; e3ewr r s<udpu$vevTwO CONTROLLI NG TRANSI ENT UNDERBALANCE | N A VEELLBORE [ O1]
This is a continuation-in-part of US. Serial No. 09/797,209, filed March
|, 2001, which clainms the benefit of U S. Provisional Application Serial
Nos. 601 186,500, filed March 2, 2000; 60/187,900, filed March 8, 2000; and
60/ 252, 754, filed Novenber 22, 2000. This is also a continuation-in-part of
U S. Serial No. 09/620,980, filed July 21, 2000. TECHNI CAL FI ELD [02] The
invention relates generally to inproving reservoir conmuni eatisomsindhrimsa
wel | bore. BACKGROUND [03] To conplete a well, one or nore formation zones

adj acent a wel I¢oreER@IGINE TRAMSEENTURLERS Al ANCH oA We | oyt i on zones

to flowinto the we or productron to the surface or to alTow injection
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and to ext endlidhesidinisahd Benefit bt U.9. PRo\§HbEQWGFHLRE SOS Sl NeR. 60/ 0%, 5T Giled
expl osive nature of the formation of perforation tunnels shatters sand
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of rock debsagpy m xed in wth the perforator charge debris. The extent of
t he danage, and the anobunt of |oose debris in the tunnel, may be dictated

by a variety of factors includi AEGHNIEAL dhERPoperties, expl osive charge
properties, essure conditjons, flyid properties, and so forth. The shock
Gamaged redOah ahte PSEPTTEITLenerallh i Bt onEre Sk L ATEPETREPY WS t he
producti Vi tyepfor@r oduction wells or the injectivity of injector wells. [05]
One popul ar net hod of obtaining clean perforations is underbal anced
perforating. The perforation is GACKEROUNDW th a | ower wel | bore pressure
than the forygmtion pressure. The pressure equalizatjon is hi eved by fluid
flow from tiﬂgﬂ G HEATBR el 08 oF 7o, ST B ZoN I KPRHA PSP €51 i 65 some
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al ways be ective and may expensive and unsafe to 1 np In certain
downhol e cahdsurfasr td 6w jativn fiuds tofbe tabpliddinmmthe dormt«eicnypass Ahe damaged
and plugged perforation may be anot her option. However) fracturing is a

rel ativel y PSZRENEREN SBEEIRPORE loptsFesionty the sredand thigenpdiyed (HEEREORENBES are
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renovi ng perforation damage, is not effective for treating sand and | oose
debris | ef {04InsiTde ekpBsive nhmirabi e fdriuteh of peddrabon atthelshuisttao BindHeias t 0

exi st for a_nethod and aPparast to inprove fluid comunication wth
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target trapsicesy mandes badeadne a nematfill shrotindébridanized a i@ thaparoralor claige
generating substantially the target transient underbal ance condition in the
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string positioned in a wellbore and ) o )
and loose debris in the perforation tunnels may impair the productivity of production

wells or the injectivity of injector wells.

[05] One popular method of obtaining clean perforations is underbalanced perforating.
The perforation is carried out with a lower wellbore pressure than the formation pressure.
The pressure esqualization is achieved by fluid flow from the formation and into the

wellbore. This fluid flow carries some of the damaging rock particles. However,




i ncluding a gun system according to one of several enbodinments. [011l] Figs.
2A-2C il lustrate perforating gun systens each including an encapsul ant
formed of a porous nmaterial. [012] Figs. 3A-3B illustrate a holl ow gun
carrier in accordance with anot her enbodi nent that includes a | oading tube
in which shaped charges are nounted, with the |oading tube filled wth a
porous material . [013] Fig. 4 illustrates a gun system according to a
further enbodi ment that includes a carrying tube containing shaped charges
and a por ousndmbasicalperfofitidb nhdygsot abieys Beicffetipleradengive Sysheansamtnsaflitng
to yet other enbodinents. [015] Figs. 6 and 7 illustrate gun strings for
reduci ng t r HRRIF@SEL i seBAIP Hosmbeleiconditigasf orating i nterval . [016] Figs. 8-11
illustrate gun systens according to other enbodiments for enhancing a

transient u rb . 7 i I r-at . or
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are set forth to provide an understanding of the present invention.
However, i tclapn. ungengedeesionsigngrerragyizeddior lavetagtiretindiatips prassire {ang Qs ent

invention nma practi ced wi.thout t.hese details and that n rQu

vartati ons DY ROSRPRE L AanetitiineaBb s el SR haRY ST 0 sorsi bi o
[019] As usgehdieiseperfodfidn@iaifge UB noPEfikctide Y tieatild BRI andNdose! RBAE lett

“upwar dl y" and "menmardly"; "upstreant and "downstreani; "above" and

"bel ow' andngudh e perfosatiosrtigndlndi cating rel ative positions above or bel ow a
given point or elenent are used in this description to nore clearly

descri bed epbodi nents_of the i.nvention. However en appli.ed, to

cqu prent aa) et REHb S Poyiret HGRIEF) ribftog B REGHar S BroRSS Pt o1

such terns dgymiRtfiontWitlRrds@&hvbirt th for@tions'drghkelt.o I eft, or other

rel ati onship as appropriate. [020] Cenerally, nmechanisns are provided for

controlling a local, transient pressure condition in a wellbore. In sone
cases, it is desirable to | ower th8UMMARYressure condition to enhance

transi ent rhal ance, duri L& wellbore o eration . erforation).
Troatment dPEberr Rt bR pael i mENGaR: Ry ofeesREder at oq
(char ge anqinligraRhéOnddRIN ins WéIBrd BRIdaes kAR aldéroslimg AR shfhg
acconpl i shed by increasing the | ocal pressure drop (increasing the |ocal
transi ent wndedizgitancapet ttansonhendeczagrs conditien tes peditriatng mtereduarel
transient Yngeral ARsGntiy Bl et AT R a1 e LoARREE M the perforating

interval of the wellbore when the perforating gun string is shot.

[09] Other or alternative features will become apparent from the following description,

from the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] Fig. 1 illustrates an embodiment of a gun string positioned in a wellbore and

including a gun system according to one of several embodiments.

[011] Figs. 2A-2C illustrate perforating gun systems each inchiding an encapsulant

formed of a porous material.

[012] Figs. 3A-3B illustrate a hollow gun carrier in accordance with another
embodiment that includes a loading tube in which shaped charges are mounted, with the

loading tube filled with a porous material.
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pressure drop during a well bore operation [02I] In sone enbodi nents, an
.assenbly is provided to reduce (rather than enhance) the transient
under bal ance condition. A tool containing explosive conponents, such as a
perforating gun, is activated in a wellbore environnent having a certain
pressure (e.g., pressure of an adjacent reservoir). Usually, detonation of
expl osi ve conponents generates gas that is at a pressure |ower than the
wel | bore pressure, which tends to transiently reduce the |ocal wellbore
pressure (ardi3hefighyilrriranse ghheyswit atddading @oh fiatfter eRBUCIEEN Srafincludys a
reduci ng shot density of a perforating gun). The space that woul d have been
occupi ed by “eREINSErxINjEnae Fharedrhargen andhe peroys gkesiak.epl aced with solid
masses. As a result, the transient pressure drop due to activation of
expl osive ¢ n Nz : l..is..r d.to.r the tr i
under bal ancggpﬁoggjg’ss' Pé‘%ﬁﬁ%&%@ Fﬁ)%‘gji nggt;ejfug ,aC%oédgl%gg&cteo%?raetﬁ]sbﬁgﬁ? &t
under bal ance, a porous material, such as a porous solid, is provided around
a tool (suchony Fige6ioaatillagrae puDétriabd il rddeingtthatiefOiidaibagnex jl #Si ves) .
Initially, the porous solid contains sealed volunes (that contain gas,
li ght |iqui @stfotingineigim) . Wien the expl osives are detonated, the porous
solid is crushed or broken apart such that the volunmes are exposed to the
wel | bore. This-effectiue e e L ' I | ui ds
can 11 ow i ntorolnin o SR SR A ALTB ot BB Sl Rl T
a transi ent ydndefthabamarneondi ti on i s enhanced by use of a porous solid.
[023] In yet further enbodinents, a local |ow pressure drop is enhanced by
use of a chiWgér Fessniaprd hyilhlustrategungeitgms Gw reduging ¢ifestsefragransgnt exanypl e,
" the chanber _j eal ed chanber. containing a gas or other fluid at a | ower
pressure thQW%P%%a§UPP&ﬁﬁ@ﬁ#ﬁ*ﬁgFP@”re environment. As a result, when the
chanber is opened, a sudden surge of fluid flows into the | ower pressure
chanber to create the local |ow pressure condition in a wellbore region in
communi cation with the chanbebI3A BN i s opened. [024] The

chanmber can Qé&,a,cko cha er..hét i S déffhe in rt, by a c)] osure menber
ooated bol BIEH 68 Folleniing Aeriptigh nirferatedetals aip 20t RoBriedd” Chanber
does not exﬁﬁ‘d?:gstancﬁﬂgloft e pY@é’nttiﬂvén'ﬂ%n.V‘ﬁdwe%Hﬁ farie beﬁﬁidc&&ﬁﬂﬂiﬁho%@%ﬂfédos ure
menber may be a val ve | ocated downhole Alternatively, the cl osure nenber

i ncl udes a wehé¢ ed thad thcapmaent eention wey bs ptatted wthaudehask énteils snd that can be
shattered by sonme nechani sm (such . as t he use of expl.osive or sone ot her
mechani sn) . duEpRIogs M@nﬁ%@é&%ﬁﬁ‘}/mﬁé%{l ey desgrped SO S P FORTPIe
enbodi ments. [025] in operation, a well operator identifies or deternmnes a
target tranghont AUpELrRad INCRHO “nSB”t drianablat; "uﬁp&@%hfi eﬁ)v@zc@”;a‘u}f)@ﬁa}dwf $hd
interval relative to a well bore pressure (which nmay be set.by reservoir
pressure). “Hownvardel; “‘upstreirérandiddentiadaaric Satoontetd Gelorharskotherdiite tbired | n
one of several way's such as based gg@% irical data . from previqus well

