16 March 2006 22.1434C1P (SHL. 0141P1US) CONTROLLI NG TRANSI ENT UNDERBALANCE
IN A VELLBORE [01] This is a continuation-in-part of US. Serial No.

09/ 797,209, filed March 1, 2001, which clainms the benebéhgﬁf 90§

Provi sional Application Serial Nos. 60/186,500, filed CE, 800; |
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 FIELD [02] The invention rel ates PeaeNESHLYI4IPOUS)

I mprovi ng reservoir comunication wthin a wellbore. BACKGROUND [03] To

conplete a wel | CONEROLLMNGTHANSHND UNDBERB AMMNNCEIN 24 WELIBORE ar e
perforated to allow fluid fromthe formation zones to flowinto the well

for product | @11 OThis e SbHicAfforin b0 & URNSLRLAG.IdOrd7 Jorl i dbien 3PRdd1°d
into the formation zones. per ating gun string rmy be lTowered into the
wel | and t hewhichsldims etk Henefir &fd.8. Preisicaigd Applicativgi SegiabNOs. 160/ 1861 Edfiled
perforations, jnto the surroundi expl osi ve nature of

f tion. [04] _.Th
Phe Tormat | OMEGH 22000ra0 1550, AitdNash ds 5810 and K23 5 filoq Novmmber 12,
¢ ion. of " _ Lo ; L |
than that oPoPhatifs AR SRR AAEUTS, Bt RS, BoR 305G Hbd o0
perforation 200nel. The process may al so generate a tunnel full of rock

debris mxed in with the perforator charge debris. The extent of the
damage, and the anmount of | oose m&munnel, may be dictated by a
variety of f ors, i.ncl udin roati.on proper.ties, explosive charge.
oroperti os, 185hesThedREatin italed e ol R bs Ser B oRE He bR Wihin 4o
damaged regivadiboad | oose debris in the perforation-tunnels nay inpair the

productivity of production wells or the injectivity of injector wells.
[ 05] One popul ar net hod of obt ai nBALCKGRENINEY f orations i s under bal anced

perforating.,,,,Th erfgration is carried out with a,l oner | bore pressure
Phan the 1 otk | ohf Grededarel. e S matclorBiten ines ARG oV RRcEd by
fluid f1ow heaBtatdifolabWahli@ frof e f8thtitiol Sones to flow into the well for production to

the surface or to allow injection fluids to be applied into the formation zones. A

perforating gun string may be lowered into the well and the guns fired to create openings

in casing and to extend perforations into the surrounding formation.

[04] The explosive nature of the formation of perforation tunnels shatters sand grains

of the formation. A layer of “shock damaged region” having a permeability lower than

that of the virgin formation matrix may be formed around each perforation tunnel. The
. process may also generate a tunnel full of rock debris mixed in with the perforator charge

debris. The extent of the damage, and the amount of loose debris in the tunnel, may be

dictated by a variety of factors including formation properties, explosive charge

' properties, pressure conditions, fluid properties, and so forth. The shock damaged region
- 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 equalization is achieved by fluid flow from the formation and into the

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



wel | bore. This fluid flow carries sone of the damagi ng rock particles.
However, 1 16 March 2006 under bal ance perforating may not al ways be
effective and nay be expensive and unsafe to inplenent,jn,certain downhol e
conditions. [06] Fracturing of the formation to bypass ?}ﬂgﬂ Qh@gﬁ and

pl ugged perforation nmay be another option. However, fracturing is a

rel atively expensive operation. Mreover, clean, undanaged perforations

are required for low fracture initiation pressure (one of the

pr e- condi t i JHslerigtange perderaingmal pphgwasbhe effectize ancgay be cxprasiveiand nysafes g
met hod for e | foratio e..1s not effective for treating sand
and | oose de ng%dgg?gﬁarlfgfl%&em%ﬂ%ggﬁgﬁ,ation tunnel. [07] A need thus
continues to exist for a nethod and apparatus to inprove fluid

comruni cat i 06 tHrattaaRs Mﬁﬂhé?z’oﬂnﬁhu‘bﬁftﬁbﬁb@@ﬁlﬁmgﬂ@hhd pﬁFJ%é‘dﬁgRi‘foritQﬁ]mdyn
general, according to one_enbodi nent, a nethod of controlling an

under bal anc®e@satier ppiion. fHeweyer. foastuninigis bueletvely pt pagsive wpetatiper Moreovehg  gun
string accqgrdin 0 a target .transient der bal ance.condition in a

er forat | ng it ryiameled ferariens i rimd Krdne TR iniGA{on et IR aRs e
under bal anc¢r&.epsliitibfTof # gbOPFrRALARE Fﬂ%ngcidiﬂﬁg 'M8thePlvidehPustBlh iR Brophen
the perforating gun string is shot.”"7109] Oher or alterndtive features wll
becone apparemoviiig perfotagon dhmhege, ronad effecti yet fiootreatinfersand thdlogsadébmgdeft and
fromthe clains. BRIEF DESCRI PTI ON OF THE DRAWNGS [010] Fig. 1 illustrates
an enbodi nemsrf‘?ﬁmﬁp Ara8PR f4i3hosi ti oned in a wel | bore and including a gun
system according to one of several enbodinents. [011] Figs. 2A-2C

i1l ustrate perf orphdeAdh@ibndindsaBRxRafd a'rH&hH@hﬁWa;ﬁﬁré&ﬁ&t% SRtflgid or med of
a porous material. [012] Figs. 3A-3B illustrate a hollow gun-carrier in
accor dance wpmmuaicatibe witheeseoehirsen forrwions nfh wdds a | oadi ng tube in which
shaped charges are nounted, with the |oading tube filled with a porous

mat eri al . _ SUMMARY
[08] In general, according to one embodiment, a method of controlling an

underbalance condition in a wellbore includes configuring a perforating gun string
according to a target transient underbalance condition in a perforating interval, and
generaﬁng substantially the target transient underbalance condition in 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] Fi g. 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 including an encapsulant

formed of a porous material.

f012] 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.



2 16 March 2006 [013] Fig. 4 illustrates a gun systemaccording to a
further enbodi nent that includes a carrying tube containing shaped charges
and a porous material. [014] Figs. B5A-5D illustrate gun te cordi ng
to yet other enbodinments. [015] Figs. 6 and 7 illustratégé%ﬂcgﬁpﬁﬁgs for
reduci ng transi ent underbalance in a perforating interval. [016] Figs.
8-11 illustrate gun systens according to other enbodi nents for enhancing a
transi ent underbal ance. [017] Figs. 12 and 13 illustrate gun systens for
reduci ng ef f@¢8F Bifg. 4illusaars 8¥un sptah Redordiag 1o 8 hirthee einbodiniengthanineludad a
DETAI LED DESCRI PTION [018] In_the follow ng description, nunmerous details
are set fort¢ryngiubs cemaiaing shaprshchergss ppdja peroupaasiddent i nventi on.
However, it will be understood by those skilled in the art that the

present inv ' RV D ' ] | . nuner ous
vari ations gpaﬁggﬁg?é% sgﬁgﬁﬁb%%gghé%{g§3%9%§§%§%g§{|ﬁ%ﬁ?@gﬂg§a§% possi bl e.
[019] As used here, the terns "up" and "down"; "upper"” and "l ower";

“upwar dl y" qots] "Egwenamiddl Wustrate pei seiapd forpelucipunsisiefauiderbabdnor &t a and

"bel ow' and other like terns indicating relative positions above or bel ow
a gi ven poi retfgratigantemal.are used in this "description to nore clearly
descri bed sone enbodi nents of the invention. However, when applied to

o PrEnt, TR IGES LR bl 6 L B R i Bkl

rel ati onshi praasiesPpidealaabe. [ 0201 Ceneral ly, nmechanisns are provided for
controlling a local, transient pressure condition in a wellbore. In sone
cases, it i 40HdsiHighild and 1B dilwstratergun| systeins foraedupieg effentuetd sansiedt enhance

transi ent unde | ance duri a_wel | bore operation (e.g., perforation).
Tr eat ment opvﬁré?%g?%ﬁ%%e@é#ab%mﬁsﬁvaﬂ'rermval of perforation generated
(charge and formation) debris fromthe perforation tunnels can be

acconplished by increasing the |ocal pressure drop (increasing the |ocal
transi ent underbal ance). |n ofMEFAILEIXBESCRIPTIONesi rable to reduce

transi-ent - updis byl gnoe by reduci na. e amput, o o LLATIEN 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.

[019] As used bere, the terms “up” and “down”; “upper” and “lower”; “upwardly” and
“downwardly”; “upstream” and “downstream”; “above” and “below” é.nd other like terms
indicating relative positions above or below a given point or element are used in this
description to more clearly described some embodiments of the invention. However,
when applied to equipmen‘t and methods for use in wells that are deviated or horizontal,

such terms may refer to a left to right, right to left, or other relationship as appropriate.

