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COVMUNI CATI ON BY CREATI NG A LOCAL UNDERBALANCE AND USI NG TREATMENT FLUI D
CROSS REFERENCE TO RELATED APPLI CATION [00I] This is a continuation-in-part
o fUS. Serial No. 10/316,614, filed Decenber 11, 2002, which is a
continuation-in-part of U 'S. Serial No. 09/797,209, filed March 1, 200l
now U. S. Patent No. 6,598,682, which clains the benefit of U S. Provisional
Application Serial Nos. 60/186,500, filed March 2, 2000; 60/187,900, filed
March 8, 2000; and 60/ 252, 754, filed Novenber 22, 2000. Eacih::ghLbimeus)
referenced applications are hereby incorporated by reference. TECHN CAL

FIELD [002] The i nventipROSIIRGERESER VIR TONMMURSEATION conmuni cation with
a wel | bor a3y BAGKCRRIA 1 B3 TRSIOBA ELSEE WRTD USING PREATVEENPHIRIIDON

zones adjacent a wellbore are perforated to alfowfluid fromthe Tormation
P

zones to flowinto t d&eﬁi{E kEﬁc%iJllﬁt t or to all ow

injection fluids to appted -t ot ; perforating gun

string mgwobe Tiawey £ebnitintfidnlig-piel of [ABISEde Nbine/3 6684, filed DeeahBerddeni ngs
in casing and to extend perforations into the surrounding fornmation. [004]

The expl o0 ewhighis & certinugon-Br-part PoH. o Sepd Mo 02( 193 R WufikdMaghd: 2¥Hs sand

grains OfnoRxPﬁf g.?’rafg%k #gﬂci,?ﬁ%t%@%ﬁﬁ%lg% claﬁiti'soﬁg b %?%.fs.%%@fongﬂxt}ﬁ] gﬁ?n

per meabi I'I'ty [ower virgin tornation nmatrix ma or med
around eaRdtiapBbE.@0AIS6F00 HudeN archRe2 @000 66487989, flled dMagen 8y 2008; and unnel ful |
of rock debris mxed in wth the perforator charge debris. The extent of
Che damndi a3 R oo R2: D60 Edehpt Dersiormacd SAAUSROTEE BESRN ct at ed
by a varig Jdacl uding formation properties, explosive charge
properti es%é{-B?%tseTgu e‘%f:ez% ?ti ons, fluid properties, and so forth. The shock
damaged region and | oose debris in the perforation tunnels may inpair the

productivity of production well ;ﬁ%ﬁﬁéﬁgﬁvi ty of injector wells. 2
[005] One popul ar nethod of obt ¥ = forations is underbal anced
perforatipgz] Mg ReEdtRNAEIRR td fnFrRlinsGesePir ¥WrhRuRichttMekithe WdIBbfe, Pr essur e

than the Tormation pressure. The pressure equalization is achieved by fluid
flow fromthe fornmation and into the wellbore. This fluid flow carries sone

of the damagi ng rock particles. H@Mrbal ance perforating may not
al ways be effective and may be expt unsafe to inplenment in certain
downhol e @osdiTd enapletedDRbIL R G Hiord ShrRfatibh forledaBREEMR WallbRYPASS the
damaged and pl ugged perforation may be another option. However, fracturing

is a rel qerfpatgd il flvid fope the foonatiavrases ter flovw insa the wielll fvagednction to

perforatigns are required.for low fracture jnitiatlion nor re, and superi or
Ponal covtr aydaegst K alinitirdior ol g anhfed dq P HGABRZRR A 2 no,