oper at i ons BRCHPSIIAAVEPPHHE RN ¢ #VADBYNT AFISBPINET B 1B2EF Based
on the targRbcAdiRRTH $ibre Hl%g.ﬁFj? E@écﬁﬁ@@rorﬁ@@mﬁ&mneﬁﬁsrdf@ﬁe ffeftion. AEGN AR | NY
gun string) is configured. For exanple, an appropriate anount of porous
mat eri al , swvich applied porquippnesland matisods fovisd énl weils that he degaitedsértionigottal,

achi eve the target transient_ underbal ance conditjon., Again, the L

" appr opr i atleh HEMaYIPIeE oA J50r BAeBaial oettea PR THRE BRI 2L HRFPRTA: dat a
from previous operations or fromsoftware nodeling and sinulations. In

ot her casegg20)f G&iRrdiR BREhantdrd Gt SPvidAdST B AIES: £ RRYI traRfedtRdiggles that
reduction of a transiént underbal ance is desired, then the nunber of

expl osi ve congitnem s wielbetee In sarhe sises,nyisidssirablrimeddweDeedonl prasgpre he anount
of porous mater.ial tq use can be determ ned by sqftware that is executable
" B Gyst enprdlittoaance st CugEbamCe BTG IR PEERB Gl 6 on one
or MOre ProERSIAbS). IThehifnbY et idndict Yng o R LE PG alion Bliteuap! © to
det ermi ne how nmuch reduction 1n the nunbér of explosiVe conpofients is
needed to &dhrgvendifhendtamgdebrieiiomtthoperforat dretuhnensaebd accocmpiibiadddnce. [ 027]
The configured contrpl tool string is then lowered to a wel| bore interval,
where the f%qasglgrtflﬁgﬁcwrawwpg inei5agiag 8}?&9355@&%%% {PEETbETE R 1p ST
string. Actiyati QuieGaRe H@c%]t ' iark 8k sRbukstarRdlance
condi tion tg %e acﬁleved§”?028 @@$?§##¥%% to %Pg?&%%{ﬁ pEEQ%Patlng gSn
string 50 according to one enbodinment is positioned in a wellbore. The
perforating gun string 50 is designed4 o pass through a tubing 52 that is
positioned in a wellbore 54 lined with casing 55. |In another enbodi nment
the tubing 52 is not present. The perforating gun string 50 includes a
perforating gun system56 in accordance with various enbodi nents. The
perforating gun system 56 may be attached to an adapter 58 that is in turn
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[029] The gun system 56 is provided with a porous solid so that, upon
firing of the gun system 56, the sealed volune of the porous solid is
exposed to the well bore pressure to transiently decrease the well bore
pressure to enhance the | ocal underbal ance condition [030] Referring to
Figs. 2A-2B, a perforating gun system 56A in accordance wi th one enbodi nent
includes a linear strip 102 to which plural capsul e shaped charges .106 are
coupl ed A detonating cord 103 is connected to each of the shaped charges
106. The shapesuehd@bgeariia vallordapataidni N correspondi ng support rings |04
of a support bracket 105 The support bracket 105 may be twi sted to provide
a desired phaS| 45 spiral, 60 spiral,. tri-phase

n
Al ternati vel {21} %e S@@ﬁﬁ@?ﬁod&iﬁ%&@e afﬁﬂsﬂtﬂﬁ}s meVided migeucs (vtafgeweﬁn pHRLed
pattern (e. r i
be om tted, gthe F %ﬁ%&ﬁg [3%)8%1&{1&0@%%&% g? %\%lg@mrgg X&’E&I‘Le‘ @ rofl1 Elg% p%glt}tg 3?
the capsul e ;Sebf@ragﬁtg ch@6is abGEked i wBEb@TBAd RN htahﬁoea:r:ﬂmﬁ Ipresbiiee.§02,
support bracket 105, support rings 104, detonating cord 103 and capsul e
charges 106 me%uertzf@psadtaawdeseﬁvcar)p&?se@léy ﬁﬁtoeﬂtlen ohexplosiyfeCOmPORENE of the

porous mater | al jaclu orous _sol i u ro n xanpl e
Dr a por ous Searalrh e HRTis 2t Br PR d Nl B PR TR B S B Mgl 7P
the cenment WnkichQy tutcSihe Usdall eSbore Ykksa® (m@ﬂeﬁamhehﬁ&meltﬂld @dieddnca gas
(e.qg., air) or other types of gas- or vacuumfilled spheres or shells.

M cr ospher e§Oa¢ﬂlelogbriECr edunyeradtithis wéerte thegluzer gh@ml@mw ¢MEPIEBIS AR Ihﬁépyl Jrar ge
portion being Porou e exanple
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structures akgn Q&&Fﬁeﬂ Hyfthé e)g;n@m@célﬂ% neﬂetlﬁeeé fo8Nare e iR dSti@paslidchassees
106, additi onal une’is a to the wel |l bore, thereby tenporarily

reduci ng pr éssanesulf, @l%qran'smnppmsslde dsitpr(ﬂm/’ttaﬁamV@@pmﬁﬁKP}D@Neph@P@m@QQlﬂ ant

| 10, a sleeve. 112 is prov glparound t e suI ant 110. The sleeve 112 is
formed of ah?PIt‘Wgu‘beldt%‘?‘é‘FF tgmeqtgmgqgheg 6" provi de structural support,
such as plastic, metal, elastoner, and so forth. The sleeve 112 is al so
desi gned t o[grqt %?Bth%?@mﬁ@d&?fﬁ%w FUTRLEYN PhsieREuthienb A%k HEBAs inStdiidl siidh 0
the wellbore and it collides with other downhole structures. Alternatively,
i nstead of as sppauasaid liepvrided avmmtdiatgonfaychoe apkifadating gineorathertod dhdtace

bei g appl | BottEThEXBYFiig G BTHETIR oo ASERAE JCLIRe Y EU e date
fluid penet fahdifhidsT BRa TRLGE) aléNE@Ytﬁt@'ﬁ oY €8 dbRWadbi fbipBuskORfHs | n

further enbodi mehts, to provid ressure ratings, the encapsul ant
110 may be tmshmbbnt&okngt apactshel thtaycme volumest aze expasedar themirbbﬁe This

hi gher - pressure rated cenent mnth S60 cr her es .made_by.3M Cor poration
may be usedSHOIVEl CEFAeT AT Ve ulrteﬁetoe‘ﬁg']abé‘ﬁf b s FRE I iy ‘g%‘ﬁgflre(‘@.sg.,
pol yur et hang f FE ASPNAL 6Se 0l @1ARLipd AR08 S5m0

vacuum fil | e?jocémﬁ#grseéﬁtyr? S el‘#slp I'n ygt a ' er eﬁ% tzf"nrrt=,\ntIl oms

encapsul ant erdhibOceaiyy dnavod aglowsslsolidyer s.  For exarrpl e, one |ayer can be
formed of porous cenent, while another |ayer can be forned of por ous epoxy
or other po ol i tern vely, t encapsul ant be a liquid
or gel - base@%ﬁt ?““WFﬁlbf’ %lltseé\}‘écaiji@’@feé&rﬁmléeg c% b¥ Bt dither for
the encapsubigfined d0htai hﬁfgSJ | i vERTEwatRE PHIRRE S For H&nE GHS CHEMIRE i sdafeda
conposite materlea%91 ncl u eng aBﬂEFtOM/glller n%terla fo? por05|t§f, a
heavy powd ecrha(ﬂbar catt&mmrtg;e) gasamather Buntigra/ lower pncssufmmablthﬂjmcma&mnga%yrebe a
liquid, solid, g Exa Ieg th glld hi nder/dmat materifﬁlshnclu e
pol yner (. GiViroRmeRalh oA B the GRFMAT 15 ARRAFS: 1 tHSER Suige of Tug Hgis mio

i nj ection/ E‘P&P& rdd g?[ergﬂﬁtn%&t o%eat@ﬂﬁh@é%w'%}'esgﬁggﬁﬂdlﬁsﬁﬂ'ﬂ&ﬁ?eﬂ@org rcg_lé’n
cenent - bas conmpoun a netal) or y conpressi bl e el ast oner
non-solid bnrmdanﬂmﬁaltmnwrﬂtmelchhmbﬁedﬁmd&m chagbbr iswipeedd.i S nore shock
conpressible than a solid) or aliquid. The hollow filler for the shock

inpeding e fine po rticle cludin

ouber Shel 110E My IS Ahbg TR P R ﬁen@%ﬁtar S SEabie ¢ ‘B}h%qéﬁ‘éfﬁﬁ’t be?
enbodi rrent , r WAV d he
t ot al C1 gﬁgﬁuﬁg&‘\%gﬁﬁugdﬁéc\?\ff %ég?clﬂ l’hl%%gv%r% Iﬂg%)agga?cf%cl e f%%sgigfﬁgén
70% 80% by volune air. The shell of the hollow filler is inperneable and of
hi gh strength to prevent collapse at typical wellbore pressures (on the
order of about 10 kpsi in one exanple)4 An alternative to use of hollow
fillers is to produce and naintain stable air bubbles directly within the
matrix via mxing, surfactants, and the like. [036] In one exanple

enbodi nent, the heavy filler powder can be up to 50% by vol une of the total
: corrpound voI ume, W|th the povvder be| ng a rret al such as_copper, iron,

ey I e Al 1+




about 0.5 g/cc (grans per cubic centineter) to about 10 g/cc, with a
porosity of the conmpound ranging from between about 2% to 90% [ 039] O her
exanpl e porous solids include a 10 g/cc 40% porous material, such as
tungsten powder m xed with holl ow m crospheres, 50% each by vol une. Anot her
exanpl e conpound i ncl udes 53% by vol une | ow viscosity epoxy, 42% by vol une
hol | ow gl ass spheres, and 5% by vol une copper powder. The conpound density
is about 1.3 g/cc and the porosity is about 33% Another conpound i ncl udes
about 39% bwllvid waptovhteve]l s2ifdcd yFor @l ammplel gieicddsued mssibét meybnb yvaldd Wdated