[020] Generally, mechanisms are provided for controlling a local, transient pressure
condition in a wellbore. In some cases, it is desirable to lower the local pressure
condition to enhance transient underbalance during a wellbore operation (e.g.,
perforation). Treatment of perforation damage and removal of perforation generated
(charge and formation) debris from the perforation tunnels can be accomplished by
increasing the local pressure drop (increasing the local transient underbalance). In other

cases, it is desirable to reduce transient underbalance by reducing the amount of transient



3 16 March 2006 pressure drop during a well bore operation. [021] In sone
enbodi nents, an assenbly is provided to reduce (rather. than enhance) the

transi ent underbal ance condition. A tool containing expL(ﬁgli ve onents,
such as a perforating gun, is activated in a wellbore E}J'B'},%@ﬁg having a
certain pressure (e.g., pressure of an adjacent reservoir). Usually,
detonati on of expl osive conponents generates gas that is at a pressure

| ower than the well bore pressure, which tends to transiently reduce the

| ocal wel | bgresspreebep derif@awetlbecapyradomance t he under bal ance condition).
To counteract this effect, the nunber of expl osive conponents in the tool

are reduce .g., by redycing shot densjty aof a perforatjn un). The
space t hat \c/tgéﬁdg[ﬂzi%g cBﬁ’é’_ %&Pé&seﬁ%(}’TX ﬁé}‘{‘é‘féﬂ?c&q R;gu@ﬁ%%qu@gm%ﬁnqeﬂe
tool ar e rephaagtiot badphibfbBARRn, A'boPodifthink exbltRivklcBRPbRdis BIASRY ©
drop due to activation of explosive conponents In a” tool 1S reduced to
reduce the tpednsitiap gunndactatahine wel|R22¢n vironatehthavingd o dentem peessuro{eephance
transi ent underbal ance, a porous _ material, such orous solid, is

provi ded ar GUTFEYE Of 8BRS FessEYoir) p Mspdllya dF BB csﬁx%&gﬁ’érm%@nenctﬁ at
o . ST . ! I
(That cont apeiaat® i hatls ot Fptatyyet Ry 381ihe SRS RANRS SHREIER uf o (0

det onat ed, tfaasipmityorieduceothe thdabwellhots prdsiae (ddakerebp priidncs theluntitxdhlandee
vol unes are expgsed to the wellbore. This _effectively creates, a_new_ vol une
into which ®endiBeRe Fa eauateracs this pidoeti the aumber efiexplosiecrompenerst i} the {90l A%3 ent

g it . | a rond d
by oo of - aneRR (e Hubeing b MRV A IMHBLIRETAR, RO B khuiatRE e
pressure dr dger sccapibd by ekt Eplotiee mponetd aRIoslGRE fipliced withrselidimasedsy | ow

fluid pressure. For exanple, the chanber is a sealed chanber containing a
gas or ot heAsfrgsudt, the transishbprepiues dippaivg i activiation of explptivheppInepisina

envi ronnent a,result, . when the. cha r.i s opened, a sudden surge of
fluid flows fsored‘fcﬁéte? 5%/%‘?6 g}ee @ﬁ’regp'gg%marm??‘b create the |ocal |ow ,
pressure condition in a wellbore region in comunication with the chanber

after the cl@iben éthe0iehRBmeh@26]enkiiv e GRaGER ukiafbalics, LpRs@inaBaip icht hat
is defined in part by a closure nenber
as a porous solid, is provided around a tool (such as a perforating gun or other tool that
contains explosives). Initially, the porous solid contains sealed volumes (that contain gas,
light liquids, or a vacuum). When the explosives are detbnated, the porous solid is
crushed or broken apart such that the volumes are exposed to the wellbore. This
effectively creates a new volume into which wellbore fluids can flow into, which creates

a local, transient pressure drdp. As a result, a transient underbalance condition is

enhanced by use of a porous solid.

[023] In vet further embodiments, a locai low pressure drop is enhanced by use of a
chamber containing a relatively low fluid pressure. For example, the chamber is a sealed
chamber containing a gas or other fluid at a lower pressure than the surrounding wellbore
environment. As a result, when the chamber is opened, a sudden surge of fluid flows into
the lower pressure chamber to create the local low pressure condition in a wellbore region

in communication with the chamber after the chamber is opened.

[024] 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



| ocat ed bel ow the surface of the well. In other words, the closed chamnber
does not extend 4 16 March 2006 all the way to the well surface. For
exanpl e, the closure nenber may be a valve |ocated do e.

Al ternatively, the closure nenber includes a seal ed coﬁﬁgﬁkﬁPh@QQpng ports
that include elenents that can be shattered by sonme nechani sm (such as by
the use of explosive or sone other nechanisn). The cl osure nenber may be
ot her types of devices in other enbodinments. [025] In operation, a well
oper at or i deail the weay tothedw¢lbsuriaces Far ¢xampds, the cosire membgnihey bealaamlyve located
condition that is desjired,.i | | bore interval relatjve to a wellbore
oressure (WAl Aleragively, el menprioctides 2 sl qomainsr hef s 2pRht
under bal ancenyGaadid {iBRefi tudiBad 0E b A%y Bt HicdanSEVEhAH as Wl ppltEN S
based on enpirical data from previous well operations or on Sinmulations
performed wdxplasivdel stge Stict wrckani{ri)? 6TheBdssace manibbemay be gihier typasisf denices
under bal ance, the tool string (e.g., perforating gun string) iIs

confi gured. refeesmhpdigentsn appropri ate anount of porous material, such as
a porous solid, is provided with the tool string to achieve the target
transient u b . Lt | ] t . I " nt of the
por ous nat eglga] %%B%gu%%gdggé%%&}%tﬁpﬁﬁ?ucaﬁs %%%%%ﬁﬁéﬁaﬁg@gerat i ons or
f rom sof t wamedemaahie@nditibnthanit désired $n a Wallbodeligterei sdativei th atwedlbbsy get ,
transi ent under bal ance condition indicates that reduction of a transient
under bal anc ®T§s8urg é¥hich dnay becsgt by, eeseiypis dressired x Pho tar et trapsiens yaderbalapce; he
tool string .Sl cPetermmni ng-the amunt of Q ter] se
can be deter Eﬁﬁdﬁ{el%gg%gg S0 t\l/\fgerc{e?ntoﬁgt% f svereaié’vc%f’asblg%afﬁésgggnﬁs gmcag{ij% ?rgs a
conput er sy ptedibus Wigl SREAtVAE 8r bﬁsinﬁﬂﬁ?dﬁ%?@ﬁ@nﬁ&ﬂ RIR nRdelIRE Soffy@ELSSOrs in
the system Simlarly, the software is also able to determ ne how nuch
reduction in the _nunber of explosive conponents is needed to achieve the

target reduf@36dnBased oncthe taraef teansieniindehulange.che tqod sripsTe6. perieragng sen

String is oRrreHpadrhEubat Ror R 2h dpfotBi Mieint BLRR malRE SienlE on”
causes subgsdis sdlld, ¥ proidednd@ithé toRDSHARto ietHEV Ak aisa thasighiindBrbalRnbe

achieved. [028] Referring to Fig. 1, a perforating gun string 50 according
t o one enboelndiinn. Again, the "appropriate” amount of the porous material can be based on

empirical data from previous operations or from software modeling and simulations. In
other cases, if the target transient underbalance condition indicates that reduction of a
transient underbalance is desired, then the number of explosive components in the tool
string is reduced. Determining the amount of porous material to use can be determined
by software that is executable in a system, such as a computer system. The software is
executable on one or more processors in the system. Similarly, the software is also able
to determine how much reduction in the number of explosive components is needed to

achieve the target reduction in the transient underbalance.

[027] The configured control tool string is then lowered to a wellbore interval, where
the tool string is activated to detonate explosives in the tool string. Activation causes

substantially the target transient underbalance condition to be achieved.

[028] Referring to Fig. 1, a perforating gun string 50 according to one embodiment is
positioned in a wellbore. The perforating gun string 50 is designed to pass through a
tubing 52 that is positioned in a wellbore 54 lined with casing 55. In another



positioned in a well bore. The perforating gun string 50 is designed to pass
through a tubing 52 that is positioned in a wellbore 54 lined with casing
55. In another 5 16 March 2006 enbodi nment, the tubing 52 is not present.
The perforating gun string 50 includes a perforating glfiMafeh@R086 in
accordance wth various enbodi nents. The perforating gun system 56 may be
attached to an adapter 58 that is in turn connected to a carrier line 60
for carrying the perforating gun string 50 into the well bore 54. The
carrier |ineng®diagnt, the tdhineS2iswiot rdsemt, Thepeifotatinggun siring$lindudasisi ng, as

l es. Th 4 I di t th . t .56 d | bed
bel ow. - Even EEHOIEEHE ST SEn e rgHG A0 SHERUE RGN J 5 S OUTE &P | n
a phased manggtm 5%%%}/8&2%%«:5&1 tosanr@fapﬁ?gggﬁgiswn thA%Bhnd &1 BUW LAY 1RB6E6 S

provided with a poro so that, u Iring of the gun system 56,
t he seal ed \fot cammyingf the perfpmting guss stkiing SDdntexhowellbdre Sdh&heehrdriboline 60 magur e

to transiently decrease the well bore pressure to enhance the | ocal

under bal anc b Virshne, paheklinge preailed dubipg.mas gZamplgs o fhe %Fvs@f F@gaﬁm?gtsgli n
system 56A i C i ' ' I | 02
t)c/) whi ch pl gﬁkaglﬁlc p%ﬁ%gﬁ”&%%gﬁ?ﬁ%%ﬁﬁ%ﬁé@h@%%ﬁg%@dﬁ §e§ glr?g%%%age%ord

103 i s connehirges moustad in ®phdsbé nehage sudhhhagiag isli neddsearyshaped charges 106
are nmounted in correspondi ng support rings 104 of a support bracket 105.