anot her wiegkatingsed sipid@dy b loweeDintdtheRAINF Qidahe QiY@ crents opehings
effective (because of diversion) for treating a Iar%e nunber of perforation
tunnel s. lp@@ﬁlllgM%WtQW@éﬁmﬁUégthe&U@?%&%&W 188t hod and apparatus to
i nprove fluid communication with reservoirs in formations of a well.
SUWARY | | i b R y.use in
a wel | bor@aﬂj}géd%@ﬂ%g‘%ﬁaﬁggg?g%tfﬁgﬁétgbfl q{%ﬁne gg#ln su}srsgﬁn I E%ﬂif ?1%3“ on of
a wel | i nifehefdrmadoel Afpyeyiofitistiock damegdd repiond having h@etmenbdity lower thaml

transi ent _under bal ance conditign is created in the wel] interva fter
creat i on tB#t afithe Yigiadpangtionmmatix Haydhe; fgpm %‘Bf{r)?”rcbé’f’{fJBWt'BP t‘t“H’éi't flé%t ment

fluids. [90&ss ?t_'isg en@lale] ARALIMEN bEASN RBridiike ARGANPHPEALAM: chh® t he

foll ow ng descripti
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.



fromthe drawi ngs and fromthe clains. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0010] Fig.1A illustrates an apparatus including an applicator tool for
applying treatnent fluid(s) and a surge tool to create a |ocal transient
under bal ance condition, in accordance with an enbodi nent of the invention.
[0011] Fig.1B illustrates an apparatus according to anot her enbodi nent for
applying treatnent fluid(s) into perforation tunnels. [0012] Fi g 2 i s a

fl ow di agram of. a process _accqrding tqQ an e odl ment he
[0013] Fi g¥°] 3ang pgprwpr methgd of ab'@mgl&%angﬁtr MR rl??é,a%ﬁh %f&lﬂ%nt for

creating ?ﬂe Hagsaba ﬁr&?ﬁieﬁ%‘fi 'wﬁt'h%nlohf@r Geltdit gfkrsgure h%]tﬂi fd:rhﬁtloﬁpfe%s&ef | ow

di agram of a process of selecting characteristics of a flurd flow surge
based on k¢ pizssuee edpmﬂlaa:ticensathle@eddndﬂmélfb&vtﬁolnttheﬁmWhm aduingig te. [ 0015]

Fig. 5 |IIu trat S havi n pI section ction including
a perforatf Boﬁuﬁﬁjsih‘ C@E?‘ﬁrso Ltltﬂeb UMAH RS ‘WEQ?‘%’@%‘F ?'fﬁ’\’ %), and a
surge tOOhncIe?ba‘Iich@tp%rf@fhtﬁdQ% aness %@@ﬁ‘eétlv‘érﬁn@ﬁnaﬁw eﬁﬁ@é—ﬁ‘]d Umisgfe 6
illustrates yet another iment of a tool string including a valve that

i s actuat @bh@lmm;e@nertﬁmdownhblcbmmorpo& tions to create desired pressure
condi tions during

[006] Fracturing of the formation to bypass the damaged and plugged perforation may
be another option. However, fracturing is a relatively expensive operation. Moreover,
clean, undamaged perforations are required for low fracture initiation pressure and
superior zonal coverage (pre-conditions for a good fracturing job). Acidizing, another
widely used method for removing perforation damage, is not effective (because of

diversion) for treating a large number of perforation tunnels.

[007] A need thus continues to exist for a method and apparatus to improve fluid

communication with reservoirs in formations of a well.

SUMMARY

[008] In general, according to one embodiment, a method for use in a wellbore includes
causing creation of tunnels in surrounding formation of a well interval, and applying
treatment fluid to the tunnels. A local transient underbalance condition is created in the

well interval after creation of the tunnels in the formation and application of the treatment
fluids.

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

from the drawings and from the claims.



a surge operation after perforating and application of treatnment fluid(s).
[0017] Figs. 7 and 8 illustrate a perforating gun string positioned in a
wel | bore. [0018] Figs. 9-13 are timng diagrans of pressure over tine.
DETAI LED DESCRI PTI ON [0019] In the follow ng description, numerous details
are set forth to provide an understandi ng of the present invention.

