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OPENHOLE PERFORATI NG TECHNI CAL FI ELD [01] The present
invention relates generally to enhancenents in
production of 5 hydrocarbons from subterranean
formations, and nore particularly to a systemfor

perforating in an openhole wel| bore, CKGROUND [ 02]
To recover hydrocaMQ;EgPE,R%S@T ral gas) it is

of course necessary to drill a hole in the subsurface
to contact the hydrocarbon-bearing formation. This
way, 10 hydrocarbons ﬁﬁ#iﬁﬂgl@he formation, into
the well bore and to t overy of

fox§ir OTRe Bedent i¥ehidors tﬂ&l&t@g Lg%ﬂ@r@ﬂyft@rémhh@ihdn% kD pachRsion of
production.” In sone tions, a casi

n
hyssecprbang fromtsybtemaneane I'Wétl‘l?‘ltﬁoraéd t@rﬁrM@gﬂby to a system for
etrfolil%t#gr glak% g qgw%ﬁ@&%' t to retrieve hydrocarbons.

pro |ons ydrocazbons are retrieved from
an uncased or openhole well. 15 [03] In openhole
wel | production, one keBAGKGROIRDt hat infl uences
roduction rate is the perneabil ty of t formation
(825 g Te Freor srchagdsaaarhona (e el bt it SRRSO e GRBRY to il

ﬂofeeiﬁcﬂetéﬁﬁfl}‘}ﬂ Is 0 cRntacl i ﬁ)ffﬁocfcarﬁ%ﬁefaﬁhg%hﬁ&ufnochns way,

as a natura ow perneability;
lp;eh-mmmﬂnﬂﬂ@y ﬂswrﬁdmcmd fdvmatom, iftor thenwelﬂmre,andruol thiengprface.
]éhe wel nb is.drilled, a flu 3843 “oroduction.”
R ey AP b R or e Isckgionh 3t “ypcuction.

InhgorfE 'ﬂrbdllﬂz'tl'i)nsf&”caﬁn@“ﬁbﬁlﬁtaﬁ&d R a®eNG&ilied WeAbsE 0 provide a
to cool the drill bit, to carry the rock cuttings

my.lralhemlmkie qondlnt tn‘ wtridviei mydrogadions malontether gproductions,
atlc ress on the orJmat i Mall to prevent
1&??“% St ate g ?‘?H@C”T‘% 05?1?1}‘1?‘? e ual s

expensi ve parti cuI arI y in light of the enorrmus

@aaNnt int bghhblkaivell P6dudbion,Uses kel Hhariehethri tlhhu ﬁgluences productlon
Addjtionally, drilling fluid can be | ost

1Bt is Sl permeakitty @fdhﬁ&tm@ﬁon Tlong ths Bowpath ﬂsat fh%léydIOCHbon must
?#e{l té) r}gafh] ﬁl‘edwéﬁ;‘o {n? t lttpenﬁ#rh% 0P 9bdE & ? %Qnaturally low
at ‘a sna am)un and torns a coa

pdrietisitinaloeher Gmeb h:ﬁe pemﬁﬂabilﬂy iswedhded rdarin g Qb} 1r@fm’1ee dnlhng the
dr|II|ng s conple production of the form

t .
vtk Yhengpuelhi lioied Iﬂk}@rlé cirqulgiediintadhe hofefo peptact thFegion of
e AL K6 SMhL RO rERRKEd i ARETS b8l REBIF YR, o%&qhe rock

targeted productivity. Ir r ent eanup net
cutihgscesayapgh thepoinhefidrdbhg, mdeahmrtaintﬂl)dir&;*.aﬁqmessure on the

b LS OA BBl aL AR o o apel ving @

[04] Drilling fluid is expensive particularly in light of the enormous quantities that
must be used during drilling. Additionally, drilling fluid can be lost by leaking off
into the formation. To prevent this, the drilling fluid is often intentionally modified so
that a small amount leaks off and forms a coating or “filtercake” on the openhole

wellbore.

[05] Once drilling is complete, and production of the formation via the openhole
wellbore is desired, then this filtercake must be removed in order to achieve the
targeted productivity. Current cleanup methodology includes applying chemical

treatment to dissolve filtercake and near-wellbore damage and/or applying a jet
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bl asting al ong the well bore to nmechanically break down
the filtercake. In long horizontal well, these
processes take a considerable anount of tine to
conplete. As a result, when a local section is first

I t. b d
{rE0e: fgne (1 &GO GurHOBcIBa0THG G JlgRakse Tn long
iRRbh@wvel %eé"e%f@&&geskiﬁct ah@oﬂsfd%?ébleﬂﬂnénft logtithe tdtbfplete. As a
inability to unif gmc eanup the entire well is a

ma}lb rwmncabloeaah a‘eamrng ecledried; ndmsfom9s odndncive ﬁbmghannehng the

0 Q enhol e | sec nd dr
BB S oty 1, RRIBE BiiortE o e RBR R SOy SE R Areating
fuig. TheahibiBtyftb whifof@g1dafle tHele@ititOw BiRis Dinajoe peublerh Meting the
drilling damage. Thus, maxi num cl eanup of filtercake

qibindestraphE Uatnede voduse i lngpperiale wells Sheseeond eawback
I tﬁé‘tchﬂg?t%%gdo@ FURe élg{/béltrltg'etg ]t%}]lg&;ﬁﬂg l’illaeggvx?é‘ fd 488Si%ito the

foernetidrabéyond ahe Uritadgl digndgk UI’IChus axiehoh eleamp) béﬁﬂtemake is not

often do not performup to the expectations.

BIIPHi GYgNyin thenawas dhatsee PP i ﬂﬁeﬁwl%&%d "Bhoause of the
(0] | a f

GREL AR HRCUR, bty P, Bty ofedls ah chffiow penctration o

teeanipp €huéd 3 borchoiedmmytletiqms ofken do mbeparfdrin upltoithe expectations.

pri mary obj ect i ve of the present invention. 15 SUMVARY

] accordi ng to one enbadi nent,. the

(9PL5 chbectiogts ionser Suried fesifuf g SHRRktions Maystry for a

felighit 8F s@ﬁﬁ'f@ﬁeﬁfovﬁ@{ﬁ]&%ﬂk@'qﬁlcﬂ}lyo ) Apdidiitly, ¥Rl borHSlefRGy in order to

perforating tool 08] For" exanpl e, an enbodi nent” of

prhdugsghé welt iThis is jhst peimarfy obfestips eftha prezentiinventiohon

i ncludes the use of one or nore shaped charges for

penetrating the formatio f penhol e wel | bore.

[09] In another enbodi m%erforati ng syst em of

[o7e Pheg&aiRtal] RoRRdih® Mo ione | ensiRdliméR, teepeber@rigventiontirevides a

shaped charges for penetrating the formation of an

PpERNr penerating (e formation of s epsahela peadystiom wel using perforating

t§1\§|ronment to facilitate nore rapid 25 renoval of the

tercake fromthe well bore. [010] An object and

feature of an enbodi ment of the present invention is
[t08] re]FmvexmhpleI iaht embeadienechr afh thee ptrdsrgedn mysténttdfome present

i nterval |1 bore rapidly by perforatin

N élchﬂeér :-;u usgj ph 08 e §1EH ShgRed dyehaass 3% PEpetpting the
foﬁﬁ&t%ﬂ &/dpgbnced environnent. 2 [011]

Anot her t and eature of an enmbodi nent of the

pr esent | nventl onis to facilitate the passing of
[0 f omaehatherc keabndinsent,h theu gerfortatngi rsybtemn gf dhersgyesent invention

includes the use of one or more shaped charges for penetrating the formation of an
openhole wellbore in a transient underbalanced environment to facilitate more rapid

removal of the filtercake from the wellbore.

[010] An object and feature of an embodiment of the present invention is to remove
the filtercake from the target production interval of a wellbore rapidly by perforating
the wellbore interval with shaped charge detonation in an instantaneous

underbalanced environment.
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[012] Yet another object and feature of an enbodi nent
of the present invention is to perforate an open
wel | bore to overconme reservoir heterogeneity by
detonating nore 5 perforations in low permeability

ections, and forati ns n hj gh ; .
[\éidmé'é?ti’?ft ¢ Jgg&n aturd pf, p empodiment OF t*lf‘gpéqsr«'mrﬂa‘f?r&wn 1s to
I
S Bl MH%B%%&EWJ Elhafiicls F0 AL BARRYEARS.
enbodi nent of the present invention is to facilitate
[;9;1 Bpu¥eti amatlien Ohyactm:nall fegtufer efcmn angdwdiraens rof dher Brebe,nt invention is to

ctin re, branches.
RS e RISl GTORE resaiediierp ity dctonating more
ﬁe@fdr&i@n@gn'ijQSﬁ’r RErh&Bility T welIn diiofld MdN Usss '\%g%f&ﬁ&m in high
t he cl ai ns. BRI EF DESCR PTI ON OF THE DRAW 015

prn@ezhilityesectiansahi More’hes Elesd) redarring 4o ghel qoamby and/or power of

haracteristics can 15 be obtained is
ﬂﬁlphggegm%ngthe foll owi ng description and attached

dravvl ngs in which: [016] Figure 1 illustrates an
[P d$tite miothdr objgqeesddfeaturd¢f lemipaknthtafell presei invention is to
g.?nhole wel | bore and i ncluding a,gun system accor dj ag

) I&G%P’E?ﬂ“%téipelﬁ&am@%%‘itﬁ@ﬂt@eﬂ{oﬁ‘L#’P'CP%‘E?P@& ctugebrariches.
and 3B illustrates enbodi nents of a perforating gun

HePbr akln feBruBRNeTIRhd Bhaferk rfﬁ‘)?& iRNollowing description,
er al anced condition in an openhol e well bore. % 018]

ﬁmrgmhedrammgs, and frenrthe ammhodi nents of a hol | ow gun
carrier each including a |oading tube in which shaped
chazges are nounted, with the loading tube filled with
a porous material. [019] Figures S5A-5B illustrate a
perforating gun system according to an enbodi nent 25

of the presenBRIFNBPESCRIPTION OGNTHERRAWDNGS Vi ng t ube
contalnlng shaped chazges and a porous nater

[082b) Tl ganeeranwhick theae ebjestivesmd tharresisebla chlaractensucs can
ﬁ%e@J B@cf is%‘;l BHRASY HeSb9 gec%E&gﬁfog%d AthdrRB Frffhes in which:

anc N an open V\B

[016] Figure 1 illustrates an embodiment of a perforating gun positioned in an
openhole wellbore and including a gun system according to one of several

embodiments.

[017] Figures 2, 3A, and 3B illustrates embodiments of a perforating gun system for

use in generating a transient underbalanced condition in an openhole wellbore.