vol une gl ass sggeres, and trace additives to optimze theology and cure
rate. The dER¥REQEoAliCMaEvElynths GHRTUeeBbtingludesy sealed caniamer é@)‘flﬁ%P‘Pl@S is
about 30% C yolely jal Fin
liquid or slﬂba£t &éﬂdg;%%&%{ég}h%g&gg%rﬁgﬁﬁgﬁ3(}%%31 égggf}liagr(agg ralgggi Z&SSgt ai ned
i nside the skglesiee ddsbmel biBedOeciagisiB! @ht 3losufe ha@BerahioesthéoyparafelavicV t h
porous cenent, cenent in powder formmay be m xed with water and ot her

addi tives t & PBerArAPQCREHS. sl urry. During m xi ng of the cement,

m crospheres are added to the m xture. The m xture, still in slurry form
s then poured; i A5hae.d e, Sl HErtddaantcdl aetnha. DALAGR LG equl prent
used for creating e desire BUretan5e any conventional cement m xi ng
equi pment . Ehdegbadar(ce conditigh 853 i ddaRESin LREDNGTe intbEhBrel£ive t) a Rllbaleso be
added to increase the strength of the encapsul ant. [041] The encapsul ant
110 can al sBreperpvensh suy be petrbyarearpria presyisele nElgpsigebinansieahupdetelagcged into
two section i th _appr.opri-ate contours | ded .nta. the inner. surfagces of
the two sectiuin BRtE aTHEeY fy Bae ol Sebral Wpverspall tnhpgtet SRR AR LR hen
be pl aced wae@wten%ﬁémoﬁﬁ@drpsaﬁlmlmﬁbﬁbp@fwﬁeasmﬂ@ﬁdémg%war&o provi de

t he encapsul ant 110 shown in Fig. 2B. In yet another exanple, the porous

mat eri al mae/ be nol ded to the shape in between two char?es and | oaded when
t he char gesll3fk Besgdon.thg paget tepsieni ondabalantss dicionat string (s opgifarafing gpn 2C,

the |i tri 102. i Lt ted ith th t b ket 105.and
tncapsur ani ity fadieted B S hoplt i i SaTete R Rhn YeRp T i e as 2
3A-3B, in ageeidRnasisWb ARt eie 185DRGhER chidve SheRAFbeD frafidiéht GaREbSANEE T i P

102 shown in Fig. 2, a simlar concept may be extended to a hollow carrier
gun 56B. | rronfigionolAgem. dher lappropyaie” BBBRNtofIthapdteys matseiall o heshbased e i oned

i id hol | ow i 122. The | di tube_120 id i 24
¢ hrough whiSoFPaRA dat e BFAous SBCROns Golom BRAVER. BRtF g g SURU 3R Hay  be
non- capsul ekhangssir sheafbet REns3RBBEEARE @ _aﬁﬁmraﬁaa&ﬁleé g Ifealgéﬂc;nnﬁf a

envi ronment by the hollow carrier 122, whi Chnl s typically sealed. After the
shaped chartgasiedt2é1dartalanoe st dedired) shateht hembenof exgldsideeoci@POneits imdeasdenbl vy,

a porous material (e.g. orous cenent) that is initially in liquid o

2 rry T or i S B ReRRRRE e EREUIY IDFOIRRBHRdBERT S A GFE

| oadi ng t U_l%?-sofmﬁreriﬁéﬁ& eRdcutabid -mearggakehf?m 450 Shpufibd YsthR. AFHR%LES AR BOT OUS
material filler 125 inside the | oading tube 120. Figs’ 3B shows a

Cr oss- sect ienecupdbid breogaior ;618 procdstotd jn thkeygeamo smitat g rthaboffwdrt eralsaablal so

fill the inside of the hollow carrier 122 to_provide a | arger. vol . In
Ll i on 1 & GEEar RgwHEEh rduton A i HiRea ol KB AF S COTRRT IS BREded % ur  her

benefit of ;LlievRE el TRER bRlD IR tdi@knd dndefhaidhcgNer gy absorber that
reduces charge-t o-chérge |nterrr;erence. Al'so, the porous nmaterial may

provi de structural support for the hollow carrier so that a thinner-walled
hol | ow car (021 dan chefigigedicorlive tqpd stoing isrthteadoatregtov wadbosupteorat, wiesé de t he
hol | ow carriers against forces generated. due to we|]| bore,pressures. Wth
i nner - nolearRg Bretvaed o SR SR e 0 o SEr B AT GLBRGORISd ¢ hat
mekes handbimiginaldy HRYLAL! RhsERf EndePSW AL @Bhditifn ke¥eichldRdf ormed of a
porous material canh als0 be provided around the external surface of the

hol |l ow carrier 122. The conbi nati on of the porous material inside and

out si de t hB280! Referdrg td Hg. 1, 2%erorgting\gudetring Ybhanelinoto aeembedimetithor e
fluids upon detonation. [04 Referring to Fi 4, i.n accordance with yet
hnot her _onBRARED S HuPRo e o dyb Satre S PuE S TS Bl .l r o1
202 that ”ﬁxir%%ﬂﬁﬁtqsbgsiﬁéﬁé&/in%%él}ﬂo‘?e SOARaeSiBAsiADYN! Bl Rrixi mal openi ngs
206 in the tubular carrier 202. The tubular carrier 202 may be arranged in
a manner simlar to the |oading tube 120 of the holl ow Garner gun 56B,
except that the tubular carrier 202 is not contained inside a hollow
carrier. As a result, capsule chargess204 are used instead of the

non- capsul e charges 106 of Fig. 3A In one arrangenent, a detonating cord
208 may be run along the exterior of the tubular carrier 202 and connected
to the capsul e charges 206. In another arrangenent, the detonating cord 208
may be run inside the tubular carrier 202. As wth the | oading tube 120 of

e T




[047] The tube 306 can be fornmed of a metal or other suitably rigid
~material. Alternatively, the tube 306 can also be forned of a porous _
material, such as a porous solid (e.g., porous cenment, porous epoxy, etc.)
[048] In Figs. 5B-5D in another enbodinment, instead of a hollow tube 306, a
solid bar 306A with cavities 308A (for the shaped charges) is used instead.
Figs. 5B-5D show three views of three different portions of the bar 306A

wi t hout the charges nounted therein. The bar 306' A can be made of a porous
mat eri al , suntbclsmeur hasutsng 52 is 148 pedsenn The ferfpsatin§RuandingD0 ihcludes and
second grooves. 310 and 312 %%e forng%@gt t he ends %f‘the b 306A to

recei ve t he RSTIQFRVOE VB FXTE SOHA AGEdaNg] Wity arous embgdimentss I he ReRERLSS SPhe
out si de surf

G e j . e
det onati ng ngr gmﬁ?a%@fgé)%ge‘cﬁ?cgﬁ égla @@%2833‘?‘ é%@@@h@%ﬂﬁ%@% gaéa%g%e%%c ar ges
in the bar 366Xt péddofating Bed seined0datotthe welibemk!Fal dhe eatfel Baé 60 anay
greater amount of the porous solid can be provided around each _gun. For
exanpl e, a dégalpdegr wirgling polirkisie, pheoilsgtaRisg s cxamples. RhG sevaralssbrdigments of

di anmeter th ' ' | he .smal.| est LictlQ i

producti on ?%%?%ﬁié%g?%% °f afﬁﬁﬁéégﬁﬂ-%8%”@8““d§§ﬂP&§§%8ﬁ5£%6@B¥ESH“Ed

Al ternativeklargés POLOUWS 164 Phdskd GRRNEES s MRGind ¥\HoraReesgsround the gun; in
such a scenario, the restriction on sizeis not a limtation on how nmuch
porous material can be placed around the gun. Thus, for exanPLe, in Figure
1, the areal®Pladdasynsydery i isprovidetiwittee posioeh s@libsqyBato UROT iR §f Pagpad
down the ubj.ng, 3¢ ARG ALOUNME RS (AU SYSLEM 2 0end 0P H (G S TROMI R S of
i'ncreasi ng transirent pressure drops,t an us” transi ent under ance

condi ti ons, tafiverifsdeticagohe &elborel preRif: Blegharme B 1eAMAEEMRRhce Sorf@dred

at nosphezic container is lowered into the wellbore after a formati on has

been perforated. 11 = After production is started, openings are created
(such as byl038¢ Befessing wsfigeA-VR| & perforaing gmpsysiase Ao ik AscPrdagce Withivdasi ng

of the cont g| : [ dd under.bal ance_condi ti or flwuid surge
Lo renove  Heoom e AEREG! Bpdr SRR, MM BLENRER SR Birbid e Tt o
renmove | 00Seouptddl i 4 detoBirdlg dofd 20T B baReRedMd duchl OF Rt sAepede) 5 mest The a t ool
string including multiple chanbers and a perforating gun is lowered into

t he wel | bor $hapghchangssd Oftanemountod dh aemesponding supporicingsdéft of ¢ suprut bracknteat e
an under bal condition priagr to perforating.. The perforating gun,is then
Frred. tont B et BresRirath ondk b to BtpideeaieBaed phopine il 13
perforatin as.,; D f K QUL j d
chanber isg%peﬁgg %%gggggﬁgm§%$¥%m1suré@ﬁ¥£gﬁ§?ﬁg%ﬁgg%%%?gﬁh@n gé?ﬁéﬁggcond
chamber. Af ih&rnoa-;ﬂia&@f%@fcnﬂ(epg’ﬁ@’%fﬁﬁimgﬂeﬂl ahotHerarre gebRniTBid Pkeat biiipd 02Nt 0
the second chanber, a flow control device may be opened to inject fluid in
t he second B#abbhentssle withihomsuppert ozakat enpropiding thamriwary supppe fpothaat i on
fluid in th gﬁéqggcc er may be produced to the surface. [053] In yet
anot her enbG8TMERIYSE Canber within the gun can be used as a sink for
wel | bore fluids to generate the underbal ance condition. Follow ng charge
detonati on,[jofnt Id&heeaibodimed®shé tdrtisr &t 10D] Sipbatt beddketiers, afppbheigdnod) f