The support bracket 105 may be twi sted to provide a desired has%&g (e.qg.,
45 spiral, [&P]1s e gon sysis ghasprovided With aperopssalid sa that, PM@% € B cket
105 may be ' - .0 ' ) t her
arr angerent T FRB o e SPGB GDRE phBH I} fubeed b BERMIBEY prihRRD. 10,
505 provi di agndidrelyniecreaseythe wefibofe prédsuietd enhaies theeloehlamdedalhite cdnddibp. | n
one enbodi nent, the carrier strip 102, support bracket 105, support rings

104, detonating cord 103 and capsul e charges 106 are encapsulated in a
porous nat eFPPR Retprringiodiss 24P B. dperforatind g WLsysieat avA i aGcREdaneR ¥t 9B%r ous
solid such . . r | |

LI TECRETE"" %B@@%“%?‘@gﬁeﬁﬁﬁ P%é?cs)r 135%9 q"ﬁr]r{i)‘( ?lr‘%gﬁﬁt"%ﬁ&%"% e %{#ﬁésﬁgﬁ %
struct ur es, csupldil. 26 deofatOfpibed €83 {s dongebtwd {oeash 8hthe(sBaikd chagyes 106 Tk her -

types of gas- or vacuumfilled spheres or shells. Mcrospheres are

general | y shaped charges 106 are mounted in corresponding support rings 104 of a support 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 may be arranged
in a non-phased pattern (e.g., 0° phasing). In another arrangement, the linear stﬁp 102
may be omitted, with the support bracket 505 providing the primary slupport for the

capsule charges 106.

[031] In one embodiment, the carrier strip 102, support bracket 105, support rings 104,
detonating cord 103 and capsule charges 106 are encapsulated in a porous material 110.
One example of the porous material includes a porous solid such as porous cement. An
example of a porous cement includes LITECRETE ™. Porous cement is formed by
mixing the cement with hollow structures, such as microspheres filled with a gas (e.g.,
air) or other types of gas- or vacunm-filled spheres or shells. Microspheres are generally

thin-walled glass shells with a relatively large portion being air.

[032] 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



thin-wall ed glass shells with a relatively large portion being air. [0321
Porous cenent is one exanple of a porous solid containing a seal ed vol une.
When the gas-filled or vacuumfilled hidden structures are broken in
response to 6 16 March 2006 detonation of the shaped ch#® §tarch@§06
additional volune is added to the wellbore, thereby tenporarily reducing
pressure.. [033] To provide structural support for the encapsul ant 110, a
sl eeve 112 is provided around the encapsulant 110. The sl eeve 112 is

formed of andedoydeor0df tHekRIpE@ bhdrbadt 1065 additiGnal V6lufieqY hadedStb Ithis ivellisdre IbEEISY t
such as plastic, netal, elastoner, and so forth. The sleeve 112 is also

desi gned to peRoseRlyirpducagpssuteant 110 as the gun system 56A is run into
the wellbore and it collides with other downhol e structures.

AT e o Al e SRR g i B R
encapsul ant  @®uhd theSenlSps0BnBPIY. | Bitb s1dR 1323 foPGiedBY aliFtyp® b Rfdte?ial fat is able

material selected to reduce fluid penetration. The matérial may al so have a
| ow fricti onto frosulE strunctfuat support, sichad iplestic, snetalo elpstomiet aantisgHerth. presgeave

ratings, the capsul ant 110 nmmay, be forned I ng. anot her t .of nmaterial .
For exanpl o, 11 GAUP.gsreted Peprplecie pcapstiant d Diss dsoeth BRisa bR icrupalie 5 s
Cor por ati on welybd€ aké folifdss ﬁ'&h%tﬁ&rdeavtnhb'ﬁ’stm% s?%@ﬁ%&ﬂi‘v@@} inkedd BRY be an

epoxy (e.g., polyurethane) m xed wth mcrospheres or oth types of gas-
or vacuum f i depemitesyitrrees caating ey . adiind joethe aufen surfeee of tieozticapsuiant 1h& The

ormod of porBHEE BNEH i F1-aP st RbH if B8 ABaidnd e SPRLRE BRY 36 FEHE 858xy
or ot her por : [ @"r%;ﬁ | e CARS h?@% hqui d
or gel - base hr?ﬁ?gﬁeg#fedva t E: ﬁgﬁscﬁ’;gégégaﬁdhz’ﬁ{&r oVl ﬁ%lggéya&%&éa e %%ni?lg? dr)lltielr

for the encapsulant 110. [035] In sone enbodi nents, the porous material is
a conposi t e [A8dlerindurthérembodiments, to prdvidehiEhdripeessmetratings), thefencapsoleositly) , a

2T O GRS GG Pk R Pe b SOERAL oS AEHAHA: RIZREr PREUR B4 | nl ude
i Lot on mFBeh e L P b MR TPl g P,
cenent - basedhe encapsulant 110 may be an epoxy (e.g., polyurethane) mixed with microspheres or
other types of gas- or vacuum-filled spheres or shells. In yet a further embodiment, the
encapsulant 110 can have plural layers. For éxample, one layer can be formed of porous
cement, while another layer can be formed of porous epoXy or other porous solid.
Alternatively, the encapsulant 110 can be a liquid or gel-based material, with the sleeve

112 providing a sealed container for the encapsulant 110.

[035] In some embodiments, the porous material is a composite material, including a
hollow filler material (for porosity), 2 heavy powder (for density), and a binder/matrix.
The binder/matrix may be a liquid, solid, or gel. Examples of solid binder/matrix
materials include polymer (e.g., castable thermoset such as epoxy, rubber, etc., or an
injection/moldable thermoplastic), a chemically-bonded ceramic (e.g., 2 cement-based
compound), a metal, or a highly compressible elastomer. A 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 ﬁné 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



conpound), a netal, or a highly conpressible elastoner. A non-solid

bi nder/matrix material includes a gel (which is nore shock conpressible
than a solid) or aliquid. The hollow filler for the shg%i E%%gl ng
material may be a fine powder, with each particle i ncl 1@iMRyc Bter shell
t hat surrounds a volunme of gas or vacuum |In one exanple enbodinent, the
holl ow filler can include up to about 60% by volunme of the total 7 16 March
2006 conpound volune, with each hollow filler particle including 70% 80% by
volume air. cohioumbblun®, witheaBPhblyw Fillks Sirtidls indiREhgPe%RL 8% Byl velunddiath
strength to prevent coll apse at typical wellbore pressures (on the order
of about 10 Kisshellof trechoblounfpier)s indpermeatde aed dpitugh stoengtletoafrevrit colapss 44 er s

S B GRS D e R T b bl AR e
heavy fill erto%@%@ﬁ%ﬁﬁ&"ﬁ%ﬁs 'iboto;d?ocﬁg%)aﬁﬁ nﬁﬁﬁtﬁ%tab@éaﬁgﬁbﬁl&tcﬁ}ecﬁg R e
vol unme, with the powder bel ng netal such as copper, 1ron, tungsten, or

any ot her himitriscensniiyingasudadtadts, adldtths hild.i vel y, the heavy filler can be
sand. In other enbodi nents, the heavy powder can be up to about 10% 25%

or 40% by vql of the total conpound vol une. The shape of t

hi gh- densi t 3OS&§JEPHE§FW@F smbpdinadoabe Beavyidleppevdreap Be vBép P@‘?}tbw’}@me
rheol ogy to | ' : t] gl AR 037]

Usi ng sand é’?%@y‘ﬁég‘&y #.ﬂ“@@’ﬁ@f‘%g’%ﬂé’% fcrlte aﬁé %E%e\??élelgslpone g?lglrfgirl’e

advant ages. tutgstengupay ceher higidddmsity amdriahr Alternbitiedld, the heavyrfiiler amdbd fand. i s
nore easily _nmanageable. In addition, by increasing the volune of sand, the

vol une of naR PHBer phadiments, de deavaskarder gpn bhup tgrhont 10%e 23w AP %dry Yrdype s

made up of \ _)ﬁé ' ﬁ; efy . glgg Rl he
bul k densi t;t??g}enit%%bs géélﬁlqg'@éor%i nggﬁ{aaggrgfg'fg%% ngeglt?’bg?na g%ou%i g §ag‘}t€‘<§:
(grams per topioducethicicoRéd mix thecddBtio athiedd & Gniftint (begrepaticdsires) finkl t he
conpound rangi ng from between about 2% to 90% [039] O her exanpl e porous

sol i ds inctG@l@Pﬁ'—_@b g/ cc, 40% porous material, such as tungsten powder
m xed wit'h hol | ow m crospheres, '50% each by vol une. Anot her exanple
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For example, sand is familiar to field personnel and thus is more easily manageable. In

addition, by increasing the volume of sand, the volume of matrix/binder is decreased,

which reduces the amount of debris made up of the matrix/binder after detonation.

