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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 CKGROUND [ 02]
To recover hydroc g ]ﬁiﬁﬁh@ ural gas) it is
of course necessary to drill a hole in the subsurface
to contact the hydrocarbon-bearing formation. This

way, 10 hydrocarbons %E@Hfhhg‘ﬂﬂ ﬂg he formation, into
the well bore and to the surtace. ecovery of

[0igdr a‘harpmrmt finvemtion selatesr geneeadly foo enleancements iknpreduction of

Cti I n sone productio a casi i S

hydrofabrisyIbin supLeTERIERY SRR 0T, BUGFIETY to a system for
pférafhg!rPan dpeRRSIBeIBBALI T to retrieve hydrocarbons.

I n ot her productl ons, hydrocarbons are retrieved from

an uncased or openhole well. 15 [03] In openhole

wel | production, one kBAGKGROUND t hat i nfl uences

(G005 A1 o TR 166 BBk o

athold apeie subRuMide ROEhitactahi® hivdsarbbh-Bedriig Ririmation.0Ckhis way,
has a naturally | ow perrreabl lity; other tines, the

E@Pﬁﬂé’ ons Fary flow fremy dhe formetiam, intethe Mellhpreeand;to the serface.

et b 5 b by  ocin

I REmEr 1)1} uétidns, faOtasthghidviestalldd re g0 dsilled we‘lll:loudltdsl Qprowde a
to coo the drill bit, tg carry the rock _cuttin

‘MW lysawncheconduitt tof reiFieYq | hysirocarpnsy nidn nptaheh aroductlons
{Jﬁééreraﬁ%ei%&n%]ﬂ.uwfsefg J@hﬂenwl to prevent
u I'Ting.

on durirng dri ng fluidis
expensive particularly in light of the enornous
feR]anin topeshdid atell progitctivm, umedcegnpamgetﬂr that iinfluences production

i 1 ho gorpabich o sy ot alots e dpameach i Ffgrocitoon must
V1! ol fidolf ke SheliBor ¢ SPbin€l! e tBrhatioRRlcki 168 £ Qatubilly low

a snmall anount forms a coating o
ptindability;aither timest, the mpanab)lm' is vestuctbdwring, @'r]ln@am dnlllng the

dei 1L f the f
o, g BB i GBS el P o o
tHe Ari1Eb# AL a RifbeSY reRITRY eqnblﬁdﬁh@,d@rcobpﬂﬁmmebig tb B&ry the rock
cuttings away from the point of drilling, and to maintain a hydrostatic pressure on the

formation wall to prevent production during drilling,

[04] Dnlling 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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30 targeted productivity. Current cleanup nmethodol ogy
i ncl udes applying chem cal treatnent to dissolve
filtercake and near-wel | bore damage and/ or applying a
jet 1 blasting along the wellbore to nechanically
break down the filtercake. In Iong hori zontal well,

8 08B b SETEA S B R byl v

Hori8R8well tth@s%‘]ﬁ’&&%séé‘?ﬂ_@@)&édf@ld@ﬁﬁbl&ﬂﬂ&ﬂﬂ o tifhettb @om 1ete Asa

treating fluid to flowinto, leaving majority of t
resudt, ivden anlocalcseotioreis firgt clhaned; #berergescandyrive f%Flsamelmg the

bi f I
rRfs iy Sen oy e it oS S MCaePOn{ ot B parsd By By rating
M dTaR ihauility 16 MeifoREIy N asupvd dntirewell secmajbr prablém dhcing the
of the current nethodolo s the inability to deliyv
athindusteawhe trying te p@@@yeugﬁ}gm langeopepkelaatellsn Tﬁsle;f d,drawback
LI d Th
S PR o TPA TV BB B by HC 84 o

fotaafiénBeyondi tHe dBHin d@nagle. tTius,1 thagimmin ridanop oﬁﬂiltetmke is not
two problens -- uneven coverage

tﬂd shal | o
sshived cviepninoftie ereas ihtigds | rapeive b, reaBe dltidy Beprishsof the
thtl“e mtgng'] Fto theBS QY %ﬁi&n% 2. Eﬂ&eﬁx&g ?{e 'aﬁﬂ%ail&ﬁ.]penetratlon of

anee extIsts 1 n |ngan

m@ﬂm@ n&)drﬂfmlé?édmpléﬁ)dinsa)ﬁmdol mobperfayste tn theexpectations.
renoving filtercake quickly, eff|C|entIy, and

(060 geshingls 806 i Bt dike AEiAR, B FOmPIELRR ARy for 2
&%Zﬂjle ten Yof fgrnoﬁggg{;t&gﬁe% t&f?cl&{f‘ S rAGEALY, ¥RAomblifely in order to

resen rnvention system for penetrating

pllmduéemhmeno IThié isahe prismahyodbgeqive o tei presenkinventiina g
perforating tools. [08] For exanple, an enbodi nent of

the perforation system of ent 20 invention
incI udes the use of one Maped charges for
Fﬁ" gk all RBcorlitig B! bt ebodifhef) GHE Presemteinventien prov1des a
n“anot her enbodi ment, the perforatl ng system of
smm fergenttritingshe farmation of anlepenbele predugsiongyrll wgingperéorating
shaped charges for penetrating the formation of an
hol e wel Il bore in a transient underbal anced
environnent to facilitate nore rapid 25 renoval of

108 fiFo} eixamipte, f &P rBniivdiment! BPrthe perforation system of the present

invention includes the use of one or more shaped charges for penetrating the

C..u

formation of an openhole wellbore.

[09] In another embodiment, the perforating system of the present invention
inéludes 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 instantancous

underbalanced environment.
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[010] An object and feature of an enbodi nent of the
present invention is to renove the filtercake from
the target production interval of a wellbore rapidly
by perforating the wellbore interval with shaped

charge detonation in an instantaneous underbal anced

[T Uﬁmtob%&t [2Rd ¥batd¥RO3ET embbdiflent Bfl tHeCPlebér? iR¥enfibn is to

enbodi nent of the present invention is to facilitate
facilétatgthe paagingrofiperforation ichannslsthreugh therdrdling damage.
drilling damage. [012] Yet another object and feature

a r A | | . . .
1217 & RS Sl FIGB173 Mo bYEAL ey imvemion o

pbﬁbnateoae opér welljordetb @vaicon@ mpireoir hewtodeneity bendstonating more
| ow perneability wel|, sections and I ess perforatjons,

perforgtigns Ja, My bpermepbilibe twelh ssectignsy @nd pless | pertorations in high

hee t Ag D
PG LY S ST e PSS ) S8l e of
dewhailigehatgesf the present i nventi onis to facilitate
production in naturally fractured reservoirs by

TS5 PO Bt e b o P st svenionis
fhlitafY rﬂ&lrﬂi%ﬁ%h%{:}ﬂlg E[r@d"}JsQ% ﬁlgﬁ %ﬁa&ﬁfé"ﬁr&nches.
the cl'ains. BRI EF DESCRI PTI ON OF [ 015]

The manner in which these obj ectlves and ot her
[@ed]i (OQthércorcalternative featuies svitlhe appsrept front therfolowing description,

ai ped. in fo description and attached
@Fgmeﬁﬁgwpgs,\mp?mmhleﬂ%{n%ﬁ gure 1 illustrates an
enbodi mrent of a perforating gun positioned in an
openhol e wel | bore and including a gun system accordi ng
to one of several enbodinments. [017] Figures 2, 3A

and 3B |IIustrat es errbodl ments of a erforatl ng gun
system for ) AR OfgTH]

er
5 ) S A o
be abtdited ie axplained inithefollewing @lad:nwoh abeé aftachadh drﬁwmgsa:pezduch
charges are nounted, with the [oading tube filled wth

rousnaerlal 0 ures S5A-5B il lustrate a
lﬁkﬂf Jigre g1 %ﬁ#a&;s%rﬁmni%é T r@ Rraing M RAtitioned in an
openhole wellbore and including a2 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 5A-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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tube contai ni ng shaped charges and a porous material.

[020] Figure 6 illustrates an enbodi nent of a

perforating gun system for enhancing a transient

under bal ance in an open well bore. 3 [021] Figure 7A-7D
[0211]) uBigueé FALIDI llistralbedios némbafimesik | oF ﬁ&ﬂf@ﬁﬁﬁ%‘r@m having

having porous elenments for use with the presen
Poreuepiemgnts fpopse]with thepsesent inventionat es an enbodi nent  of

a seal ed chanber for deploying in an openhole well. 5

3k ELodr: i1 [ —_

(0537 ek 8 Bty 4 b B0 @Rl of TR B Ber Br deploving in an
opettheletwelh depicting a perforating gun string and a

plurality of sealed chanbers. [024] Figure 10

' frates, an enbodi nent of a perforating gun string

ilLu ! .
[%inﬁwwwmamaﬂ&ﬁwpﬁ%mme@wsﬁp@mgé g1 @pgprdance with
. _ ti LG 0 4
i DEFTE v afiBn PERIGRE 4 BrfBtfing A lripd S Dl 6 sealed
clmbensy having a plurality of expl osive-actuated .
ports. [026] Figure 12A-12B illustrates an enbodi nent

f a.val ve-actuated | o Lessur chanber in .
(041 oF il 10 Jffgsietes gm SRt P g string; compested to
amndhetifs devie¥ Rt klect rdIRiIRRRE PEStafh WA Efing.

il ust r%tg only typi?z* 15m§rrbogi nment sg’l%?ﬂ]t hi%

i nvention and are therefore not to be consi dered

[025ki Figwee df illustrates ap esmbagimenieof avrasforgingngyn string bawng a
. ' enbodi nents. DETAI LED
P%Pﬁ%‘fﬁ%ﬁ%bﬁ% foll ow ng description,
nunerous details are set forth to provide an 20
[026 e Fipiugen d2 ACH 2B illuserates @f enibodinénitofan valviowetuated low pressure
W | | be understood by those skilled in the art that
chambep i aceprdanae withithépresgnt Bweptert i ced wit hout t hese

details and that nunerous vari ations or nodifications

. ; odi ; _
(7PN do BE Mot BOwevet, ol B Spplfed BraniiS it o hypica
ethbodimeots’ of thiscinmenticnoarid, are therefore not to be considered limiting of its

scope, for the invention may admit to other equally effective embodiments.