the resultant detonation gas pressure is |ess than the well bore pressure,
then the cdstBatipgFengd0d apfl gappyleharsesdRBare enceptbdedinmn prays mgterithbl: api d
accel erati thr I s {n.t . i e, fluid
up into dr g%ee 381 ﬁ‘{]@fﬁgé hﬁ{og& Fj%?err%gll&(f ?1%:&&@) iprq’go%;é B%Iﬁgﬁjcg a%%ol?éu%?eé&e%gp% gun
pressure | essmpRobfaRioeticheptidsel ITRTRETEN dodkiaicament i@ E6tied bywhi ch
generates a drop in the wellbore pressure. The drop in wellbore pressure
creat es an DyRtEtbarznes vddnmovosructoss sudetsemidregpheiss Allgd wath aagasde st ri ng
having a s herj c caontainer 1 or_cont ai per havin i.nnper
oressare ¢ Rt o QBHIRRR A GRALALRTINCA $Rateh GRL MiGosRtissore B e

i nterval othihheulk@iglRs sRills Tl a tedarh@Yelee potién Bejphirbore (which is |ined
with casing 524) and placed adjacent a perforated formation 512 to be
treated. The tool string is lowered on a carrier line 522 (e.g., wreline,
slickline E&2e&oragsicagentds eng exappple o6 aparavwssod gontisingressaled SolmRr t hat

is filled w S oAl r e nitregen t fluid. The

cont ai ner %Iﬁg%g%"fslﬁ% C?fc‘i agﬁ%$ng%gt}H8?e§ %Irugéutrgst %gbéon ellLil %xgrefsg&nsﬁgc ‘lgon 512 and
has nmultiple pons 16 that can be opened up using expl osives

o
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[055] In one enbodinent, while the well is producing (after perforations in
the formati on 512 have been forned), the atnospheric chanber in the

contai ner 510 is explosively opened to the well bore. This technique can be
used with or without a perforating gun. Wien used with a gun, the

at nospheric container allows the application of a dynam c underbal ance even
if the wellbore fluid is in overbal ance just prior to perforating. The

at nospheric container 510 may al so be used after perforation operations
have been péefoanti®tlof the shiped chagteI0GnidingeiRBlumPisedded ioohe mellbsicatiktedhed
fromthe formation, with the pons 516 of the atnospheric container 510
epr05|veIy“ﬁ@@ﬁé@hﬁ@deﬁe%ﬂeﬁﬁﬁeudden under bal ance condition. [056] The
expl osively actuated container 510 in accordance with one enbodi nment

of the. chamer 1570 HpuOk il o (BF e Bhodpsielth 1005 55, [P 3 BRBEL T

ei ther by Wafo@hd figs ere@pdueht t Ui THe sl@éveOIfthE forafeld A af 1 Bype b enatedl tHapiscdoness
of the chanber is designed to withstand the downhol e well bore pressures and

t enper at ur e, pmﬁeielsengttlml @tipnome sedhaasipdastic smeltat, elasioneat, angd soferthhilbrplesee of

perforated na, beln d. Mult sU516 ma resent. .al ong

Phe var | < of LEhE e ksered bttt i enbastiaf I RuhS elh Sy RS RFERGR o0
cont ai ner Iﬁeﬂlﬁtﬁ'e@ﬁ@&(ﬂ dBlltdes Qflthtétﬁermﬁote[&milurésn &E@nﬁweﬁnmatof at he tool
string including the container 510 is lowered i nto the wellTbore and pl aced

adj acent t heeppeits gleemced coadingandyoe Bltied ta thetouies surfacefeheencapsiantfldPrdhe on
512 has alrea orated, and th at nos chanber i s used as
o Surge geriGiie ATTIEY e P AgeHER gt &' i SedadBni LR AR B SR PRt Pt &
Prior to | %@ﬂéhﬁﬂseﬁé&%‘e@tﬁ@@éﬁ@ﬁu&&p&ﬁ%@bﬂ%e ﬁa&hﬁ%af%@'h@%é 2 Fitiednmay
optionally be injected into the formation. The conpletion fluid is chosen

based on the formation wettability, and the fluid properties of the
formati on fI0&#H. InThitbemuybddéhents,rfo peonidd highgrapredsore ratings, theoancapsalant 110

erforation tunnels during fluid flow- 13 058 rthe at nospheri c
ont o aer Bty PE o tirednrhet Sob P BaiehaL Foremelpler hiahet BTt PR on S12,
the formati@meaddithSdo! ﬁtﬁ&\%p&e@m@é 9931@1 @5@e%hh%w@é Wed atetstatteaneﬂl%a&e

While the formation is flow ng, the explosives are set off inside the
at nospher i ¢he emtagsulent, 1 10peay begart dpexp @e. L s polfyutettene pmi eidrveith Bil€rotphetdser

t“’ﬁ:e: E or ce’ BT ok ger ?9?%%%&8 SPYEHG Gl ‘B60A RHTRF BRBRGEhSiRle | he
RO N e R T S e R e

carries theemohi, kihilednpihet lagérean ibatfernddeofwoldis@pexy beatengoroheanidt or mat i on

tunnels. The chapber may be dro ed into the well or pulled to the surface.
[059] |f udHBRativElYa ersatatnhg Qyean begiquid oF a¢l-Rased matssighrptheslbeytin may
substanti al f 516. Thi s provides
underbalancg%p%gbgﬁkgﬁ?%%&g ?t?ﬁg%f?%%%“Egéﬁﬁﬁse of an atnospheric
contai ner 510A in conjunction with a perforating gun 530, in accordance

wi t h anot h{a()35€}nﬁmdd>meatn,boﬁtmdntsl tetpoadwesdnaterialtib e cemipositentaterial, idehglin®a t he
cont ai ner i divided into t ortions, a first portion, apove the
perforati ng fﬁ@@%ﬂﬁﬁg@g@ﬁa\,ﬁoﬁ heayy Pﬁétdﬁwft)%‘ée“ﬁﬁh grd e PHYEHERTE30. The
cont ai ner i &dd&?/lﬂé ol ah’@)ﬂé be opened
by an explos?ve forcgﬁénmghéas gﬁP§§5 ngéeﬁﬁ'r e éﬂgﬁ¥§@?ﬁ%ﬁlakﬁkn of a
det onat i ngmatrthlSiACKde polyeted (ag.i cmtabte mlphmt sieh a8 epoveg nglsbel cetd. her an
detonating. cord 520A.. The detonatin ord is al so connected to shaped

char ges 53%U§iopBoldable Sesmpplgst)ng tlwweéﬁﬁtﬁmlmg aaem?rrtrltfétct at ed,
h f h
b hount eobhASrih 3G G20 hRRYPodh er#ae?s.l@gtiaﬁd?ft SHs %ﬁg%?@%% may be

non- capsul mashiapsdhriban gels(wihivdl is &icge @mwca:o&qﬂessfblaathsﬁal selidremd kquiér Thé 060]
The fluid surge can _be perfornmed relatively soon after erforatlgrgt %For
&

exanpl e, tPRALFY filar g figsheghnimreding materalmay bap ﬁma@emdewéthﬁaﬁhe & er
perforati h a med
Nthin (1 caghe bl SRR IR R IRoRERESEES b ShlReE ol G QAP

mlli Secorﬁiﬁbocﬁﬁleﬁ%&[‘micﬁ?lﬁ:w falldrean peidddenat dongoutl4ies bghratmvfeoﬂﬂhmm@t bet ween
perforation and fluid flow surge is applicable also to other enbodi nents
descri bed herein. 14 [061] Referring to Fig. 10, in accordance with

anot her enbodi ment, a tool string witl plural chanbers may be enpl oyed. The
tool string includes a perforating gun 600 that is attached to an anchor
602. The anchor 602 nay be explosively actuated to rel ease the perforating
gun 600. Thus, for exanple, activation of a detonating cord 604 to fire
shaped charges 606 |n the perforatlng gun 600 mnll also actuate the anchor

~NN S " o r o, ~ NN Y 1 s o



[066] Referring to Fig. 11, during detonation of the shaped charges 714,
perforating pons 720 are forned as a result of perforating jets produced by
t he shaped charges 714. During detonation of the shaped charges 714, hot
gas fills the internal chanber 718 of the gun 716. If the resultant
detonation gas pressure, PGis less than the well bore pressure, Pw. by a
gi ven anount, then the cooler wellbore fluids will be sucked into the
chanber 718 of the gun 702. The rapid acceleration of well fluids through
the per for at boRpBOR SolfiRl, ich badd 19wl Hifr bt HLIHOTOME BOREE BvoIWAGlY:
results in rapld cooling of the gas within the chanber e resultant
rapi d gun pr dgsshdl bos haliaw dillenisrimipermegbiecandeif|hipgir mdnlgthl td pdﬂ:wmncagkapsaﬂto

t he chanmber 718 causes the wel | bore to be reduc ndi n

the absol ut e Bt @3 é‘@gefe Pﬁﬁsgfeaé%@a%é g%% AV kBsidpops EXEnp i dEe ey
relatively | gy g MdanRatiRReg & gﬂﬁi’uz:é 9:5]:] &?ﬂngm% @Bﬁ%ﬁrel;ubﬁoi@'au%g%pwﬁgjn)the even
inawell that starts with a substanti over ba . 00 psi).

ance
The under bal aneex eammixiico mfRtaepend drtlikepon t he IeveI of t he detonation
gas pressure PG as conpared to the wellbore pressure, Pw. [067) Wen a

perforating fired, the detonation gas_is substantjally hotter {han
the well boreﬁ}f%’%du Orrw@apie %@P@%@Fe thetheasy fillgs posyder s Rewp %ﬁfb%tbﬁé't)éw
produce api g &Q0 % fochBSofite, it BEDALEZiHAPLYRN WIR Micbbod ALK
relatively rapi duces 't he pfessure encour age e

wel | bore fl uludgstbﬁ) drensg Uﬂ]léﬁﬂlC'hFﬂeﬁsﬁ}l’hﬁa‘@nBL Alpengaely dol Inemgy ﬁaer oftigrsanyer a
period of a fewmlliseconds, in one exanple. Draini %éb bore |i quids