[038] In some examples, the bulk density of the shock absorbing material ranges from
about 0.5 g/cc (grams per cubic centimeter) to about 10 g/cc, with a porosity of the

compound ranging from between about 2% to 90%.

[039] Other example porous solids include a 10 g/cc, 40% porous material, such as
tungsten powder mixed with hollow microspheres, 50% each by volume. Another
example compound includes 53% by volume low-viscosity epoxy, 42% by volume
hollow glass spheres, and 5% by volume copper powder. The compound density is about
1.3 g/cc and the porosity is about 33%. Another compound includes about 39% by
volume water, 21% by volume Lehigh Class H cement, 40% by volume glass spheres,
and trace additives to optimize rheology and cure rate. The density of this compound 1s

about 1.3 g/cc and the porosity is about 30%.



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 includes
about 39% by volunme water, 21% by vol une Lehigh C ass {-&)]&Eqnen éO% by

vol une gl ass spheres, and trace additives to optim ze rgla?t)g d cure
rate. The density of this conmpound is about 1.3 g/cc and the porosity is
about 30% 8 16 March 2006 [040] To formthe encapsul ant 110, the porous
material (in liquid or slurry forn) maybe poured around the carrier strip
102 cont ai nef40hsTd éorthihe shepualiadtllLO, Theepopausauateriamt(@r liqtid of stutr €orms Inayvied
to harden. Wth porous cement, cenent in powder formmay be mxed wth

wat er and otPRAEehaNR] e saisr sEiph02 coatainad inside the slepye ilié ThspergupmaicHal

Srurry for m S HESRAR Baer St Mgkl BmenlR Mt ol b misha
The equi pmenyithis@ter bd oheeatditieesith orde d kébéht stindt. UDeritAmixdes 6Mthe cement,

conventional cenent m xing equipnent. Fibers (e.g., glass fibers, carbon
fibers, et c.l;nmhatsaretadgqb@ethe X fupss r Baesmirtiaee, stk iersduary formt isdhen poured

encapsul ant .. [.041] The a ant. 110 can-al so be premnl.ded. For.exanple,
the. encapsuiigiite Biesge TF RN & hniRs aBe o SRR e i Edaies
contours ol @Rk Badbd & donRErticHdl ¢h&E nkinMBuiphlit SEbEqE S, glhst AB&L,VE a
gun or one or nore charges. The gun can then be placed between the two

sect i ons whicatboarfibefsastcocan alsodetaided todngreassi the strénstheotthp sudapsitlatl0  shown
in Fig. 2B. In yet another exanple, the porous material may be nolded to
the shape i e en t ch es and | oade the ch es are | oaded.
0421 1 andOHEr MRaaemBRa: LD HemP etoBor PR PrRe PP 0T &
om tted, W ldyidddRtSHRPRE R 35 SbpldbriatGniik R todADinRECMIrfAL DI e
needed support. [043] Referring to Fi'gs. 3A-3B, in accordance wth another
enbodi ment , twpseatmds tf recdive a gan of ene ot mpye ch@fzeshdhe gimcdE then Be placed ni | ar
concept may, be extended to a hallow carrier un 56B.. In the hol |l ow_carrier
o oon o PESHEER e beders Lo e o toaeferdooavint e encapntent 11055 rhe
| oadi ng tub . Df:QVle j 4 @H&B eh ufbf&?cr 126
may face. Tﬁ%&%ﬁgg%ﬁ' %Iﬁ'aﬁl esgg%tg&rsreay ?éé’nﬁbn-cagi\%la%ggﬁg@ggg S ngggt%lﬁae

shaped chaslpps imbetweentvee theatgdsr amh lbkdedevhenrthe oieargesare idadediol | ow carri er
122, which is typically

(042] In another embodiment, as shown in Fig. 2C, the linear strip 102 is omitted, with

the support bracket 105 and encapsulant 110 pi'oviding the needed support.

[043] Referring to Figs. 3A-3B, in accordance with another embodiment, instead of the
carrier strip 102 shown in Fig. 2, a similar concept may be extended to a hollow carrier
gun 56B. In the hollow carrier gun 56B, a loading tube 120 is positioned inside a hollow
carrier 122. The loading tube 120 provides openings 124 through which shaped charges
126 may face. The shaped charges 126 may be non-capsule charges since the shaped
charges are protected from the environment by the hollow carrier 122, which is typically
sealed. After the shaped charges 126 are mounted inside the loading tube 120 during
assembly, a porous material (e.g., porous cement) that is initially in liquid or slurry form
may be poured through the top or bottom opening 130 of the lhoading tube. The material
is then allowed to solidify to provide a porous material filler 125 inside the loading tube
120. Figs. 3B shows a cross-section of the gun 56B.



seal ed. After the shaped charges 126 are nounted inside the | oading tube
120 during assenbly, a porous material (e.g., porous cenent) that is

initially in liquid or slurry form may be poured throu he or bottom
opening 130 of the |oading tube. The material is then %MH%QGSN idify

to provide a porous material filler 125 inside the |oading tube 120. Figs.
3B shows a cross-secti on of the gun 56B. 9 16 March 2006 [ 044] The porous
material filler can also fill the inside of the hollow carrier 122 to

provi de a | all§ét Vhe pereus mﬂtea'abli‘ild&r@nn alsodilkthn insidy efithe holiay carpigh ket

under bal ance__condi.ti on t nefit of r.ous S that
it is an enePQy* dﬁﬁ‘é%ﬁfe?"lllﬂa 353‘&'883 hineing tﬁ%Fogﬁloqad’élePﬂ?“eﬁfbeﬁaéﬁ Al so,
the porous na;rﬁfﬂ(ﬁlaf@'ﬂl&ﬁ%ﬁ@@fﬁl’éﬁéﬁﬁd&rﬁﬁwmﬁlﬂjﬂﬁffu;ﬂ{cﬂc@ﬂﬁbﬁb@f’\ﬂﬁﬁrr' er
so that a thinner-walled hollow carrier can be used. The porous nateri al

provi des supquductcs ichargelto-thergdoitdrienercar Alsy, ﬂlmaommateuahasy g@mnieaﬁadmwe
to wel |l bore ess res th thinner holl ow carr ali

perforating ort o ?Be\ﬁ%aamﬁfaﬁo heseneralh @ﬁaﬁﬂw g??ﬁ?? W&#e
conveni ent. BE@% %’ﬁﬂt I Q{g\ﬂ!uged
around the e&erna’gw&ﬁﬁjfgce P?%e SI#qggvﬁggé?Fglﬁkﬂa nb?rngtlon of
the porous nmtvedibate pressucts. ich thikiretr Heliéw earhietd, alighter meght ﬂnéifomnng gm)m des
a volunme to receive wel]| baore fluids upon detonation. [Q45] Referring t

Fig. 4, in %@Hﬂ%ﬂ’é@%ﬁ%a}}%n&ﬁ&%ﬁ%@ﬁﬁBﬁYem%Ptpérlﬁﬁerfétzﬁ AgmeRdof 2

system 56C i r t psul e
charges 204 &%ﬁgﬁaﬁ%r glg?iﬁgibe g%ﬁ‘?eﬁgasr%ﬁjg %Ecﬁ%‘it %ﬁé??ﬁ?a@r@g{ 5%%3

t ubul ar car ri2gr TA8 2omibihatibe ofithe PogRS mmer@aIW@Mmlﬁameﬂmllbmmmdaﬁgo
tube 120 of the hollow carrier gun 56B, except that the tubular carrier
202 is not duPYidesetPlume tQeeceivadrellboredluids wpon detonatipsul t,  capsul e char ges
204 are used instead of the non-capsul e charges 106 of Fig. 3A In one

arrangemnent , d e
t ubul ar car | e qifgéjﬁhgggﬁ nnec%g‘gorggﬁéf@tﬂcgaag gee ﬂéér;@dé%%t ébg{fnﬁgﬁégﬁgr
arr angenent sydté Sé€tinclalidsnotubeler @h:ﬁ&&mamay busedsb de:rj: bepstilsluhberpes 2o4ri er

202. As with the-loading tube 120 of Fi 3A, a porous material (e.qg.
porous cenemounfedproximabppegiings| 20p in Hhe wiagcasrien? r?lqtﬁbﬁﬁweft?@zﬁ%ﬁf ed

through a t Y an:angeﬂtl}l A2 grnsI t%(‘{he ioadma tEng %@ of ﬁ){é”hohg\% Cglq'?el‘ ga-ltf'§6§0r ous

except that the tubular carrier 202 is not contained inside a hollow carrier. As a resuit,

capsule charges 204 are used instead of the non-capsule charges 106 of Fig. 3A. In one
érrangement, 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] Refemring to Fig. SA, 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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material solidifies inside the tubular carrier 202 to formthe porous

mat erial for. shock and interference reduction. An advantage of using the
tubul ar carrier 202 is that danage to the porous naterbﬁhlis I E likely
because it is protected by the tubular carrier 206, whi E¥9h9©§ cally a
sturdy and rigid structure. [046] Referring to Fig. 5A, in accordance wth
yet anot her enbodi nment, a strip gun 56F includes plural shaped charges
arranged in a phased pattern (e.g., spiral, tri-phased, and so forth) on a
l'inear stripphedghéd. Ahk @"-’ibﬁ&dcﬂ%h%@ed%hﬂx%@g RERA8E 1Y mgﬁfﬁ?% duntdiedifdlay ees
can 10 16 March 2006 be used. The 0-phased shaped charges (referred to as
304) nmay be thesmips2diTheatther charget et stiow) ag0@ouithe insidednbesi3Q gtiachedde the