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.

t” (19

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

and “downstream™; “above” and “below”; and other like terms indicating relative
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25 "connected", "in connection wth", and "connecting"
are used to nean "in direct connection with" or "in
connection with via another elenent"; and the term
"set" is wused to nean "one el enent” or "rmre than one
element”. As used herein, the ternms "up" and "down",

posiﬁmraboaa or bélowed given yﬁnﬁéﬁéidmeﬁﬂﬁe fearinagig ldyscription to more

‘upstream and "downstreani; "above" and "bel ow'; and

clsariy desqribed isemesemberiimants R the(iayaniien. sHpweyeri sien applied to

oRRAEE i RefMBof o MBI OOU ol ' B B Hottr Such s

mayhefdt tenledt tofright) @ightiocleft) @rrbthérbulaﬁais.h:p/miapm@iateed to
equi prent and nethods for use in wells that are

devi af ed hori zontal , such ter may refer toa, . .
| eft ?feeer@ﬁgh fools,; gysterns, anet tme‘?B‘P‘Psgﬂ?Fe proufed ifgheriorating in
oBHloRP chitpftio ?%?%erﬁ%é%% Ytbore oBUChER: RAffRANEy Gy
lctoeenmg iandl/pe removibg fiternalte fatnddx om Ithea opgnhelef welllorey pdiistrating

g?ﬁ?nl and g[;_l%tgoelbrrovite&&{_l I tﬁ{c%tseg {rgr{%d O?tp;ir\];\?pélbore past
aﬁﬁﬂﬂﬂid Qﬂm:l&'g@fj ORhétt Hahdal RE0GES SRlioY @nkd hé%fnohhff drilling

viel | bore past” any drilling damdge), connegyﬁnat ur al
fiida technalogy anddlﬁicuémmhsurfmpbmumnmtsof ’Ehel bpanhglel perforating

S 55 B S vdhad b B TS PDE ok ATE oo
withv e idlsAN e saﬁﬁdexﬁwmﬁeﬂts fMdﬂhecIﬁe&aﬂ ul%ﬁﬁbﬁl Jan openhole
formations "with any lithology. In sonme enbodi nent s of

weHborerraaiehe perforatadi torremanie ditercalse in amaindesbalancedy owerbalanced,

gerf%gfnt ed tonrerrove flt| tercake i n an under bal anced,
fedyell egyironment, " nced wel | environment. 15

[030] In sone cases, it is desirable to | ower the

[630] alin B6IBE Thes, i€ G disirabie tb Goweeras tecal pfegsifit €bhdition to enhance
under bal ance duri ng perforation. Treatpent of

trangientupgdrbalagee dunmng pesforainny éﬁreatgmb@f} lilareakeons welaggemoval

O?Egrfgljaaslg ﬁaﬁgg% e accC o%‘p?ﬂ EOQ@&%(})/]{ I Nncr e%tgtin%é %E{efelltaggg ltunnels,

nmydﬁswcﬁméhﬁhbd(by icreabing tgakicalgpressard dopl (i.ef irvreastgt the local
under bal ance condi tion). Various nethods and

um%%mnéﬁ@a}mye gendition). (\ripys methods and meechanisms may be used to
{onﬁl)qear %s%? %ﬂd&%gﬂhéédo 'dﬂl&%c?hfcﬁ to perforate For

per ora PR ORe enp
epanﬁle; mtomgengmlmeﬁtha pemmmg: ghmwvithesparticidarsebled \gua bddy and
e | oading may be selectedtorunllnth ggen .
%ﬁ@yg)@ns@{egfeg tq THY ARy the-open wellbore and generate a dynamic

underbalance pressure. In this way, rapid removal of filtercake from the wellbore

may be achieved. The shaped charges may be selected to either penetrate both the
sealed gun body and the formation, or, alternatively, to only puncture the gun body.
The sealed gun body includes an interior bore sealed at a particular pressure lower
than the surrounding wellbore pressure. Once punctured, a transient underbalanced
condition is created by the pressure 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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under bal ance pressure. In this way, rapid renoval of
filtercake fromthe well bore nmay be achieved. The
shaped charges may be selected to either penetrate
both the 25 seal ed gun body and the formation, or,
alternatively, to only puncture the gun body. The
dovaito®ds g@ 1P ay! BeChsed §¢ pRide of b Petforatiiggen t¢ aleatt ihe tensient
r

particu pressure | ower than the surrounding
undetbabenced poreliSon.e. Once punctured, a transient

under bal anced condition is created by the pressure

Lfferential betwegn t [ SRR & t tth@sient
[Og}i)og’ed’pmﬁg?’i 8r W ﬁ ?%egﬁaﬁﬁﬁ%ﬂgig%g ?‘ﬂids prg{stl'gu? aeml%&3 e
b ARt dodditionethke $s dediRdniar @ mellBresintereal ofax topenhole well

acilitates the rapidly renoval of filtercake from. th
relwivietto reewellppre prassure r(Wg;&bn'BF)é be st B FREEVAL IHBSSH:FS‘O Jéﬁ%get
the for i.on | - i N £lesveha | Wways, such as
ket Yeeroefpst Sablioh Sl e end i inonc o AR faye, suc
bhsd Greathpirichleddts &om praviousnwiell bpératierscoroam simulagipns performed

[031] In operation, a well operator identifies or
withtropddlingsoBWAEY get transient underbal ance condition

that is desired in a wellbore interval of an openhole

| | Otréhs EBalBh&S T fool Witingh (2my pbrforating
[(ig] B?g?c[egel%%@g%r essmﬁgus&The target transi eg{@
g | Bnemfigoredi t Fon exampleg thed gun isizee ghotndensity ofharge type,

several ways, such ags based,aon enpiyical a ;
PbRsing.0 grentalion, o FERlasIV S 122y ngH SWEEI getg.b ﬁ%oqgl&r P&éﬂngged acid
8 u&igngo%?%ah%gtss% I Qlvdntsd ZheRAAE dhids, tdrefliids otdcosified by a

ransre et bal'ance, the tool stri ng@{je. g., . hi
geliinigoageni)nand t6myyancstmethgyl may boaeniigir apprgpriately to achieve

B e e, RS AP s o
‘t%agﬁ on e?gﬁi\‘/l@l DX Y $esViR berdivngtdrofiem softviare raotteling and

nts, chelating fluids, or fluids

stinalitiend. i Detcnyiming thel dpprapriateeeanfiguralion 4o W@ 4 be determined by
t hod b fi d ; . .
R o eSS TR BHEEH, P s the e s
%@?ﬁﬁ?lrei G 6né 8P hridae pRSdesidrs an tHeesybtenha Skations otepiconf gurations
ata

rom previ ous operations_or_fromso

t :
mrayl bk imagleatocachisivenanaaptionen resite i somegem ‘aﬂ@rﬁﬁ%mﬁ cxpqple in

configuraliqn to use C - eg i : 59 ValRhe d of

erIRlefQn 8&331?{%%@8«3?\}]3 %@g:?@trgfhé., é uc as#0 gavgg%put erg3 )
Mi1eSity BE dERiréntaioned)s theextemge adadingocarohe highensgainst the low

p;ronfeeaﬁi?i?; Szolngs ttt? eingr)égsteetrﬂe g\rvl gfjesa. % eqeﬁerfcg'gtfiﬁgq % alJePliine the

preferential flow through the high permeability zone. In other embodiments, the

perforating can be oriented according to the reservoir fracture network so that the
perforations connect with the natural fracture branches.

[033] Once configured appropriately, the tool string is then lowered to an open
wellbore interval, where the tool string is activated to detonate explosives in the tool
string. Activation causes substantially (for example 70% of) the target transient
underbalance condition to be achieved. Thus, penetration through the filtercake and

formation and/or rapid removal of the filtercake is achieved.
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may be nmade to achieve an optimumresult. In sone

enbodi nents, for exanple in 20 conpletion of a

het er ogeneous reservoir (i.e., a reservoir having

varyi ng degrees of perneability at different zones),

t he charge | oading can be hi gher against the | ow

[QBé] n¥ahohs emnbadiments of ipler:fbmg gime dridéov ethen t@dl$ ke provided

erf ratln t 0, overcone preferential flow through
rgﬁea%'ﬂhé%ﬁﬁtws s nethorlsopt the DA iEon foreate a

trﬁ?s‘ién@ LAdBElaA& &ﬁdﬁ{ohelﬂtaﬁ%géﬁ Q%rlﬂbﬂsgtot Acilliflfe ﬁgesl%ﬁfff)feﬁloval

fracture network so perforations conhect
offiltdrcakiee natural fracture branches. [033] Once
confi gured appropriately, the tooI string is then

