, illustrate the enbodi mrents of the present
i nventi on andonecfdbéss pript art dericae sdvighputilgad psepeliantsoinestimuationttbels

ri nci pl es of e ] i : i.NQs: i rQss. secti onal
P ew of ¢ he_ Dyar RIS 'BihpicBy. SErsEMTBsE B el et AR o el
penetrating aianbéiees raxnaaepbataide iand; réflaBle propellantpbutn ah lay disotetevayr, cr oss
sectional view of tcre ar.at us o}) one enbodi.nent of the present invention;
FIG 3 is a FantPled Datéiaayiew PhHES aoeehRKFS PR, RIOPRREAEMUIAYRB I ment

Cross. seet | onall Wien ABsEb Ry ST RHE A elira hiserty P8 RaRdEbL A 1o B e

present i nvertiployedaindvertical or deviated well bores of varying diameters and which
provides an internally discrete and controlled burn pattern upon ignition of the
propeliant.

Thus, it is an object of the present invention to provide an apparatus for
stimulating a subterranean formation utilizing a propellant in which the
apparatus has a high degree of structural integrity.

It is also object of the present invention to provide an apparatus for
stimulating a subterranean formation utilizing a solid mass of propellant which

results in relatively no debris upon ignition.



FIG 5 is a cross sectional view of a percussion detonating system suitable
for use in the present invention. DESCRI PTI ON OF THE PREFE gENﬁQD[[]ﬂEI\ﬂ'S
As illustrated in FIG 1, a well 10 having a casing 11 which secured

t herein by means of cenent 12 extends fromthe surface of the earth 13 at

| east into a subterranean formation 14. One or nore propellant apparatus 40
of the present i nvigRtarithé dbjeeHHRGbrkSerithycPliBn eNprodidedh ASIARLRS JéPb 15 by
any suitable nmeans, such as screw threads. The other end of the adapter sub
15 i s connect simulatipg@ wintereanean fogeation in whichitbe nomber asd aositibh af theog, by

any suitable npas - Spgi AL | he ot her .end of. | pggi ng
tool 16 is coﬁﬂ{g&egatﬁ gpgﬁz%r%ﬁéﬁ%été@{ K??gb‘f/tm%g "gltjhltet%ﬂaéa%éﬁs??ng% as
screw t hr eads theZaby achieaihgla sutstamtially eebdatalie banveiithé prapeliwht. el i ne 18 and

t he propel |l ant appar ati,ls 40 are |EWEI‘ ed into well 10. A coupling 42 (FIGS.
2C and 2D) may be 'LiSi3 {UrBgr plyectRf the PigSpalRY§IEion e Proyee sy aPRmigtus ek abl e
means, such agy raHOAM € rk2®bn WHidHS ~ enpl dto

i sol ate the p%tr“t%iugar%lmgg \?\/e@‘IB)tIér 10 adj arcentni ntlerééarfgﬁg?ﬂlﬁepaagergﬁigﬂp higH?

Al t er nati vel yferspérakurebne, coil tubing, a tubing string or any other
suitable nmeans as will be evi D02 skilled artisan may
be used to position and suppoﬁ?ﬂmﬁxﬁﬁhgqgggﬁﬂ? s 40 within a well

bore. Referring tordadhfeveeloregsmgrinanthérastjec)Rat @i secoifamde Wie tHy esent
invention are illustrated as secured together by neans of a coupling 42.
Each appar at uBup®ses apthequesent iweptien. asenmbadietanstsodly Asseribgddereines,

ports or openings r . : : . | ifth a
plurality of éﬁgﬁh%?aeétgﬁéékmt ﬁgg% %%ggﬁﬁlrnggﬁ%@%@égée%hgﬁ %I?ngf%{}"%qfér or
randonl y spacssmalaing 4 Sebterangdreformation.alhe appdratecbmprisesi 4 et tebd end

al ong a portion of or along substan iaI,Ié/ the entire I?\régth of carrier 44.
As utilized hbpyng atdeasteieppehritie@in abanastion angtherlepaih theredfugh t he

wal | of carri r 2l Al i i i 44
whi chrupt ur e G s ACkEN KR oh a8 or el Mk IREB AU 2 ng
cord. Al thougtf tHd apertateeca first Fhéadis B igmiting thea prapetiamtamiaterial mchidhais i n
cross section, agpertures) 45 can be forped tp have any other. suitable cross
sect i onal con?‘?%&’!ﬁq‘ﬁ'ﬁ?'?’frlﬁ'"gﬁ{b?ﬁﬁfg"es‘l“gg' Mﬁéﬂ?o'ﬁ@é”% b%‘i‘it,'”%ﬂ@, as
wi Il be evidefkt hfeansSki |l ed artisan. Carrier 44 is preferably formed of

metal , such as a high grade steel. Each end of carrier 44 is provided with
a suitabl e means énothernsbarasterizatien ek therpiwsent dnvgstiam. caaprises am nay be