153 oo BARAEE A LSS e ST oo g
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or ot her suigratidyd in gicH nitet306ial .  Alternatively, the tube 306 can al so be
formed of a porous material, such as a porous solid (e.g., porous cenent,
porous epoxy, .etc.). [048] In Figs. 5B-5D, in another epbodi nent, instead
of a hol | ow [P4Ble Bisgube,3 F@Uob%fé’ﬂne%maﬂﬁf%‘gﬂﬁuﬁé@yﬂﬂinﬁ ‘t he shaped

charges) is | ' = | : Of Sbh{ erent
portions of ‘Afiﬁegﬂ%ﬁar %%%%?ﬁ%ﬁ@%ﬂ@cﬁ%@é%g?%ﬁ%?%gﬁ@ﬁg’rsg%mnﬁs%}%e Egar 306A
can be made sofid &.poporsas s@h@it] pdroussépolyasc.por ous solid. As shown in Figs.
5B and 5D, first and second grooves 310 and 312 are forned at the ends of

the bar 306A to receive the 0-phased shaped. charges, 304. Sl 314 are
H1'50 for mod (GHIC e FisulBraR is araseehod e yissioas s Beke Bleah: HEdid 15s

200U PG OOl B S b e o

under bal ancenreé VRels,of #gé aifetént PoRLUAE o theltae 306K authoanihe dhargesnmbentpd ovi ded
around each gun. For exanple, a cylindrical block of the porous _solid can

have a nmxi fhessigi Zheber 3QGfacan ke mpdeefd poronamperial pech asmoraygplids As shown

[ ﬁféL 'gﬁt on u£ ﬁ1g9 5B a&i 919“5}& gr?d ge%&ilcp gro%%s' ’Jnl%) anE:lrﬁrZ a}@fﬁar&% alhtﬂg eﬁ&’s HaRe

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 308A 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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[050] Alternatively, a porous slurry can be punped down and around the.
gun; in such a scenario, the restriction on size is not a.limtation on

how rmuch porous material can be placed around the gun. exanpl e,
in Figure 1, the area 54 around the gun 56 is filled: \Aﬂ%—% HB%QPOUS
slurry punped down the tubing 52 and around the gun system 56. [051] O her
enbodi nents of increasing transient pressure drops, and thus transient
under bal ance conditions, are described below. In one such other enbodi nent,
a sealed at Mtﬁppmducummtmdrop&mﬂmwcﬂehtem(such hebywedel dfcmploaafveewahres or
formati on has_been perforat 11 16 _Narch 2006 After productian

started, opeRiEEICGhaRITRYR *(ogales of theyepntainer &9 g@@ﬁ#%sv n%?%lgmeor

ot her mechan en
under bal anceb&g%l ﬁ%@ﬂg?@# sﬁr%% £tg%’0%‘gbfa%& %amageéﬁsan Hglgal ns

around the pmtﬁzelsahdmrenimrl@cbsedmﬁis.to renmove | oose debris. [052] In
accordance with yet other enbodi nents, a tool string including nmultiple
chanbers andmgzsjerforatl ng gun is | owered into the wellbore, In t hese ot her

embodi nent s frsqccprianerawith yet pthar embogitaents 2ROl SiHRE Mgluding-muliRie 1 i on

prior to t lr Wi ng whi ch

t he perforatlﬂag{%ﬁénﬂll%saﬂg}fe‘q eage%ﬁlqg c{&r&f%éé%gr\?oragl n]glq}dﬁgﬁ lﬂgfg dr opped
away from t hempeliferta} £first olidmdr % used to SiRERNE BidaiFabinct Sordidedestidraocreate a
flow surge fromthe formation into the second chamber. After a surge of a

pr edet er ni neRFT{pREZe 1o pesfomiing gan s thew fired dolloveing sduehithe Parfprfng gus isow

control devi By i ct f|UI |n t.he secon back
into the forr(rér%t I 'on !P%Irﬁgéra r?l et gygdntekhag (%ﬁfqnﬁ ﬁ%ﬁi gb o%%fl
chanber may deeonduhadibeets dpendde cslitd 288w s[uQEb?ﬂroﬂ:lrthé’ﬁimﬁﬂ@ﬁ fes tREeedidTeNt, A
chamber within the gun can be used as a sink for " wellbore fluids to

gener at e t hhamber baftertcarsoelin EllﬂdﬁemﬂmdmhlmgQﬂfaﬂ!@@imd%ﬁhéﬂ@m semnd
detonation |II theln r nal f the n..lf the resu

ot onat i on_ ghambls, aichf Eordd) ALAS pRd AT BREneflup it in g seonf RBmbADack
cool er wel | hgioahd f&m@ﬁoﬁrmtﬁﬂﬁﬁea ithé R)rEdlﬁoﬂ!f'l'ihd‘ﬁHﬁé 8&bond RRarhBdRthlay be

accel eration through perforation ports I n the gun housing breaks the fluid

up i nto dropredusedtithessrfhdes i n rapi d cooling of the gas. Hence, rapid gun

[053] Im yet another embodiment, a chamber within the gun can be used as a sink for
wellbore fluids to generate the underbalance condition. Follovﬁng charge detonation, hot
detonation gas fills the internal chamber of the gun. If tile resultant detonation gas
pressure is less than the wellbore pressure, then the cooler wellbore 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. Hence, rapid gun
pressure loss and even more rapid wellbore fluid drainagé 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 wellbofe (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



pressure | oss and even nore rapid well bore fluid drai nage occurs, which
generates a drop in the wellbore pressure. The drop in wellbore pressure

creates an underbal ance condition. [054] Referring to Fi 8 ool
string having a seal ed at nbspheric contai ner 510 (or c@%ggyﬁgg%ﬁbving an
I nner pressure that is |lower than an expected pressure in the wellbore in
the interval of the formation 512) is |lowered into a well bore (which is

e ront o, BBt ke SRR el o <arn o vl s S ©
wireline, slj i [ ' . . The contai ner 510 includes a
b e e L

chanber that Is S, alr, nitrogen) or other fluid. The
12 16 March 2006 container 510 has a sufficient length to treat the entire
formati on 51@5ahdInhak embodiméne, wiibs the widl it bAdduciag (Mtergrefoemdionpinthe ng

expl osi ves. }055_ I n. one enbodi nent, while the well is producin éafter
per f or at i onsIaMaHeE13 avedesniomed). hipAmpabsrie shambar,mtﬂmcomm%ﬁ 15 c
chanber in t Loner ;510 i pl-@Si ] : . This
Feonni que. cAn kS REbREEd e HIDERE 34 Moo BRERNE e LR RRBEE T ",

gun, the at nreforstingieua0 Whén@ed alitho\\surd, B A4RBspHest coitaldier Alsy@Bkpplication
under bal ance even if the wellbore fluid is in overbal ance just prior to
per f or at i ng. ofAfEmamipwisehalance evemadf ferwellboraflyidds tnoovsebalansg jest paer to

perforation ratio ave, been per f d Lnithis_ |atter arrangement
P oduct | on 1EPR0Cfns e SR PR et Ty il pe heogleh Bor @t bR
at nospheri ¢ {208 badn Wirfoerhed CHthR Ity aYraR RERRE, froductioRdd EstabIRHEDEOm the
under bal ance condi tion. [056] The expl oSively actuated contai ner 510 in

accor dance {prhatimmewithiteripartsrit16 of et atdhespheiic cootrines AE0 explesivelyioperisddo gas or
fluid) inside, tThe irrena%xgqr]s of the chanmber 510 are such that it can be
| ower ed i nt §T& %%ﬂf:dég{'éla f&i“PAZHOBy wireline, coiled tubing, or other
mechani snms. The wal |l thickness of the chanmber is designed to withstand the

downhol e welb38)r eTHRleRpRMIVES, AEUPRBRE Y16 fn acEBRIah&NGh oAt etdbBdieteanber is

determ ned by the thickness of perforated formation being treated. Multiple
ports 516 megjudss apr(essome etherrsyitalle gasbt fluifl) insidec Thetdimersions ofd dwinbers ar e
placed insi (;TO talheesuch that it can be lowered into a completed well either by wireline, coiled

tubing, or other mcchanisms. 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.