Wéﬁﬁé& I q???% guito L Eine losgns ssubaiient, a ectorging gun

l@g 1§ ?Hﬁ%ne?lliﬁ%h %Q&hlﬁhé %.el, fRh- éflbore 20
%of the targe ansi ent nder bal ance condi ti on

havinge porshipgd o2 gratekincflcmke moagnnomer embodiment, the

| tercake a or ma or,
porfere s Bitie dRemged o R S af (g 3Bpipl, “TRE PerteRating gon
1@ RRQUinoRaE 2 @Eleﬂegtﬁxoda@ﬁémm Gdtrt&h&l%ﬁﬁ dh!aﬂtbér)t £ énedbremore
prow ded Dbelow for use with the systens and net hods

plargpscldoarranged &m%n The gun earier 12 may hegittached to an adapter

‘?E‘Sﬁq{‘?f‘éﬁﬂff Fafiflafle 408 cafiidt iltP 90, 197 subShdink g cpupying the
pabfarhting fan ¢0dstot the bipgnhote Wellbere@0di The tarientine 40 may include,

enbodi nent, a perforati nqugm 10 (si.ngle gun or. gun
bulyisingt limited 382 wikshas 3 licklingpe-ling| drill pips, or fojlpd tbing) The

e DP9 B RS AeSN TR 62 AR i of
thg\warries id letcthae chetsurroenditipy wellboregesstfel ng ( not shovvn)
The perforating gun 10 may include a seal ed gun

[038) 2#23@%5%4923@ \resbech i Eiadicios e pettaetes g8 10 s dpvered on o
carfiel Y 0 BlrbagN Ak Well aﬂﬁ%@?osﬁ@n&d@& ¢ht Id¥ ﬁfdﬁ&ate the

connected to & carrier 1ine 40 for suspen I ng and
famlatigm 23. t e asepsirhoneatcxvabo@the ﬁmerbakeo24 htbe wsﬁwt&hhg gun 10 is

G54 oS 5, B 1 e

clﬂir@é% 14 {or OMher@Splodivie fg@&)efor f)@ﬁétfaﬁhgjel?e éé‘ale’ile@he&rﬁ& 12 and
generate a pressure differential in which the internal

thersusrounding fformAion22 (aarilistratddsin Biguret 3 Ihanother embodiment,
thseulg ugtgﬁgn%ur\i\elld Psocr:oenﬁ)gru?edS " shaped charges 14 (or other explosive

charges) for penetrating the only the sealed gun carrier 12 and not the surrounding

formation 22 (as illustrated in Figure 3B). In both embodiments, once the gun carrier
12 is ruptured, the transient underbalanced pressure differential between the
surrounding wellbore and the volume within the gun carrier causes a surge to break or
otherwise remove the filtercake 24 from the wellbore 20.

[037] Another embodiment of the present invention includes a perforating gun
system provided with a porous material so that, upon firing of the gun system, the
sealed volume of the porous material 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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[036] In operation, with respect to Figure 2, the
perforating gun 10 is lowered on a carrier line 40

t hrough the wel | bore 20 and positioned adjacent of
proximate the formation 22. To assist in renoval of
the filtercake 24, the perforating gun 10 is ignited.

hghtrllqmlﬂs eﬂb vdéuuent Whehlthe peplésivatdre ﬂel@nﬁted,Qhe Porous material is
co f%gﬁ with shaped 20 charges 14 (or_ other

cr"ébﬁa ear%s A serh fthat the n'emasl #g axpesedcl) g welfpore. This

oAV brcfes A ow: VARl 0 LR S UBEEP LR 86 AR intoy ik

creples f docat, Itﬁgmgﬂlrprlé&uresdrop nﬁlsglﬂ-:ﬁi)it }Mtl&hsﬁiit&ﬁﬂdtbﬁlhﬂb@ ﬁ@ndltlon

i or, ot her osi ve char or penetra ing the

ey Wl QgoRs materiakio fBoiliiaie reragval g £l € b A gpen

wellpgrgt i on 22 (as illustrated in Figure 3B). In both

enmbodi nents, once the gun carrier 25 12 is ruptured,

t he transi ent underbal anced pressure differential
(0383t Wemxmmie rsfermmgmlelggreaéw-bB;m anhlodlimenwﬂ apaforating gun

sysbion dDfis e, EeessEip OLREweBbucnfordl sievmi Siged bgrges 106

are?cQ»uFicﬁ3ztl dél%ﬁﬁt'i}%’ cdrgied '1§'E&§ne@fedtt5 @add Sﬁﬂﬁtshhﬁeﬂi‘éﬂakgb@ 106.
i ncludes a perforating ? system provi ded w t

The ghaped charges 1@6 areanae inugoorespandingsupport imgy dﬁ4 of a support

brafkS 08, <A mapPPrraeset gy s S e, f HrP e Ry phasing

(e. gi £45Cgsieall be° !ﬁh{l bﬁ{-ﬁh&é eeteyr eAItéi'nEt'i\\hﬂjﬂ Cthe tsbﬁpdr@ ®&dcket 105
under bal ance condition. Initiall t he porous
maybe @rranged @, anon-phased pakiers de.i g1) 0%phasinghs Insangtber arrangement,

the ol Sirinl B4 BRL 2, SR acth, Mo Boeohabiatier 55 Bovidine e
priffafyeduppbrt ifér the capsiicbhargegnogen apart such that the

vol unes are exposed to the wellbore. This effectively
creates a new volupe into which wellbore fluids can

[035] ol pRe smbagimant, the sarries sHIn b0%|Supporh REackek 14 SuBRATErings
104]" @R neaﬁ% ncegst)dst and® c%l?s%ﬂ’?'c geyﬁééfﬁé"eﬁpéi;t%gfa?éadiﬁ 'a08orous

51Ts y use materi a
matfeziai [110.at@ner exanyle of fthd pdnbas Gredterial rinclodespe porone [sblid sech as

pob b K57 linpl P e 5k SR g cporons
cerlrt i RBing) o it Solloh iR SABksr i3 Hicrospheres
filled mrithcd gak (eog.aichoobthehtypsh af gak-ciraragmen-Hikd spheréber shells.

Mlglg)a d?sc ?liae:]ggl 6 ar % agg% 'ggﬂsg shghsc%&eseaggxlrqu large portion

being air.

[040] Porous cement is one example of a porous solid containing a sealed volume.
When the gas-filled or vacuum-filled hidden structures are broken in response to
detonation of the shaped charges 106, additional volume is added to the wellbore,

thereby temporarily reducing pressure.

[041] To provide structural support for the encapsulant 110, a sleeve 112 is provided
around the encapsulant 110. The sleeve 112 is formed of any type of material that is
able to provide 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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bracket 105. The support bracket 105 may be twisted to
provide a desired phasing (e.g., 45 spiral, 60
spiral, tri-phase, etc.). Alternatively, the support
bracket 105 nmay be arranged in a non-phased pattern
(e. g., 0 phasing). In another arrangenment, the

ruy inte the welbgre B0a itreglliies withtdtlest, dowribold SteuchitBf O Alternatively,

. bracket 505 prqviding the 15 primary support for _the
insBact] & SEPFAFISCUeeHG05 {098Bg T4y B adaiedeith auter et of the
L1 1ot 11 e
AT, AT hling JUAGY to MeRnciiiiops RIEBANE LAGE The
coatmgamey | ket éxtmied of pometesial seleded ab rédice il partiation.of The

he, porous .materi al..i.ncl udes a porous solid such as
ma&%%gy@éﬁgwgai@]w&%e of a porous cenent includes
LI TECRETE(r). Porous 20 cenent is formed by m xing the

[042F B Furthel: enttdidirants, ! foUSHoWAR Shigltdd GReditird Totings PR 'e@Sapsulant
filled with a gas (e.g., air) or other types ‘of gas-
11 mayabe, formied) wsing spotberctyporofgnatetial, Fott examaplhehigherspressure

(Y2 Lh-wal | ed gl as h with.a rel ativel
rotQECREL et 360 nlBionferst Bade RY P oty el As an
alte@native] €hedEncapRiaUE] (5 flaly theC &) lepbiy [EQ%.? gﬁ%&ﬁaﬂé@'zﬁﬁﬁd with

.25 \Wen the gas-filled or vacuumfilTed hidden
micrpsphieras os other typss ok 895- onvacvymofiled spheregor shellsi dm yetfa further

emp SR RS BB 110 3un BRUS P et Fion g 088 b can
be fdidit ofpopsvieitent,twhild aotherduyit @ah bedorthél of porous epoxy or
encapsul ant 110, a sleeve 112 i1 s provided around the

othgrBef9us, |S{al#|1- iltgmatiyelys fheetncapsutant d 10crerere ®1iqaieon gelebased
a2k 11 o P ol 0 i 10

forth. The sleeve 112 is al so designed to protect the
{043 hc Epsomheaernbdditents, the @orpns nsatariad is 4 B6posite nBatertiad, inbluding a

he | | bore.and. it collides with other dogwnhol e
hollgyy  ffer, agat t fRaPPIRsIy), 2i heaveaposricr, Goneapisy), and
bindbARN®x. The VabdeShatgy ﬁéﬂgq{aiukﬁ sﬁgﬁ, SULAr BrnAEE 0P bolid
t1 ng adhere €

_the encapsulant 110. The coa tot
binderfmapizixl waterials inchide palymgr dgpl, i @stablEhthermaskt isagh rayepoxy,

rub, 55511 G InUpREOIY olgabler s oRlgetistost, HEpiEay Pfled ceramic
(e. %’_r b Cehet-bdsed Thmpbuhdy, LhaEtaE rﬁl‘oéj;h:lgﬁf gomf)fésﬁﬁfévéllﬁlﬁomer. A

I gher pressure ratings, the enc nt
non-solid binder/matrix material includes a gel (which is more shock compressible

than a solid) or a liquid. The hollow filler for the shock impeding material may be a

fine powder, with each particle including an outer shell that surrounds a volume of
gas or vacuum. In one example embodiment, the hollow filler can include up to about
60% by volume of the total compound volume, with each hollow filler particle
including 70% to 80% by volume air. The shell of the hollow filler is impermeable
and of high strength to prevent collapse at typical wellbore pressures (on the order of
about 10 kpsi in one example). An alternative to use of hollow fillers is to produce
and maintain stable air bubbles directly within the matrix via mixing, surfactants, and
the like.