However, it wll be understood by those skilled in the art that the present
i nvention nmay be practiced. _w ' at numer ous

vari ations or nDdificatg@?gﬁgﬁu.ﬁ%ﬁ%ﬂégﬁggﬁégébgﬁggﬁﬁucnts may be possi bl e.
[ 0020] As used here, the ternms "up" and "down"; "upper"” and "Il ower";

“upwar di y{ooRodFigd oANNadttes an appRatuk BRMdiADEh asiivadk ERA ML appBReY BcatdiRb:

"bel ow' and other like ternms Indicating relative positions above or bel ow a
gi ven poi feidés) ard e genge tenldo arsal¢ a lacal wiapsigeiswdribelapee eadiinne it agsardapee
descri bed iﬁneﬁﬁﬁpgdiq$ntﬁﬁof tﬁe i nvention. However, when applied to
equipmentW " ROGE™ 8 H%el I's that are deviated or horizontal
such terns may refer to a left to right, right to left, or other

rel ati onsfuiop1 PBiga PR fiystriatds @n apParaill aéendingkd ynothertchaddimad fapaiytgs are
provided to treat perforation damage and to renove debris fromtunnels
created bycasaentdiud(spinte perdorgtioeiunnelsr mat i on. There are several potenti al
mechani snms of damage to formation productivity and injectivity due to
perforatiQ; tf f : ility sand
grains (gggﬁ%s hg?yzggwfﬁﬁ%gﬁﬁzg%%émgigﬁgﬁ%%%ﬁ”@“%@g§$ﬁg?ﬁgﬁa%erforation.
As the primstetech. fluid fromthe formati on may have to pass through this

| ower perneability zone, a higher than expected pressure drop nay occur

resulting. wer., br o tivity. Under.bal anc erforating, i.s one way of
Feduct ng oY B BhtdRulisrela Rbanng noifl o cbabafdy kg R

under bal apgREhcE 8stdifion th PREMbdrarti al alleviation of the damage. The
second maj or type of danage may arise from | oose perforation-generated rock
and charge debris that fills the perforation tunnels. Not all the particles
may be reifSVvébFignt ds 2 Aewdiagraysrod apuedenyolsslsting Fhasedenydics of atluhilownd t hese
in turn knes. . i CLiqVi i nJ [ixty (for exanple,
during gpg%%gg%%ggﬁﬁﬁﬁmﬁﬁ?gb Fﬁ%@ggh dggkpggﬁﬁﬁhﬁbgﬁhgﬁ%ther type of danmge
occurs frompartial opening of perforations. Dissimlar grain size

di stri but jCONSTBig. §aliserates astrirfg Havapeplpat fatiatd, each deotitreineludgeeal (due to.

bridging, at the casing/cenment portiqQn of the_perforation tun ﬁ%%’ whi ch
may | ead PSIGr#ang gm, ar applicaiogites) te apply eatment flud(s)y f@@z@ﬁ“r%mf’g P hese
types of gamaga £ Lhg simultaneously may be needed, one to
free the part|cz%%%?Féﬁ?Pgéggéh%ﬂat hold themin place and another to
transport them The fractured sand grains in the perforation tunnel walls
may be hel0816hFig Gddusbytes yekanodree ambbdiorent ofietoohstring ndlebisg avelyk thatds sand
particles an harge debris in the tunne] may he.held in place by . weak