13



at nospheric container in the proximty of the ports. [057] In one
arrangenent, the tool string including the container 510 is lowered .into
the wellbore and placed adjacent the perforated fornmatign 51§. In this
arrangenent, the formation 512 has al ready been perfOréﬁ@ﬂ?“’ﬁﬁxﬂ%e ,

at nospheric chanber 510 is used as a surge generating device to generate a
sudden under bal ance condition. Prior to |owering the atnospheric
container, a clean conpletion fluid nay optionally be injected into the

formation. Tosglc oAiirahé Sindsbhdrit dontARQFAD iPRWRELAhd f18cet ¥t @ perforated
wettability, and the fluid properties of the formation fluid. This may

hel p i n r emd0imRionaY12; thelfameationrddis Aewedby dperang o praduatien alviuatitheysurfags.d
flow. 13 16 006 .[ 058], After, the at heri g .cont ai 510.is | d
) 23 30 A e A00R SR hoRAE Ind FoI R SR Lo iERE B Mhpphiis S, o'
flowed by opghtafifdr,dpRAIAS I pRE df%yéorﬁémém(gﬁ%ﬁ@&@ubor tds@urk Nend §logpt i on

Is flow ng, the explosives ‘are set off inside the atnospheric container,
openi ng t he wayeigenasited by throsrpdosiars mdyOprovide tiee fnedel fonfreeipg GearticlesTHeshock

bar t1 ol e, TSR CRRIG PERHE PRCR VTR HS) dRerts Mt oR e ymeuice « ne
fluid from phg ih@r | tﬁ%’l&, t I o | | bore
by the at m)sphelr i ctﬂggﬂr!ll? er Sf?g?e %ﬁﬂ | @ﬁdﬁaﬁﬁ%ﬁ@?@%ﬁf ﬁgﬁgrarlon%?f %dz.!e

particl es i fiul ¢dmesvibé hivbilezed lpasiclesgnwl thawellborepleving tlean érmatiod hemelbanber
may be dropped jnto the well or pulled to the surface. [059] If used with a

P
per f or at i nglBtiRbamber may; hegkoppediinw the medospried uhe MaEfacsubst anti al | y
coincide with opening of the ports 516. This provides underbal anced

per f or at i onrpsoRef8lsbd B9ht-CodiiPati S *§8’fa ] D6k 10
conj uncti on[- vaet h aS g’gt}lfagprég{ofg%ngn%ﬁd#’g ,uﬁog%gggggﬁd@gg\%ﬁg#agﬁgﬁwr j?\
enbodi nent , caiacité withtapahieg of the pdies H6b qismovided ufdegbalShceti perferativmi ner 510A
is divided into two _portions, a first portion _above the perforating gun

530 and a SREEFINEISFIE-ch LERr Aospharc seataingg S 4 i genjuntion vight ai ner 510A
ol o ve. TR 580 AR o o BT el RN

expl osi ve f 7 as’an expl osive
det onat i ng exabialiimeNAfEFig. I Biestatding J1DAGK Ahgdddvias SPRGabAY atfestipdfion

detonating cord 520A. The detonating cord is

' 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.

[0601 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 performed within (less than or equal to) about 10
seconds, one second, or 100 milliseconds, as examples, after perforating. The relative
timing between perforatioﬁ and fluid flow surge is applicable also to other embodiments

described herein.
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al so connected to shaped charges 532 in the perforating gun 530. In one
enbodi nent, as illustrated, the perforating gun 530 can be a strip gun, in
whi ch capsul e shaped charges are nounted on a carrier 534. Al ternatively,

t he shaped charges 532 may be non-capsul e shaped chargé@“ﬁﬁﬁbggdg
contained in a sealed container. [060] The fluid surge can be perforned
relatively soon after perforating. For exanple, +the fluid surge can be
performed within about one mnute after perforating. In other enbodinents,
the pressur e [8al]gRearind e Fgr {@nnectorddnde Withl285et diaPodme) d 2ol ls@ingabigit 10
seconds, one second or 100 mlliseconds, as exanples, after perforating.

The rel ati ve PlurRlRhagbers mRayde emlﬂmdat%ﬁodﬁﬁ‘lffgl inrlydes operfunting gun 60ghatdabl e

| h d. h 14 16 March 2
rorort o b e SRR I HcRor G SR S5 iy e exbfo B ResiiSl g fiale e 1 g
with plural peligiaties sud'®00. PR eXAfple, IR EvARA ofd det&&uhg%m 18 fire

perforating gun 600 that is attached to an anchor he anchor 602 may
be expl osi veFlapad chargesd066n thel peafoeatinigegun60 i H adsoragtugesth6 @OChT 1608 fo febrase

exanpl e, act at| n,.of a onatin ord 604 to, fire a harges 606 in
t he perforat d’ 8’??“85@“9\%&# "&P lbwgl(l’fr@ tdéoﬁ"ﬁ’éh%thew oég}e‘ﬁéﬂ?"é‘? -ease the
perforating gun 600, which will then drop to the bottom of the welibore.

[062] The anmigg] PALarich6t Gm%cﬁﬂeﬁﬂpé&hﬁ[m%m EOSQQ%nBQe%ﬁp&cﬁnﬁlhﬂl'cﬁhon in

comuni cation in the annulus region 610 (also referred to as a rat hole)
with a regi oﬁhe@m@uﬂegmnfﬁlﬂialsc Int:fmtw:i to B pAatifole heith ectgien putsigle aTivet dhamber

hanb 614 fluid ho
et ni ng t neS P Piapt KRLEGF Ghn rkgniHet s o PedBietmitod voLame L SEAuE:
ei t her expl OFhé’lﬂidém‘grdcﬂhJBErtﬂé ﬁFst cﬂ_di‘l?oeY‘éhlﬂﬁﬁg‘?{xclﬁ&ede J Gil6 hAIRE og&ged'fg one

exanpl e may be approximatéely 7 liters or lons. This Is provi
achi eve roughthgr exp@ivepsor otl{upmumjsiflme\rolmquafmelﬁmh:hambdxaﬁmhmmeexmp]ﬂi tion

in the annul us regi on.610 WP n the 16 are opened.. |In other

confi gurati A& b‘b&%ﬁ’x@r" b5 gfcrﬁ%-g e 15 Pradegdo aghieye ropehlyia 200sih
desired und Q&qh Rafant

wel i bore angbt he Wﬁtlon&p?@ggure l:i\(:contro %ﬁu%%%%%ﬁé&@%ﬁgpﬁ%ee a

firing head ;(oms 616 alzaopenad. i natthergonfigiratiors thensizasidf ited ehanbede bdhaiaydg cord
629 (or to actjvate sone other
se 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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mechani sm 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

t he packer 620. Use of the packer 620 provides isolation %tﬁﬁﬁ rat hol e
so that a quicker response for the underbal ance conditi &of Mare 8@ can be
achi eved. However, in other enbodi nents, the packer 620 nay be omtted.
Cenerally, in the various enbodi nents descri bed herein, use of a packer
for isolation or not of the annulus region is optional. [064] The tool
string of Fi §06510 Refesang kcFigdbl yat anathen@nbhdirieat for 2zeatinp en codarbadincenodul e

126 may al so _jnel.ude a flow. control devi.ce 127 (e.qg.,.a valve) o nt rol
comuni cat i oﬁo%(ﬁhéllaﬁlf‘n% L PAOTHLNE P ReFAR; If ﬁlusgﬁ‘ﬁﬁbérgpefff ayng &”ﬁé’@’&@ﬁd
chanber 124. inchyiek B @e@bRfht 0 902 hitea BAHE % bk Qygickiite, § LRt
control device 127 ?g cl osgea. 15 16 ?vaé}gqu‘géo%mfo%‘gﬁ%ég%%’lﬁg tbsFl g. %1,
yet anot her entmidmehing.f bronercasiddhgemnths pedfotatihggue 702 rachdliosncagtikrigng a
perforating eration.is illystrated. A perforatin un string._700

i ncl udes a pg‘?‘flﬁg ﬁ}aPﬁ%Cféfangﬂgﬂ la‘ﬂé" & chamberd ] 8 jof a seapgsihougingcHoc dnthse a
slickline, azyiddRlke 19711CHel i : ﬁmﬁﬁi -

perforating gun Ozﬂt?%fFéQ'hlc}l’ ﬁigvsﬁgfg%érfﬁlgﬁaggﬂ 1%%\%%9 S élgggtt%?%ggg%% ‘%14

i nsi de a chapduker 7106s pfovadesiendnad the tshing 706lp. isdlite teinteavdl M eairehichahe Fi 9.
11, the perforating gun 702 is |owered through a tubing 706. A packer 710
i s provided Mg e 10gd¢ iegperahot {tsfarisd|ta pethe perforang mterval Y 127). vhi ch t he
perforating [ tp.as the "perforating interval
712"). A prlgg%lﬂgegﬁﬁmssqré&ggg{stgg?Eﬁfé{aﬁﬁghgg&?loﬁazti ng interval 712. [066]
Referring to Fig. 11, during detonation of the shaped charges 714,

per forati ng [0p6) tRefd2ihgao Fid. ¢ 1 nedingsdetoratisn bf thefshywidf hagies N4, jpeiféragihgduced

by the shaped CH rges. 714. During detonation of the shaped charges 714,
hot gas fil IROTEH&O ar formed asawnsnle of parorating jsts produred by the shapedbchaszns T dnt