[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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110 may be forned using another type of material. For
exanpl e, higher-pressure rated cenent with S60
m crospheres nmade by 3M Corporation may be used. As an
alternative, the encapsulant 110 may be an epoxy
(e.g., polyurethane) m xed with 10 m crospheres or

irom thimegsteny pe anyp dthgahighalensige thatardal.| Addrmafibelyethedieavy filler can

shells. In yet a furthe enbodj ment, the enca a
be 3¢ t‘éﬁﬂﬁéﬁ@%ﬁfh&i\@ltss ithe Beayy Hﬂa‘fdeéﬁ%f?r" &p 19 OP@@‘J 6 35% or
f unf&ﬂi 'h?%ﬁ
400?%? n‘@%‘?"%@‘? ous epgxy o:r%l ot 'ei;]fep%rggéjgﬁ@gl | .Hed%&?pgﬁrder
partitleerin aelectedyto phelues dhe swimot ndit Orhealogp etoaadhiepsi d wmiform
el - basgd erial, with the sleeve 112 providing a
(SC&GE?W'&Wt%%L@det he encapsul ant 110. 15 [043] In
sone enbodi nents, the porous material is a conposite

[045Rt BEind! sanidNGs Ul Nibady MMr! Matehil| b et Brovitles (6 or more
porosity), a heavy powder (for density), and a i
adviahtages: FontexampleT sandbis familiare field pergorimg] and thygiig more easily

sol i or, gel,..Exanpl es_of. sol,i d i nder./ mat.ri
mafienle,  dny AOTR DY) Jsis. e, vRRutE oY e g sigume of
mafrfhindsr RP@cYeased, URARA, refiifos, the! andéurit "dfeadbirRNMmaBE APLLE the
thernopl astic), a chem cally-bonded ceranmc 20 (e.qg.,
magix‘eindenafigndetanatiompound), a netal, or a highly

conpressi ble el astomer. A non-solid binder/matrix
terial in S i.Che i .
10483 5 58he sRmb{eR 8 ARk iR 18, SBEE B06the mpteril ranges
frodni 4doat 05q¢/cd (@arak pekcubip estitingeterntedbont 10@ycchevith a porosity of
powder, wth each particle incl u%'#opg an outer shell
theicpmpound rasgigsrom betwssa abeut 2yato R%vacuum In one

exanpl e enbodi mrent, the hollow filler can include up
t 9 { :
0475, S exdipRORs MR TRIBN, 4 10 gt AbrRADRYRderial, such s
tungSien tpowdied/ miixed eithnholiow mittusphdred, 50846 eatie bipotdlame. Another
filler is ipperngahl and . of high.strength to ven
examyle &a@@%@gp WE}@&B%PY Fakuns, 's‘G?Cé’éﬁl( ERoh 28 B volume
is0} furfe a bt &éhsity i
hofkie SFE8 Sph e, A s By PRuis CORRE bowder, TERE CORpLI Achsity e
abatt 18 g'caand thelporesityds atmeit B§%wi Atnthertdompennd includes about 39%

1 Xi ng, t ant 3 ike. [0
by el v b B oG LARENCRR FLF el i) By, sias
spHePesD QA e HAdIHIE ©f optid€izé MedlogyOamdosine rate] UTHR. denkity of this
the powder being a netal such as copper, 9 iron,
compmgsltienbomrl.bg/ac end the poregitydeakaut $0%mt eri al .

Al ternatively, the heavy filler can
[048] To form the encapsulant 110, the porous material (in liquid or slurry form)
may be poured around the carrier strip 102 contained inside the sleeve 112. The
porous material is then allowed to harden. With porous cement, cement in powder
form may be mixed with water and other additives to form a cement slurry. During
mixing of the cement, microspheres are added to the mixture. The mixture, still in
slurry form, is then poured ixiside 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.
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be sand. In other enbodi ments, the heavy powder can be
up to about 10% 25%or 40% by vol une of the total
compound vol urme. The shape of the high-density powder
particles is selected to produce the correct mx
rheology to achieve a uniform 5 (segregation-free)
[049]nahegnﬂ?wmkmt1HD&AﬁkﬂirﬁdpmnadﬁddaBoﬂ&ﬁmﬂ@@VMaékhbﬁﬂmﬁcwn
i,Ns of nmetal proyides one or nore vant ges For
be giadesh ato Qg ections; ﬁpafoppaterqoeroa%@%@a surfaces
of fe RS SeciBd 1o/ b '
t he vol une of gegﬁ%ea&gglﬁpéﬁoﬂérgr %ﬂﬁé Eh& ?sx/ ghég&ﬁ%%z tﬂéhhe
plaged rhetwean, theiteio smjmneswhich alrmrﬁastemﬂ tbtglethes tongeovide the

t.h O.matr b nd ter detonatio 046] In ;
enQpsalaig, LSRN 1 I B et Bt SRATGh e e amanh matprial
ma??ﬁ??“#%%%ﬁ%a‘ﬁ?éﬁz%ﬁa?’mlo 0 o el G LAABITRAEE T il fos arc

loadedrpound rangi ng from between about 2%to 90% [047]
O her exanpl e porous sol i ds |ncI ude a 10 g/cc, 40%

1o R sl ettt o Bwm %ﬁb &eﬂ&%“ar?énpm%wed
mmm@oﬁmﬂms ﬂfdaﬂsgsufﬁ prONdIREtHeReeded sapPért! Y

epoxy, 42% by vol une holl ow gl ass spheres and 5% by

vol ume copper. powder. The colr_r(gBund denS|ty is _about
[054] 3Rgfermng; ini Figheest-SBs inyagcordapee witbamothen @mbeﬂlment, instead

| t
of SRTBRHAP sk Ao hoRRH G X gL AT e b iy b
extspdedr 5 2 kollbw lcagier aglgi 1008 Sot geﬂemamg Zetrinizéant gidetbathnced

cure rate. The density of this ound is about 1.3

itiQn inan anea writherg a@bt%wmovabo/ﬁ Yagake. 1o thohoHawearrier
5@}93&‘ og,ﬂlf_lhg]t&'ge li(gf;‘s I;b%{tfb m&cfer 5, ﬁ{)l}]&{r @allﬂeglﬁg qrhe loadmg
urry oure ar ou e carri er str

mbl:GZ’.an'ntrﬂem eﬂemngy st ﬂiﬁﬁl@ll which shiﬁed Jdhaegespldtomay face The
maerlal [ hen Ilowedtohrden Wth porous

Ige8 ohih Mav, 509&%?@231% Fgstainge the abapss charges are
prdf@.‘t&f ﬁ'@ﬁ‘ldtheteﬁﬁﬁ'o@ﬂé}ﬁtﬂy\’tﬁé hbflow Laffiéd 192”%&11% Wi ad.lg sealed.

During mxin e cenent, m crospheres are ad
Afiep thérshaped uhargesTﬂéﬁ nmtmonntcdtmkldelthe lphding ytuber®0 idering

ossHERP e PO BIREIED i POFOUS PP (A RN Ty B  sturry

fort Yy bE {01 lo oplefi 1¥adin :
eqw%ner??%glkiﬁrgf%gu( . ﬁ@ﬁgbg@g I be s3ocd§]rt%éon i gé‘rxge The

materia) Js them atlbwoed hasduﬁ@dtotmowde a porous material filler 125 inside the
loading tube 120. Figure 5B shows a cross-section of the gun 100B.

[052] The porous material filler can also fill the inside of the hollow carrier 122 to
provide a larger volume. In addition to enhancing the local transient underbalance
condition, a further benefit of the porous material is that it is an energy absorber that
reduces charge-to-charge interference. Also, the porous material may provide
structural support for the hollow carrier so that a thinner-walled hollow carrier can be
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 external

surface of the hollow carrier 122. The combination of the porous material inside and
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30 increase the strength of the encapsulant. 10 [049]

The encapsul ant 110 can al so be prenvol ded. For

exanpl e, the encapsulant can be divided into two
sections, with appropriate contours nolded into the

inner surfaces of the two sections to receive a gun
ousside the hollovwo carrieh 422 &s providesguvolame tb heseiveewellbare dthids upon
de?et en the two sections which are fastened together

%uaﬁgﬁvi de the 5 encapsul ant 110 shown in Figure 4B.