(whi ch have SrRi¢r epfipdirasnss, tshtr heayy PQWtdﬂbCfanth?élPﬁ@raPB‘F ‘7ﬁ925‘5“'ﬁ91é?1(?/%|by79@n1f6
can drop the rer e I

t housands- of f\é@é 52 °(5’ “ﬁﬁ‘?}k’é‘?’?& &ﬁg}éaﬁﬁ #fﬁhgféfﬁé de}rﬂr%b&g &Ede? a?rs(lgge’\si&:téaCi
par anmet ers apero@ue rtl@é ttbct MiatrbRES tb Aehidesd wrgfbreh (Eé@é@m@ﬁ—ﬂ'eﬁa) fighlues

bet ween the two pressures Pw and Po. For exanple, the |level of the

det onat i on ‘f@SPEEsure, Po, can be adjusted by the explosive |oading or by
adj usting the-volune of the -chanber 718. The |evel of wellbore pressure,

Pw, can beof[g'%zl]st 86,DY h@ﬂeald'g fflf%?m%&tﬁh LF n}\gf Bro%de%%ne $oL.a6e gd\saﬁ&ta%,f n of

the well, dynati cal-Ty T ncCreasin ressureé oh a
| evel . [069]F0T|eﬁa1@b1évﬁarﬂ@§fahhh&5to&}e@(ﬂpé@@uﬁf aras@lamlme& cabitt mendyensle. of
i ncrease transi ent underbal ance conditions. On the other hand, the

embodi ment s aABigN. Princregsing éhearrjurpe jof gasidy dieaobumepf @gtrmﬁaﬂdfrre@ld@ceea(wét her
t han i ncreas tra S|e t _under nce ondl Q du
inor bl mne S7tich FRRRLAL ABLE ARBAC RO RR bh g Waer BRI Mer MonsBER

reservoir (such as those with pressures greater t han about 9-10 kpsi). As
shown in Fi 038, BRogsaR@hFlepahd Bilkidengrydifthdidck ABSorbImgGRNE 4 Wigds fom
reduce a | ocal transient underbal ance condition is illustrated. [070J The
gun |ncIude@b@ﬂﬁ?EE@PKQ?HEEWI¢W%C§ﬁﬁ@@ﬂﬂ%haﬂgeélﬁg@c'ﬁﬁhﬂepﬁma§0 He or nore
dummy charg 44 e har ge generates a gas that
may be at a%égﬁégnpre r%ﬁ&%%-ﬁab% ?%Eﬁ%ﬁﬁg wel | bore, particularly in a
wel | envi ronment adjacent a high-pressure reservoir. To reduce the | ocal
pressure dr QB p@thgluxag@leopabiOidlida irklidel 210 fodvlaor: phroahapediatRasgas are
used (effectively reducing the shot density). This can be acconplished by
repl aci ng | FWS@ﬁa’ﬁé’dl%Weéé@tWQﬂ?‘ﬂﬂh@f?%ﬁ@ﬁg&% Sacky @ﬂﬂgleea’éwtheér nmed of
a solid mas t ransi ent
gxar:%\]%yc})m#?gurﬁ{if Eﬁltdﬁs 5%%9%11%&? ﬁ%&f vis8odi tﬁ%§8¥¥1 45@«5 Gt?lhxén%

under bal ance er o arges-’use ess e nu char ges

that a perf boldéw RihsgbpheeaNaltBsw g winahe taRdepoweer The MBKIPoURA 6aB3AT i sbout
| nstead of dummy “char ges 404) other types of solid nmasses or meughts can be

used in ot h&d Eehul ‘ﬁéﬁP@SItlf orEPputTHie n dyipdier efmpoidgasiudes apoat 3?1 otte gun

under bal ancEORBRdRFoR! o vy EEbiRl 195 1 Rl 18 R bR bisphets o

t he known rﬁ&ﬂ&'y&'dddﬁf\@§&tk5[ﬁ1rﬁﬁ§1rﬁe@1@tanh@ﬁz%'raﬁer arheldeﬁgnymgfs%h@aﬁed ist he
nunber of |ive shaped charges 402 to use in the gun is selected. The gun is

t hen | ower etbauht & gereangethe perositaisckbpit et 0 perform the perforating
operation [073) Alternatively, or in addition to reducing shot density, the
transi ent underbal ance i s reduced by reducing the total expl osive mass of
charges in the perforating gun. For exanple, charges with reduced expl osive
mass that is |ess than the maxi num expl osi ve mass the gun is designed for
can be used. [074] Alternatively, inst@ad of using dummy chargers or

wei ghts 404 to replace |live shaped charges, solid nmasses 410 (e.g., solid
bars, solid Ioading tubes, etc.) can be used as spacers along the | ength of
a gun string 412.' The solid nmasses 410 are positioned between guns 414

t hat each contalns shaped charges 416 The SO|Id nmasses 410 al so

Y N 1




[076] As noted above, for well control, the perforating operation is
performed in a well maintained at a pressure to achi eve an over bal ance
condition. However, a concern associated with this condition is the effect
of a transient overbal ance applied to the perforating interval follow ng

t he transi ent underbal ance created by activation of a perforating gun in
the perforating interval. In other words, the wellbore is initially in an
over bal ance condition. Using various enbodi nents of the invention, a gun
string when[®] Tagbiny deefcSRuRRS 110, |tRepbrots Aasrahtin WgdRrdaluancermnmude
perforating interval for clearing perforation tunnels in the formation.
However, asPepre@aipnnd g QaresTimp %&P ¢omanipeshinslddhg slegial 1 1dpdde ppeous meaaertad i n
t he gun such .t hat,, well £l uids sh into the space. Thi auses tr.ansi ent
over bal ance itV e Sute® s S Bl et SBRAT iy B Res PT BB B MY o g
generati on @fththgertahadeice BEdiURELHIT8HARGCEmeh Oslddry. Therihs al%ine BF tHR\Rfdeat, ance
condition after gun activation nay cause danage to the perforatlon tunnel s
in the fornmidrosphetesarsrsided faithe nyigsre c Thaumaxturd, stild or dlnd feren, wi thian powned

enbodi nent s, of, the_inv ion, .a nmechani sm,s ovided tp.reduce this.

Crans! ont . JPeRBHHESCRIP ORFHEEET SRSty al oo rosma esed 5t STy 1 Srices
one enbodi neRtRfcah Bb %ndynF&-l@Hﬁéﬁﬂl cén@ﬁrﬁn&ﬁrﬁgt éc{l@pxﬁé&ﬁ. %‘iﬁe‘r@@. gs,(%?aés Bekpdes a
perforating gun 802 and a tubing 804 that carti'es the perforating gun 802

into the wedartsorfgherslee. X asniabgp B0xtldedm mercass thedtrengdih of therenaapsulanher type of
tubi ng or pipe. The tubing 804 includes an inner |ongitudinal bore 806 that

enables th e of | | ui ds. en t | bore js.in the jniti

over bat ancdOBbhal 15 saaptiat 410 Firblhe H oS o aBAglep B eng msgn e
contai ns flafdedind Ao %ﬁBH@'ﬁﬁpﬁpﬁ%ﬁﬁé’E&to&@ inSolidd fnkd'Bie AP s@FackDBS the
pressure in the annulus 810 surrounding the tubing 804. [079] Normally,

when t he guwo86&idns té reaceie argimarrtona s imeind changes: Nalegmoean drdibteipdateds cr eat ed

as a result of the gun activation, the transient underbal ance condition
acts to dr éxmr%gwece?nw 1ch&F¢ Beispediogethsnig %foi’lrﬁiettlil?ee@wsﬂléﬁ‘ﬁgiéwg

f ormati on. h?wg .+ bhO f i.Snoal i ’ ' 804
and the annu usﬁgg%'?g'?%ﬁ%ﬁ%?gg%ggﬁ?ggfﬁ%bgﬁ?ggﬁg%gggugggg?gg&gghggresult
of gun act ishaie iabetwkiee tesichargspankelondsiwhan fheehuiche addbald! i on of
expl osi ves, such as shaped charges, inside the perforating gun 802. [080]
Because th uid inside the tubing 804 and in the annulus _ 810 is at
pressure tﬁ%@]i %ngwg?r&mttqﬁiarﬁm@thw pitdg Zr-duslincar stip JPay prtadnei

over bal anc it , i i re. L extra space
created by%éeg%h? gg{t Pgé%k%fltqgh%d%g?ﬁ?%@ f ﬁ?%ﬁﬁg{&&%ﬁ‘?h%ﬁg@%ﬂ a transient
over bal ance is created, which may damage the surrounding formation. [081]
To reduce (M3 Refmdhent FigvetdbdBahce;coalaabokithdevtheeeribodimenteimstdadiof thepe of
fl ow control ﬂevLceh 812 is Bjaced_in t he bore 806 of the tubing 804. This
choke devi E&TigHgripd02 showp irsFigné 3 $iBHlaF gneept mey B X ERAKGAIR 2tRHoOMMBITG 804.
Al so, a pa 0%, 4 ed a4, h i i

provi de a %Fﬁg'oﬁ%ﬁgthg%lﬁﬁ overr%ﬁgggé%%% t‘rage ?%O %sﬁglsgﬁ)% 81351%%% ?igw

i sol at ed f canet 122, pBRrefloadihg nhel 120eryeideSdpen((38 A4 Byrobiplmivhichghbeel dhiarpas r at e

i nside the %gbin% 804 with the choke device 8/2, the rate at mhichﬂfressure
i ncreases P MA%T358r e shaneg chatess V49 MY demoBrraBBHAthATBEH SIS Uit SlRPR d above
t he choke i i . I LS. ceq: S S
doun the 1 SEEERrd Rt R ind bl e O B heBlIS Cepr e Rfhen [TAPIAIT R,
The net ef feabdd. iAsfterhiad shaped gesrfar b g montied\iadid8ths lvadihg tube t2@derida® t he
over bal ance pressure, but at a slower rate. This reduces the surge of
pressure i #eMPe? PRORS RIS (G &t RPFeNS cement) thabisdBiialE i HaHe of HETYfR@! i hood

of danmage i i he, i 1 3] In
an aitop nat iy 26 BaBEhbabAH ABlod B MRthoh Byt 24 OMBN Mhd QLT TREBierlP?)
of seal i ngisehenativived theolidEAl tongod e apodtond aesemdifillze ¢85 irpideahploatakyulseal
the annulus region 810. In fact, the sealing elenent that replaces the
packer 808l%¥afige 3B shpearyross=iesian ofshe Bum3OBn i nfl at abl e packer that does
not provide a conplete seal between the packer and the inner wall of the
wel | bore (or casing). Although the | eaky packer (or alternatively, a |eaky
anchor) allows the flow of fluid fromthe annulus 810 into the perforating
interval 814, this flow occurs at a nuch slower rate than if the | eaky
packer or |eaky anchor were not present. Therefore, the goal of reducing
the rate at which the pressure in thegperforating interval reaches the
over bal ance condition is reduced by the conbination of the | eaky packer (or
| eaky anchor) and the choke device 810. [084] In yet another enbodi nent, as
shown in Fig. 13, instead of a tubing 804, the perforating gun 802 is
carried by a wireline, slickline, or other type of carrier 822 in which an
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[08~] Instead of perforating guns, other enbodi nents can enpl oy other types
of devices that contain explosive conponents. Use of solid nasses, weights,
or dunmy expl osives can al so reduce | ocal transient pressure drops due to
expl osi ve detonation of such other types of devices. [086] Wiile the