bowed or constrict t e, Qr o) . e lenath thereof,

al t hough car r?%qargﬁ% @r 5%}1@9'%{%‘&]%@?@%'] @?’F\?l@'{]g’gf"grﬁ°|"é°rs}%PP|%E?‘?Vat ed in
FI'GS. 2C and @Dpropenast havihg 28 ihnferss@fdcetand ahlsuterupface Wridarans for
carrier 44 by any suitable neans, such as by nolding the propellant thereon

in a manner agniiad e bedy efnrepeliant atapluemity dferacgd Wartlegationmaorgthent ire
| engt h of cariH‘g s%&r a portion thereof, may extend about the entire
circunference of carrirer 44 or only a portion thereof, and preferably is
positioned so as tetcamotherathdraatetizatiqgroof then podsent inveatibn woenpmisest w e 45.
Al though illustrated in FIGS. 2C and 2D as general %M‘%/I indrical in

confi gur at i ormethod R istigwating,a sihjerrangasfoapgyonwhic nairased Bra welb,

| : - . i . N
:’é‘;‘m’a‘f f:o'nés org?@?ﬂ@?og%}fwﬁwé}mdéggﬁwﬁh G & natidh! pjhe GHEtHYd E%Epggé‘er ally

is constructed of a water rep nt or
wat er proof prasitdriagtpropékaritalitvihi @ fsubterrerteaphwsll dearé vin eprozirhigd tdya
hydrostati c pressures conmonl ob,ser_ve%ﬁi}n a ﬁubtagrrianean wel | bore during
5 0 6 Nov ZoBiereaneandermaatiost ang igalieg thipiopetiaiitiaba plusaitly PElogAYRNSQN ve or

inert to al : i i Woat] : ] in a
subt er r anoan SLTeh SuHeSt e pRABeafE Blrrinipffe probefiht SEAGHALERELes |
pl astic havi nghieh exterd fudd contouricatiindsetiveen chenfosmatiormand ltied welti toves.ci al | y
avai l abl e from HTH Techni cal Seryvices, of Coeur d' Al ene, |.daho_ and

I nc. ] [
Oren G| Tools, |Acfurierpeharagigrizationref dke prasent jpygntionais: ari@gthadk of t wo
i ndependent il f Wel T AF b Qg j dtoa
rol'ativel y hio el e brofhaht Sbarpll B BRE 1 SBbuANAY PeuTEREREET 0,
means nmust be fired. Preferably, epoxy or plastic propellant which has an
oxi di zer incorporated therein is poured or injected into a nold (not
illustrated) which is positioned around carrier 44 at a suitable |ocation
at the surface 14 in a manner as will be evident to a skilled artisan. A
suitable nmold nay be positioned within carrier 44 and sized to permt
propellant fromextending into apertures) 45. In this manner, propellant 50
extends into apertures) 45 but term nates substantially at the inner
di aneter of carrier 44 as illustrated in FIGS. 2C and 2D. Propellant 50 is
allowed to cure at anmbient or elevated tenperature so as solidify. As also

oy o 1 o~ e - Y T T e
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p 6 NNO V 2002 may be attached to the internal circunference of each
carrier 44 by any suitable neans, such as by netal clips, detonaﬁq{0¢cm]0228
is preferably suspended only from detonator 20 and is allowed to be
unsecured to carrier 44 as positioned and suspended therein. As constructed
and assenbl ed together, screw threads 46 on one end of a carrier 44 are
mated with COrﬁoﬁﬁaﬂaﬁlmrsecsrﬁwlstelarﬁ@ﬂ@inﬁ@is@e&m@ﬂﬁ&%oﬁﬁs BRNnyb 15 i's
connected to |l ogging tool 16 and cabl e head 17 as descri bed above. bl e
head 17 is secwl‘gﬂfet‘@f%lb@@hvféﬁw%hat- wireline 18 and the propel |l ant
apparatus are | owered int | | ; r other zone of

Pp BRIEE DERLABIRGRYE rREOMAAYS

interest. Carriers) 44 provide sufticient Tigl ternal structural

integrity to appar dhesacébmbanyims diaevirefsf which\aee picoqmin@ed iand Renpppanat us
di anet er, devi at ed,

wi thin a subterranean | ). bqgre, especially snall

Andlor i gh t didBPapariealsm TSy RERmibodimie of e aanaigBearoand.

posi tioned, cubgetierwithitha descrfption) serdalid @pigin 398! pafcigles idpens IlvEAGSh VI @
wireline 18 and electrical cable 22 to ignite detonator 20 which in turn

i gnites detonatinglt ra9iNgPhe tenperature and pressure resulting fromthe
ignition of the defpRaf s belishl VRN diftte RERRSIUSHRln e@énﬂfa@é}{tfo €