In yet another exanple, the porous material may be

059 {3ARE ¢, Ninb ithh enfifd
[m]egﬁﬁeg&(ﬁ]g? glzls ar e6|’ nllnog%le . %\é\g}tﬁl gétgﬁ%?tﬁgl‘rj diflen, a
pecfopatitigngmt systesn $00Cvincludes agubwari@rriert 202 thatmay bt msed to carry

i i t.ted ith th K d .
oapifie st 208 Toounbest Pravcine oiebigs ol 16 B srular guriens 292 for
gdaefaﬁhgian@m{s&n%ﬁa&rsﬁmﬁcf%d%dhﬁn% %iﬁéi@&e%ﬁﬁvﬁw fifttrcake

enmbodi nent, instead of the carrier strip 102 shown I n

fromguwellbore, The tulmlarcagieri203 maybe apanged jn benanset sindlad to the

topdia@ it 12058 o lBer R0 . o B0 B R iy 202
ndt contindd indide 4 GBNYW! cadfierl | Akl 6RUR, cdpdulchehdi@ds 204 are used
carrier gun 100B, a Ioadlzag tube 120 is EESIU oned

instaad @ theheam-eapsuler ehasges1206 ofhEigtsadidng In5onetssrapgement, a

AREHhErE BRR AT el AR B8 HB6TEY 88 RpRIAE SRR 282 wnd
cohhedtgb to tHeneupsiild &haipep 206.C A r@6theR b2 ang¥iniding the defon@tihg cord
the environnent by the hollow carrier 122, which is

208pax be run wede e tubnler eqriene02s nApwith dherogding tylee EgQof Figure
S s WARRE L A3l iy B Bt | R SR Uk fom
may be paided through @uopl 00 botibmiropgning X1 0rof theyubldar Rattiee @02. The

t hrough .the_ top or .botto peni ng 130 of the |oading .

perpsIakprie Solgies pasds e fyRaTs spTSRRN2 1o og petp graterial for
. er i al fi halid . _

SHOCE 4bd SneErPRAQ BARAGE B ddvapfae bF Rsig ThE B carricr 202 is
thathdargage 100G ppfimR] materalpisr kess likalyebécalsd ithd poronamaterial is

ajso.fil] the inside t.he hal l.ow carrier 122 .to
P"B?'eﬁ'i?fi&é( tjﬁe F“gPlj'é ST aﬁé .Wl}la‘ ’éd&?‘?*ﬁbﬁa derﬂ?éﬁ!ﬁ'& Sirgqhare.

| ocal transient underbal ance 25 condition, a further

058 e bferrf, gl PASin BdcBdabe with! i lanbthel iR i
[ agIs]orb_er t%g)thpl edu:]:r:){ei’s1 char%gdg%%ﬁﬁa%gnibﬁltegr erBenceF’gélsmp
gul 9D inblmdpoploral shapredrchaigesraryanged i a phased pattern (e.g., spiral, tri-
phased, and so forth) on a linear strip 302. Alternatively, a non-phased arrangement

of the charges can be used. The 0°-phased shaped charges (referred to as 304) may be

mounted directly to the strip 302. The other charges (not shown) are mounted inside
tubes 306 attached to the strip 302. Openings 308 are provided in each tube 306 for
corresponding shaped charges. A porous material, which may be one of the porous
materials discussed above, is provided in each tube 306.

[055] The tube 306 can be formed of a metal or other suitably rigid material.
Altemnatively, 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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structural support for the hollow carrier so that a
thinner-wall ed hollow carrier can be wused. The porous
mat eri al provi des support inside the hollow carriers
agai nst forces generated due to well bore pressures.
Wth thinner hollow carriers, a lighter weight 30
[05&)r flarEigimey 7B+7D] tn pnetherdedbédifientyatietéadnonaltoligwanie 306, a
sogg ration nore convenient. A |ayer 123 forned of a

3064 vaifh gavitiesn30BAs Hop &llep&l@mj elarges) isusadh cFigures 7B-7D
shE%! @il iews Ut Bfde Qiffelddf j&%&n@%fcfﬁé Mot rSé)é watjt-lgﬁtlthe charges

conbl nat1on of the porous material insi
mautted therdiheTho Ibhnm)@brcaném thade oD aprodisdmatepial Guclinas tporous

sofi &,y 1 i & 0 415 Bise 6 eeond Biooyes ThpamAeh2 are
foﬁﬂémﬂltﬂéeﬁds @th@ﬁérf%mtbfi&%hémggmea%ﬂ JddhiEe 304 Slots

tubul ar carrier 202 that nmay be us to carry
314aqrs wlse fommed on o utside surfhcprafidherdlar 306Ai beywe@0 éhei openings

t ubul ar rrier 202 for [
a0ciar ity e eRialite cFarmets Berly Edheled fhat te shaped
chﬁjée§ﬁ{ﬁlgl5§r3(§6§m a wel | bore. The tubular carrier 202
be arranged in a manner simlar to the | oading
tube 120 of the hollow carrier t%un 100B, except that
[05He Tabuther ephancedhe nodetbalaneroetfeatne girsater 4memd efehe porous

sofl 4 o B Bao P e BRl For FREPY £rPPLeBydiorhe porous
sofitl G¢Hne have al thatfifurd! diARREFEhEt i sh%ﬁﬂlﬂ)o adalles tha dhe? @hallest
may be run along the exterior of t tubular carrler

reszuetlcah@ g dupductioadubiag strag) et the gun has tapass e

anot her arrangenent, the detonating cord 208 maybe

[OFggdé ﬁ%h?ts\ggﬁ%g%P : Elfué{}?é{d @ p&%ﬁe%’raéﬂﬁg mat er ra (} the gun; in

su€ke .agscenpiid, othe metrietivn dmheitze iis mot rghnnllahm igh howuindclo rporous
slyrry form 15 may be poured through a top_or botiom

mYpadl; G2y briagsd aragnd the gy Thus. pepxamgle, nrfigussol, She wellbore
anfffhul 2070 B S PO i BIEE WithO(hb BROR"sIER blified Aowhtubing

ormthe porous nateria erence
and aduoidi theygurisystay 40t age of using the tubular carrier
202 is that damage to the porous material is |ess

[O%#t (Jt)eglﬁge u%g}eppse?i).orous rmterl;zél isﬂlegrotec d b%ﬁransient

ur@Bfbalandé Eorifitiots! MeRescrbel Berbly. TEbRE SucA DAL efibdlinfent s sealed

In accordance with yet another embodi ment, a strip
atmaspheeio Deantaiherd éss lgpwvered | intoh see avellbareg aflerapr fompation rhag been
pe%raﬁe&j tmt %E'odu{:ﬁog i8 s%ﬁ'{erdalopeﬁlgllgs are created (such as by use of

explosives, valves, or other mechanisms) in the housing of the container to generate a

sudden underbalance condition or fluid surge to remove the damaged filtercake
around the perforation tunnels of the formation.

[060] In yet another embodiment, a chamber within the gun can be used as a sink for
wellbore fluids to generate the underbalance condition. Following charge detonation,
hot detonation gas fills the internal chamber of the gun. If the resultant detonation gas
pressure is less than the wellbore pressure, then the cooler weilbore fluids are sucked
into the gun housing. The rapid acceleration through perforation ports in the gun
housing breaks the fluid up into droplets and results in rapid cooling of the gas.

13



10

15

20

25

30

phased, and so forth) on a linear strip 302.

Alternatively, a non-phased arrangenent of the

charges can be used. The 0-phased shaped charges

(referred to as 304) may be nounted directly to the

strip 302. The other charges (not shown) are nounted
Hehcﬁs iraidd@ntprbamﬁmﬁs atd avdrethoteorapittwellborp fRO@ drainage occurs,

ings 308 are p d in each tube 306, for
FiAroR Hﬁr}g %ﬁﬁpg%greswraor Thes drap i wellborgypregsure
creﬁﬁxaﬁﬁnéé}ﬁaﬁﬁcééb% ous materials discussed above,
I's provided In each t ube 306. [055] The tube 306 can

be formed of a nmetal or other suitably rigid material.
[064] ¢ Refeating td yxgutm& % tobbsteing havingal seeled atrhosphetic obntainer 510

(orpor&ug}gspfgg erial Sucgsszlg%ﬁvplorelggxs t]:;30 SO tgﬁlpgessure in the

Weﬁb&‘érlﬁ%hg ﬁrt&@al bf‘th%rlﬁhﬁﬁionefm qé [Eﬁw?éred WL taﬁalﬂ)eﬁfwéllbore 524
hol | ow tube 306, a solid bar "306A wth cavities 30

and fplaced tagljacientp a cperfonatgd Sproations 81 te-ibgutreateds ElkDtood mtmlg is

t hree vi ews f t e dif.ferent,. rtiagns of..the .bar
tovigdf S b it Tiog 222,16 et ieR A ety Rbited 5 gfed rubing
drif Gfie, G@Rd)). che%ﬂ&mtfr 510186108 IBhRNbeR lthat Sy @iﬂﬂe@%ﬂpa%g&g.,
5 solid. As shown in FIGS. 5B and 5D, first and secon

airgpifioger) an othen diuad Ther eontsivemBL) has armfficient lengthHie teat the

entifforRid 52 B s JnRERE Bont YIB° o RallcBs, e g Sene

explO&fesdoet ween t he openings 308A to receive a
detonating cord that is ballistically coupled to each

of the shaped charq_ﬂ in the bar 306A. 10 [057] To
[062) {m ome smphadimenty whiledbe el At produring; (aftgr peefgtations in the

f
BN 512580 ) B e R g e 510
expiosmely openéd tb dfenwhlelh(ﬂe a This techmiyde zaebe rused atith er without a

lightly smal]er nthe smallest restriction g
PC%? {49%n t od i fiyp %t theRimogphersscontalp arsgll ws the
apﬁltUaﬁUlg Bf a &2{%&1&%&% é V&Jel if e WIBUl% fhlid 'fi]é' h fbabfice just

‘punped and aroun e gun; in 15 such a
priec enaperﬁqramﬂg r The ratnmmenonccntmaen $10omayp alseri beatsedh after

n ho rlal b | aced ar he. .

peﬁgﬁqgoq-ﬂ ?]‘%&l i 3{1:}1@ iatpe{ @gr;goctluc%on 18

estABIRMLA Frokd thef Mﬁdnéﬂj %ﬂﬂﬂxe];fbrtsss 161 6 B8 afthbsphERE cOMBRES 510
slurry punped down tubing "and around the gun system
explosively opened to create a sudden underbalance condition.