I nvention has been disclosed with respect to a |limted nunber of

enbodi nents, those skilled in the art will appreciate nunerous

nodi fications and variations therefrom It is intended that the appended

cl ai ms cover[044jc ThegurdusoattenalSilken davalse Gilithmmsals of dhd hallovh¢amriethiZ2ttpue
spirit and scope of the invention.. 21 Wsat is clained is: A .nethod of
bnt ol |1 ng EA G ALFEEIVRHEES. b ARG i STABCRBIGrE CaRap gPgnee
configuring c%ncﬂiﬁgﬁ,oarﬁhh&gb&eﬂt S thé g&oﬁﬁﬁ%éﬁaﬁ'& r]’th i@is&ﬁ\r&‘éf Lihaskeiht
under bal ance condition in a perforating I nterval; and genérati ng

subst ant i al IryduchecHasgegetcHargerigteefatenandaidoathapoeouwsanatetiilanay protide structural

perforating interval ;,f the wellbore when the perforating gun stri ng S
shot. 2. ThéUPR¥NEA thsthollom sarmier spihatpehinsemyalied hejlaye curas (g wsae TBF get

; ot L _ _ .
oo o, R AR pRaal LA RS A, Ol GRS LR
confi gur at i eqweflbore bressures. f Wit thingeiliont ¢drfigrs Patighteoweighepdrivrgely gunagsi ent

under bal ance condition. 4. The nethod of claim1, wherein configuring the
per f or at i ng PERYidestthitppakes hpndlgand operatiag more seryenionp| H3axee 1Adsamed aigi ng

charges wt ced. exnl gsi ve ss.that .is | [ expl gsi ve
s For whPRitet HEr v B 851 HEPRRRe ey e SRRl RS o B HHEL A
122. The combination of the porous material inside and outside the hollow carrier 122 to

provides a volume to receive wellbore fluids upon detonation.

. [045] Referring to Fig. 4, in accordance with yet another embodiment, a perforating gun
system 56C includes a tubular carrier 202 that may be used to carry capsule charges 204
inounteci proximal openings 206 in the tubular carrier 202. The tubular carrier 202 may
be arranged in a manner similar to the loading tube 120 of the hollow carrier gun 56B,
except that the tubular carrier 202 is not contained inside a hollow carrier. As aresult,
capsule charges 204 are uséd instead of the non-capsule charges 106 of Fig. 3A. In one
arrangement, a detonating cord 208 may be run along the exterior of the tubular carrier
202 and connected to the capsule charges 206. In another arrangement, the detonating
cord 208 may be run inside the tubular carrier 202. As with the loading tube 120 of Fig.
3A, a porous material (e.g., porous cement) that is originally in liquid or slurry form may
be poured through a top or bottom opening 210 of the tubular carrier 202. The porous
material solidifies inside the tubular carrier 202 to form the porous material for shock and
interference reduction. An advantage of using the tubular carrier 202 is that damage to

the porous material is less likely because it is protected by the tubular carrier 206, which

is typically a sturdy and rigid structure.

[046] Referring to Fig. 5A, in accordance with yet another embodiment, a strip gun 56F
includes plural shaped charges arranged in 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
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5. The method of claim4, wherein corfiguring the perforating gun stung
further conprises reducing shot density. The nethod of claim1l, wherein
generating substantially the target transi ent underbal ance condition
conprises tenporarily providing a tenporary pressure |l ess than a reservoir
pressure in the perforating interval. The nethod of claiml, wherein
configuring the perforating gun string conprises reducing a shot density of
the perforating gun string. 8. The method of claim7, wherein reducing

t he shot den "
(e Shot 9P e OO SR SeRbBEd O R % Y08 4 b bt anmesgs ©

provi di ng extlentép 382 The ohssamrgsti(nseshoyunars esduntnisntide tubds 866 hitehsd ot the

density of the perforat|ng aun string. 10. The nethod of claiml, further
conpri si ng pFEwitinPRENEEE S §a§eowrpald5¢ &@%ﬁtﬂébea106|f@a§qmépﬁeﬂ% Sliiped chasges.

perforating ' 0, | vol une
to receive \A&%@%{aﬁlgﬁgﬁfhg&& ﬁigg%%ﬁgéebﬂhpg O(E)l%a ﬂaﬁ %gcﬁllhéeéép%g %?gtl ng gun
string. 11. pheidetihescodibebaé.m 10, wherein provi d| ng t he porous solid
conpri ses providing a soI i d having hollow structures filled with an el enent
sel ected fromtheTg

(04 e 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.).

- [048] In Figs. 5B-5D, in another embodiment, instead of a hollow tube 306, a solid bar
306A with cavities 308A (for the shaped charges) is used instead. Figs. 5B-5D show
three views of three different portions of the bar 306 A without the charges mounted

" therein. The bar 306A can be made of a porous material, such as porous solid. As shown

" in Figs. 5B and 5D, first and second grooves 310 and 312 are formed at the ends of the
bar 306A to receive the 0°-phased shaped charges 304. Slots 314 are also formed on the
outside surface of the bar 306A between the openings 308 A to receive a detonating cord

that is ballistically coupled to each of the shaped charges in the bar 306A.

[049] To further enhance the underbalance effect, a greater amount of the porous solid
can be provided around each gun. For example, a cylindrical block of the porous solid
can have a maximum diameter that is slightly smaller than the smallest restriction (e.g.,

production tubing string) that the gun has to pass through.

[050] Alternatively, a porous slurry can be pumped down and around the gun; in such a
scenario, the restriction on size is not a limitation on how much porous material can be
placed around the gun. Thus, for example, in Figure 1, the area 54 around the gun 56 is

filled with the porous slurry pumped down the tubing 52 and around the gun system 56.

[051] Other embodiments of increasing transient pressure drops, and thus transient
underbalance conditions, are described below. In one such other embodiment, a sealed

atmospheric container is lowered into the wellbore after a formation has been perforated.
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consisting of a gas, vacuum and liquid. 12. The nethod of claim11,"
wherein providing the hollow structures conprises providi ng one of
gas-filled m crospheres and vacuumfilled m crospheres. 13. The method of
claim 10, wherein providing the porous solid conprises providing porous
cenent. 14. An apparatus conprising: a tool containing explosives; and an
anmount of porous solid provided around the tool to provide an initially
seal ed volume to receive wellbore fluids in response to detonation of the

expl osi ves, Afe pasdudtibn &f stﬂﬁﬁ’d@bl?erﬁl@ésiﬂe breed (arthasbargebl ¢pddtsvedWalves, or
under bal ance condition in a wellbore interval. 23 15. The apparatus of
clai m 14, wegksimechisperipike kolsing dfshpennitainerfedeneralse siden srdasgbglance
response to _det.onatign. of the explosive, the shatterin t he rous solid
enabi 1 ng  neoRErrs of Bl urer 19 5T e Shimeb vy el oRToEoRs. The
appar at us oty d0d 1S reMbe 18b& ddpggporous solid conprises porous cenent.

17. The apparatus of claim 15, wherein the porous solid contains hollow

structures each being either gas filled or vacuumfill ed. _
[052] In accordance with yet other embodiments, a tool string including multiple

chambers and a perforating gun is lowered into the wellbore. In these other
embodiments, a first chamber is used to create an underbalance condition prior to
perforating. The perforating gun is then fired, following which the perforating gun is
released. After the perforating gun has dropped away from the perforated formation, a
second chamber is opened to create a flow surge from the formation into the second
chamber. After a surge of a predetermined volume of formation fluid into the second
chamber, a flow control device may be opened to inject fluid in the second chamber back
into the formation. Alternatively, the formation fluid in the second chamber may be "

produced to the surface.

[053] 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. Iftﬁe resultant detonation gas
pressure is less than the wellbore pressure, thér; the cooler wellbore fluids are sucked into
the gun housing. The rapid acceleration through perforation ports in the gun housing
breaks the fiuid up into droplets and results in rapid cooling of the gas. Hence, rapid gun
pressure loss and even more rapid wellbore fluid drainage occurs, which generates a drop

in the wellbore pressure. The drop in wellbore pressure creates an underbalance

condition.