Bl ect r oot aFatie Prdeer S fnd decd Fositans fosre Adisen preesthe B R Rof gl
transport, kil¥ge BpérhiiGd SferipefBrating aNE hpplRagon bPPheMcmaa@.ng to sone

enbodi mrents of the invention, a conbination of events are provided to
enhance the treatment of damage and renoval of depris; (1) application of
t r eat ment (001 4] Bigp. 7 ands8 illnstate ; perfatating)gua sbing positionediin dwalbetgansi ent | ow
pressure condition (local transient underbalance) in a wellbore interval.
Exanpl es ] | ui . ' incl ude acid, chel ant,

sol vent, Sggggﬁéﬁf?gS%vﬁggééﬁgﬁ&ggéﬁgggﬁ%ﬁ?ﬂ#%ﬁﬁ% application of the
treatnment fluids causes at |east one of the followng to be perfornmed: (1)
renove surface tension within perforation tunnels, (2) reduce viscosity in
heavy oil conditions, (3) enhance transport of debris such as sand, (4)

cl ean out residual skin in a perforation tunnel, (5) achieve near-well bore
stinmulation, (6) performdynam c diversion of acid such that the anmount of
acid injected into each perforation tunnel is substantially the sane, and
(7) dissolve sone nmnerals. Basically, application of the treatnment fluids
changes the chemistry of fluids in a target wellbore interval to perform at
| east one of the above tasks. [0024] The application of treatnment fluids to
perforation tunnels is done in an overbal ance condition (well bore pressure
is greater than formation pressure). A subsequent fluid surge creates the
dynam ¢ under bal ance condition. Follow ng the dynam c underbal ance
condition, the target wellbore interval4is set to any of an underbal ance
condi ti on, overbal ance condition, and bal anced condition. Thus, according
to sonme enbodi ments, a sequence of sone conbi nati on of overbal ance,
under bal ance, and bal anced conditions is generated in the target well bore
interval, such as overbal ance- underbal ance- over bal ance,



[0026] In sone inplenentations, the chanber is a closed chanber that is
defined in part by a closure nenber |ocated bel ow the surface of the well.
In other words) the cl osed chanber does not extend all the way to the well
surface. For exanple, the closure nenber may be a val ve | ocated downhol e.
Alternatively, the closure nmenber includes a seal ed container having ports
that include elenents that can be shattered by sone nechani sm (such as by

t he use of explosive or sone Q C i e closure nenber may be

ot her types of devices in othiﬂ£§£@§i E} 7] I'n one enbodi nent, a
seal ed atnospheric container is lowered into the wellbore after a formation
has been 1§ PRAhE toll oW ih e HeRHBAYE uBlerdus detalls hRfet RRAIOTPSvVidE Bn Cr eat ed
(such as by use of explosives, valves, or other nechanisns) in the housing
of the colm@'r&mdingﬁfggﬁpﬁa@fé investigele Howawess i atill he anderai@ivd by thaese skillgd sur ge

to renmove the ed sand. grai ns_around 1 f i and to
erove | GBBC AR B S BB REp YRR ML R LR, ARlo R 8- BRta ST tO
enbodi MenfumabisParlafichslGeBodi fiskidt® @ thedRséribedlcatbodinertomal bt hassiblent

under bal ance condition. The surge tool 52 includes one or nore pons 53 that

are selectively openable to enable comunjcation with an inner, |ower
pressur e ORPbas upsddicae thaterms gy andoidown’’; “pRperp gpd slowver s aHPEardl 1 ands ed
opened by« » \k % i ¥e]? ; chAsH
conventioﬁgﬁﬁgﬁ%]'P ?bé%ﬁﬁgqg@e@g??g#%m}ﬁ ﬁﬁ&gﬁmgﬁﬂﬁﬁﬁ??re mgil fgkﬁ?%ated,
hi gh per niadiebling selapetpositisnastoveroe belbent giakh poiht eadledentveng gdedrimyhisause

ot her sections.to be under-treateqd. By using |oc fluid.surges to perform
the cl ean ?“Pﬁﬂ“etofné‘trﬁé’geé‘lﬁ’ ﬂ@%ﬁ"ﬁ?@&ﬁo@%ﬁmggdlg'@&ﬁfg:ﬂi‘%%@u‘[lbé%@]’e‘ﬂ?&ri ous
Techani S MG AbopEd U EdhibReRtad fiihddiaot B iR WRDS Wk aleUdvilebAHRRONE,  he
surge togﬁ 52.1@%rﬁg§§ﬁ%ﬁg& a tubing 8r céntrol 't ne can %e used ?o