| ocations in a predeterm ned pattern where propellant 50 extends 1 nto
apertures) 45.aslpwsitorgsevitEing viEDl panetipting arseblersheas feomdtiomed and as such
is easily ignited evel ops,a very rapid burn rate. The ignitjon of the
propel l ant in aper?[ﬁe&s ﬁ@aalgﬂ\é?ﬁﬁaéysﬂ%ﬁ gPeiRnalXiaw gt e priaraius 9fo
ignite the regRicldmBodinitiebf fetprésentitvehtibss posi tioned outside of carrier
44. Pressurized gas generated fromthe burning of propellant 50 enters
formation 14 thr oughs.pSr fioraatRastiallyr sutamayi reressi segtionalt Nisvebgf @netrirng such

by oxtandi ng EMEERRLelOEPoBERRONBEPIAT MBNIONS | 0",y noane of the

pressure of the prpgsl 4asta pasedy fdutaway,i ctgsé Recliondralie@nof SaN rHndthet4 i s
usual Iy not danaged to ang signiticant extent, and as such, may be renpved
from the wel | emkedimest ofibe agpaitisRf the pressnt Kwention; afscessary, and reused.
Referring now to R : di,; tus of
the present i nvent%@ﬁ 5?'ss ?{Eﬁjsgﬁegﬁgﬁﬁg\g%gﬁ %{/p%@ﬁi§5§%ké@é}nf€pﬁ§g§é@n

i nternal carr geitaklé foravsenig the ppskehtinvemtidvrded t hereon. In this enbodi nent, 7

Sarrier a0 and 1o o OESCBHTol Ok TE BRarEMebEMBRRIMERTS 5o s pour od
into a nold surroyndjnetraeydrih FIGAP 2Rl 18 rf%lvlr@V‘E’@aéig?f1i1|WhiEH‘?s %g&fr%hor of

carrier through apertures) 45 such that when cured opel | ant rnms a
solid mass whiheheiextyemegans o seinentt2 extends Jranh the ghrfageeof theeedtd33tat t he

o thi ' nner - EaBbinsyA shplefrahrer FBRRN BE " Preii R stie S sppataiyf 0 | "
generated by ¢fpeanesémiinveriontdié sBEREQNS thWRE Endrbf anadditeesitods mpnt  of

the present invention which is illustrated in FIG 4, a sleeve of slitable
mat eri al , foramksuitsable meandsach as iserepdbraadsn dheatherendefitheadaptersubor t o

|l ant 50, bei Lded th ' . i bed aboye. As th
oot uared 1 B SRR SR GRCETER: & hobulhRRE he Syl as it B3 art® ' M
significant difitaBRCMeans  RIchakiseRwihréads, ABHE tRS ofiePBRY loamggﬁgg fBRY 1Be

separately nolded or fornmed and appropriately sized so as to be
subsequent | y iposannested tardoozhkle dwadi & bysaryhsuiteble meaps,asectb@sasoyewui t abl e

i1l be evi killed artisan. In,.th di ich i
T ust raed ithreads: ot bEad 12, ssbiredbia § Waypiond o RRR, 15 Bner e as°
and may or ngyropeliameapRisiug 400arehéwerddshtaliveraner Atdoapred 42AFIbsuat

carrier 44 and adapter sub 15 are preferably constructed of netal, carrier
44 and adapt eands2iD) mBy hewtilizedde secura@pparates 40 tegathera Anyrsuitablameansit i al | y

entirely breaks,up or_deco es.  far., exanpl.e a nol rfi epaoxy
conposite, uﬁé‘ﬁ'h BRaAY egr??{g?%ig Mﬂ'w¥rf?4)@%&%¥ﬁ§@ egbt83§&3$?d&§hovm in
FIG 2B) an gjgén bEwell ql@b@{?%bﬁﬁn@n@éﬁ@,eﬁdé%ir@&@%l@nﬁfve%rs@cﬂﬁne,aé&l in
turn propellant 50, where the stinulation apparatus of the present

i nvention is tubingi attobingssteing ror anyethersuitahie mmepne sl bg pridenhdy aet c.
Alternatively, a percussion detonator nay be enployed, and is preferred for
use in conjunction with the apparatus 4f the present invention where the
apparatus is run into a subterranean well on a tubular, for exanple a
conventional tubing string or coil tubing. As illustrated in FIG 5, vent
housing 110 is capable of attachnent to the end of a tubing string 111 or
wireline (not shown). A vent 112 is attached to connecting rod 1 i4 inside
vent 8 0 ~ NOV 2002 housing 110 and seals fluid passage 116. Rod 114 is
in contact with a piston 118, An annul ar chanber 120 between piston 118 and

A AN "



The foll ow ng exanpl e denonstrates the practice and utility of the present
invention, but is not to be construed as limting the scope tfﬁeggv %Uﬂ
Exanple A 36 inch long, 1 inch outer dianmeter) 0.5 inch inner i S gl
tube is provided with a plurality of uniformy spaced hol es about the

peri phery and along the entire length thereof. The steel tube is threaded
at both ends di zer