{054] Referring to Fig. 8, a tool string having a sealed atmospheric container 510 (or
container having an inner pressure that is lower than an expected pressure in the wellbore
in the interval of the formation 512) is lowered into a wellbore (which is lined with casing
524) and placed adjacent a perforated formation 512 to be treated. The tool string is
lowered on a carrier line 522 (e.g., wireline, slickline, coiled tubing, etc.). The container

510 includes a chamber that is filled with a gas (e.g., air, nitrogen) or other fluid. The

12
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18. The apparatus of claim 15, wherein the porous solid contains gas-filled
or vacuumfilled m crospheres. 19. A nmethod for use in a wellbore,
conprising: determining a target transient underbal ance condition in a
wel | bore interval; lowering a tool having explosives to the well bore
interval ; providing a porous solid proximte the explosives, the porous
solid having an initially seal ed vol une; detonating the expl osives; and
shattering the porous solid and exposing the seal ed vol une of the porous

solid to i ncroasaner R0 brs arufficientjengihvo Beatithreniise fosaration 3t  ppdhas Bukighs eve
substanti al | ' erbal ance condition in the well bore
Zo?bo%ﬁgéﬁt%g%b%?%%gﬁﬁ\hifég MggFlgF% I ncreasing the effective

i nterval
vol une of the wellbore interval causes the transient pressure in the

wel | bore intgossl Ihondesbedsrnt, 2hile thewsBih@@dading (HehpdiPoraibey igithe
provi ding the porous solid having the initially seal ed vol ume conprises
provi di ng t héopatons 13dkyebsapmepddriae etmesaberd ¢hastbeninthe sen@iner 510 isd

m Cr ospher es. oo f2. 10RO TE DAt R $hA ke S LS LI PLRY Lhigolle Por ous

solid conpris
perforating gun. When used with a gun, the atmospheric container allows the application
of a dynamic underbalance even if the wellbore fluid is in overbalance just prior to
perforating. The atmospheric container 510 may also be used after perforation operations
have been performed. In this latter arrangement, production is established from the
formation, with the ports 516 of the atmospheric container 510 explosively opened to

create a sudden underbalance condition.

[056] The expldsively 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, coiled
tubing, 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.

[057] In one arrangement, the tool string including the container 510 is lowered into the
wellbore and placed adjacent the perforated formation 512. In this arrangement, the
formation 512 has already been perforated, and the atmospheric chamber 510 is used as a
surge generating device to generate a sudden underbalance condition. Prior to lowering
the atmospheric container, a clean completion fluid may optionally be injected into the
formation. The completion fluid is chosen based on the formation wettability, and the

fluid properties of the formation fluid. This may help in removing particulates from the

perforation tunnels during fluid flow.
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provi di ng porous cenent. 23. A nethod for use in a wellbore, conprising:
determ ning a target transient underbal ance condition; |owering a tool
cont ai ni ng explosives into the well bore; and configuring a nunber of
explosives in the tool based on the target transient underbal ance condition
such that, upon detonation of the explosives to the system achi eves
substantially the target transi ent underbal ance condition. 24. The net hod
of claim 23, wherein configuring the nunber of explosives conprises

reduci ng a ﬁfﬁﬁit ' : | aR Eﬁ%?éﬁ%' e
in a well bore, ccéjkrirctpér?|ftl-§‘c‘|t %%o@é@g%?ﬁp ?égd?nﬁrugggfﬁé’a%%{d%’?ilﬁg gﬁ%ﬁan a saéta I ng
devi ce to cforiration $12athe f@inationisd2fid Duwéd Byrogerfing s prodegi@nvaie dthike setacbor e
to a second re_Pi on of the wellbore proximate the perforating gun, the
seal i ng devMBuledda feamtiop iy Bewing, Hereaplosiyes afsi %hogﬂ@%%qﬁhé amesPhglies to an
over bal ance difi ipnathe second regio Th forati at us
of claim 25?&%%?%?%&%1%&5&&1@%%0% qngagn%:o%r%gr%lggheeswgl%\%?%P%gg r%g%‘?%g% er and
| eaky anchowave genefdied BE tHeQxpldsies 2RFPTa¥ids tHf fofdedbiTréding Maeagidlest he
carrier line conprises a fluid conduit, the perforating apparatus further
conpri si ng #ddenwrapaineresshteriosideldhi walltiore wag causaitee Beiddudm therfermaieonsteal i ng
device pr Ovrlugﬁgntg Lf'ltues érgl]_:e)tytsggcef lleHIir(lzI tt%%‘éﬂﬂo}e by the atmospheric container 510. This

fluid carries the mobilized particles into the wellbore, leaving clean formation tunnels.

The chamber may be dropped into the well or pulled to the surface.

[059] If used with a perforating gun, activation of the perforating gun may substaﬁtial]y
coincide with opening of the ports 516. This provides underbalanced perforation.
Referring to Fig. 9, use of an atmospheric container 510A in conjunction'witha
perforating gun 530, in accordance with another embodiment, is illustfated. In the
embodiment of Fig. 9, 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. Alternatively, the shaped charges 532 may be non-capsule

shaped charges that are contained in a sealed container.

f060] The fluid surge can be performed relatively soon after perforating. - For example,
the fluid surge can be performed within about one minute after perforating. In other
embodiments, the pressure surge can be perforined within (less than or equal to) about 10
seconds, one second, or 100 milliseconds, as examples, after perforating. The relative

tirning between perforation and fluid flow surge is applicable also to other embodiments

described herein.
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28. The perforating apparatus of claim25, further conprising another
perforating gun. 25 29. A nmethod of perforating in a well bore,
conprising: providing a string having a cattier line and a perforating gun;
providing a sealing device to control a rate of fluid flow, and reducing,
with the sealing device, a rate at which pressure increases to an

over bal ance condition in a perforating interval proximte the perforating
gun. 30. The nmethod of claim 29, wherein the carrier line conprises a

tubi ng, and [06Er ReTein\h HizNYOLiRQcERahnicd Witheatiofter eRIBBAINSS, AoBVitHhagid f | ow
control element in a bore of the tubi ng. 31: The nmethod of claim 29,

wher ei n pr owldRghanberssoay bagmpleyed elwoiopl sigeg ingfusies dipagowHag gin §0® é‘@k&s
packer and | ea nchor d-fhe carpier Iine, .26 /NI 6T/ NJ.6
PN N 0671 NG AG ARBTET RS TS RusPRE S PREIRE LSt R RIPR N FURERARS/ N0GT
/'NT/ N6 73 7%@rfor_atmc gun 600. Thus, for example, activation of a detonating cord 604 to fire

shaped charges 606 in the perforating gun 600 will also actuate the anchor 602 to release

the perforating gun 600, which will then drop to the bottom of the wellbore.

[062] The anchor 602 includes an annular conduit 608 to enable fluid communication in
the annulus region 610 (also referred to as a rat hole) with a region outside a first chamber
614 of the tool string. The first chamber 614 has a predetermined volume of gas or fluid.
The housing defining the first chamber 614 may include ports 616 that can be opened,
either explosively or otherwise. The volume of the first chamber 614 in one example
may be approximatély 7 liters or 2 gallons. This is provided to achieve roughly a 200 psi
{pounds per square inch) uﬁderbalanceicondition in the annulﬁs region 610 when the

ports 616 are opened. In other éonﬁgurations, 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.

[063] 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 surge can be
achieved. However, in other embodiments, the packer 620 may be omitted. Generally, in

the various embodiments described herein, use of a packer for isolation or not of the

annulus region is optional.

[064] The tool string of Fig. 10 also includes a second chamber 124. The control
module 126 may also include a flow control device 127 (e.g., a valve) to control
communication of well fluids from the first chamber 114 to the second chamber 124.

During creation of the underbalance condition, the flow control device 127 is closed.
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[066] Rtaff:rrimr to Fig. 11, during detonation of the shaped charges 714, perforating
ports 720 are formed as a result of perforating jets produced by the shaped charges 714.
During detonation of the shaped charges 714, hot gas fills the internal chamber 718 of the
gun 716. If the resultant detonanon gas pressure, Pg, is less than the wellbore pressure,
Pw, by a given amount, then the cooler wellbore fluids will be sucked into the chamber
718 of the gun 702. The rapid acceleration of well fluids through the perforation ports
720 will break the fluid up into droplets, which results in rapid cooling 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 Py 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.

[067] 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. Draining

wellbore liquids (which have small compressibility) out of the perforating interval 712
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[068] In accordance with some embodiments, various parameters are controlled to
achieve the desired difference in values between the two pressures Pw and Pg. For
example, the level of the detonation gas pressure, Pg, can be adjusted by the explosive
loading or by adjusting the volume of the chamber 718. The level of wellbore pressure,
Pw, can be adjusted by pumping up the entire well or an isolated section of the well, or by

dynamically increasing the wellbore pressure on a local level.

[069] The above describes examples of assemblies that enhance or increase transient
underbalance conditions. On the other hand, the embodiments shown in Figs. 6 and 7
involve assemblies that reduce (rather than increase) transient underbalance conditions.
Reducing-the local underbalance condition may be desirable when perforating a high- - |
pressure reservoir (such as those with pressures greater than about 9-10 kpsi). As shown

in Fig. 6, an example perforating gun 400 that is configured to reduce a local transient

underbalance condition is illustrated.

[070] The gun includes a plurality of live shaped charges 402, as well as one or more"
dummy chargers 404. When detonated, a shaped charge generates a gas that may be at a
lower pressure than the surrounding wellbore, particularly in a well environment adjacent
a high-pressure reservoir. To reduce the local pressure drop upon gun detonation, a
smaller number of shaped charges are used (effectively reducing the shot density). This

can be accomplished by replacing live shaped charges with dummy charges or weights

each formed of a solid mass.

[071] In effect, in some cases, to reduce the local transient underbalance, the number of
charges used is less than the number of charges that a perforating gun can handle when
loaded to its maximum capacity. Instead of dummy charges 404, other types of solid

masses or weights can be used in other embodiments.

[072] The number of charges to use in the gun depends on various factors, including the

target [ocal transient underbalance condition that is desired by the well operator. Based
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[073] Alternatively, or in addition to reducing shot density, the transient underbalance is
reduced by reducing the total explosive mass of charges in the perforating gun. For
example, charges with reduced explosive mass that is less than the maximum explosive

mass the gun is designed for can be used.

[074] Alternatively, instead of using dummy chargers or weights 404 to replace live
shaped charges, solid masses 410 (e.g., solid bars, solid loading tubes, etc.) can be used as
spacers along the length of a gun string 412.  The solid masses 410 are positioned
between guns 414 that each contains shaped charges 416. The solid masses 410 also
etfectively reduce the number of shaped chargés that are detonated gun observation of the
gun string 412. As a result, the amount of gas produced due to charge detonation is

decreased, which reduces the local transient pressure drop.