[018] Figure 4A-4C illustrate embodiments of a hollow gun carrier each including a
loading tube in which shaped charges are mounted, with the loading tube filled with a

porous material.

[019] Figures SA-5B illustrate a perforating gun system according to an embodiment
of the present invention that includes a carrying tube containing shaped charges and a

porous material,

[020] Figure 6 illustrates an embodiment of a perforating gun system for enhancing

a transient underbalance in an open wellbore.
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[021] Figure 7A-7D illustrate various enbodi nents of

perforating guns having porous elenents for use with
the present invention. [022] Figure 8 illustrates an

enbodi nent of a seal ed chanber for deploying in an

enhole well. 5 [023] Figure i.]lustrates_an
[Qﬁbb o gt 78t 71} ijastrase aiapﬁ'gs dimgnts é’?d?ﬁffﬂ’éi%h% &H, having

perforating gun

ARGuRAERERL e IR BB L D e s, To94

Figure 10 |Ilustrates an enbodi nent of a perforating

[@% sﬁlgumgS iliustretes e @ngbodamentnfhwosdatagl demibtee fodeploying in an
el ectively releasing the perforating gun string. 10
Q@?eﬁF ure 11 illustrates an enbodi ment of a

perforatl ng gun string having a plurality

[PbeX plrighic e RSiratad £l erdPédifaent O2Operfirgtiiges yhtbfn ih'ZEccordance with
illustrates an enbodi nent of a val ve-act uat ed

tbf: asesgh inveRaeb depiching ac peréRraline &pw g apgd @sewrahty of sealed
Javen ion. [027] It is to be noted, however, that the
appenged drawi ngs illustrate only typi cal 15
enbodi nents of this invention and are therefore not to
log4r onguﬁer(edldsgms um@rrﬂbbﬁnﬁ@t of alqmefor?:t?mlg gumestring connected to
I nvention may adm.t to, other ua effective
@ﬁ?&&?%@%"lcﬁﬁﬂl?_ﬁeb@@ﬁm&a@? %’%ﬂnglaﬁmeﬁeig
foll owi ng description, nunmerous details are set forth

r e n f ring having a
(025! UL RllodRh e iGN s PRAOAKSE Sl sung taving
plaralibeof dxplashe-atuatedyairtst he present invention nmaybe
practiced w thout these details and that numerous

@2@0 %l:gﬁ%? ]Sﬁ%’dgﬁbl éslsi(i)l'gﬁlélfbo F of ?qe‘faﬁé—a?c%gated low pressure

gt irpa%bbﬁﬁn@'\dltﬁﬂﬁ%é@ﬂt ighaitign, the terns
"connect"” connectlon 25 connected in

connect i on with", and connect| ng" are used to nmea

[ORA] it iEa be BrIsdchaweYow A therapbeied GiraROER ASHEIEHoWY Aypical
&H@J({ﬁ%mglo?rfﬁgtm\%qnﬁgg g}l{f Grd ﬁ{e{:@fm%%{ot t %,e cﬂ%%galrgg éfﬁ‘ﬁﬂﬂg of its

one e han one el e
dtep&ifor tht hevehdommay admit tamthet dqumy,cffeuﬁmmbmhmems.
“lower", "upwardly" and downwardly", "upstreant and
"downstreant; "above" and "bel ow'; and other |ike
ternms indicating relative

DETAILED DESCRIPTION

[028] In the following description, numerous details are set forth to provide an

understanding of the present invention. However, it will be understood by those
skilled in the art that the present invention may be practiced without these details and
that numerous variations or modifications from the described embodiments may be

possible.

EEI 17

[029] In the specification and appended claims: the terms “connect”, “connection”,

“connected”, “in connection with”, and “connecting” are used to mean “in direct
connection with” or “in connection with via another element”; and the term “set” is
used to mean “one element” or “more than one element”. As used herein, the terms

LR

“up” and “down”, “upper” and “lower”, “upwardly” and downwardly”, “upstream”

and “downstream™; “above” and “below”; and other like terms indicating relative

4
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4 positions above or below a given point or el enent

are used in this description to nore clearly described
some enbodi ments of the invention. However, when

applied to equi pnent and nethods for use in wells that

are deviated or horizontal, such terns may refer tp a
nositions abevegptbeloy ggiveppomipr elegienbrg diseq By this; seiiRtipn g more

ﬁéﬁ?fyoc%skﬂf) X dsc?g}g%glg{o@:’nlléﬁ’ts bP ﬂ{esinvéﬁftﬁ{ﬁ@ MEFowdVEr, 'Tﬁ{etﬁogﬁlﬁed to

are-provi orating 1 n openhol e conpletion
dgoipiment aha enstieddsbior @saivd wells that aed deviated ek fhiocizemaly sadly terms
| ooseni ng and/ or, renmoving, filtercake farnmed on the

Bt e Al fuash, ﬂ%‘gﬁ%éeﬁfam ARer TRaSIOnFIED dh ARATPRAIAG
formation, and enlarging the effective radius of the

wel | RQERrARS toBRY sJ5tetns! REd (RRAAE] , aré %}B@%d NgrUpéforating in
fractures, "and/or énable application of drilling 10
dpenhale t ampletioyy td makirhiziecwellbere bandr featdx exleantp nefbintescy (by

The openhol e perforating system of .the presen .
i S o BlerPae HRp e ot aPsBicts b, pencuating
ihe thBin@&Syils féinii¥n) Addnliaging the cffedtieaadias ofaRt wellore past
the present Tnvention, an openhole wellbore may be

b
asrdriling demege)r eorget matunab fraetiees; andder ensliter aplligaftéiqagof drilling

RSPARRGS e RUAER SERPREGLVFoppERY " PRYPele perforating

dyeedl ofothe $eekett R0BEtidn @i Beoused Hange, hydoirest bearing formations

under bal ance during perforation. Treatnent, of .

with tagy dikelogys IResqme smbedigieats of the pregenit MYentipRmageopenhole
' ' I t t]

o B b LT Kbk IR CBEI 06l Bfbatanced

drmeasbalenddd el énvironmemcr easi ng the | ocal transient

under bal ance condition). Various nethods and

i sms maybe used 20 achi.eve and control. a
0BG csoime oy ol JRCEAn e Graner D praL A sS qondicidn to enhance

Pl RlRrbdBice ‘ﬁﬁﬂﬂ% bérforatio "ereaHRH b BRErcake, as well as removal
perforating gun with"a particul ar sealed gun body and

afiteripeationatinrge g chargs @hé dommhtioo debris ot the psploration tunnels,

R OER T P BT RLBEOA o
sl AP TS PBarR@ cBRMBNE IVarldif BdBReCandNAEdRAIsFRMBEDe used to

sel ected to either penetrate both the 25 seal ed gun
dsbitye and cohtrof o transiemnundsrbalaniced cordition iny which grpeyforate. For

PRGN OF ot ProBemely e RR T B ¥ o RE o (R By ane

dHaaR ToBding Widyobshled@ed 'R RGhahP bp&s WeHbore@d generate a dynamic
punctured, a transient underbal anced condition is

Widsthalance preshierepr sy wapi rapih smaval obdifigeake dpmn the wellbore
l’é#} 'ngﬁg@l'ep%]mﬁ“% QRE[ %dacﬁllgr eF?réasélgf ?eggctécmoe g}gerr &)%Le&ﬁg both the

i S pressure crea
deglefl @uarbody Gind uhg ormakiog,horf altérhativalyg o tohly papindt the gun body.
renmoval of filtercake fromthe wellbore. In ,aqot her

Bheathaied, sy bybhunctuses 4B IRIRFRLBRrersvalef of deRarishptsprigiure lower
el M Sffrouhlfl} Feifhord gi@am&.e Gtk Yk AR, HYarkfenk Bfderbdlanced
place of a perforating gun to create thée transient

aomdiionab areated bydhelptesame differential between the surrounding wellbore and
the exposed interior of the gun body. This pressure differential creates a temporary
surge, which facilitates the rapidly removal of filtercake from the wellbore. In

another example, if penetrating through the formation is not required, then a
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[031] In operation, a well operator identifies or

determ nes a target transient underbal ance condition
that is desired in a wellbore interval of an openhole
well 5 relative to a wellbore pressure (which may be

(ﬁﬁégg%%;eserv I r pressure). The targefl transient h .
Usgic oL B DEiUSRY b0l HBFHGTRIIRE SYH (Qfigalg the transient
SRS L MPYSditdich as based on enpirical data from

previ ous we operations or on simnulations perforned

w th nodeling software. [032] Based on the target ,
[0 binsine aperatieler davelh oweratere identifies torj dejentaings a target transient

R4 o A o RREAY 3 RS v

112t 08 k@ h ivRilihoRXPrle Sk d/ B IBIS tnayf Belliet bl tBRridir fresslré)M Yhe target
hydr ol yzed acid solutions, surfactants, nutua

teggisigah tisderbaancst ¢anglitiany¢ansbe identified i opp $Eseyverpbwapsy sych as
i ) cQnYy :
55 PRSP RHE b RN RS, P Rgytions prtomed
witikapidelivig sofeeir®al ance condition. The appropriate
configuration can be 15 based on enpirical data from
revi ous operations or from soffware nod

Bl B thedpigehrAnsignt HdeaEnesD rthstt%o%”cwﬁrgg zggatnesfﬁraﬁng

3 r 1 . i .