g1 ven ampunio RSkl oFfhe shipodRree S 71 naf etia e e bR nger [ ¥ ©

chamber  71§uaf716h# theiresiBiht dEtvRafiaDbsk (REREBICPAlE RRs Han\WRd Welibosé Pesédie,ough
the perforation ports 720 will break the fluid up into droplets, which
resul ts i n FapPy a@hen awpugt. thenethg seolar whllbore 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 Pw to be reduced.
Depending on the absolute pressures, this pressure drop can be sufficient to generate a
relatively large underbalance condition (e.g., greater than 2000 psi), even in a well that
starts with a substantial overbalance (e.g., about 500 psi). The underbalance condition is
dependent upon the level of the detonation gas pressure Pg, as compared to the wellbore

pressure, Py. _

[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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the chanber 718.. The resultant rapid gun pressure |oss and even nore rapid
wel | bore fluid drainage into the chanber 718 causes the well bore pressure
Pw to be reduced. Depending on the absolute pressures, érw ) Br ure drop
can be sufficient to generate a relatively large under HAIMAE dition
(e.g., greater than 2000 psi), even in a well that starts wth a

subst anti al overbal ance (e.g., about 500 psi). The underbal ance condition
is dependent upon the | evel of the detonation gas pressure Po, as conpared
to the wel | b&pedroprthe weHeore pressirecBy, hiiverelativebyr laxge amougt (saverakthbisands oft he
det onati on g%gl I's substantially hotter than the wellbore fluid. If cold
wel | bore f1 ui g that are sucked into the gun produce rapid cooling of the
hot gas, then the gas volunme will shrink relatively rapidly, which reduces
the pressureods) NERFcEE: FHBRoMREDMRIhE, atibtd fiFathteREars BiRMICHRS O the
gun. The gas cooling can occur over a period of a few mlliseconds, in one
exanpl e. Dr apehieng thededited differenpei id vvalusk betiwekn e tswegrbssomsPweasi By, |Fdry) out
of the perforati [ nterv 712 16.16 March 2006 can drop the well bore
oressure,  PuERARPIS e Je3F] 3&?9 FLORRHor-47S @mssw*;elg@ &P D¢ RRISISH 43 ot explsTE,
[068] In accpidaBes byl S i A4S TheY ‘
controlled to aghi e\ye iﬁrs]e desei re d@%?&%@éﬂiﬁﬁvgﬁgéﬁétﬁﬁgﬁ&gﬁgﬁ%%’
pressures PwPanwnR@ adfisted byxampieg up ke dntiveivel for tu Esothrédseation of Gasvell, or by
pressure, PG, can be adjusted by the explosive |oading or by adjusting the
vol ume of tﬁ@’@ﬁﬁ??glé{rmc E%SFHSFW%E“TC@PQWRYFSS\‘:@‘P%E)}C@%@SMe, Pw, can be

adj usted by punping up the entire well or an isolated section of the well,
or by dynanjogs] | ynd e RSILS %ngﬁ Bl ask GUfdient [ 0691
The above denpscrjl bes exanpl ecs 8% as e%o%%%%%%%gﬁ%ggg% |ncr%gr}§ﬁggmnt
transi ent undertbalanancendittiomdi tOmthe .otan halid the Bebodiamrdts shbenenFagi 6rend 3

shown in Fi qg 6 andﬁlg_ I nvol ve assenblies that reduce (rather than
i ncrease) t rANAVeAtsemalies BatmAuce Eyhen thawinsreasqidmpsiengdsebalaicg conditions.

under bal anc A o) ' . .ok at i i gh- essure
oservol 1 ( S enei b Belfhaibatiic b Goltiah b e With fertidilie £HERS™ 1
shown in Fipgesstre reserein@néieap@ibieowih iphgs @ gibdfr tHaatabbst £00 kpa)r A6 sKdvn

reduce a | ocal_ transient o )
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 local transient underbalance condition that is desired by the well operator. Based
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under bal ance condition is illustrated. [070] The gun includes a plurality
of live shaped charges 402, as well as one or nore. dunmy chargers 404. \Wen
detonated, a shaped charge generates a gas that may be at a | ower pressure
than the surrounding wel I bore, particularly in a well efdQiMaKERetO8adj acent
a high-pressure reservoir. To reduce the |ocal pressure drop upon gun
detonation, a smaller nunber of shaped charges are used (effectively
reduci ng the shot density). This can be acconplished by replacing live
shaped char gestheknbwn wesewotrmassgas and tavpetdbéad traedal uhdebeidnad, tie mohbedofBsS.
[071] In effect, in some cases, to reduce the |ocal transient underbal ance,
t he number dfesk 558 402 fodise instheranans sakectad miher gustis Beargwered patp the
perforating . [ ts.nmaxi mum capacity. |nstead of
dunmmy chargégﬁgg%?ﬁgp%%?h$3%§§B3Pé§%¥@%uﬁ E%%%H%r wei ghts can be used in
ot her enbodi nents. [072] The nunber of charges to use in the gun depends on
various factf073, Almghattlichgot hedditende tedudin@lshbt dunsivg file tiemp ah@ibaance is
condition that is desjred by the well operator. Based 17 16 March_2006 on
the known r E&BICGSPY redueing irestotsh explosive maspefxharges insihe perforptisg iganafee, t he

nunber of L] h r 2 to use i h i sel ected. The gun
e ren’| owsk iR ARELs A 8Rcd 8ol Bfisk fhal it e BTl orplibfied
operation. pihéStheAluhas Aelignée for.cafbe iuedddi tion to reduci ng shot density,

the transient underbal ance is reduced by reducing the total explosive nmass
of charges in the ggrfpratjng un. For exanple, charges with reduced

expl osi ve ni&élt haemagivelysigste USHIE Srasansgharasys|on sieights 4dste replaceiive | s

designed fo : 74 er nat.i,yel y, .instead, of usi u
chargers or g%@?g ﬁ?%g%gafdoélfgsesﬁ% %@e(teI%"&é’hdg’ﬁ?p%odldgﬂﬁcﬁﬁ%5‘&%’0&?‘8%@%@ #Fo
(e.g., solisbdoakslongahé knpadiakdn st 1 26t The o thalfs 430 drePositidieaer s al ong
the length of a gun string 412. The solid masses 410 are positioned

bet ween gunBetween genst41d4ba eeddrroatains siapgrbehargesrdd6s The olidmesseoMil@ alsasses

410 al ivel th nber, of d.ch that ar.
et onat od GuTECGEY ek B¢ Hinten e THARES st ADEE ASORREE B PBerfibOacbthee o
gas producegdmiing #1%hAE §e:sHRIAS bRt dfgas JRIINEABAR 1o\ MRGE deRAUESSIst he

| ocal transient pressure drop. ]
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 materjal 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
assoctated 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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[075] Instead of using solid masses 410, other types of materials can al so
be used. As exanples, sand, concrete, or other filler material can be. used

to fill in enpty portions of perforating guns in a strip Thi an
further reduce the transi ent underbal ance condition thé@%ﬁ,’EB@O S a
result of activation of the perforating guns. By reducing transient
under bal ance, the post-perforating surge is reduced. This is especially
hel pful for reservoirs that are in a weak formation. Reducing the dynamc
under bal ance 2g@yai¢d ¢ayaes 7 lodaldupsichiainaethalancein the pdrforating idemyalddueleatingnt o
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condi ti on. However, concern assdciated with this condition is the effect
of a transi epgusey etlansienosetbplahtecbriditidite bepenératedtin tig penfoeatinglinttndal owi ng
the transi en% nder bal ance created by ag¢tivation of a perforating gun in
t he perforat %W‘HES?WQW%%F@“?%PH@&?W%I lbore is initially in an

over bal ance condition. Using various enbodi nents of the invention, a gun

string when #7116 Tﬂ@ﬁ%ﬂ?&ﬁ%@gﬁﬁab&?&ﬂﬁj@#‘%ﬁ gﬁg %0{1 E)%}?iaﬁ&tdamaoe to the

under bal ance in"the pertorating I nterva oration-tunnels
i n the formapérforatibiowmuels in the farmaionithatdfavé et esn cdedned.aln aoordamebdiith sonad

space is created.in the gun such that well fluids rush into the space. This
causes a tr affBPeiimestsed thy Byemicnon Hechypsm és Povisled &9 Eduee this Wa98icBer f or at i ng

I nterval foéJegy\%l%quﬂ&;,%Hgigﬂ 39&\]ge{tilaﬁ. transi ent underbal ance. [077] The
a

transi ent over ance con on after gun activation nmay cause damage to
the perforation tunnels in the formation that have just been cleaned. In
accordance WOfB] sBigel2 dhbtdiesromnt anbéditneat ofthiznhechanism. e pérfmasng g uingi ded
to reduce th@ transient overbal ance foll ow n %n activation. [078] Fig.