"ncor por at ed Chiraran e beafeio BoaREh 2T bt B BLmde BhEiows 44 1o
forma 2 inchwithirea weildoet.er propel | ant sti rrul ation tool. A 40 grain
detonating cord | run. thr he enti r | ength thereof and is secured
to a blasting capf ‘?feHWQ gﬂg’gr Lié’u@ Wiy grepe a@t Rargtug 4R edtheopresand sub
are threaded §R@RLGOCAAMNBthi a%%ch?edt@ EtERD h{e%ﬁé%?' ‘Bufiir ool
string and a cable head. A wre |ine |sgsecur§1e to g ngf goﬂzga‘ggchtnd t he
entire assenmblppamtusodicempiisase aasiehtéhayingaeneret momapesumesmmsmed by
means of w reI| t t terval, at. abput
D000 feet . AoPRErbR B bR Hhaf. Who oSHE! 54 EPERMALYh B pE

provided to tbpemmme@i i4%¢ tHese apartgarsanay de athet DSifsrH @ﬁ%rﬁi@%l*}@ﬁa@oas“ ng
cap. The detonatin cord is detonated which in turn 1gnites the propellant.

The propel | an?b‘aﬁb‘dgﬁ aelighesy of ﬁ%"'BF 44 and may eithargxtenshaloag @particeal of t h
tubing or W I ElohBSubdftd) HeadRe Iedie BILrB ad RSB AIRONR, M Ik
a [onger propella

allows the use 0 apparatus an nore appara us to be
secur ed toget I‘we,dutéi'e:‘e&io}espeeholbtdripng tardughgbe waﬂtcémariertathreaﬁélatmel)at ed in

a single trip.into a tubl canveyed apparatus is also conpatible
with 19 he usepBT' ﬁ?@l&%\ﬁe‘f’ﬁu Fféﬁf%%d’ﬁ@c%(aﬁ'ﬂfﬁé%mée&{?ﬁeﬂOﬂ’ﬁé ‘%‘Frg')‘
adj acent one eramrsfudméseéwa{oﬁaaﬁg bbm fﬁmmglhqmstawm Haﬁse e BRg oy be

used where it Is desired for some other reason to limt pressure to
whi ch anot her apgenerally girculaeingrbss sectionhpperters(s)f4 Cmbﬁﬂbmed to bawee! |

el | hasa i B BURTBRegPe SHrsA eott et BTGNS alak s 4PRY. t i ng

may be used tgroRySIhdpld, B[ 8 alil be evideht fpal dialidd apiapat Qarriehtay the wel I
As di scussed above, the ignition nmeans nay be a detonating material, such

as det onat i ngpweferablydormudielmetal; s¢ghas a highigjade slesl. nieasenthyf esarier 44
def [ agrating rggi'd?h é/ﬂ{hgér;] Q{Ilfgblé: mea%%oﬁnealo%ugﬁﬁigggts%'r I an?é?% powder

may be utilizeée Ion systemto igniteé In-the

appar at us andCamnidreid mby bbebqweejsmmnsmw IaOnne‘dhlmmetlbeaticrvrsegmg\me
preferred enbodi nents of the invention, have cri bed and shown, it is

under st ood t higngththeteele iheva CaHiRs b ds Rre "1‘ Ynss“ tmwa ¥ StRighd ajiggest ed
and ot hers, n@%ﬁgﬁﬁﬁ}ggeg@m gapd fall within the scope of the invention.

10 06 NO\/ An apparatus for stinulating a subterranean
formati on conpri siPngpelant 504% seuhredha\thng)uem Juetase 4fhef ameiet 44 dytdmer ei n at

a position alon he | engt h t her eof rgpel | ant erial .positioned on the
oufsi de of sardiblp@eans, sk a5 by SioieRgdBR arSReIapt Mo R N8 TRRHIGH 1| ng
sai d propel | agds 5?@8&@5&% F%ébalafn't saﬁnageaﬂénbaud?@ tReEritir® AftH\bf EHrflef he
interior of sald first tube;

44 or a portion thereof may extend about the entire circumference of carrier

44 or only a portion thereof, and preferably is positioned so as to cover at least

a portion of at least one aperture 45. Although illustrated in FIGS. 2C and 2D

as generally cylindrical in configuration, propellant may have other suitable

configurations, for example spiral, one or more linear or curved strips, one or

more generally annular rings, etc. Propellant 50 is constructed of a water

repellant or water proof propellant material which is not physically effected by

hydrostatic pressures commonly observed in a subterranean well bore during



second nmeans for igniting said first nmeans. 2. The apparatus of .clai
wherein said aperture extends through said first tube. 3. The &ﬁpﬂrﬂé[’?h&ﬂ?of
claiml1l wherein said aperture has a substantially round configuration. 4
The apparatus of claim1l wherein said tube is substantially cylindrical in
configuration. 5. The apparatus of claim1l wherein said propellant materi al

does not ext enchrhplefiof dr PrédudtiBATpePMrRNAd 14 Ehredotivd B8 iRIPRS Bihibat 9ff ¢l ai m
2 wherein said propellant material extends into said at | east one aperture.