4 NP R PMERLE. Tor bl 20d SR iAC Rho! Sonsity, chaggs wpe,
Batingarcsichmtion.ceuplakive masspnBuidr typer é&.pr cdeslohydiohyzed acid
t he, syste Vari ous .ot her confjqurati.ons . .be .mad.
UTicEh BUBAT o ST HE G (Che 8 JHSB o N et oo by 2
%%}m{g%g%nw an® csmglgrhﬁée RRthefi rRay 8¢ RERUARED USpropEMEMOiol achieve

I.€., a reservoif having varying degrees of .
the tangebirhisignt amddibalance wonditions ) Thet appropriate eonbgthign can be
can, be hi gher ai.nst the | ow perneability zones to, ;.
et 8 mpiRG F3, LR £1S3Rus, CRsEstias A oy TRVEF siigling and
dil@laBbRe. eDeRimaling tHVpbiipplfhcdnifiguiation t® aséBabbe Hétérmined by

zone. I n other enbodinents, the perforating can _be _
ofiwarg that isceseaiblg in@ syblem; sedy 4501 Fompiter sirséerihe (lig sRftware 1s

SRk 5 DS DA LR Vibheote W guon

1B RP bo Piddatteldchiev® antoptimusd Fdsall. i18 sbierenitdimests,t for @Rample in
open wel | bore interval, where the tool string is,
eoanleinneef » SelGEassneAS TESEYHE (Wesa FserviRl hayine ¥aryinggdegrees of

feleRiOR RRGE 231 AR e o6l G hEREOHidthot the low
Femcsbiby. zdikegSto peReise athi offow harea gifitet perfotdtingr talbee@onie the
30 formation and/or rapijd rennvgé of the filtercake is

rieferaigh flog through theahieh Rer@rRibiivnenies Bt ofisr regRoadimgnts, the
r .

e R b el ok R 0P R ir SaDre EIRE 50 that the

peofocateak eomnect with itletatanabfradialednametiecondi tion in an

open wel |l bore to facilitate the rapid renoval of

LLiercake. 035] Wth reference to Figure 1
toab ek Sonflapmat aheBHENT i et MFglaer to an open
WEllHHHE frtsH1, Yhetiihc 3561 Mg IsSacRPfEd tB&ENAtE eRPlosives in the tool
openhol e (i.e, non-cased) wellbore 20 having a i
ringlUcAetiyarion rrasesrsubstanigallyo for rexpmplecT @kked) 2he thiget transient
angt.her enbodi.nment e rf t] hS.Ad
FRRHAFRE SHBHIPERY hs tReREL DA, boRyaHG bpged fRHAGt&e and
fbEmAtioh Addcdruagidaenevdl of tigUilteedikeiiichievefor ot her
seal ed chanber) and one or nore 10 shaped charges 14
arranged therein. The gun carrier 12 naybe attached to
an adapter 30 that is in tumconnected to a carrier
line 40 for suspending and carrying the perforating
gun 10 into the openhole well bore 20. The carrier line
40 may include, but is not linfted to, a wireline, a
slickline, a-line, drill pipe, or coiled tubing. The
carrier 12 is sealed to generate a pressure
differential in which the internal pressure of I S the
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[036] In operation, with respect to Figure 2, the

perforating gun 10 is lowered on a carrier |line 40

t hrough the well bore 20 and positioned adjacent or

proxi mate the fornatlon 22. To assist in renoval of
t he erforat 10, s

[bH L‘Ié!artéq%g??}% Ifn’gntstchfe g@qrﬁmgi{gpﬁb %B%ﬂr fher LI 58 prov1ded
H"e%w LM ed wiH theSHRRAR AR ARATAS Df fle (Réseh Hﬁzl'entlon to create a

expl osive charges) for penetrating the seal ed
tramsienenndepbadarded isendition ouarlopen Wellbare ite fackitated e rapld removal
leéJ #ésq%-?t ed in Figure 3A). In another enbodi ment, the
]'1 ing gun 10 is configured with shaped charges
14 (or other explosive charges) for penetrating-the
[0B5Y Whd efaérd tg Ll:n%!.ﬁ'aflf la@ordidg ad bnb GmbokdBn&it) 4 @Hﬁ"d]ratlgg gun
formation 22 (as illustrated in Figure 3B). In
Khisgiagm o, SussEing) AP eRilipned i %@p%@z@ £ sn@lus@st?ii)sﬁreﬂbore 20
i
Ik LAORERE RBRRR 2GR0 RERERUE A, W B Mibodiment,the
pebforgilng @aris iténded usBSnm through tﬁtﬁn@(xﬁaﬂkh@ﬁn)ot’ﬁerp@rfsmting gun

renove the filtercake 24 fro E% %&oge go @L837£

1 ek drcludsa dealed guB catrics 19,0k offer jserledh chagnbsth ahd, gag of more

ﬁécﬁ&f'ﬁ?ée@%%h‘@ngé’ét&l@@rprﬂ‘/é a?hérhlzam QHﬁac‘KE&?d hxﬁhdapter
upon Ti u

SO t I'ng o n system e 30 seal ed
3Mothates af ttumecqpmectad toed eanriat Lins @(ﬁnsmmmim@and carrying the

s hece & AR e RGO oL SHbar, dlr LI dEiet DI gy include,
Butiid hét lidhited l?t? C#)Qr{r@h'ﬁe Wli%khﬁ’é el Bned dnllﬁnﬁ@%&%ﬂ%@'tlhlﬂhg The

cont ai ns seal éd volunés t hat dontain gas,
daimigri 1dsis sealecatovgemenate a Wbefnme ﬂléfeemmabm whish éhﬁemtemal pressure of
Igeton.ate or ous e@h i s crushed or broken

8?‘?135l§gWsttﬂ%{’t RETRB! R BYHBYRd to the

vvellbore This effectively creates a new volunme into

qotas}: hinVsek e whth tegpecCRIFifIRVR, ithd Serforiti glﬁi{ eaﬁero“eered on a
0

cal, transient ﬁressure rop. As a resu

qarmagrsliem #0 henagh A armilb@tmaﬂtqnénpcsﬂti@eérﬁ%@%fdowr@%@ate the

B BIRA2 TR G kBl Bt s 103

A&, r lIﬁgoﬂeOexﬁb@diﬁﬁﬁtSZ&QBerf@auﬁg@ﬂl e g coﬁﬁgued w1th shaped
perforating gun system 100A includes a_li near stri

ct@%esd‘lv(ﬁr etheppxinlasive spresse %@Fﬁ@a&%@@éga E@)@uarcémer 12 and

Shifls RER08h 2936 AGuddhd in FiKOEBAG! Ml Bt EREAEimen,

thmpetbehtmlg gt 16sip avafiggred upitlo rshapadngmrgﬁmtbf(oa other explosive
upport. bracket he suppaort bracke

¢ %ﬁ)egorm?nﬁmngd eaor&é CHHEITY FAITIPLe ?g and 8t fbﬁ fugrounding

0m SR ?.‘}b astifl us‘tﬁgbg it Figte 3)3 i B&h%ﬁ{lﬂo‘dﬁﬁ%ts tJR€e the gun carrier

support e a tanged I n anon- phased
Patis eruptl(red ghq tfhnpieamm@)arbalancah qiréssureadiffiergetmd nbetween  the

t he | tted, th t

SR E S bR Rg §oTR e TR e ol batges AP p break or
SBOSHIErcRIORE BRSHIGEake[ 203 m kit WABRIDEdi ment, the

carrier strip 102, support bracket 105, support rings

104, detonating cord 103 and capsul e charges 106 are
[@ﬁ&bpégma@@@mbnd@m@ rafuthe npresant dnvention iglides anperdorging gun

{353 BRI Al R o8 88 SEHL W B, e

dchEEGRRb 61 the Pofoal saterial is exposed to the wellbore pressure to transiently

decrease the wellbore pressure to enhance the local underbalance condition. Initially,

the porous material (e.g., a porous solid) contains sealed volumes that contain gas,
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20 cenment is formed by m xing the cenent with holl ow
structures, such as mcrospheres filled with a gas

(e.g., air) or other types of gas- or vacuumfill ed
spheres or shells. Mcrospheres are generally
thin-walled glass shells with a relatively |arge .y
light hguiss. ered Mepuamy: . When dhe sxplesines aEasiented, Shfepreusmaterial is

: I he SweIMBRD Thi

iR SO 2Py 3o FuGEME o, Ot 3, SRookPl WTe SRANBRY This
effifctikely ¢roatee 2 poews @olumedaito ndticho wetlborehuidh ape dlosh amtge which
106, addjtional volune is gdded o the.well ?o%;el, diti
crepiet aiRral RpYFYMTeSFUieakion | 1§ 2 prist Hansipny jpglerpgiance condition
isRIANAAR pSiH S U o RURRRHA o%aciliffe RAGARPBE ARErcdldin #h open
ls%fnjeqeve 112 S pr@\f?%ed around (tnhle encapsul ant rflo. The P
welleave 112 is fornmed of any type of material that is

30 able to provide structural support, such as

i | el f T | .
10355 P el e o B LB A e B ipat gy PG eon
sysh®n GO0A SHALESH oL BRA IskipB10T thwhithHlaRE cRbiedapedithrgds 106

collides with other downhol e structures.
ara| coupledt 1A detgnatingnenrd 463 ds cennselgd taeechsoicthg shaped charges 106,

T8RS -SSR DS PR 356 B0k 8t o  sppor

bROEANDY! aTHe afppbit Hreckeeil 08 naghd Bestedhe proddd b RigsitdY phasing
be formed of a materjal selected to reduce fluid

(9 é8 spirabn G0 Thriral,strivphase. ¢fF-)meyltanaiyeha e gupray bracket 105

f LG 4 o S At '
migh b8 att¥feed 8 ot hald bR EIEY TR | e Rangement
thieokimaael stdp NQ2 anay erorhitted, ofithnehieesuppbrt Yrackee)Xd@bppreyiding the
hi gher - pressure rat S:gl cemfn with S60 m crospheres
PRy wppatiednpernstileshargsy 192 used. As an
alternative, the encapsulant 110 may be an epoxy
[d39&91n oROEXYLERAN Ghe ThrfRe sttip! [021 Qupidrt BRBRET B3, Shipport rings
other types of gas- orvacuumfilled 'spheres or shells.
104 getonating uodréiel03 and ospstien thargdse 1 @6 cagp sntapsulatedoine arporous

oA o S e R S B S S, 9, Bt
pbRLEREMBAL. PRHAUIANMPROYY a Porowdl deienP Hcitfes IATEECRETE®. Porous

Alternatively, the encapsulant 110 can be a Iiquid or
ceetnt in fwhed iytraixing the wemhnt: wish sples straatpres; sigh @ mgicrpspheres

eal ed cont ai ner. for the encapsul ant 110,
RRTR R 8% (e ) b CHBE OF R4S B apdihin ey s bFshetts
MIBloSpiicids areNEdnefhlfOthen-waléd ?Yds§ ishéIRr witht£edlativel§ Qirge portion
porosity), a heavy powder (for density), and a
bgingair / matri x. The binder/matrix may be a |iquid,
solid, or gel. Exanples of solid binder/matrix
e [ .
[ o ciEht AorB TR, ¢f% foronf SR b SBREA yolume.
Vitvar iepiadilied) or sacuherfiled hidden ntiadtucesr angi roRén (e respense to
a cepment - based conpound a nmetal, aqr a .highl
detgnyiamsef tceshaped elomers 106, Saditodet relumerineHFL 6 e wellbore,
' i whi ch is nore shock
“Eégéﬁr"é’?‘é@ ?ﬂbaﬁglfétﬁﬁgﬂgg%g%%é.d) or a liquid. The hol | ow
filler for the shock inpeding material may be a fine
[ hd 8o, prewitlé stewatirabsuppid Ifer the ehesgpiswlgntald 0o sleeves hig) is provided

t hat, .surrounds ol une, of S Oor_vackpum. ln e, . .
ool RO, TRERet # B R SLUY R Bt e i
able t8BRMide structural support, such as plastic, metal, elastomer, and so forth. The
sleeve 112 is also designed to protect the encapsulant 110 as the gun system 100A is
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25 60% by vol une of the total conpound volunme, wth
each hollow filler particle including 70%to 80% by
volune air. The shell of the hollow filler is

i mper neabl e and of high strength to prevent collapse
at typical _wellbore pressures (on the order of

rupGinkcy e Pl TosRe as dipiges i SrHeE dePhoe SgetyeRs. ofliomatively,
i Q@%@%‘@”z{ ﬂa?ﬁt s'le%vle o%Qr Qﬁlrll;%?n ngaﬂ.d alBd N R b §ﬁt@p|s§rf§de of the
ubbl'es

rec trix via mxin
erapdudatt dn0s Tlmrmbatn%@ adlieees tokthe ehdxpdjlantrasane lmmgrpppiled The

enbodi nent, .t he vyflller er can be .yp to, 50%
cwﬂg\fa%% &m@ﬂeo la?te%@nﬁéw fooneiHee ifrpandration. The
mﬁ%\“ﬂ%agﬁlsﬂ%a@e Eﬁ}vﬁtnéﬂéﬁh as copper, 9 iron,

tungste or any ot her high-density material .