communi cagtichtermstrhay tefow tp aé@‘swléghtmiglﬁ ton &ifi, vebdther tetatiohship ps eprgopmate.s
carried in a sealed container into the wellbore [0030] According to another

and s ki H00pFfenaly Hah 68 GobaraS alf Hia e iR BrstoreliSh BeBa U8, '
this ot hefenRveAdbi®Rbm thitelFieked b%;B@nfoﬂéﬂb@ﬁlt@éWﬂ%nﬁﬂtmﬂ tihRreabdsea wel |

equi pment to the sea surface, may be filled with a |ow density fluid, while
the kill $everal potkntéd mgchanioms efidemags te hermpsign produgtieity rd/infpstivity dagitoni t h a

heavy wel | bore.f| yid. t he I i 1S I Lt a
b1 ow our B Byt Oy BE tsinienlt ol EvBrorify eliptabify s dilns Bt °
be cl osedthaf it If@veeedty GRSRATRE chbirgbsfie Helfaration e AgehoprolhieedFRRd drnch thee
closing of the kill line below the BOP. Opening. of the choke |ine an

1

cl osi ng oformpgonmpy hpyeie nasstheansh thisdenen ReEMPPIHYZORG ighetthen ‘ﬁ@&ae& n the

wel | bore .a0n¢ L1 R .

enboa mert S SHEReRRY REFLRAAR BB Hd IR, Diiihod thotFerBRBDHone |
fl ui ds towggofredti€ing litds pder daihags eHowentr} in@manyreakdspitsufficodna noderbadadngst i on,
hot detonation gas fills the internal chanmber_of the gun. If tge resul tant
det onat i omay&esullipenlynartal alledationefithe damgge; I%rsécﬁdégglﬁf BPePREAMRER: cool er
wel | bore i .o i . i | eration

thr ough: ey ass £08 1506 SRFo kLA feh o TIouR dHres oSt B MIBREE TR

dr opl et s perfbratesutuhsels. NNoagl thepartidesgnaf be feeoyad intbitirceslloapiaringin pressur e

| oss and ev nore rapid well bore . fluid drai nage,.occurs ich nerates a
drop int e‘rv%@llarn&_ﬁpér eu,find thesgdn H%B"aiyr‘?aV@IcPeﬁb’f‘eé %PE@%‘@%?‘%& es an
under bal apcReRPEoE E%plé,%é%g_%¥§§1 ?mga,lwéc_t&%i i dHRrthY TedfBiepdypdept h

on a carrier line 54 (e.g., coiled tubing, wreline, slickline, etc.). The
appar at usofiniage loades fimnpparfidrapening of parfedtions tDissimalar grain sib¢ distrbugiprat e

perforation tunnels 58 in fo tion 60 .surroyndj ng. a.wellhore .interval . The
Dort orat 1 S R Serte gt refloriionelh trp beb LI I a B uh Bk ERES

si gnal COpaRiBh 68HRGeP¥eition TurtledS Whichaha P RAIHLIOS of prodidiiity @l irfjedtivity, a
hydraul ic control line, or other type of conduit. [0033] The apparatus 50

further includes an applicator tool 62 for applying a treatnent fluid
(e.g., actl@22Lheremedy tﬁ@se\ﬁms,ofsiama@ttyﬁtfwcg& fqtiag sgpnitansauslay g so forth,
or any j [ t.he.: ' i r wn in Fig.
1, which e %ﬁbﬁ%ﬁ?%ﬁg*ﬁeﬁlﬁ%gﬂﬁé%%%ﬁ%%%ﬁFHsﬁ?,%é." h%ﬁtkhrczgt? ment fluid
applied can be a matrix treatnment fluid. The applicator tool 62 may include
a pressurized chanber 63 containing the treatnment fluid. Upon opening of a
port 64, the pressurized fluid in the chamber 63 is comunicated into the
surroundi ng wel I bore interval. Alternatively, the applicator tool 62 is in
comuni cation with a fluid conduit that extends to the well surface. The
treatnment fluid is applied down the fluid conduit to the applicator tool 62
and through the port 64 to fill the surrounding wellbore interval. The