[063] The explosively actuated container 510 in accordance with one embodiment
includes air (or some other suitable gas or fluid) inside. The dimensions of the
chamber 510 are such that it can be lowered into a completed well either by wireline,
slickline, e-line, coiled or jointed tubing, drill pipe, or other mechanisms. The wall
thickness of the chamber is designed to withstand the downhole wellbore pressures
and temperatures. The length of the chamber is determined by the thickness of
perforated formation being treated. Multiple ports 516 may be present along the wall
of the chamber 510. Explosives are placed inside the atmospheric container in the

proximity of the ports.
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[059] O her enbodi nents of increasing transient
pressure drops, and thus transient 20 underbal ance
conditions, are described below. In one such other
enbodi nent, a sealed atnospheric container is |owered
into the well bore after a formati on has been
[068r TR bAt etangdhicnt, the AU Siking indladifif e chtai fI 10§ fovedred into
created (such as by use of _ expl osives,_ valves, or
theowplthorpand ataced@iliarent ithe perderated JommationeS 120 nkighifesrrangement,
. e C .
the GBI BT P10 BE REE A A r PRt} Bbvice W Boperate »

sudiizhfupidatbalincé boition. OPribi® lbwetiAg tanatmosiiitkicl donjaider, a clean
anot her_ enbodi nent, a_chanber within the_ gun can b

cogpletion Sluid of ticatment flyid maypsionplly brsused to dmestinte the, formation

I LLi.0on. Male) . j
or WRHER1R (T HRNGNEr B, oy 1ANADInET I ABHON Bphillly. The
completioh fflufichis chesen hazed onl étecforrhation wettability caslthe fiuid prperties
t.hap the | l.bore pressure, then the cool er, wel | bor
of fhye foppmatigr. e it 59?%@&%0‘@&& (streks alléf?haﬁl%mlﬁwlates
I ' hs : ion ports in the gun
ﬁoﬁgﬁgipﬁgﬁ&dﬁgggﬁ% ﬂe a %I Jtlggla?vlht o droplets and results

in rapid cooling of the gas. 13 Hence, rapid gun
[06f] e ssfiarethieoatmaspherisy eontainee 518 pisdlowsrédand nlaesdd adjacent the

pelloRABEREnBREL ST ane BrBRatESES B GBrff Bl b ftuction vave
at HeCairRe AWHITK BcbRERAMG KOMGWinkOthe dxpfokiveRRatesdti 0T irsile the
Figure 8, a tool string having a sealed atnopspheric

atrgosphatie cgonginer, Spewing chat portse of 1the | eagtaineri HHeto the wellbore

preRue”  Lfe SRR 1ve BEREEE R B8 FORRNeF Tl PREcCls Yorce for
frdeRibe fiterchld @nd/or GERRN pRelidlen’ THe2dddandirey de qilesdtjeaireile the

a perforated formation 512 to be treated. The tool )
wellboragay sausedhe flaif Famathe fermation, tp sushsingo the gnpty space left in
Oty S S <o ) SR L SR W B

pattivd¢iato the adellboref idating cléahformagivn tiutnels andlWelibore surface. The
nitrogen) or other fluid. The container 510 has a

chamber may ke droppgd inte thewelher pulled te fheisugfagsr nat i on 512

and has nultiple ports 516 that can be opened up using

011051 185k 0 y , . Ly
1068 JRCbka°pith E-herlipthiy ) LK PRER, of b TpifRathl gun®may
substmstiddlyecvificidersdih opdnmingofitispperts 616.nhEhisprovides mpderbalanced

cont ai n 510 is _, . . .
perf%ratlon. e[&efemng to Figure 9, use of an atmospheric container 510A in

conjunction with a perforating gun 530, in accordance with another embodiment, is
illustrated. In the embodiment of Figure 7, the container 510A is divided into two
portions, a first portion above the perforating gun 530 and a second portion below the
perforating gun 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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15 expl osively opened to the well bore. This technique

can be used with or without a perforating gun. Wen

used with a gun, the atnospheric container allows the

application of a dynam c underbal ance even if the

wel | bore fluid is in overbal ance just prior to
Alpendtively, ithe shaped chiarges [#32rmay bentoaicapsulé shapedyclakgs that are

used after erfarati on operations have been
°°B@P?e3r1ﬂé<§?a1?‘£"?lﬁ?’§‘°’l- atter arrangement, production is

20 established fromthe formation, with the ports 516

[067] TR ALOSREE' tdn Eé’gj’gr?fgﬁﬁéd 2Rtivéy Nlods! M?ér)é%é?%flﬁﬁ_l‘_tﬁ% For

to create a sudden un al ance condition. [ ]
examplep e kivig sargeicandy peoformed sithing dbautb one ounutarafter perforating.

one enbodi nent . includes air r _sane aqt her. i table
In $fer SRR, tht Piesstoe furBhpor HE pERmsR iftin e i or oqual
toPdiduil @ sédémbls, loh8 lseddndC 811 GTEmIIANRLAES, a8 eRarfples) Ml p&dorating.
wel | either by wireline, 25 slickline, e-line, colled
Ther rejasivat tiningubstween perforatipn gad finid dlove sungedh applieable also to

[} hi,ckngss, of. the chanber is designed to
Ot%%ﬁ@m%gesﬁg T€™el | bor e pressures and
tenperatures. The length of the chanber is determ ned

[068)] tRefeiringt Fggre A0, irPadcbfdante drithQmbter @mbbdinikt, a tool string
treated. Multiple ports 516 may be present_ al ong the .
wifly plural ghambers g be emplayed fRiopssSn paLPR avelibgres g Thetool string

' coc Car i DT

b PR 0 B ko O AR Y TR 082 may

bel explogively dchetabns atlesse thtOperforhtinge gan 600t o Thukefor example,
wel | bore and p| aced_adjacent the_ perforated formation

actygtion, of 3 detenafingoad 4R to firg Fhaped kbaprRPPG N g MSEraing gun
600SwHP B ABnulc™E ARoRE Mo Riballe M ferfoda 660,3which will

udden under bal ance conditio ring the
thert dopib ¢hre ivttoanofthaevellbarecl ean 5 conpletion fluid or

treatnment fluid may optionally be used to inject into
or nat | on otherwse fill the | | e, and .
(O5PF oHiq ek, 6 ofclgey o i prmtler, g | 608 S48 "ehabte  fuid

conBiiiS4ti ot in the nthullds r%?i%ﬁﬁfﬂok(ﬂ%@ fefBRed feasl LfaRblePith a region
wettability, and the Tluid properties of the

outsidereat ifiost €hamber 614 of rthy thel string. r &rhevfirey ¢hamber Hehas a

and/ or. of her particul ate romthe rforation
pridiiratas Nl 98 ecprr 0, 1 TOUSE KTURE fecfist chamber 614
may TRENE pots 626 1BANEIn ﬁéQJPbﬁed, QiREe exABslvelly asretherwise. The
adj acent the perforated formation 512, the formation

vaturpe jof the et ghapbarddi inpng gramglacmay be\approximately 7 liters or 2
gallons. This is provided to achieve roughly a 200 psi (pounds per square inch)

underbalance condition in the annulus region 610 when the ports 616 are opened. In
other configurations, other sizes of the chamber 614 may be used to achieve a desired
underbalance condition that is based on the geometry of the wellbore and the
formation pressure. A control module 626 may include 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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at the surface. Wile the formation is flow ng, the
expl osives are set off inside the atnospheric
cont ai ner, opening the ports of the container 510 to
the wel |l bore pressure. The shock wave generated by
the expl osives may provide the force for 15 freeing
surgel ¢anr b lehiavel. o Homtelver, ipasthércémbodithestss tiidparkes 6R0 irhay be

ressure inside the, well bqore may cause the fluid from
°ﬂ{plﬁ - éﬂﬂ?ﬂﬁbﬁﬂﬂ?ﬁ Yarigys ieﬁibed%t%‘ii‘?ﬁ?b@p%@nb wse;ofj g packer for
isc%lﬂﬁ)_n"&'ﬂopgfﬁle*&t ﬁemﬁ% Iﬁ@gﬁﬁgﬂﬁ_ contai ner 510. This

luid carries particles into the
wel | bore, |eaving clean formation tunnels and well bore
[0B]r Referring e Figiivetbeyetrangthor enhbogipwent fortayeating ancurndedralance

ded to th , . 2 066] If d wi.th .
cofiitipf dutife 2 Berforalif Sperdion ™ an amenbd rustitors, B ilverwigg A
peHoRiting Bhh 8iring iAGhAG HerPirith gORANT02%nd 2 daiferlRiet ®4pWAich can
Thi s provides underbal anced ~ perforation. Referring to
beri gliokding, e-live, afwitalinat emsgiledr orcjointed dubing, Grideillipipe. In one
e R B R 2 Ao B B R e
7121R6E SORAmBEr Fi8W esedled HoAsiBR 18! MR thddPihgemetll off Figtre 11,

into two 25 portions, a firstbgprtlon above the
theyperfosating gun '812@5 imperad throughee aings)6: i A padker iprovided around

3 i 0g. 30. nt aj o ' .
end G 206 829 Mhisueky ] FI20EMREh 457 B tnL U5 202 s to be
shoty(réferred po @s ithec*gepfoetingSintdival s71aM), eAgbregduy@P&,qﬁ @eesdbiCin the
to Jinitiation of a detonating cord 520A or detonation
pegfpratipgigsrvabél%onnect ed to the detonating cord 520A,
The detonating cord is al so connected to shaped

ar . .
[Oe Ogl mﬁi‘%ﬁou}g oﬂalfhﬂsétes rh gﬁéed;l, t ééﬁgé’rﬁ orogéiﬁlﬁgd %ﬁ?@?&e formed
as aaesubsofopesforatinggets produced by thecshaped ehavpesd. dharimgpedetonation
are mounted on_a carrier,_534., 15 Ate nat'vg}&ﬁ{g t he
r

of the ghaped FRrges 7Ehhofgys Hlls Hnintespal ffa gos702. If
. : . 5

th feShicdlt RetonRlihe giprotalyd FRE R Ry GARAY Hellbore Yot P, by 2

giyeer dnoot | then thecwoles waalipbee, fluidewill be ducked gatodhe chr._nnber 718 of

b5 T s e R B o At Gy 8 R o 720

wilBrbEA THRCHA B ifto(drBpiRtst mh%s@&qﬁlraﬁq)coeﬁﬁg bf # gas within

seconds, one second, or 100 mlliseconds, as exanples,
the:chambep i 8.0 The resyltant Rapidrguh présseretlossi ang elven meae rapid wellbore

ARG 'k 2h2Ye o A CtnBr'718 QisSd il owhifo P Bres SRR ' By B BE rddliced.