Alternatively, the heavy filler can be sand. In other
[Od2boki fithtes entblodinaus; yto quonide higher Ipeesaret ratingso the £oogpsulant

0 0% | f th I d
ﬁﬁ g/lagrhléep ora/pgy Yk h%etp{tg? t%#ng%g%aér Olg%g%{apm\f% gﬁer-pressure

2% Q@A with SG@?(H@I@ 5}§H%9escrﬁﬁdeel§)‘ 3N KofgtefiodOmay ®e used. As an
achieve a uniform (segregation-free) final

algsngivignthe foaBiulasi HY warideadn epayhiassy Pelypreiianehstiged with

m?groé"rpﬁepes og rgﬁ]v 9@% nngs- orv cu&rfn ﬁl? éla%é‘%ggﬁﬁ selfe% (If' Y'ﬁ[ a further

ethBodiBiest, @RSércpsulimnage abﬂ Bave plugdl tiytisoFor Ry amplel s 1ager can
the vol une of sand, the volume of nmatrjx bi nder is

bejErmed s poreisi cement grfalesanofier dasusen b fererad of peraus eppxy or

Ot%rré exarr(gllldc’ergkl ealabu khlder{{sclgﬁsuijﬁ%%ﬁgagh%gciﬂﬁglhorb ergased

mawkiel, iwdth thasigese 1 2 srovidigud se@leﬁ cohtaime( forahs eqprapsulanyild 0
centlrreter) to about 10 g/cc, with a porosity of the

C und ran fro bet ween about 2% to.90%
P S A Pt e BotE SR e Brmi i dierlpbluding a
hcﬂfdvﬁuﬁllfimrﬁétéﬁil E)&'ﬁgoﬁélt yioalH tg,eweew(% raeﬁﬁfiy) and a

| ow m crosphéres,”'50% eac vol ume. Anot

bigdenphteixc Thp damter/inatti dey 5380liguidy (sb]mdmorl gelb- Euasm@l tofysohd

bR oo b A Eh pBaras ABRCLEY e Uit POy

rubbék, Qz’t&coﬁﬁﬁ ihjaBtiRPReRIabk ﬂh%n‘é\ﬂﬂétt‘tlc?%/%h&ﬁi%lmﬁbon/deg ceramic
y

compound i ncl udes about 39% vol une wat er
(ev) & reemicetbaghd @mgum'ﬂ)c ermettal mw@lgblwmmmssgblaﬁasmner A

r dtrace ad es to e _rhe
nE RIS Bing SRRl AR AR Il BR act TR i ndid SR8 ol Pipssinie
theh @GoHAot zhﬁ%ﬂ@f Ofethollo® fRGUbr #%hodlOflediny inafchial MY be a
encapsul ant t he porous materi al p,li;l n liquid or

figg ppwger ovith cachuartie pnfdwcb@lg &n Gutey sheld thag spireyndst 3 vplume of
0 T,
SRR, B SR o b sBR YR w o s

6@%nw1tvolmmtthe Motab\WwogiHorRl fvﬁh@ﬁd’,fayltlb each mdow ﬁtler particle
er aq)d ot her additives to forma cenent s)u
mdndmggm TitRi8Hee BY vehamecaredtie shelbpbdisthallew Rlier i disegrmeable
f
oot 1 B oL RN B b or s 0 Be i o
aljoait derkpsfl'imeoneeqaanmfmantAm akénitdre wruwsatafigllbwefilies is wdproduce
cenent .mx

PR S bl BB BReciiyPAGE B GEREX Vi mEURL EBrants, and

ﬂﬁtl&e) can al so be added to 30 increase the strength
of the encapsul ant.

[044] In one example embodiment, the heavy filler powder can be up to 50% by

volume of the total compound volume, with the powder being a metal such as copper,
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10 [049] The encapsulant 110 can al so be prenol ded.
For exanple, the encapsulant can be divided into two
sections, with appropriate contours nolded into the
i nner surfaces of the two sections to receive a gun
.or one or nore charges, The gun, can_then he _placed
irpt BT, KE 2aEthee B{@&@%P@#ﬂ&ﬁewgg@&ﬁg& s deetefiller can
b S, B ofifer ehboirFREARRYARY dobilic? BaBe B (Bl MHeLE 1%, 25% or
n yet another exanpl'e, the“porous material naybe
40f6| byed]dme dhthesbtapevmpound tvolvere. t Tie shiape gthe hngh-dawde gowder

when t.he charges ar | paded. [0850] .l n anaot her, . .
DRHEB e e o RICF HOF| GiFce! AR PRUORY danpihigye; p wniform
(s:ER o) RAI cotdpdidhdt he support bracket 105 and

encgpsulant 110 providing the needed support. 10 [051

&ﬂéRef erring to Figures SA-SB, in accordance with
[G#adt Heinge sdnddiasrethe | heapy t @ldar instead hef onetali providesi gnei@p more

S s 2Dy T AT DY e it

niaﬁé’%bﬁbl%ﬂt mnd@diﬁah,anfemcréa@mgi theORolufheadf OR@A, Wat | \adir@e of
to tacilitate renoval of filtercake. In the holl ow -
matri'biader tgufecrersel, whichainepst iscamaumt jof debsist madeap of the
i N§J lLaw carrier 122. The |oading 15 tube 120
mﬁﬁ’g’éﬁgg%%%éﬁ%ﬁﬁé%ﬁ4 t hrough whi ch shaped charges 126
may face. The shaped charges 126 may be non-capsul e
[Gl6dr Gesome reemplee, thh dpdid dedsatygeStharshoclp mbioebihg dnétenah ranges
the environnment by the hollow carrier 122, which is .,
frogabont Py Zesatesems po qubic ?%@Hﬁﬁx})@dﬁeﬁm&?@ 846y gy Borosity of
{HERY %Qnd%?Q%_ﬁcflﬁ?kﬁ%h%ﬂodt%%to@d%dur' ng assenbly,
a porous maferi a e.g., porous cenent) that is
initially in liquid or slurry 20 form may be poured
[G4i71 o Ggier temampleppovousosalide maobipterd he) g804@% roneus| watgiialy such as
t ube. Th material js,then allowed_ tgo solidify.to
iyl ANdep il " I TFeR 0%, Efh By e, Another
edadsle ’&Gm&:kﬂi’xﬁi #efidefis g By PBIuSTRONG- 354cOSiSy §RSHdy, aB%Pby volume
the gun 100B. [052] The porous material filler can o
hellayo gldss phenes, and Stebpvotumee eappenpowder | Bre qappeuad density 1s

R TS Pormtle ol 2722 SUiiR cbfpRENEEE| APy bt 0%

bPedRinkd water! DE/PEY QURNMERLeliikR|Clag Hh@mednt, 484y eslniyglass
absorber that reduces charge-to-charge interference. ,

sphierss, antgragroadslidvasde optimizeeipolosy\and cures rate c The ensity of this

rit. t h I} a

c@ﬁﬁ‘ﬁ%&rlg &g(ﬁtel?e %gﬁ? ocgveﬂ(%%?hdet?lisc%%uggﬁ%med. The porous
mat eri al provi des support inside the hollow carriers

[ghi Metfofmrthe sncapediatital HY thik eotons wedtértdr(én figeidsarr serry form)
Wth thinpner hgllow carriers, a |ighter .

i ght_ 30
3% teoPHIFh G the Y HaR 1DR comialiedsnpisl e slgeund12. The
pORES M@k TOfifen CRRRA!E rh'a{)deﬁ. ngorai%scén%nﬁe&n%t #n powder
porous material can also be provided around the
formt may &k mixed frathewater avbothot hdditiveartoiform 822meFhelurry. During

canbi ion of the rous material  inside and 11 oy
mixing o?aﬂge cement, nncrogp%eres are aétfed to the mixfture. q'%e mixture, still in

slurry form, is then poured inside the sleeve 112 and allowed to harden. The
equipment used for creating the desired mixture can be any conventional cement
mixing equipment. Fibers (e.g., glass fibers, carbon fibers, etc.) can also be added to

increase the strength of the encapsulant.

10
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out si de the holl ow carver 122 to provides a volune to
receive well bore fluids upon detonation. [053]
Referring to Figure 6, in accordance with yet another
enbodi nent, a perforating gun system 100C i ncl udes a
tubul ar carrier 202 that y be used to ca
[HEhsEheenaspsay 130 sanalsa be ar%qisl%aﬁor&psaﬁpfﬁg@eféeanswm can
bé &‘1 ided Ao Ao SRk rwﬁﬂ%pérgﬂ?atg% s xﬂaglltji@d ft SR 1ﬁﬁér surfaces
erba anced condition aci |tate the renoval
oif ﬂllettwmcaknonsf toorergiveval gunosreoneTdrembrebeHaagesc aTha glm szthen be
na e arra in a.manner. siml to,the n
A DEBTFDT i dvRoFRHRRG TP By G fFo1cai, OEShEn S Rpide  the
eﬂctﬁﬁsutléiﬁ Ul1@r sho@m' inCrigdfd24B.S InRRE afGtérbnethlé, Bk $Rrchis material
low carrier. As a result, "capsul e charges 204 are
mas bd niddédot the ghapke in betweon waphm‘ges vitblogdsl whén the charges are
re SA. In one arrangenent, a detonating cord 208
"be run along the exterior of the tubular carrier
202 and connected to the capsul e charges 206. In

[0B0Pt [ednoficr RABRARAENL, dsRBoWS iPFRiuF4C CBE UnedGBiprByDR omitted,
run inside the tubular carrier 202. As with the

with 4l svgpers beackelol G5fandiegeansulaginl l%rswdmzsthﬁﬁ@@eﬂ gppport.