7. The appar atfiddofincpaitioylar inseellyids singopnteprd inaatsubtareameah welt boms

bstanti al | i ' id fj { 8. Th t f
ol oD wher oir ARV, S oA I o buB Sl & pREBS eV it RRREF ca o
first tube. 9.inddrporapdithatels soéh ak shancdbmmercainasabblelFaR e THanécHRRri al is

a cured epoxy or plastic havi na, an oxi di zer incorporated therein. 10. The
appar at us of cFHVRES: Ref Si08UE diAkeRs, idahasandPwen Qi Toglsyince of Bert Warth does

not decompose Qrd! Shil bkt HRRedTh ML RMdRN SAfoRE IaLARGE FRbCri al -

11 0 6 NOV 2 appa clarm urther conpri sing. second
t ube positi onguopéltantmissdibe subjedted dba retalivei\high pesisdrd, isush aset st

posi tioned therein 2.. The appar.atus of claim 11 wherein said propellant
mat eri al ext erfidrout ﬁpéﬁahaggiaa 'EP't'PEé‘éﬁar@rfaugtptéqéﬁpe so as to be juxtaposed
with said second tpRgerabl}, dhSxyAPHArHAstR %’oﬁél@nm \?Jﬁiclgh‘%l@' 3nS kiizer

propellant material is juxtaposed with said second tube al ong substantially
the entire | emponparataddbereinis porired apinjactediintad meld(net dtustiatedpwhichas d

propel | ant extends through,said aj, | east. . Lur 0 as, to he
contiguous w Pﬁsg'al‘agsaée‘g% CFUbeé.‘hlg?%l'%‘gPa;bE%i&%@% agftﬁﬁlsé['i’fﬁfﬁig'm’ﬂe? ein
sai d propel | apiafferedd @il beé @Adéntowotsskiiddariad. SR &EblUARIAHR)Ibe
substantially the entire length thereof. 16. The apPar atus of claiml

wherei n sai d pesifenedwithingajiardd andheirediia permitkipeellapt em extendieg into
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formation. 17._ The appar atus_ of erein said propellant is a cured

| aim 16
epoxy or pl asFI@ShaGiang 2k cB('iOBPg%‘%I ﬁn&'@oqﬂ}%ye& tocure &t @mbpient or elevated

temperature so as solidify. As also illustrated in FIG. 2, propellant 50 is
preferably provided with tapered ends 51 and is formed so as not to cover any
portion of screw threads 46 of carrier 44. And although carrier 44 preferably
has a substantially round cross sectional configuration, carrier 44 may also
have any other cross sectional configuration, for example square, oval etc.,
that may be desired for a given subterranean well bore and/or application as
will be evident to a skilled artisan.

An electrical cable 22 is connected at one end thereof to cable head 17
and at the other end thereof to a starter means, for example electrical
detonator 20, which is positioned within adapter sub 15. Detonator 20 is
grounded to sub 15 by means of ground wire 24 which is attached to sub 15
by any suitable means, such as screw 26. An ignition means, for example
detonator cord 28 which is comprised of an explosive, is secured to detonator
20 and extends into apparatus 40. Detonator cord 28 preferably extends
through the entire length of each apparatus 40. Although detonator cord 28



18. The apparatus of claim1 wherein said first tube has a plurality of
sai d apertures therethrough. 19. The apparatus of claim 18 \/\/ner%igl ﬁla'?ﬁlq
plurality of apertures extend substantially the entire length 1) Va ert
tube. 20. The apparatus of claim 18 wherein said plurality of apertures
extend about substantially the entire periphery of said first tube. 21. The

appar atus of ghaiyg hBavhed 8 the dhteridl eiralmicfele 8PBRHIESSIcR 4R w%ﬂgged in a
uni form pattern about said first tube. 22. The apparatus of claim1l wherein

sai d first mesuikabie means cvehi ag) byametal glips,2detorraler gprsh 28t iaspreferabigi m 22
wherein said detonaf ] o : 02 24. The apparatus. of claim
1 wherein saisd"s%lgpgéa %gl n@érﬂsdeignaaé?fécg?%oé%%ﬁdePib§ILfnsﬁgl.]'%?% CaPIFar at us of

cl ai m 24 wher#i asgaisttidnedsandreasseridedathbreinll &s cRTEIGEeE0HAROSMbIBY ack
powder. 26. The apparatus of clajm 1l wherein said second neans is a
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body o at a p
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27 wherein said neans conFri SEes: la.f il.rst1qtub Iﬁr havi at | east one
aperture ther&H’ tq & GoNVeHIPNG MG’ &R Ft et‘?f@P‘é‘P??’)t PRALAYD A® of
propel | ant  bajRgretity wel 40 afcﬁ{“&ewtrﬁérdslhmo:s@thér_wﬁ%faﬁtere%.%%_ag!etrﬁg'efﬂ and a

position; detonator cord posifioned within the interior of sali ;
det onat or. 294 froeidasusficien) sigility @ndiinterral sifucterahintegrity teappacdituprdOgel | ant
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tubular. 31. cEpeciampsmall diantdtes ldeiviated! antivor Righ téraperafire Ml lbards, kil cur ed
epoxy or plastic having an oxidizer incorporated therein. 32. The apparatus