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, Pw.

[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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ot her enbodi nents descri bed herein. [068] Referring to
Figure 10, in accordance w th anot her enbodi nent, a
tool string 10 with plural chanbers may be enpl oyed
for use in an open wellbore. The tool string includes
a perforating gun 600 that is attached to an anchor

Dréigthg Welbats qmidse(ﬁiludIﬁhaveb@mﬂk porpieysibiity) coud if' Qﬂe berforatmg
rel ease the perforating gun 600. Thus, for, exa

intgrvel V14 casdrep the wellbnta proseirechw typarelgively @rgqq%@aﬂ (several
thd BB LT .6 in the perforating gun 600 wll also
act uate e anchor 602 to rel ease the perforating gun
600, which will 15 then drop to the bottom of the
[074]| [Hyaceordfnide it bmnarm:thodilﬁﬁﬂs i vacibus! parasnsteas ard eontrolled to
608.t o _enabl,e f nlcatlon |n

m@%?ﬁ(jﬁlﬁ’sdqsg&i e}}ffmeo& ?6“’ Q Presspreg h%g} Pg. For
exéﬁh?f& ﬁwrl@&'l | r 2 Eo%hﬂﬁ% gasr ﬁr&éﬁﬁc bé,%rbe%fus@gd B)h@xefeﬁﬂ'oswe

I hg. The 614 predet erm'ned
loadinigioe byf adjastingy theel mlumeTcifetlieoelmmtgr d?elﬂu niThy level dfi welibore

chanbgr 614 20,.ma ncl ude S t can
PresTuRey. e eoIBS BEPYEPIPED WD 8 Bscied, pestion of
th@&;enhﬁwcryi cfiirl the “@nﬁoﬁw@.ﬁ& dﬁaavmeﬁ level.
approxi mately iters or 2 gallons. This is provided

to achi eve roughly a ZOOPF%SI gn_lgounds per square i nch)
[077d drsteadhnf etforsting i gyns, pthem embadiments ey PR oarwh%&)ﬂ)es of

ach@fs PR bR CREBRISAE 1,y b used 1o non eve

a desired 25 underbal ance condition that i s based on

[0761e With Fedpest 0 Fignires 1A lahdn2Baindyet fiarthel embatiiments, a local low
pressure. A control nodul e 626 nay include a w@%
profsuig diop ist erhanced by \isei ofga n‘ﬂ@ﬁ’é’ﬁr (o qihgr; plopure member)

coﬂf?ﬁr a%%;r?rslueasrqo@zﬂ%tﬁgﬁ%%% e2C m@?% e Shatfiber 850 includes:

t 0”open A packer 620
(1) 8 seaiéd bombﬁfd ctdmenmngla g ) hqlgd,tmr dtherl ﬂmé at hdowagpmssure than

th ety wellbwreohils 10d a1 R SINo 894 R AR BTG SoTepgication
%‘!rhge bate §67 Endsﬁlet\béﬁbo?e m CKQla FRIRONRG fHRIvaIESS4 of the

al ance condition or 6 surge can be achi eved.
chhmhmv&ira isiopemsdp e Buﬁehcmxgvmftfhud flows to ity 10@@0 pmsurb ghamber

|1 b
to gials g Joran U Presiire Sopfitian Hi pellBerE ToBpR 3 Eymippmisption with

th® Thatber NerRN R dicht '18% BResdute VBhAIABA! 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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[071] Referring to Figure 11, yet another enbodi nment

for creating an underbal ance 5 condition during a

perforating operation in an openhole wellbore is

illustrated. A perforating gun string includes a

perforating gun 702 and a carrier line 704, which can
perforating lallows ippeductioh i prefileacotitiob Itd erercomeCfiséi®dirOlicterogeneity.

jainted tubing, or drill pipe. In one enbodi nent, the
Thljﬁé? peHekedhy dhegting mare parferghersinclam, pameaghilithseptiprs and less

in R B D St PR G rARRaD, veb¥s P, ey Honred
res¢reoir byabhngtigy mof Fratthrd brapetrg, t hrough a tubing 706. A
packer is provided around the tubing 706 to isolate

e_.interval, 712 in ich the perforatin n 7Q2 is.
W”%ﬂ B%Othﬁﬁ\&mkqdimé e _4 gerferat Jf"ée‘?f‘@:‘"&% %g‘t i"ml_ér baying a
reafthfe Muid e SRy SR Lfifimdnts, ol DyeREldiBbd bedbfating i
designsd geuchy that ke fpressurasg rgrovers 7@ Ooarealirmededfterl & atynamic
It of perforating jets nrogduced by the . shaped.
undefitaroe %6 5% o enattsbiiie Byl oRRetale LG e foRR s
714, hot gas fills the internal chanmber 718 of the gun

[07992WHife thiHfvéntioH! Had Heesl AiseRRbd Qﬁthgfea%m ¢5 aUifitedBumbeér of
| ess than the wel |l bore pressure, Pw, by a given

embpdiments, thasa skillsdcinother aretill appeeciate inusenpus) modifisationsdand

int o the champer. 71 f he qun, 7202.. The r api . .
variglioB ieEcefolf 155 inlgeied it A o Pefi e SRuB A mogfcations
andd@iria%ion 28k BN withih (Y tespiritntllsbbyst offthé fivensirop! et s,

which results in rapid cooling of the gas within the

chanber 718. The resultant rapid gun pressure | oss and
even nore rapid wellbore fluid drainage into the
chanber 718 causes the well bore pressure Pw to be
reduced. Depending on the absolute pressures, this

pressure drop can be sufficient to generate a

relatively | arge underbal ance condition (e.g., greater

than 2000 psi), even in a well 25 that starts with a

substanti al overbal ance (e.g., about 500 psi). The

under bal ance condition is dependent upon the |evel of
the detonation gas pressure Po, as conpared to the
wel | bore pressure, Pw. [073] Wien a perforating gun is
fired, the detonation gas is substantially hotter than
the well bore fluid. If cold wellbore fluids that are
sucked into the gun produce rapid 30 cooling of the
hot gas, then the gas volunme wll shrink relatively
rapi dly, which reduces the pressure to encourage even
nore wel l bore fluids to be sucked into the
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gun. The gas cooling can occur over a period of a few
mlliseconds, in one exanple. 17 Draining wellbore
liquids (which have small conpressibility) out of the
perforating interval 712 can drop the well bore
pressure, Pw, by a relatively |large anmount (severa
t housands of psi). [074] In accordance with sone
enbodi ments, various paraneters are controlled to 5
achi eve the desired difference in val ues between the
: jsessures Pw and Po. For exanple, the level of
Whatlsctaﬁg(getonatlon gas pressure, Po, can be adjusted by
t he expl osive | oading or by adjusting the volune of
the chanber 71 The .l evel of %E ure
L can BB ST ST 55 ARt GPERpals ovelh ey
comprisirl gsolated section of the well, or by dynantcally
I'ncreasing the well bore pressure on a local |evel. 10
[075] Instead of perforating guns, other enbodinents

ot PES of... devi ces a cont
ERAE Posbasmaplnd 05 pRyy el 5 apgbql® SHAE s slogure member
defining alélﬁnﬂfé@' tlﬂe?&n, thB cifthbériabih@ra Frefoc whek ﬂ:aneprtssﬁﬁl inltBevwellbore at
pressure drop is enhanced by use of a chanber. 850 (or .

aselecteddvﬂ&or@mmawbnber) containing a relatively | ow
fluid pressure. For exanple, the chanber 850 includes:
15 (1) a seal ed bore 852 containing a gas, liquid, or
atQdi€bné bﬁﬂ%eﬁcﬁﬁel‘y ahilé €S estilslish dmmituticatiour bedwreeli thg chamber
wel | bore 820; an gha val ve 854 for establishing
andtheweﬂbnmmmtgaﬁlmiheppwsw ¢lhe bore 852 and the wel | bore
820. As a result, when the valve 854 of the chanber
850 i s opened, a sudden surge of fluid flows into the
wherelr ther 1644t @ne e ehen operdeatatiighe fluid ahrgednto the chamber to
pressure condition in a wel |l bore redqi [

In

generate § GREIARICECCEIRIARe Frosre (candiighiia e WRUDQTE ntervahto prahle removal
e to

o RS TERNE A AR RTIR TS [

enbodi nents, the chanber can. be a cl osed chanber that

din pa t a cl osure nenber Loca .
wheein b e 66 Ay foaft i i s BB GaqogE fho ransient
underbaldhﬁé"g}@gsuféoe&d]fﬁn Qféh%l:fj aBtdrdingCroMdie (o7 eﬁn'i‘nﬁc&‘ﬁ bhta and modeling

surflace. Alternatively, i1n other enbourents t he
software oo schaeactaristies dfnat udmé @b the aipevhalonwall nisr which rthe transient

orts .t hat | ude that can be shattered by
mwbﬂe&‘&ﬁﬁresﬂgﬁﬁ%élﬁ?ﬁtsstﬂ cée':‘?‘ y the use of explosive or
sone ot her nechani sm.