(e.g., porous cenent) that is originally in liquid or

| 1 . .
(0518 RYech il el 33 B8 bbbk IR b0 bmBGURR, instead
oﬁﬁteecarabr swipi 107 iskewn risi Kigurehal A ahd 4B, «aimilarca0gptt may be

the porous material_ for . shock and interferenc
e)ft@rai?ét 'i°oi’1 h%!ﬁ“’a&%i‘ﬁf 248 HOB,dor geqeﬁaélnzguwr%swahﬂlpa%fsalanced
tﬁ'lgit Wﬁﬁ&% th %&Hﬁte‘l‘aﬁﬁvé& JTeiRrdaRk. Hﬁtﬂeeﬁﬁlow carrier
| y bec use the porous naterial is protected
gurh £00R; ulloading aube K0 ﬁqjﬁmtmhc(bhmds a lygllogacdryicral 2. uThIq'y loading

R S bl i DA .
Slﬁﬁased Qfdeb n@ﬁ”ﬂ‘?&% Bt l—i{oﬁl-caﬁﬂﬂé’%ila@%@rﬁﬁé ﬂ{er aRGRA Ehhrdes are

pattern (é.g., spiral, triphased, and so forth)
pmtﬂc@dl frera ghe envirqunsop by Ahe belinw pamley 122, rihich i tywically sealed,

f_the,ch ed. Th
R 358 SR eBirpsso g ARk, ERm e sfige S s, D 426 ouring
as@bﬂlBE't b)bokdust MgteHaI {ek. 3btous! BénéHt) Bt fdﬁﬁm&@@ iNQfuid or slurry

shovvn5 are nounted 1 nside 25 tubes 306 attached to the

fogmrmpy Bopourep dirongls thedep ar botmm@p@mag il 30 efithe lpading bibg. The
m mﬁnaklsﬁé{ene %]Zc%%d p@%oﬂ&ﬂf&%% I o‘ﬁ %95%8{0%.5 Qﬁ%tggzglfgg%ggg ghside the
loadiay eubd ROPFxird 88 Jhowe aGhossisbeicalf thd Sab] 00Be t ube

306 can be formed of a nmetal or other suitably rigid

. Alterpatjvely, the tube 306 can al so be
[%8} n{BG B'Pl'ogs geterial filler ean also fill thg 1%%deao§g)pd19§10wwmer 122 to

t
pRfldeth (e vortlE O4R AR o AERUTE BROY Elficht udderbafance
caklitéeon alfinsherthenefit3ffahe aorose materizhis SAGH isvan knergy iabsarber that
08A (for the shaped char es) sed. Fi es ,7B-7D
redPess §1Pﬁr§% siqrphagge dflteffcﬁ SRR ENS etﬁ? PRSP 3%@%#1 pRyg provide
stﬁ@'ﬁurglgsgx?p&‘t tﬁmﬁs hblGw %Qﬁ‘feg 8§ that B YhAE- WG dow  &ribiedan be

306A be made of a porous material, such as porous
used. The porous material provides support inside the hollow carriers against forces

generated due to wellbore pressures. With thinner hollow carriers, a lighter weight
perforating gun is provided that makes handling and operation more convenient. A
layer 123 formed of a porous material can also be provided around the extemnal

surface of the hollow carrier 122, The combination of the porous material inside and

11
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5 solid. As shown in FIGS. 5B and 5D, first and second
grooves 310 and 312 are forned at the ends of the bar
306A to receive the 0-phased shaped charges 304. Slots
314 are also forned on the outside surface of the bar

30, e n the ni ngs.,308A to receive
ottt s M. Geeger 122 1 BYdeS St liel ) TR Bailbege dids upon
dagnﬁgﬁrshaped charges in the bar 306A 10 [057] To
further enhance the underbal ance effect, a greater
anmount of the porous solid can be rovi ded around i
[053¢ hRgfenting-dp E)@mfplﬁe ing aggarilangei with Wetogroter tambodiment, a

I d
PRS00 3 AR RE PR e B cay
c4ps@Ushiat 28 204DhBEntsd pidXGthal bpémﬁgaezmm Masubapassicr 202 for
through.  [058] Alternatively, porous slurry can be

gwﬁﬁm atromsicng @nd@rbg]mjchf@ng.mon qorfaclhglt% g@hregloval of filtercake
t
o3RRI e, T 00 AR B e P 0  we

logding tmbwszo (ﬁﬂhe BEAGW Icerriet guiril QOB esxﬂ:epttt]‘m thetubhbir earrier 202 is
annul us 20 around_the gun 10 is filled W|ththe ous
nef| eantined, ipside adRHOWUSATHES- 4YSde AeHinG2RME g 55%&{6 used
[ t15 O
111%%3(315%?@%%12@%52%’9?%%? tlrﬁgn(];sﬁ glr#t%@?gl ]élte aI ancgement 2
daomimtgl and Z(Brmagdéﬁcnunbaidn@dieomteﬂimr oh ¢hestubhlantcheter 202 and
di mrent, a seal ed atnDspherlﬁ}containeri

| ower ed
cq;qq]p%tc%i He e ranseleccharges 208 £19,angthen ArraagempRut, the doetonatmg cord
Z@E?Ha 'I:I@ ins ttﬁé Lﬂ'[lf%g ld&rrl'ePQOZ SAS WathitRd loaGH%muBQ $2@bfFigure

crea suc y use of expl osives, valves, or
54t h@nmmmhrﬁcm&lrfsg iporausecetentyithay isdriginelly mnhauude:}r slwry form

enerat e sudden underbal ance caondit.i on o fl uid
iy DR POUEF L UBFRAED & 1 PR D el h Buklarisaitict 30, The
pH3Lé BlaftlriaPEb1idGhSdOtheltiil 4 Uab®dri20n to ﬁ'&ﬁpﬂhe lpBro8material for

another enbodi nent, a chanber within the gun can be

sheskdindsinterforanke freductiow Iﬁbna@antagﬂdg usnggibndubila: eader 202 is

bal diti t t
R ERmaEs 1t b Pogas FRIrial PhiF Iehh A ERe Ao POt Haceral i
pfdtdtted By thb uth@frWatran 20OV RIBR Y 9PicHidP a statBSaid eeill Strh@efe.
than the wel |l bore pressure, then the cooler well bore

fluids are sucked 30 into the gun _housi na1 The rapid
[Wét eRefeating to Figvsudh pepewrdance wigoyetsano efﬁ@b@dﬁnent a strip

I
et YRS o RIEE B Furk Bpdod iR b o ARG BRG] B3 dptal, -
phdsed sandesol fosh) and Ideanstipr3e2r ayltsinaizielyh armntﬂhaseﬂ arrangement
dr ai nage occurs, . which %enerat es dro

ofbe chyees sanchetsed. T @-ghassd shansdc harsrat sﬁhrg@u? @s 304) may be
n%ﬁﬁéﬁ% Ay WL’ B'gdt ?(Iﬁﬁr:] STﬁé)Bﬁilblt El%%es[(?gl]ghoaﬁlg &fd mBfnt-@ inside

|gure a tool aving a spheric
tuben B &b a’&achEd(ﬂo the strip 3020 Opienings BOY aregpranidied me each tube 306 for
I h
r%eg?)glllj ing s aped c?"xarg%\slve E& }JOI’%HS %{]etteenx?ecltn%g n?a es grrlee o{' Hle porous

materials discussed above, 1s provided in each tube 306.

[055] The tube 306 can be formed of a metal or other suitably rigid material.
Alternatively, the tube 306 can also be formed of a porous material, such as a porous

solid (e.g., porous cement, porous epoxy, etc.).
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wel | bore in the interval of the formation 512) is

| onered into an open wel |l bore 524 and pl aced adj acent

a perforated formation 512 to be treated. The too

string is lowered on a carrier line 522 (e.g.
wireline, slickline, a-line, coiled orﬂi0|nte

bi
O O B B 1S i e ient S S5 b Reios,
s SO Blth hyies B Mo 1o B84 linis) i sl Figures 787D
st fhret eidwd ef dirbe différestaportibies o thtel bar I@GATertithomt B2 charges

mRRRa AR By SDRAcHE WnBBF S POTRH REIEAL SighasiHprous
sdlfdoq%cbﬁkgvﬂ A tF?GSP@Bf S DOMSsti dhdt f8ond QFdBVES @"185&}@ 312 are

have been forned), the atnDspherlc chanber in
formed at ﬂnerenﬁsl@f ths bmﬁ%@ﬁéptmcmw thedephesked; shapérecharges 304. Slots

IIb Th t echn th
Ereotiag S Do anSE it SE e ddoi, Biteh e bphines
3@83(‘&@&&%{%34 B&@ﬁatfnﬁecordiﬂfh't '1§B£lh§’c[baﬁ c@u A adefich of the shaped
under bal ance even if the well bore f isin

clrggsbnlitltas 3064t prior to perforati ng The
atnnspheric contai ner 510 nay al so be used after
f Lon er t hd
(ﬁelj aéirtﬁer grﬁ'l%.n@ {h% Em% an%g %?fea é‘%{f@ngtmé t d{lﬁ; 1?18 porous

ter ar rangemsn I on 1s

sdlftcah WerpRévided ardlubd) eidh%ulﬁOFéﬁeﬁﬁ‘@l@ﬁ ciylindridairblpk f tle porous
contalner 510 explosjively opened to create a_ su

sqlish erb e ce TeBHELR é‘#ﬁmqt%ﬁ}at THesl @J@BVosgn%l!@rytha%ttgst wepllest
-SAIEE, PR EESEIHED AL RIS T,
i nside. The di nensions of the chanber 510 are such
[aS8%t Alltermtinelyealpor@seduiry con be qunmyledtdedvonestd arsiuntighe lgyn; in

reline,, 25 slickljne, a:line, coile oi,nt ed
o riGenagior [the BFSHACtIon O sigy 1SRt g Snyd W fruch porous
lﬂa&!rﬁk B Be ngact:&l Groufld e fud. Srﬁ@Sfoe %ﬁ&*mfﬂé Wi Fiastaandik Reelibore
downhol e bore presstres and tenperaturés. The
atraringgt PO efountighe gaml@ns ifdled evigh themmom/ slutyy pumpelrdeser tubing
a%‘{l ﬁ% [bgrated for t| on being treated. Multiple ports
ge @' %&Pé&%ﬂw ong the wall of the chanmber 510.
Expl osi ves are pl aced inside the atnospheric container
[059] t ORher FhHdaN et bY 1rfé§edsﬁ1@ tesiefit predsuré Qfdfls, hid €HYE transient
arrangenent, the tool stri i ncl udi ng the contai ner
umbalwqemd@ans, eodesmb;e o\bdn@naﬁ'ac thercumbadimering sealed
aifrrhoespl?erf %B%%r Ielé 1 n_%reﬁngj? 2th% IvBesleb res a%f AGSIERbLn has been
p&%r@%dg@[fﬁaﬁrbd@:tﬁ)ﬁvisCﬁaﬂéﬂ OspeRingk (‘aré\ crsaﬂdﬂeémch as by use of

underbalance condition. Prigr to | oweri
explogisesn alves, ob athsr meeh M@I@)é%ﬁleél%wsw&heowmw?fdo generate a
t P u 041N n
S R S BB o0 O U e
avithd vhe fepforatpni totigeld sthé dormatioon natural ly. The
conpletion fluid is chosen based on the formation

t b'I't d, t fl t.
(GREH Rt esraningT grmbediinentyd mBb B i S s exaink for
wallge rﬂlﬁ&%rgeﬁ&raFé the! hﬁ&&ﬁalaﬁé&!@nﬁﬂﬁnp qfoﬁl@ﬁrﬁ{g Starge detonation,
tunnels during fluid flow 10 %O 5] After th

hait dnlmahen iges fidntheiimemabdigniter p ﬂv@rg@d éﬁthe p¢sa&.té@l detonation gas