of clai m27 WHtbiEng daaiagep| e FASHWBEdspHta ispassed fopea peteblesewne
SOt e L8 SRS SRSs 3p S debEsl b T A BRAY 281
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discrete locations in a predetermined pattern where propellant 50 extends into
aperture(s) 45. The propellant 50 in aperture(s) 45 is confined and as such is
easily ignited and develops a very rapid burn rate. The ignition of the
propellant in aperture(s) 45 generates sufficient heat and pressure to ignite the
remaining propellant 50 which is positioned outside of carrier 44. Pressurized
gas generated from the burning of propellant 50 enters formation 14 through
perforations formed in casing 11 thereby cleaning such perforations of debris.
These propellant gases also stimulate formation 16 by extending the
connectivity of formation 14 with well 10 by means of the pressure of the
propellant gases fracturing the formation. Carrier 44 is usually not damaged
to any significant extent, and as such, may be removed from the well via
wireline 18 and be refurbished, if necessary, and reused.
Referring now to FIG. 3, another embodiment of the propellant
apparatus of the present invention is illustrated generally as 40 and comprises

an internal carrier 44 having propellant molded thereon. In this embodiment,



35. The apparatus of claim 28 wherein said aperture extends through said
first tubular. 13 Q6 NO V 2002 36. The apparatus of cl ai {ﬂnQBN@?ezan
said detonator is connected to said detonator cord. 37. A ne d
stinmulating a subterranean formation which is penetrated by a well bore in
fluid communication with the formation, said nethod conprising: positioning
propel | ant wi t &relativedybrel dianmeder ineed tuba 5@ is positianeidnwithyin tarrigr g4kirer iganean

ol ural 1ty of | BERTEBS SaRcaY Bl s Bbbelint B s PHE 4 enevedy
form ng gases yhidilnding eadiel 1401 Snd WTEIGWERTD AN tRAETMERSH é@&é’r_rife?'i%hgﬂn and

said well bore. 38. The nethod of claim37 wherein said ignition systemis
a detonating canefturgs) 49rechehatyhess cused prapeitanttisy forms aaiofid imgsistwiichsyst em

is a tube contajni %ﬁﬂﬂ% d uf acturing a
propel | ant appeg’ért%%dt}gfr%r e P e haﬁeﬁgw;%s‘:uﬂoéﬁ?gﬁ{%\'ﬁr?o‘?‘aﬁ’g‘?ri h
conpri sing: priathigienthadiiraentedetohgtar tordr2s ip positicnedl witiin ket BEMS2SWHACE of a
body of propellant. 41. The nmethod of claim40 further conprising:
posi tioni ng sdlisintaasates|am theosAatand pIgssuie gsnewted By thmarRaratusaofdher i er
having at |ea : tibHr €, said discrete ignition points being defined
by said at le sr?g%ﬁéﬁg%{alpt'ure. 42. The nethod of claim41l wherein said step
of positioning conforiheemiadinientjofthiepresant @ivieation lmibh iarltustrdtedhian BIG.er
peri phery of said carrier. 43. The pethod of claim40. further conpri sing:
ol di g Said i e BialeanaGal TorE<Rls SHEPPRels PRICTed ATPBR  havi ng
at |east one peKdrURS prititd FropeNaiteso Beidd Abided MherebR! iR%a RhAREGD aRY
permtting said propellant during nolding to protrude Into sald at [east
one aperture. descritiéd ahevéodsdhugicanstruted, nropeliant SAptdesi ma: expersd iritoni ng a
detonator cor %p\émrtarré'(sr} 45 énq' s?gal{iﬁéa% disfla%ce. Alternatively, a sleeve of propellant 50
may be separately molded or formed and appropriately sized so as to be
subsequently positioned around carrier 44 and held in place by any suitable
means as will be evident to a skilled artisan. In the embodiment which is
illustrated in FIG. 4, detonator cord 28 is positioned within carrier 44 and may
or may not be secure to the inner diameter thereof.
Although carrier 44 and adapter sub 15 are preferably constructed of
metal, carrier 44 and adapter sub 15 may be constructed of a material which
substantially entirely breaks up or decomposes, for example a polyester fiber,
epoxy composite, upon detonation of detonator 20.
As described above and shown in FIG. 2B, an electrical detonator
provides detonation of cord 28, and in turn propellant 50, where the stimulation
apparatus of the present invention is run into a subterranean well on a
wireline, slickline, etc. Alternatively, a percussion detonator may be employed,
and is preferred for use in conjunction with the apparatus of the present
invention where the apparatus is run into a subterranean well on a tubular, for
example a conventional tubing string or coil tubing. As illustrated in FIG. 5,
vent housing 110 is capable of attachment to the end of a tubing string 111 or

wireline (not shown). A vent 112 is attached to connecting rod 114 inside vent



p 6 NNO V 2002 45. The nethod of claim40 further conprising: securing said

detonator cord to at |l east one of said discrete ignition poi nbir@ 2§ﬁz
nmet hod of claim42 wherein said propellant is nolded to said ng

substantially the entire length thereof. 47. The nethod of claim 42 wherein
said propellant is nolded to said carrier over at |east said one aperture.