o, o r . o




[ 0037] As anot her exanple, the treatnent fluid includes surfactant, which
is applied into the perforation tunnels 58 to enhance the transport of
debris (such as sand) during the transient underbal ance surge operation.
Surfactant tends to reduce surface tension bet ween sand grain and | ocal
fluids (in a reservoir) so that the sand grains can nore easily cone out of
the perforation tunnels 58. [0038] In operation, as shown in Fig. 2, the

t 50 is | d.(at 90 vell b int . t t. . fluid
S Chan SRIPRR R 5] gt e A s e GaA o N a0 FRAOBCLDN 6o
In sone Caa&shy idiR cBlBhtafe, WHer&k tidBodd Rk BRd anl! paltitids dnd cheftedeblieth

according to d tine rel ease nechanism 66. The rate of dispensing the
t r eat ment the gingbinay be belddo péage by veaakictogaogpiid fontesp Snfliniemdlyed flow ot her

enbodi nent g, .fhe time.re] ease nechani,sm 66.can . be omtted. The perforating
gun 56 isveﬁﬂcé{%”%?qu?fﬁflé% Wog%‘?‘a?a&g@ﬁ ]él(?%ﬁ'ﬁﬁ%e&f%gﬁear ges in the perforating
gun to extend perforation tunnels 58 into the surrounding formation 60.

[0039] Upmo23rAtacadin@o 8émé BRbegik{eatsaifithgingeiitidnda cémbinatich enNévepredrd®al ance
condition is created. The tinme period of such an aqverbal ance condition can

be rel at i ReVided fpenhapes the tregiment of dararge g rempyal 9édebris ) (1) applisaonebal ance

diti PN y _ s _
per for at 1 e ey dOEEhe LG e @) gtlorthr LiofRAREEn| bl feidliebdriftan, o
can be sefleal gandient aadésrbaldece) ibs xailborlihtgrval. t Bxdnislencf trasthbmtrfluads thhie

perforating gun 66 such that the treatnent flujds)_ can be flowed into the
per f or at | ¥R aPRfdeneludgacid, ghelank salygple gur, t%nﬁévwawéiaéatso g%‘?-b @nce

condi tiong. | i { kg
conveyed BEFatH ot BENRKEnR CRBRL ARG B O OKAINALERERe pATIHIHTY, o
appl i ed t (i) eemydwet subfaogtehsion methirepérfimatbmetunadla 2 eredocalvis¢osity imhedvy adlesi r ed

interval. An,overhal ance of thou ds of . pounds,per square.,inch.(psi) can
typi cal | PRIt @3%‘%’3893 trePAY Oigﬁ \ hﬁ_%ﬁ“gr Q‘Bicif'@“g&h’ée?ldf‘glosﬂ'f&i% some
cases, SUshi@sio tulnQ3(sh) AORER: SBP HeNBbreStimulatibRY (6] BedSith BRI dvedph y aci d
into the perforation tunnels 58. Conventionally, diversion of such acid

occurs suefrcidsichttied tlcardovrt ofiscid meggeted injo sachget fortipartivaned isrubstentiallyon
tunnel s 58, due t fact that.th idtends.to.flo re to paths of
enst T ecsiiEand @Baste sy s  RetoalSt spieRis ShpERefpidd Akl

si mul t anegHagbas the tRerhid@y bf A0RK 8h tRY&MRALBRCAtEVR 8 Bl féltttatlleasP6hid oF@Ei Ny, a
nore equal drstribution of acid into the perforation tunnels 58 can be