A5 Eers i o Ripon T Bt B ey af ol B ¥ Sk
ird rtﬁ@@@n ngtitihe (TR fapidTaédeRiation fhtquphngerfdritfon ports in the gun

explosives are set off inside the atnospheric

hewsing brasks thpdiwidhgptine dwpless gnd wemults datrapidepoating qfpthe gas.
the wel | bore pressure. The shock wave generated by

t he expl osives may provide tq% force for
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15 freeing filtercake and/ or other particles. The
sudden drop in pressure inside the wellbore may cause
the fluid fromthe formation to rush into the enpty
space left in the wellbore by the atnospheric
contai ner 510. This fluid carries the nDblllzeﬁ%R
Henge, ranie gun pressugdosieddosied mprs1opidgvelitess fpwt deginagg occurs,

W ﬂngéngra@&da "éﬁ% t?l\?\;tﬁ(’[‘ Mlﬁ@l%eﬁnreg;ﬁ?o t’lE%”@l%'Pf 12?3 ﬁl%ore pressure

Into t su
ciefX6S hn hdersdtahosicohditioper f or at i ng gun, activati on of
the perforating gun may substantially coincide with

Q of t orts 516. .This .provi unde bal anced
TR St P Ciing B § S e O 258 510
(R cORRARS ‘hhﬁng %tlﬁhé}eﬂres%ufe%aﬂ i loﬁ&nﬂhﬁﬂ%'eﬁﬁec‘%d Bre@sure in the

perforating 0,” 1 n accordance w th anot her
wellbrd il 1,nt¢mal oﬂ the Somazatiod. S12h it leeveesdbiogd mepewwellbore 524

an, Bl s £ SEuE] dpriiobes Bl BErwpAr T R sing s

lowPedida a9 RE AL 5PDYL, %oanﬂ@ﬁh@wllbmle Bink Odcileti @ jéitfRd tubing,
530. The contai ner SI10A incl udes vari ous ogenl ngs 516A

drith pipeaets)- gba;ﬁp@f@meb She lwm@ dhpmber thepisoBlled Mihra gas (c-.
:ﬁlgrﬁg%n) fg%l?f ﬁé%il‘gg %l ginct a 1}081}]as0 'sﬁffﬁcﬁén‘? %@h Fo treat the

ertire nﬁaﬁh@t@bﬂ G1khgéhd Hed andiipledpsty 315204t caih thedepatedt updising
cord is also connected to shaped charges 532 30 in the

eXdedivAsat i ng gun 530. In one enbodi ment, as
illustrated, the perforating gun 530 can be a strip

(49, 1, B B0, VA 0 S 85 TR LSOty e
fqmytlhxe 5hd hacapsen ﬁ)rmledpehic aﬂrmrsghmd tlember én tioooerdained510 is
:}spﬁ?q?\seiﬁ%'a%?ea‘:ﬁ?q o §ticgbn Tk EFtmi@He Biubs HEED WOR of without a

£guhNe vildhl dseUGGEH & AnD Ghd S04 ﬁﬁﬁ%ﬁc Viohbiifer2ARs the

one mm%e after perforating. 5 In other enbodi nents,
apmmamesﬁammasuc gmdarmlartne epen ffaharwdllare iurd islie oserbhlance just
qual to 0 s conds one ond
P 1 SEEHRIGle. aol i AHBPEBEa RuETE £ Bf dithgiio housed ater
péredrafidry SpdrAtiind habebuBeserRRmbe! & i aRBarkdrpethehd, P¥bduction is

surge is applicable also to other enbodi nents
esﬂaizsh@hqado&dnhﬁacefpnnat{omﬁ gjithRbé @prts r5g136 tod the gtmtv@plmlc ¢amtainer 510

2550 dance th a r errb a lg&? string 10
WO ST apened h Siipls ﬁ'sS fters "1‘1’8;/884 use in an
open wel | bore. The t ool st ring includes a perforating

(0B ©RO ek%l kively a’thia@e"dhﬁﬂltzhﬁeraﬂ(ﬂﬂﬁmm@ﬁé’e thh&arﬂ:nﬁhbxrdunent
602 may e expl osively actuated to rel ease the

inghlydey @t (OﬁgGOQIPnO p sui 82§ 6F fB&%)an@e QB@ idimensiopsoef the
l?aﬁrﬂv%} %cﬁ %’R 1@%&%:810@6{6? i ({3330&%1 9&1@1’ bﬂ wireline,
e peér or a

SO a e anc
slaBPiné,oc-lingd, %Sled bh ¢oiped ftobiag, dvijl giple, GﬂGthev\hiechamsﬂli ’I']|15 wall

then dr to the pbottomof th ore. 069
thé‘g@ﬁ%f’r ofg%z Shampggissdesignsd 4, 4 g @? alfeé@arﬂ gressures
?f@n‘i’per afegumrﬁ@tle o@ tB? e&l iésdét&%ﬁéh %Oth@atlhﬁﬂhless of

erred to asar areglon
pérlforaited doramdtion being tocfatetdh d\/Iubxplle parts Jig. manbe prassmt along the wall

o R 18 iR it S S oL O 022 e i e

proximity of the ports.
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20 may include ports 616 that can be opened, either
expl osively or otherwi se. The volune of the first
chanber 614 in one exanple nay be approximtely 7
liters or 2 gallons. This is provided to achi eve

el S dnareamnaetian ool sriibiochiiTH Ge cPuingnSHA i Wered into
tHehﬁelHﬁ'i‘é %@ﬁ%?éﬂ' Edég&‘ﬁf‘ & perfdrated A&matisA i gu 'Iﬁttl'nQ RPrangement,

ot her si zes chanber 614 maybe used to achieve a
thebeatmoepheiﬁ chadehebAl18niseused radi @ |sorgetg¢mratleg bh:srw tongeneeate a

I t he lIb t he or ressure
B SPARBA e P P e e AR PG GO et o clean
C(ﬁﬁﬁ'l‘éﬁon Aaid df%éaﬂﬂeﬂi‘%hﬁﬁhﬁ Optirinll 'I'ietdséd ® 1@1] &eife eHel fofmation
cord 629 (or to activate sone ot mechani sm to

onpdkrwise ibtheswelit®re pod allox lsakikg rlnteztberfsneaitonam%umﬂy The

e B SRS RIS oS0 Al e

of the foRsdtRh Add WhiR\haieBelf ? si0tamidvary Afterchie dnillortdhe mdticulates
that a gw cker response for the underbal ance condition
I

from the pe @rﬁgenemebéluaeeﬂ&ﬂe@owrbwever in other
enbodi nents, the packer 620 may be omitted. Cenerally,
{43t .S .d r
(A1 By 3t U SRRE R I5EF i HEURET ST piEE ok e
penfirared dbrm4tidnld 1 2Rfeeformatpnt X1 2AE glmmd]ay opgainganmotaection valve
enbodi nrent forigreatlng an under bal ance .5 condi ti &n e th
atgieisHEfage- pBYtmls: the ernaioa s doging. eﬁxﬂaeﬁrrorrs SfkPHgside the
u
S ey (g 0 pol (T The LokRgl, IO, RE I prelbore
piessuae.s | Thekshonlke , wavel germeratmi bqy thed ex;dosnws meylped\flde the force for
| oi nt bi n or drill, e enbodi nent
ﬁjﬁepsofel "1% ﬁ%ﬁo omer particfisl B Suddin, rog i RESTHG 'ibide the
wel18Re InShefde the/ Adhd! ffsth Ik ﬂ)rﬁaﬁ&pﬁd ruél §ntefthé eﬁl?g‘ %ce left in
housing "716. In the arrangenent of Figure 11
th@ewﬁﬁbm‘elh}gt@uﬂmRGQhem r:cmrsnedsmr o’Urgh fluid ¢pirieg theemolnhzed

PPRELE it P s i Wkt REmaliph e Rt GskBSsBbace. he

chainig e drbpfRihRahE Vefior b’aeed feahé Qfrbickng i nterval
712"). pressure PWis present in the perforating

interval 712. [072] During detonation of the shaped
[Q66d z e srseh vitlh e ﬂ)erfatanng pont activatiomraf fher pedorangsgyp may

sﬁq%tc’a% 1211139 r;gﬁr%{%ﬁv to% e ﬁ)%yt% %q 6b>fh% E‘r Sfﬂ&ﬁ &fhderbalanced

natlo the ar ges

Eri‘ékatlbwt R@fsrihg |tbSFI§m it edenal ahawhesphéd8 aintdihe GUOA in
702 If the resultant detonation gas pressure C%d
CPTIYRCtIORAVIR BePeROratIgr Sy 3s by @ecmgw e pyithy angthes embodiment, is

0 Giviida KRR tw
PR B0 5 AL PO Ly Y0 e o
poctioat,ar st pertioh abed thé peifasting gom §BO tinka perchd patticnbelow the
pgr?'rgrtatsing7 ?é?m 530. The container 510A includes various openings 516A that are

adapted to be opened by an explosive force, such as an explosive force due to
initiation of a detonating cord 520A or detonation of explosives connected to the
detonating cord 520A. The detonating cord is also connected to shaped charges 532
in the perforating gun 530. In one embodiment, as illustrated, the perforating gun 530

can be a strip gun, in which capsule shaped charges are mounted on a carrier 534.
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20 will break the fluid up into droplets, which
results in rapid cooling of the gas within the chanber
718. The resultant rapid gun pressure | oss and even
nore rapid well bore fluid drainage into the chanber
8 causes the wel | bore_pressuyre Pw to be. reduced.
Aﬁeeéﬂmlﬁg%srﬁh@%l albageffsuéﬁ ?&euv%ca&wﬁes‘ihawéﬁ charges that are
nt to generate arelatively large
%Haﬁﬂﬁ%ﬁﬁgﬁg%&ﬂ t?on e.g., greater than 2000 psi),
even in a well 25 that starts with a substantial
[67¢r Bhe¢ fhié spegegcan dobomrfcsﬁ@d pxsla)welvheoosnn déerhpéderging. For
conditjon is depen n Ie el, of th
cXiiHah S Geb PRl betBRiea wlfin B o e ater perforating
I\SthEDGHBodNnBHS UhE tprég‘s‘,\ﬁre [sQFg%]caﬂ“B@ effoftféd RitBin (s Ghih drsequal
fired, the detonafion gas 1s substantially hotter than

to) sbowtellOl ssoonsiss ong stcond, or 0@ miBispismds $|eam@91esmﬁer meforating.