48. The net hoghRing Al AhdScadii® bAssRieth 18 OREd h fls iﬁ?o%ggﬁqhtaopiﬁahd
carrier along substantially the entire length thereof. 49. The 'nmethod of
cl ai m 43 wher €16 Aai annplarpdiamber 129 hedween pisdor 418 apdrthednteowe wadltof| east

sai d one aper . . f.cl.alm 41l wher.ein i arrier has a
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wherein sai d pibtenaliBf sheadr prperZRwre motmtedit sheast@nm4ahhy atfitmgaih ipg | engt h

of said carrier. (i% The appar at us of clfal_m 41 wherein said plurality of
apertures ext@fan Sﬂ‘f’”‘é’_ﬂﬁgﬁ%\’ﬁtth%ipy"%@ Rt Bl eRefsinary 1 25} joins werdar ri er .
53. The appargditindho st thAdent3gh Son Péf‘c%sabHrd%'tdr{fgoroang%%BHﬁéﬁ ifi" ©

arranged in a uniformpattern about said carrier.
r.A Y. A@Y. Ar . redinerAl 28 imfiring hedd AB.wWhichA® ASadted toPveRt \Woxisihigi 1 T0.Snd@®
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a]cO0aUl ca  apparatus 40. An ignition transfer 132 at the top of sub 60 is in contact wit
$"S/$I&S& ))V)Y)))))*F---%- 4666$?2 ?- ?6?ABBEC{ vpkf a['\qj cal] ca] caf ca?c alUl c
aJca]calc detonating cord 28 passing through central channel 134 and propeliant
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a] ]ca] (l:J] a] cial] cahﬁa@h@bowd,qakmg]m@hetbm]aﬁab wrideld el repdinat apphedlsad)] ca] cal
ca] caU] ca] caU] ca

] A AL AQe?eLebONR BRADRIPW Hilardemebayvv~y{ vgl gb] W U] ca] c'z'a] ca] '(':a] c
g} gg} g}ﬂc gl g?}:ﬂalc g}a@ﬁ&@ gg@@g@l&f?@sﬁk%} Rydhtid FrRESER G HAbE  Hlstorfd f] cal cal ¢
vent 112 and piston 118 simultaneously move downward, opening fluid
passage 114 and causing firing pin 126 to contact percussion detonator 130.
The ignition of percussion detonator 130 causes a secondary detonation in
ignition transfer 132, which in turn ignites detonating cord 28. Detonating cord
28 comprises an explosive and runs between the ends of each propellant
apparatus. Cord 28 ignites the propellant 50 in apparatus 40 and booster
transfer, which contains a higher grade explosive than detonating cord 28.
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, 1 inch outer diameter, 0.5 inch inner thick steel tube is
provided with a plurality of uniformly spaced holes about the periphery and
along the entire length thereof. The steel tube is threaded at both ends
thereof and an epoxy propellant having an oxidizer incorporated therein is
molded around the steel tube and cured so as to form a 2 inch outer diameter
propeliant stimulation tool. A 40 grain detonating cord is run throughout the
entire length thereof and is secured to a blasting cap in an adapter sub. The

9
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10%& () - ESu~_@8%hé& tdalskifiParkd & Labtdféad. (A wire line is secured to the cable head
and the entire assembly is lowered into a subterranean well and is positioned
by means of wireline to stimulate a 4 foot subterranean interval at about
10,000 feet. A fast pressure gauge is also run. Electrical current is provided
to the wireline from a generator at the surface and the blasting cap. The
detonating cord is detonated which in turn ignites the propellant.

The propellant apparatus of the present invention can be utilized with
tubing or wireline. The increased strength of the tubing over wireline allows
the use of a longer propellant apparatus and/or more apparatus to be secured
together, thereby permitting a longer interval to be stimulated in a single 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 where it is desired
for some other reason to limit the pressure to which another portion of the
well is subjected, for example, in a well where one or more other zones have
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
propellant apparatus into the well.

As discussed above, the ignition means may be a detonating material,
such as detonating cord 28. Alternatively, the ignition means may be a
deflagrating material or cord. For example, a tube containing black powder
may be utilized as the ignition system to ignite the propellant in the apparatus
and method of the present invention.

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

scope of the invention.
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a first ube having at least one apenure therein at a position along the
length thereof;
propellant material positioned on the outside of said tube at least at
said position;
first means for igniting said propellant material, said first means being
positioned within the interior of said first tube; and
second means for ighiting said first means.
2. The apparatus of claim 1 wherein said aperture extends through said first
tube.
3. The apparatus of claim 1 wherein said aperture has a substantially round
configuration.
4. The apparatus of claim 1 wherein said tube is substantially cylindrical in
configuration.
5. The apparatus of claim 1 wherein said propellant material does not extend
into said at least one aperture.
6. The apparatus of claim 2 wherein said propellant material extends into
said at least one aperture.
7. The apparatus of claim 5 wherein said propellant material extends
substantially to the inner diameter of said first tube.