achi eved. abpye tasks.e uni form di stribution of acid in the perforation tunnels
58 is achieved by application of the acid in a relatively short period of

time (e.g 11 | seconds Thi (pYo]e [ t. dynam c
d: ver gi og[.oo%@ehll%]?pé@tc%b# %@W%@E‘Riffﬁ%stég%ﬁo%géﬁor ag}ségd%#r%e Sg provi des
near wel | bafsalsice FohditibR (wellWdire Predsiir ist @epaat HrmatoprRgsies) Al eanup

operation. [0042] After application of the treatnent. fluid(s), Fhe surge
tool 52 isbsrauenilivd spigscreagesdhedynanip andespalanaeconditiont Foleetgdhaince

condition j: f i ‘,@Erﬂ I erforation
tunnel s 5@%1%#%@%0?@%#@ngbtﬁékaﬁéﬁl clegﬁﬁg{%@ etg;er ore‘#i on tunnel s
58 can beumietiataned colditibh everbpanes coniitiors anhbaanded @ohditiong Thus] accordingv el
packi ng, can then be perforned (at. 98). Prior to, at the sane.tjnme, or
after t helorsQmeBLodHBSIS: A5ReuUs s P sqrﬂ%C%'wpmrbOﬁWé}%%@ﬁ%%@% (at 99)
to any on i 3 i bl | anced
condi 11 onen S ® EARURF BePRE B2 o AR ARRe v as QR ncl®

50A. | n timdertaidnodiorertlance) oiveddlante-tderbgipiceamderbatiove, owebalapée-Fi g. 1A, t he

appar at us 50A i ncl ydes annul.ar shell 57 prqvided around.the perforating
Gun 6. Tilecs beBRe] ST BtsR et mer e Sahenes SS&r, T ch a
treat ment séylisticd oF ANt EnditiBR¢ddcut N wiiRiA adhbADeribdl bf AtheOduchagin _
perforating gun 56 causes the shell 57 to be shattered. The treatnment fluid

i n the chafinepesad that tsdessitban oyequaktogbauigidssgsondst o t he perforating



tunnels. Afterwards, the surge tool 52 is activated to create the dynam c
under bal ance. [0045] In certain types of reservoirs, such as carbonate
reservoirs, natural fractures are present. In such reservoirs, oriented
perforating is perfornmed such that the perforation tunnels 58 are oriented
to be perpendicular to the fractures. Usually, the perforation operation
causes crust material to be created that closes or reduces comunication

bet ween t rforation_.tunnels.58 and fhe acturges. 046] . The appar at us
50 or  BoA 2R, APBlitiieR o LEEEnE arids MecleeBit B Gr< DA rlREob P heen

fract ur esqaeHbRERFHAEABIION. THRMRIaPtranki@® Li®Rbalhndé cdhition 344682188 bDRSE 2
surfactant, solvent, and so forth, is applied to reduce or renpbve surface

t ensi on. Sitabea centhining rerelativalygewi fnig presauree Botsxaniple, Shg ¢ranmtbspis wealedhe
crust material that. bl ocked c ni cati.on between.the fractures

per for at | G eReas ek s e HVER = PO R e e SBPuERE R

cl eanup ofnmpRnhRhAt AOR rdsUWhén 8 cR&ABErdS Bkrled, SQ/T e 5@ bNMERIdS¥s infie
invention is that enhanced productivity of hydrocarbons can be 11

achi eved Wgdower nrassueahambetitocwseate icdegdl &ave prasswa ganditien et welkare &¢gietunnel s
58. The eph e . £l Wit ce I a subsequent

fracturi ngl %%%j%??%ﬁo%%vﬁ% o ec}{%‘gg%re%f% éecé%gl[ gplgﬁ’g\?\%ﬁ%r operation. Even if
fracturing has to be performed, the enhanced comuni cations in the