12 i |1 ust r at@® prudeshpeforating Pm §1 apdatuhing 3 CpEies dhepsriogatg 8802 ng
800 i ncl ude i Hhi s
perforati 'ngsiag)ntﬁgg‘rfﬁblg}r?f 0 c&@ﬁé?ﬁ%%&ﬁ@ﬁ%}e&l&tlu{ %II ‘ggﬁﬁﬁ‘ag@%n ebtg%lbﬁigg)rt ubi ng
or any ot herpipe/ pEhofubingB04dnéludesPininer 188gituddial BoRBO6i tharlenatsss 8 paisags of
| ongi tudi nal bore 806 that enables the passage of

well fluids. When the wellbore is in the 1nitial overbalance 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 810 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 tbing 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 810 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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wel |l fluids. Wien the wellbore is in the initial overbal ance condition, the
entire length of the tubing bore 806 also contains fluid at the
over bal ance pressure. This is true also of the pressurEGQ%yiﬁéoﬁgnulus 810
surroundi ng the tubing 804. [079] Normally, when the gu c I"red and a
transi ent under bal ance condition is created as a result of the gun
activation, the transi ent underbal ance condition acts to draw debris out
of the perforation tunnels in the surroundégg formati on. However, right

0

after this, lists thenldoprass ofiflaidi inside thettubing Alsind packer 808 id nlaceg poound the
comuni cat ed_t.0. the extra ce created as,a result .of qun activation. The
extra space. PUSEE e phite ARP R e maLBF Slsrbalnoed it in Rt frltios
charges, i nsgpeistififatt@ bRl Bk bBdodHAs §0erval H80] Because the fluid inside the
tubing 804 and in the annulus 810 IS at a pressure that is greater than

the formation pressure (to provide the overbal ance condition), this higher
pressure sur@ée] i By dimiting thetflow sapainsidetbamtubihgBN4awith thetchoke dfvitehdl2, the rate

perforating qun.802. As a result, a fLransient rhal ance is. created,.
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812 is placed in the bore 806 of the tubing©804. This choke device 812 19

16 March 200@te 4t wihich pressufd inerensesén dfe gerforatingriniedel 8hé Thbnsigfidovs tha dw, a

packer 808 is placed around the outside of the tubing 804 to provide a
seal so t hatpefﬁéawémsafﬂiﬁg%wblf%&%m the operbalanes Rrgss%eagu? %5 JOVERTBE- £ r om

t he perfor atyyagddit &M@ burBd 4f pleSiddd i Wy : I | RehdRo fHae

t ubi ng 804 v:ﬁiﬂ t he ctﬁollie"dev?%e 81151,%(%&{‘1? ra%éeiglgté{?érm%a? g#’él?éergb ure ?nﬁﬁﬂé}ases
in the perf diketihoml ofrdamiagako Bitdeffomtions forediatheosurrofindihg fatmatibove t he
choke device 812 into the perforating gun 802 is reduced. This slows down

the rate at I ch pressure_increases in the perforating.interval] 814. The
net effect i[gg\ghgl‘ ﬂgﬁﬁemﬁmwmqlwgnq, Hechagker BAs Fplaced] Metboneme qtaerthes of

over bal ance ¢p %%squ el}t_blﬁ-,e Qéalﬁo%!e@{&"t ldB%tl@t nte%&‘{oscghﬂﬂ&gﬁv%chf}ﬁ? ﬁ@hﬂ&s Rfion

pressure into tfie perforating Fnterva er eby “reduaci ng
|'i kel i hood @10danEge theoschlity ¢lembnt thbt repRicdsahepackien 80% earshy 4 Guaichi”pgcker,
formation. [083] In an alternative enbodi nent, the packer 808 is replaced

with some ofWtasapjetlaable pagker Hapt dpesiaiprovide a samplerryseal eataen BsPackiseandeed
to conpl et ehy. HEQ whi'§r R0 Wli¥Sre" G0 Rthg). 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 leaky 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 annﬁlus

824 is communicated to the perforating interval 826.




810. In fact, the sealing element that replaces the packer 808 can be a

"l eaky" packer.,, such as an inflatable packer that does not provide a

conpl ete seal between the packer and the inner wall of the wel | bare (or
casing). Although the |eaky packer (or alternatively, al IM%'I@S? 2erQ%hor)
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
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awireline, slickline, or other type of carrier whi ch an i nternal
bore for cormyptmmfactem:as of fluid does not exist. In such an alternative
enbodi ment, the choke device 812 is not used. Rather, as shown in Fig. 13,
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expl osi ve conponents. Use_ of solid masses, ghts, .or dummy expl osi ves
can al so re(fggé(apﬁ‘"t‘,%s ag falh with EP@§§WP&3%#%96§°8§@WBV@%6POS| ve detonation
of such other types of devices. [086] Wile the invention has been

di sclosed with respect to a limted nunber of enbodi nents, those skilled
in the art will appreciate nunerous nodifications and variations
therefrom It is intended that the appended clains cover such nodifications
and variations as fall within the true spirit and scope of the invention.
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1. A nethod of controlling an underbal ance condition in a wellbore, the

met hod conprising: configuring a perforating gun string according to a
target transient underbal ance condition in a perforating.interyval.;
generating substantially the target tradgient underbalaﬁgémEBHQ on in the
perforating interval of the wellbore when the perforating gun string is
shot; and determ ning the target transient underbal ance condition based on
one or nore predetermned criteria. 2. _The method of claim1l, wherein
determning the target transient under 8MM® condition is perforned by
software running in a system the software determning _the target

transi ent under am%h«tcbof{%m&lm@ﬁnblaé@r@alaﬁcwéﬂmwwélbptﬁa@%Pthod
operationgmnﬁnm- met hod of claim 1, wherein determning the target
transient underbal ance condition is performed by nodeling software running
on a system thenfigoehg hgesahtingpen sttiag according o 4 hegdt amgsentundadante
under bal ance conditi on based on sinulations. 4. The nethod of claim1,
wher ei n cditPAgionithg PeHerageg i¥Felbng gun string conprises reducing a total

expl osive mass byclighBGuERARART i hikel CRAF AU LoNEHS e petfolaBRg
XpPl 0S or I ch the per

t han a maxi mum ve nmass orating gun string iIs
desi gned. ibtervithef thetidboof whéraihmpérfombieg giom sitiogfis gwtiamd t he perforati ng gun

string further _conpr.ises reduci ng sho nsity. .6. The nethod of claim1,
wher ain gener atdSGEUBE CRHerea gParant updor e Hndion Doved e g e

condi ti on wedREhiRs] drgBRprarily providing a tenporary pressure less than a
reservoir pressure in the perforating interval. 7. The nethod of claiml1,

wherein configuring the perforating gun string conprises reducing a shot

density of, the jperforati un sirin 23.16 rch 2006.8. The t hod of
Tt Y e o T EhEH kbRl Rhfreied ot fe M ke fbisty sp ol
expl 0Si VescontiiidnsOhértoriRE $9%o0 it ¥are HBNIAE i@ By seém GhabdR Ware WaRFRIng @dusing

t he shot density conprises pnqvidlng ext ended solid masses between gun
sections tnssguesictdansh eenditiers baspd on datedrqye prayrasivyl querations.

3. The method of claim 1, wherein determining the target transient underbalance
condition is performed by modeling software running on a system, the modeling software

determining the target transient underbalance condition based on simulations.

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.



string. 10. The nmethod of claim 1, wherein configuring the perforating gun
string includes providing a porous solid proximte at |east a portion of
the perforating gun string, the porous solid having an, initi Izl seal ed
vol une to receive wel lbore fluids in regPonse to detonaﬂb@ﬁ“&ﬁ e

perforating gun.strin erei,n the. amgunt of porous. solid.is based on the
P ar oot 1 1 dst enthe GiRGH SAFEEd. wbiGin o e SRR S iset et e
wher ei N prQyisiiveg wifhesol@md§essol i d conprises providing a solid having

hol I ow structures filled with an el ement sel ected fromthe group consisting
of a gas, vacuum and liquid. 12. The nethod of claim 11, wherein

provi di ng t he | | ow.Structures conprises Qv di . one of -f il ] ed

m crospherées oPﬂV:a %%P?Fﬁa%%n?vﬁ?rg rﬁgltlc gé){hfé_hotlcﬂegmr%%%%;%psgg %ﬁq‘;é(?llﬁé 10,
wher ei N pr&yérdied Golid"@iafiRE Betsves® bintl s foSeSuce By ildt Aehsi(p A Cespc Ridig. guhd.
The met hod of claim 10, further conprising shattering the porous solid and
exposi ng Meg-seal ed vol une of the porous solid to increase the effective
vol unme of the wellbore perforating interval to achieve substantially the
target transient underbal ance condition in the wellbore perforating
interval . 1h. Thie methoddf ofimg [ awherti, conignengthicperfomsing guh keingfiidaddsv e

vol unme of the wellbore interval causes the tr?q]si ent pressure.in_the

wel | bore iFPEdE 2 pgouesolidpreximate at least a portion of the perforating gun string, the porous

solid having an initially sealed volume to reccive wellbore fluids in response to detonation of
the perforating gun string, wherein the amount of porous solid is based on the target transient

underbalance condition.

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 or vacuum-filled microspheres.

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

porous cement.

14, The method of claim 10, further comprising shattering the porous solid and exposing
the sealed volume of the porous solid to increase the effective volume of the wellbore
perforating interval to achieve substantially the target transient underbalance condition in the

wellbore perforating interval.

15.  The method of claim 14, wherein increasing the effective volume of the wellbore

interval causes the transient pressure in the wellbore interval to decrease.