TRbFRR O, e B GG A it o ABHCR by o 10

oﬂlélpéxﬂﬁdﬂlm\éﬂﬂs‘aasdiﬁ@@ﬁeﬁnﬁ.he pressure to encourage even
nore wel | bore fluids to be sucked into the gun. The

U%%S cool i,ng can occur. over a period of a

|| Refegrngito FighreoHd 18 pegppdance pith w%.m&%%o? tool string
wk}g}?hgrrqﬁ%ﬂa\@ﬁﬂe‘fd“%'agr g ;ﬁ[{@éi\%d%ffﬂé SSdrP éntaé% WE. Fhe 14 string

I 'ng can op t ore
inphglss wpesfordig byn 600 EHaatsl arathed tangencino @2, (Thewasckar 602 may

t housands of i) I n accor.dance ome
be BBl YER gcm%tsqlltete? hreperiQrating galan&'.‘%n sy for grample,

a&mh@x‘( 6rh I?.l%toqlﬁﬁx'l (Hogf 16" GRaplell ¢ P%g@? 3066 ’ﬂﬁeﬁbrfo‘i‘ﬁmg gun

two pressures For exanple,” the |eve
601k wolh al socar s tlmram"honr 602 Rorelezan thﬂepadqramg gumﬁoe,hvjhwh will

| osi v adi adj usting the volune of the
ﬂ@ﬂﬁﬁﬁb tgﬂgm%¥ﬂ8?ﬂﬁvgﬂﬁ%f ‘wel | bore pressure, Pw, can

be adj usted by punping up the entire well or an

[0699! ahedas@feti @02 Ofnclidee WR! lann@hr Pyordyuiamogaltd y enable fluid
inCreasing the wel | bore pressure on a |ocal |evel. 10

corormBhicptien wetlic ehnyas fegiont ﬁl@g(abg meferred keas @b belekavithsa region

ca s that n
oS A e BinaiiehIL ST, 8ot fiRE oL RO Rber 14 his
pr:haéteﬁﬁﬁled&slunhmov gis éwﬂmher'rmmmﬂgeaéf&nn@ theofifsk chamber 614
pressure drop is enhanced by use of a chanber 850 (or

may Haelude potls H10ethperan beneashi Hitien explosivelyeps othspyise. The
%‘Mf fptflg 4l er 6?%@@& o agﬁ:ﬁ? ng?"mes[g??éﬁma{&} Vqﬁérs or 2

eaIe ore

galldne/s Tﬂnansl patbwéed m\aeme\vaeﬁcmgh@ L0 pdi r(pomdsrpmmdlumg inch)
mellbore 820; and a val ve 854 for establ

Wcsépn@ﬂon%mseewulqséeeev §1@ yvhen {he pords F”S&Péned In
@élgcoxﬁ%u?atfo?ﬁ lﬂtféers B%@ Bf IS n4AbYEG flf’lﬁlfig EF LB& to%ﬁf@b@ 'Ea. des1red

opened den surge of 'ows into
uhdenka] arpee senditiorc Inlmblerbasbd) omr dat gevhetry adathel wmllbore and the

fi ressﬁ{ﬁ?‘gﬁ%ﬁ%gl fﬂl t%antlr module (?20 ?naryegllcﬁlrgiel a firing head (or other

activating mechanism) to initiate a detonating cord 629 (or to activate some other

mechanism) to open the ports 616.

[070] A packer 620 is set around the tool string to isolate the region 612 from an
upper annulus region 622 above the packer 620. Use of the packer 620 provides

isolation of the rat hole so that a quicker response for the underbalance condition or
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20 the chanber. The transient |ow pressure condition
and resulting surge serve to renove filtercake 824
fromthe well bore 820. In sone enbodi nents, the
chanber can be a cl osed chanber that is defined in
part b¥$a cl osure nenber | ocated below the surface of

surge opie|be. achipved-hdlowevessin pther embedincatia the Pagkss H29omay be
mﬁf‘tt ﬁn(b lal tyh{% M%Xra.{lﬁ% rér@t?&cﬁ@laﬁts %Qgcfn‘%gﬁ here n use of a packer for

er na I nents

isoRatibe br n@t&iful@kemhiéﬁregeﬁha@mm ai ner haV| ng ports
that include elenments that can be shattered by sone
mechanj sm (such as_ by the us ive or sone

(5% e Rokaahsin Spe 117w Skeneashodirsons 13b henng & dpdedhglance
it Bl %?ﬁfngr@e?mm%%e é@aﬁ&oled%ﬁﬁdrg g6 ipheMed. A

serve sev aI purposes I n the ope Firs by
perfarsiing glm:ﬂring oicludds e ipaforating guaf0gnd & haTiwelinddd4 which can

Iy ted t h h t
¢\ 3ich ettt & PR iy o G0 Ao P Ee ot A pipgy In one
ethb&aifRhi, e PEKIBORE hdPOT iy a hoffew QA guR HalvHgadhaP&t charges

generat es flow channel s past the drilling damage.
7hinsidleya chagibep@i § of atseaigf housings” i olautbe |an'ﬁngﬁamt o€ Figure 11,

TSR oiAa% Gy o 61 g FORD g AR Bc Aok g lovide around

theaupRa i0s! thyissae! the Mstedar 71 2§56 wihithhihe hepfofaritghiuni 02 is to be
sections. Fourthly, perforating can benefit in

shed (xpferradytor asatbe (peorating intenvel BL2"0.0dhetsssig Fypisepresent in the
pérg %ﬁg%%&@g%g 5 [078] In other enbodinents, the
or

ing jo is carried out while havi ng a reactive
f|UId in the well bore. In such enbodi nents, an
[0¥2¢r Datiap dednpdsd off the sigped shatgsd ’glﬁle;iexfmﬁng hatts T2eare formed
pressures recqvers to overbal anced agter '

a\erald af BFFSeratIBE ity BIRCYGFS hyrféls shapeq Shngry 14| BREng detonation
opﬁfaesilﬁ}?éde %ag%ég F12EndO, agq'ﬁlsgg 3 chitide? 741 8% f the > gun 70 702. If

I nvent beeh di clos respect to a
theu&h&iranbﬂet&ﬁhtmmgad |pmm P@,hosl;ess $henl the ohrallhotemreaum Pw, by a

oiven ppRhE e th coolfr wAlbare Brids slb eEk Ao e BhnBES718 of
tHe QiR 702U Cf*hé“ﬁ?lid hé‘c%fekaﬁfb% &P'Wel}/ﬁﬁid@ﬂhl%ﬁ?h fie ;Se?fdrat%ri ports 720
t and scope of i 0

the true spi the i nven
will break the fluid up into droplets, which results in rapid coohng of the gas within
the chamber 718, The resultant rapid gun pressure loss and even more rapid wellbore
fluid drainage into the chamber 718 causes the wellbore pressure Pw to be reduced.
Depending on the absolute pressures, this pressure drop can be sufficient to generate a
relatively large underbalance condition (e.g., greater than 2000 psi), even in a well
that starts with a substantial overbalance (e.g., about 500 psi). The underbalance
condition is dependent upon the level of the detonation gas pressure Pg, as compared

to the wellbore pressure, Py.

[073] When a perforating gun is fired, the detonation gas is substantially hotter than
the wellbore fluid. If cold wellbore fluids that are sucked into the gun produce rapid
cooling of the hot gas, then the gas volume will shrink relatively rapidly, which
reduces the pressure to encourage even more wellbore fluids to be sucked into the

gun. The gas cooling can occur over a period of a few milliseconds, in one example.
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What is clained is: 1. An apparatus for use in an

openhole well extending froma well surface,
conprising: a closure nmenber adapted to be positioned
in the openhole well, the closure 5 nenber defining a

chanber therein, the chanber having a_pressure. | ower ,
Draiging wyallbersuliguifs, (whish heve seeld campressibllty) ewt olethepsrerating

- rval ' Obt I i
412 B B o5k MISUROPY, BTN uBO 8RR fcver
thobendebf fxdy. e i nterval in the openhole well, wherein

the at | east one port when opened creating a fluid

0 chanber .to generate a transien

into, the |, . t
rofbcostariace MbSPE CORAPRYR, FHGR@GERES e sontrolled to
adh:ﬂatv% rtnéhesi?r?ged}ﬂsreﬁ@@ﬁ{ IS SiweAiHd t%uﬁo SuRishp\, B8d Ps. For

cl osure ne Is a gun carrier for ding at | east
exanpletind leselwd tohdetgmtionpds pressuee, Pt ban bt adjusied by the explosive

i e S 2o b PRSP E 8 AP o

pressitdl Py, cHNBE GlflsRa%Y RimpifEufthd &ané well®rR@rikolated section of
conprisées a valve. 4 The apparatus of claim]1,

thetveslle pnbedptengtalihincrzasing thstwallberqupressyre epacaklesela

fluid blocking el enment adapted to be ruptured by an

(L RN o S o s DIRF ol 3o Plho P bR s of
deati Qe codtainldyplaapradaipsgem$. claim 1, wherein the

transi ent underbal ance pressure condition is adapted
emove filtercake fromthe well bore interyval.

t 6.. A
(075 By 1§ppegs b Figuren 18AeimidiZB: Wy etBrRer Rhadimenthg logal low
pR&uO R 79 eﬂh%cg@ﬂa{'gscfatﬂg %Xglleﬁl%e\‘ 35ph g?rggbhelt Resure member)

pertforating gun ada 5 generate a transient
contadringad rehatvehr e flnkl preswird. | Hor exanaple,athg ehambed B mcludes:
(li) rz‘a.ts%atll\a/ag Ibo?ef 852t antaggj%%haojga%, Y}lceplnld,b or gfheraﬁgidza(t) a lower pressure than
the surrounding wellbore 820; and (2) a valve 854 for establishing communication
between the bore 852 and the wellbore 820. As a result, when the valve 854 of the
chamber 850 is opened, a sudden surge of fluid flows into the lower pressure chamber
to create the local low pressure condition in a wellbore region in communication with
the chamber. The transient low pressure condition and resulting surge serve to
remove filtercake 824 from the wellbore 820. In some embodiments, the chamber can
be a closed chamber that is defined in part by a closure member located below the
surface of the well. In other words, the closed chamber does not extend all the way to
the well surface. Alternatively, in other embodiments, the closure member includes a
sealed container having ports that include elements that can be shattered by some

mechanism (such as by the use of explosive or some other mechanism).