8. The apparatus of claim 2 wherein said propellant material extends into to
interior of said first tube.

9. The apparatus of claim 1 wherein said propellant material is a cured epoxy
or plastic having an oxidizer incorporated therein.

10. The apparatus of claim 1 wherein said tube is formed of a material which

does not decompose or disintegrate upon detonation of said propellant

material.
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through said at least one aperture so as to be juxtaposed with said second

tube.

13. The apparatus of claim 12 wherein said propellant material is juxtaposed

with said second tube along substantially the entire length thereof.

14. The apparatus of claim 11 wherein said propellant extends through said

at least one aperture so as to be contiguous with said second tube.

15. The apparatus of claim 14 wherein said propellant material is contiguous
with said second tube along substantially the entire length thereof.

16. The apparatus of claim 1 wherein said propellant is water repellant or
water proof, is not physically effected by hydrostatic pressures encountered
in a 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.

17. The apparatus of claim 16 wherein said propellant is a cured epoxy or
plastic having an oxidizer incorporated therein.

18. The apparatus of claim 1 wherein said first tube has a plurality of said
apertures therethrough.

19. The apparatus of claim 18 wherein said plurality of apertures extend
substantially the entire length of said first tube.

20. The apparatus of claim 18 wherein said plurality of apertures extend
about substantially the entire periphery of said first tube.

21. The apparatus of claim 18 wherein said plurality of apertures are
arranged in a uniform pattern about said first tube.

22. The apparatus of claim 1 wherein said first means is a detonating

material.
23. The apparatus of claim 22 wherein said detonating cord.
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10 nRnnof ooSp@Pmaimmg black powder.
26. The apparatus of claim 1 wherein said second means is a detonator.

27. An apparatus for stimulating a subterranean formation comprising:

a body of propellant having an inner surface and an outer surface; and

means for igniting said body of propellant at a plurality of spaced apart
locations along said inner surface.

28. The apparatus of claim 27 wherein said means comprises:

a first tubular having at least one aperture therein at a position along
the length thereof, said body of propellant being secured to the outside of
said tube at least at said position;

detonator cord positioned within the interior of said tube; and

a detonator.

29. The apparatus of claim 28 wherein said body of propellant extends into
said at least one aperture.

30. The apparatus of claim 28 wherein said body of propellant extends into
to interior of said first tubular.

31. The apparatus of claim 27 wherein said propellant is a cured epoxy or
plastic having an oxidizer incorporated therein.

32. The apparatus of claim 27 wherein said plurality of spaced apart
locations extend substantially the entire length of said first tube.

33. The apparatus of claim 27 wherein said plurality of spaced apart
locations extend about substantially the entire periphery of said first tube.
34. The apparatus of claim 27 wherein said plurality of spaced apart
locations are arranged in a uniform pattem.

35. The apparatus of claim 28 wherein said aperture extends through said

first tubular.
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36. The apparatus of claim 28 wherein said detonator is connected to said
detonator cord.

37. A method of stimulating a subterranean formation which is penetrated
by a well bore in fluid communication with the formation, said method
comprising:

positioning propellant within a subterranean well bore in proximity to a
subterranean formation; and

igniting said propellant by an ignition system at a plurality of locations
on an inner surface of said propellant thereby forming gases which extend
fluid communication between said formation and said well bore.
38. The method of claim 37 wherein said ignition system is a detonating
cord.
39. The method of claim 37 wherein said ignition system is a tube containing

black powder.
40. A method of manufacturing a propellant apparatus for use in stimulating
a subterranean formation comprising:

providing discrete ignitions points along an inner surface of a body of
propellant.
41. The method of claim 40 further comprising:

positioning said propellant body around the outer periphery of a carrier
having at least one aperture, said discrete ignition points being defined by
said at least one aperture.
42. The method of claim 41 wherein said step of positioning comprises
molding said propellant body around the outer periphery of said carrier.
43. The method of claim 40 further comprising:

molding said propellant body around the outer periphery of a carrier
having at least one aperture, said discrete ignition points being defined by
permitting said propellant during molding to protrude into said at least one
aperture.
44. The method of claim 40 further comprising:

positioning a detonator cord within said carrier.
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46. The method of claim 42 wherein said propellant is molded to said carrier
along substantially the entire length thereof.

47. The method of claim 42 wherein said propellant is molded to said carrier
over at least said one aperture.

48. The method of claim 43 wherein said propellant is molded to said carrier
along substantially the entire length thereof.

49. The method of claim 43 wherein said propellant is molded to said carrier
over at least said one aperture.

50. The apparatus of claim 41 wherein said carrier has a plurality of said
apertures therethrough.

51. The apparatus of claim 41 wherein said plurality of apertures extend
substantially the entire length of said carrier.

52. The apparatus of claim 41 wherein said plurality of apertures extend
about substantially the entire periphery of said carrier.

53. The apparatus of claim 41 wherein said plurality of apertures are

arranged in a uniform pattern about said carrier.
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