Evvgll ‘surface,

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.
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[077] The various enbodi ments of the perforating
mechani snms 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 30 underbal ance to
uniformy renove the filtercake fromthe entire
wel | bore rapidly. Secondly, perforating generates
fl ow channel s past the drilling damage. Thirdly, 18
perforating allows production profile control to

5. The\appatgtus of ekemdoﬁnﬂﬁepempgeneuty Thi s |s achieved by

o SORBEAE G, SpRSEY T4 b S Mube! dy, roiosive e

activated fodpieh fhe/at 188 bA¥ Fdrt; n,gdcan benefit in natur aI I y
fractured reservoir by connecting nore fracture

branches 5 [078] In other enbodinents, the

a g eact i ve b}%ﬁ li’&gﬁﬁﬂbﬂg?t i, nltgea gﬁéﬂh ellbor{e such that the

explosivcahaxgvwﬂﬂﬁkmﬁmemenen’gébwamﬁmghit&vaﬂes| gned such that the
pressures recovers to overbal anced after a dynam c
under bal ance to allow the unspent reactive fluid to

6. ben aﬁa&ﬁ r el
|nv:¢1}{|€%’§ eégﬁn%l?sc osetrzllth\(?vl[etg2 rle’sp!eﬁ? tde%e ?rrt;?rateuéggunls
adapted tmaunber of 10 enbodi nents, those skilled in the art

will appr eci at e nunerous nodifications and variations
therefrom is intended that the appended cl ains

o tﬁ&fnﬂ‘ﬁ&w L {‘? Gh AR ARIINBR O selel @RI Bervals |

What |s clalned |s 1 An apparatus for use in an

ope wel | surface,

Q%H’Eﬁ ‘ﬁ’é‘ﬂ{?‘?ﬂﬁ’@ﬁn ed to be positioned

in the openhole mell, the cl osure nmenber defining a

chanber therein, the chanber having a pressure |ower
pen¢trate pxteg§cmmon underlying themelected wellbord intareal; and | bor e

interval; and at | east one port selectively openable
to establish conmunication between the chanber and

enldige NRIdRURhe SHl@tatBvelltioré fterd BleRBArEy difllihg dahiggei n
the at | east one port when opened creating a fluid
surge into the chanber to

7. The apparatus of claim 5, wherein the explosive charge of the perforating gun is
adapted to rupture the closure member to generate the transient underbalance pressure condition.

8. The apparatus of claim 5, wherein the explosive charge of the perforating gun is
further adapted to create perforations in the openhole wellbore at the selected wellbore interval to
loosen filtercake formed on the openhole wellbore.

9. The apparatus of claim 5,

wherein the closure member is a first closure member arranged above or below and

proximate to the perforating gun, the first closure member defining a low pressure chamber

therein, wherein the at least one port of the first closure member creates a fluid surge into the
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generate a transi ent underbal ance pressure condition
in the well bore interval to enable renoval of
filtercake fromthe selected well bore interval of the
openhole well, and wherein the closure nenber and at
| east one port are configured based on the transient
under bal ance pressure condition derived according to
one of enpirical data and nodeling software for
characteristics of an interval of the openhole well in
mgich the transient underbal ance pressure condition
chamber when gpened dp ssnergte the tranaientymderhalance presrure ponditighdn dhaselected
| osure nenber is a gun carrier for holding at
wthxe%%é%@J one expl osive charge, and wherein the at |east
one port in the gun carrier is opened by detonating
the at | east one_ explosive charge. 3. The apparatus of
10¢| o Theappgraisaiclaimd, fggther semprisingast  one port
. ¢ ! _
» GROM oRR I B prdnacd BpBRRAME S, Hlombs uchider ang proximats o
the perforfating gunpthecdecomgl elosure mhemblerpdefihiigoa Hewr prpssuree chdmyber rtherein, the
further caonpris expl gsi.ve

expl osi ye force, and ing.a
second clogus, Biepnber ayipe at Gﬁ%}mwg SelecHiKEYapaneble Py dhe gxplosive charge of
the perforatifgRih - to dtablis OSmARMAaAbY DeRheeh! the Phimbbisdd He target wellbore
] _conprising: a perforating gun contalining the closure
interval inthedopenholeiwbbBhoreg an expl osi ve charge activated to

open the at |east one port; and a carrier line for

suspendi ng the perforating gun in the openhole

whipdih IRS 8t R4t lonk peit dfftRe s@BRA CRsiR MbAb& crbdteds MaidRirfe into the

the target well bore interval. 6. The apparatus of
chamber whesi epaned th gersratet the trangientsinderbeleace prassure fvendition in the selected

perforating gun is adapted to: create perforations in
wenbore‘sﬁeévagpenhol e wel |l bore at the selected well bore

interval; |oosen filtercake formed on the openhol e

wel | bore; penetrate into a formation underlying the

llse| ettmgthad| oh sprtrolling ram underbalanesd geuditian rind pm sopsnhole well,

comprisin he sel ected wellbore interval past any drilling
amage. 7. The apparatus of claimb5, wherein the
expl osi ve charge of the perforating gun is adapted to
rupture the closure nenber to generate the transient
IFRAERRS

delFrREHRS 2atEest frasisnt andashlamgeotenditeon 1he Resiartine inteval of the
openhole gg@;ﬁgs .o%gl{eebpln{so% pFRA PRI GREEH PorPlentdifug filtercake from the

orating gun
openhole well;

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 for removing the filtercake.
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further adapted to create perforations in the openhol e
wel | bore at the selected wellbore interval to |oosen
filtercake formed on the openhole well bore. 9. The
apparatus of claimb5, wherein the closure nenber is a
first closure nmenber arranged above or bel ow and
proximate to the perforating gun, the first closure
menber defining a | ow pressure chanber therein,
wherein the at |east one port of the first closure
nenﬁﬁé crea eé a fluid surge into the 21 chanber when
12ope IFﬂh@%H ¢laims 1 1 rferther-gempaisingiinder bal ance pressure
condition in the selected wellbore interval. 10. The
apparatus of claim9, further conprising: a second
frachiimg tie fikefoake Romangpefaragsintvil e thd dpehhele @&l and
menber and proximate to the perforating gun, the
second cl osure nenber defining a | ow pressure chanber

I8, 0GP G TSIV P SBR e vi

the transienf undenbalareefconditiong gun t o establi sh comuni cati on
bet ween the chanber and the target wellbore interval
in the openhole wellbore, wherein the at |east one
13PO" tTHe méthEd Df CRi 12, Whefein BB rtﬁé‘b@ﬁoﬁtiﬁ% \$ufl comprises one
surge into the chamber when opened to generaté the
or more stepsseddctad fromaegrovap consistipgefsure condition in the
selected wellbore interval. 11. A nethod of
control ling an underbal anced condition in an openhol e
det@ﬁhinmgggi%i}‘éﬁhggérf&%ﬁﬁé@_&l ng a target transient
under bal ance condition Th a perforating interval of
the openhole well based on one or nore predetern ned

riteria faqr, re [ filtercake fromthe openhole
de%glnn’m%gf;lgg& lﬁpgt\‘/”éﬁ%&?flilo t5%8n of a perforating gun
based on the target transient underbal ance condition;
configuring the perforating gun according to the
deteaniping an explosiye changretype fardbeperéorating g, and
generating substantially the target transient
under bal ance condition in the perforating

determining an explosive charge phasing pattern for the perforating gun,

determining an orientation for the perforating gun,

determining a fluid type for injecting in the openhole well, and

determining a conveyance method for deploying the perforating gun in the openhole well.

14. A method for use in an openhole well, comprising:

configuring a surge tool based on a target transient underbalance condition derived
according to one of empirical data and modeling software for characteristics of an interval in the

openhole well in which the target transient underbalance condition is to be created,

running a surge tool in the openhole well to a target wellbore interval;
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interval of the openhole well when the perforating gun
is detonated for renoving the filtercake. 22 12. The
nmet hod of claim 11, further conprising: fracturing the
filtercake fromthe perforating interval of the
openhole well; and renoving the fractured filtercake
fromthe open well bore at the perforating interval via
the transi ent underbal ance condition. 13. The net hod
of claim 12, wherein configuring the perforating gun
conprises one or nore steps selected froma group
consisting of: determning a size for the perforating

ac%UQﬁng gl g%: Q(S(HQO%&IQI%E gq:pa.sals Lﬂ&erf){lgnc%ﬁréoglﬁﬁohnﬁ the target

expl osive c arge type f
wellbore ﬁﬁéﬁrﬂg add Ng gun, determ ning an expl osive charge
phasi ng pattern for the perforating gun, determ ning
an orientation for the perforating gun, determning a

e%:l wr%'#l YEalde Horh BB P‘Qeﬂl;br ﬂg for&{}g Spéftble wamd

ning a convey ce net ylng t he
perforating gun in the openhole well. 14. A nethod
for use in an openhole well, conprising: configuring a

surge tool based on a target transient underbal ance
condition derived according to one of enpirical data
and nodeling software for characteristics of an
interval in the openhole well in which the target
transi ent under bal ance condition is to be created;
running a surge tool in the openhole well to a target
wel | bore interval; 23 activating the surge tool to
generate a transi ent underbal anced condition in the
target wellbore interval; and renoving filtercake
fromthe target well bore interval of the openhole
well. 24