[077] The various embodiments of the perforating mechanisms and processes
described above serve several purposes in the openhole. First, by pressure control
during perforating, the wellbore wall can be subjected to a high instantaneous
underbalance to uniformly remove the filtercake from the entire wellbore rapidly.

Secondly, perforating generates flow channels past the drilling damage. Thirdly,
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a carrier line for suspending the perforating gun in

t he openhol e wel |l bore such that the expl osive charge

is proximate the target wellbore interval. 7. The

system of claim®6, wherein the explosive charge of the

rforatin un, i s adapi.ed to:. 5 create perfor.ations .

pefforetiie” SliBhn B BOAS SonPRl I QYHRITGURIBUTIE heterogencity
ThiBiEictAdved 19038Btidg hof H@tRati TR Jow heth SRS HBHichs and less
~wel | bore; pénetrate into a formation underlying the
inthaghy pernveability seetions. eFewrthly,aredfoeatingrege benefitiis nefuralijefractured

wel |.bore past. any dgilli damage. 8. The system of
‘fﬁFHPﬁgéPm%H@ﬁB$H%P%gmﬁBﬁggﬁﬁﬁFﬁg gun further conprises

a 10 seal ed encl osure nenber for holding the explosive
[09BRIEAe ott3r ehitddfM&ritsMhef pafdhtiad jobiecairedt b8t while having a

expl osi ve charge of the perforating gun is adapted to

repgipreufiuid timshewellenrar dn saekh embedimgaise pm crerbplaneqdapfarpting is
b n pLes ngdj tion. .1 t 0 :
m%ﬂ%§%1§k%m§%Feﬁ% 3ﬁ§§%§g|%?ﬁvggc‘hgaé o?m?%g %% dynamic
uilefialundt toallokd thgumspent keactibefluidda pewdrateines thatfermation.
perforations in the openhole well bore at the target
wel |l hore interval to | oosen filtercake forneq, an the
[OSBLn orls theimysaen hes beep, diselpseck 1ith roess i & frpiick Hgpber of
e %f?ﬁbﬁt%pﬂios@ sEﬂfeﬁ'&iﬁ tgkeaﬁ‘PWill %be@ﬁ?éﬂ nBf@rouBh&difiB&ions and
perfo a [

rating gun an apted to provide an initia

vamtbegitherfiome, It ihiatqpdedtist teappended laithe coved aptheiodidications
be shattered 2Q.in,response to detonati.on of the

ol R BEP AR ST e BRT 8 AR O iR RReRiSHs o erent
creating a fluid surge into the initially seal ed
vol ume to generate the transi ent underbal ance pressure
condition in the target wellbore interval. 12. The

systemof claim1ll, wherein the porous el enent
conpri ses porous

19




10

15

20

25

cenment. 25 21 13. The system of claim 11, wherein the
porous el enent conprises hollow structures each bei ng
gas-filled orvacuumfilled. 14. The system of claim6,
further conprising: a first closure nenber arranged
V@%ove or gel ow and proximate to the 5 perforating gun,
bisCldBed i osure nember defining a | ow pressure
chanber therein, the first closure nenber having at

| eas{, ONeAROKdp aﬁ@ﬁse%r' Y&l ¥n aResRhSIebWell &GO Fone a well
charge of the perforatl ng gun to establish

suelapenenimpaisingn  bet ween t he chanber and the target
wel | bore interval in the openhole well bore, wherein

Lhe e RE £t s e AL TR TREL, s i

mé@bgedefigihg 4 Qﬁalhbﬁﬂﬁie&ﬁﬁ, ﬂﬁdehﬁfﬂieaﬂmn@’ asprgssire lower than
condition 1n the target wel |l bore |nterval 15. The
pressyrceim the wellbormat g selﬁcmﬂi wehbargigderval; 38d a second
cl osure menber arranged opposite the first closure

merrbgt ek gn@ 8%'5 n%t?vetl)g e#éh%bf%ecﬁfegllraﬁflél{]&lﬂﬁﬂmcﬁm .between the

secon cl osu inng a |l ow pressure
chamber and the wellbore interval in the openhole well,

wherein the at least one port when opened creating a fluid surge into the
chamber to generate a transient underbalance pressure condition in the wellbore

interval.

2. The apparatus of claim 1, wherein the closure member is a gun carrier
for holding at least one explosive charge, and wherein the at least one port in the gun

carrier is opened by detonating the at least one explosive charge.

3. The apparatus of claim 1, wherein each of the at least one port

comprises a valve.

4. The apparatus of claim 1, wherein each of the at least one ports
comprises a fluid blocking element adapted to be ruptured by an explosive force, and
further comprising an explosive element arranged proximate to the fluid blocking

element.

5. The apparatus of claim 1, wherein the transient underbalance pressure

condition is adapted to remove filtercake from the wellbore interval.
6. A system for use in an openhole wellbore, comprising:

a perforating gun having an explosive charge, the perforating gun adapted to
generate a transient underbalance pressure condition in a target wellbore interval of

the openhole wellbore; and
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15 chanber therein, the second cl osure nenber having
at | east one port selectively openable by the

expl osi ve charge of the perforating gun to establish
communi cati on bet ween the chanber and the target

wel | bor e te n.th hole wel.l hore
the Zarietie fof Suspshing foe rerugig o pienfairgs fbore such
thﬁtrtﬁélEiq%le@e EhdtblisHH6ERatd the tdrB& wIBBREhtepEN opened to

generate the transi ent underbal ance pressure 20
condition in the target wellbore interval. 16. A
met hbd of Thosistem pf elginaf, wheteinghe sxplesive ebatze pbheinsrigrating

g@qgﬁg ?e vveII conprising: determning a target
1R ‘% under bal ance condition in a perforating

interval of the openhole well based on one or nore
pr edgtste perferdtions inahé apenhblededlbors atithgtadget owellbgreriateail
of a perforating gun based on the target transient

undey bal dition; config t he perforating
gun 8e%8y Fqﬁ EWQW§QPGW§1 lg?ﬂr €under bal ance

condition; and 22 generating substantially the target

tr anﬁén%ﬁ&te%@i%rfgﬁhﬁ{&%ﬁeﬂﬁh iRtk dat W@ﬁbor@ ehtbR%AALhAY
interval of the openhole welT wherr the perforati'ng gun

is detonated. 17. The method of claim 16, further
c onpenlarge tadivs efdheiwieioore iphstany drllingrdsmaghe t ar get
perforating interval of the openhole well at 5 the

wel | pore ryval ; My fil ke f
open§)vvel I ’E%% S}elle%l % '%] ﬁ’l ‘Eorrgmglrl] i E(gr f g""{ ﬁ"?me't Qoqnpnses 2
sehled RACIOKIre uitclieb fdrdintding eiecxplodive charge.

9. The system of claim 8, wherein the explosive charge of the perforating
gun is adapted to rupture the enclosure member to generate the transient underbalance

pressure condition,

10.  The system of claim 9, wherein the explosive charge of the perforating
gun is further adapted to create perforations in the openhole wellbore at the target

wellbore interval to loosen filtercake formed on the openhole wellbore.
11.  The system of claim 6, further comprising:

a porous element arranged proximate the perforating gun and adapted to
provide an initially sealed volume, the porous element further adapted to be shattered
in response to detonation of the explosive charge, the shattering of the porous element
creating a fluid surge into the initially sealed volume to generate the transient

underbalance pressure condition in the target wellbore interval.

12.  The system of claim 11, wherein the porous element comprises porous

cement.

21



10

15

20

25

18. The nethod of claim 16, wherein configuring the
perforating gun conprises one or nore steps sel ected
froma group consisting of: 10 determ ning a size for
t he perforati ng gun, determning a shot density for

t he rf tin ni an exp| osi ve char

typelFor - ThoSBET OF it | guperengle BPinta Pligheal comprised hollow
stRERIrESdaLR bERIAE fiPRa St PebuRAlfigéd) for the perforatl ng

gun, determning an orientation for the perforating

gun, 15 determnlnigaflwdtypefor injecting in the
openh‘bl e We¢ systaamdl deimepnfurthercompsisingeyance et hod for
deploylng the perforating gun in the openhole well.
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the target wellbore interval in the openhole wellbore,

wherein the at least one port of the first closure member creating a fluid surge
into the chamber when opened to generate the transient underbalance pressure

condition in the target wellbore interval.
15. The system of claim 15, further comprising:

a second closure member arranged opposite the first closure member and
proximate to the perforating gun, the second closure member defining a low pressure
chamber therein, the second closure member having at least one port selectively
openable by the explosive charge of the perforating gun to establish communication

between the chamber and the target wellbore interval in the openhole wellbore,

wherein the at least one port of the second closure member creating a fluid
surge into the chamber when opened to generate the transient underbalance pressure

condition in the target wellbore interval.

16. A method of controlling an underbalanced condition in an openhole

well, comprising:

determining a target transient underbalance condition in a perforating interval

of the openhole well based on one or more predetermined criteria;

determining a configuration of a perforating gun based on the target transient

underbalance condition;

configuring the perforating gun according to the target transient underbalance

condition; and



generating substantially the target transient underbalance condition in the

perforating interval of the openhole well when the perforating gun is detonated.
17.  The method of claim 16, further comprising;

fracturing filtercake from the target perforating interval of the openhole well at

5  the wellbore interval; and

removing filtercake from the open wellbore at the wellbore interval via the

transient underbalance condition.

18.  The method of claim 16, wherein configuring the perforating gun

comprises one or more steps selected from a group consisting of:
10 determining a size for the perforating gun,
determining a shot density for the perforating gun,
determining an explosive charge type for the perforating gun,
determining an explosive charge phasing pattern for the perforating gun,
determining an orientation for the perforating gun,
15 determining a fluid type for injecting in the openhole well, and

determining a conveyance method for deploying the perforating gun in the

openhole well.
19. A method for use in an openhole well, comprising:
running a surge tool in the openhole well to a target wellbore interval;

20 activating the surge tool to generate a transient underbalanced condition in the

target wilbore interval.
20.  The method of claim 19, further comprising:

removing filtercake from the target wellbore interval of the openhole well.
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