[075] Instead of using solid masses 410, other types of materials can also be used. As
examples, sand, concrete, or other filler material can be used to fill in empty portions of
perforating guns in a string. This can further redﬁce the transient underbalance condition
that occurs as a result of activation of the perforating guns. By reducing transient
underbalance, the post-perforating surge is reduced. This is especially helpful for
reservoirs that are in a weak formation. Reducing the dynamic underbalance condition

reduces the amount of sand that is produced into the wellbore as a result of the activation

of the perforating gun string.

[076] As noted above, for well control, the perforating operation is performed in a well
maintained at a pressure to achieve an overbalance condition. However, a concern
associated with this condition is the effect of a transient overbalance applied to the
perforating interval following the transient underbalance created by activation of a
perforating gun in the perforating interval. In other words, the wellbore is initially in an

overbalance condition. Using various embodiments of the invention, a gun string when
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activated causes a local transient underbalance in the perforating interval for clearing
perforation tunnels in the formation. However, as a result of the gun activation,
additional space is created in the gun such that well fluids rush into the space. This
causes a transient overbalance condition to be generated in the perforating interval

following generation of the transient underbalance.

[077] The transient overbalance condition after gun activation may cause damage to the
perforation tunnels in the formation that have just been cleaned. In accordance with some
embodiments of the invention, a mechanism is provided to reduce this transient

overbalance following gun activation.

[078] Fig. 12 illustrates one embodiment of this mechanism. A perforating gun string
800 includes a perforating gun 802 and a tubing' 804 that carries the perforating gun 802
into the wellbore. The tubing 804 can be coiled tubing or any other type of tubing or
pipe. The tubing 804 includes an inner longitudinal bore 806 that enables the passage of
well fluids. When the wellbore is in the initial éverbalance condition, the entire length of
the tubing bore 806 also contains fluid at the overbalance pressure. This is true also of

the pressure in the annulus 8§10 surrounding the tubing 804.

[079] Normally, when the gun 802 is fired and a transient underbalance condition is
created as a result of the gun activation, the transient underbalance condition acts to draw
debris out of the perforation tunnels in the surrounding formation. However, right after
this, all the pressure in the tubing 804 and the annulus 810 is communicated to the extra
space created as a result of gun activation. The extra space results from the detonation of

explosives, such as shaped charges, inside the perforating gun 802.

[080] Because the fluid inside the tubing 804 and in the annulus 8§10 is at a pressure that
is greater than the formation pressure (to provide the overbalance condition), this higher
pressure surges into the extra space created by activation of the perforating gun 802. Asa

result, a transient overbalance is created, which may damage the surrounding formation.

{081] To reduce this transient overbalance, a choke device (or some other type of flow

control device) 812 is placed in the bore 806 of the tubing 804. This choke device 812
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limits the flow rate of fluid inside the tubing 804. Also, a packer 808 is placed around the

outside of the tubing 804 to provide a seal so that the overbalance pressure in the annulus

810 is isolated from the perforating interval 814.

[082] By limiting the flow rate inside the tubing 804 with the choke device 812, the rate
at which pressure increases in the perforating interval 814 from communication of fluid
above the choke device 812 into the perforating gun 802 is reduced. This slows down the
rate at which pressure increases in the perforating interval 814. The net effect 1s that the
perforating interval 814 will increase to the overbalance pressure, but at a slower rate.
This reduces the surge of pressure into the perforating interval 814, thereby reducing the

likelihood of damage to the perforations formed in the surrounding formation.

[083] In an alternative embodiment, the packer 808 is replaced with some other type of
sealing element. The sealing element does not need to completely seal the annulus region
810. In fact, the sealing element that replaces the packer 808 can be a “leaky” packer,
such as an inflatable packer that does not provide a complete seal between the packer and
the inner wall of the wellbore (or casing). Although the leaky packer (or alternatively, a
leaky anchor) allows the flow of fluid from the annulus 810 into the perforating interval
814, this flow occurs at a much slower rate than if the leaky packer or leaky anchor were
not present. Therefore, the goal of reducing the rate at which the pressure in the
perforating interval reaches the overbalance condition is reduced by the combination of

the ieaky packer (or leaky anchor) and the choke device 810.

[084] In yet another embodiment, as shown in Fig. 13, instead of a tubing 804, the
perforating gun 802 is carried by a wireline, slickline, or other type of carrier 822 in
which an internal bore for communication of fluid does not exist. In such an alternative
embodiment, the choke device 812 is not used. Rather, as shown in Fig. 13, a leaky
packer or leaky anchor 820 is provided around the wireline, slickline, or other carrier 822.
The leaky packer or leaky anchor serves to reduce the rate at which pressure in an annulus

824 is communicated to the perforating interval 826.
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[085] Instead of perforating guns, other embodiments can employ other types of devices
that contain explosive components. Use of solid masses, weights, or dummy explosives

can also reduce local transient pressure drops due to explosive detonation of such other
types of devices.

[086] While the invention has been disclosed with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and

variations therefrom. It is intended that the appended claims cover such modifications

and varjations as fail within the true spirit and scope of the invention.
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What is claimed is:

1. A method of controlling an underbalance condition in a wellbore,
comprising:
configuring a perforating gun string according to a target transient

underbalance condition in a perforating interval; and

generating substantially the target transient underbalance condition in the
erforating interval of the wellbore when the perforating gun string is shot.
P g pe1

2 The method of claim 1, further comprising determining the target transient ‘

.

underbalance condition based on one or more predetermined eriteria.

3. The method of claim 2, further comprising determining a configuration of .

the perforating gun string based on the target transient underbalance condition.

4. The method of claim 1, wherein configuring the perforating gun string
comprises reducing a total explosive mass by using charges with reduced explosive mass

that is less than a maximum explosive mass for which the perforating gun string is

designed.

5. The method of claim 4, wherein configuring the perforating gun string

further comprises reducing shot density.

6. The method of claim 1, wherein generating substantially the target
transient underbalance condition comprises temporarily providing a temporary pressure

less than a reservoir pressure in the perforating interval.

7. The method of claim 1, wherein configuring the perforating gun string

comprises reducing a shot density of the perforating gun string.

3]
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8. The method of claim 7, wherein reducing the shot density comprises

replacing live explosives with solid masses.

9. The method of claim 7, wherein reducing the shot density comprises

providing extended solid masses between gun sections to reduce the shot density of the

perforating gun string.

10, The method of claim 1, further comprising providing a porous solid
proximate at Jeast a portion of the perforating gun string, the porous solid having an

initially sealed volume to receive wellbore fluids in response to detonation of the

perforating gun string.

11.  The method of claim 10, wherein providing the porous solid COmprises

providing a solid having hollow structures filled with an element selected from the group

consisting of a gas, vacuum, and liquid.

12.  The method of claim 11, wherein providing the hollow structures

comprises providing one of gas-filled microspheres and vacuum-filled microspheres.

13.  The method of claim 10, wherein providing the porous solid comprises

roviding porous cement.

14.  An apparatus comprising:
a tool containing explosives; and

an amount of porous solid provided around the tool to provide an initially
sealed volume to receive wellbore fluids in response to detonation of the explosives, the

amount of porous solid based on a target transient underbalance condition in a wellbore

interval,
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15.  The apparatus of claim 14, wherein the porous solid is positioned to be
shattered in response to detonation of the explosive, the shattering of the porous solid

enabling the wellbore fluid to enter the initially sealed volume.

16.  The apparatus of claim 15, wherein the porous solid comprises porous
cement.
17.  The apparatus of claim 15, wherein the porous solid contains hollow

structures each being either gas filled or vacuum filled.

18. The apparatus of claim 15, wherein the porous solid contains gas-filled or

vacuum-filled microspheres.

19. A method for use in a wellbore, comprising:

determining a target transient underbalance condition in a wellbore
interval;

lowering a tool having explosives to the wellbore interval;

providing a porous solid proximate the explosives, the porous solid having
an initially sealed volume;

detonating the explosives; and

shattering the porous solid and exposing the sealed volume of the porons
solid to increase the effective volume of the wellbore interval to achieve substantially the

target transient underbalance condition in the wellbore interval.

20. The method of claim 19, wherein increasing the effective volume of the

~wellbore interval causes the transient pressure in the wellbore interval to decrease.
21. The method of claim 19, wherein providing the porous solid having the

initially sealed volume comprises providing the porous solid having one of gas-filled and

vacuum-filled microspheres.
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23. A method for use in a wellbore, comprising:
determining a target transient underbalance condition;
lowering a tool containing explosives into the wellbore; and
configuring a number of explosives in the tool based on the target transient
underbalance condition such that, upon detonation of the explosives to the system

achieves substantially the target transient underbalance condition.

24, The method of claim 23, wherein configuring the number of explosives

comprises reducing a density of the explosives.

25. A perforating apparatus for use in a wellbore, comprising:
a carrier line;
a perforating gun; and
a sealing device to control a rate of fluid flow from a first region of the

wellbore to a second region of the wellbore proximate the perforating gun,

the sealing device adapted to reduce a rate at which pressure increases to

an overbalance condition in the second region.

26.  The perforating apparatus of claim 25, wherein the sealing device

comprises one of a leaky packer and leaky anchor.

27.  The perforating apparatus of claim 26, wherein the carrier line comprises a
fluid conduit, the perforating apparatus further comprising a flow rate control device in

the fluid conduit and the sealing device provided outside the fluid conduit.

28.  The perforating apparatus of claim 25, further comprising another

perforating gun.
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29. A method of perforating in a wellbore, comprising:
providing a string having a carrier line and a perforating gun;
providing a sealing device to control a rate of fluid flow; and
reducing, with the sealing device, a rate at which pressure increases to an

overbalance condition in a perforating interval proximate the perforating gun.

30. The method of claim 29, wherein the carrier line comprises a tubing, and
wherein providing the sealing device comprises providing a flow control element in 2

bore of the tubing.

31.  The method of claim 29, wherein providing the sealing device comprises

providing one of a leaky packer and leaky anchor around the carrier line.
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