per f or at i 026 hneinte indhlerayntashscbicichambdriit b aloséd eteimbrer et prdesimed & petjiui r ed
to start the fracture oqeration. This in turn all?ms t he mgll tor to

avoi dhavPhs ClosUIsTRReRS Ipeaiesebaipw dhea suglaco ot g el 1p REChIOF S;El}e?cggg, whi ch
of ten Pr esfioc? a! i ¥x13d &fi the L8P fhe TRA SR Uk ReaBPR! AbicRiturd [ Needed,

is perforned as one o ur operations I1ndicated as 98 in Fig. 2.
The f urt heembpemay bensaB@ laratedodavriiohe dA idrhativel ) ¢heselogme opertet ilphudesa

perform cl eanup accordi.ng to sone odi nents. Anqther o ation that can
be perfor ?’ﬁ?&ﬁ p@gne_g h@“ﬁ‘g PgeEs ﬁﬁ&}n&ﬁ% ﬁﬁ?‘%e"é? %?%?Bféeﬁgﬁtkﬂfg‘ﬁ@ &TBn, in which
gravel pagkctednidt gsubﬁ aé’b’ﬁﬁﬁ:‘hs& 8f Bflodied bRHR didrahachhnidih eThe BRs@REr ati ons
indicated as 90, 91, 92)" 94, and 96 Iin Fig. 2. Gavel packing is perforned

for sand membeomay be pthev &pes vhéeviees dmothepembddigwnid. duri ng production fl ow.
Gravel packing may be performed after the fracture operation. [0049]

mbodi he .i [ I b | i ed -
compi et 02 Lsual 1) SHE 8RR SRt BnEpRorc ok pdds BRI e oo o

ot her st rwelbdre afbd NfRPERbMES Beln peiforddl W ikrpeoductivh ishstati@opstindsard| ock
sand flow) is provided in the vicinity of the perforations 58. However, in

ot her i npfrepted{ich 8r By ustpicaplosiven, Taves @ alleel meghanismg) iadhe heusing of the

conpl etio . re e Ny i nnel s 58.
The appar %%Léggggﬁ%%%é' %ﬁgg%lr %@qe%? g% t% g‘ﬂ%@??‘éﬁﬁdﬁgﬂﬁgé ?%drlgﬁ t:[)lg tunnel s
58 prior #mnided shndgmdidsakound thé pédierafidbrowdaclk apd veniose $oosdbletis. mat eri al s
can al so be placed into the perforation tunnels to prevent flowback of

solids into the perforation tunnels 58 fromthe | ].bore. 050] ,As noted
above, a @@&&hﬁtgeléfsgawﬁaﬁmmrataﬁ 58 agroeding fRipas R n%@f#lgq%ﬁn?ll}é%@ | bor e

i nterval aﬁ%@&%m {d'Gebi@TBLA %néiéht"éﬁﬂh%%al@ﬁéé nitlodN ThdRERleSoatSs2Ar €

created. The pressure conditions I nclude overbal ance conditions,

under bal ainchdeoounk ¢1 oo, poats & 3 bkt ancsetectivelgiopemabde toAmpblsequemoacatfonsyith

conditions can be created in the | |.bore interval.. The exanpl es, dj scussed

Sbove. r o1 G 0P YRS ARy O G e DR Lo the R T PRGEa 12

i nj ecti ong@ned 'bg%wﬁflé vilv el exp s Rre P& soRfe@th IndcHAMES, I &rven@shaby a

transi ent underbal ance condition to clean out the perforation tunnels.

Af t er t heglobard¢asnp operdtotrdnaride) theeotiteerelpisasatedehigh paimeability seqtigner set

in the wellbore interval.,The follow ng.charts ip ,Figs -13.iLlustrate

't 1 or ene SR EreeBapFeated, St Py R Rt Sectiet e Birec ety idRe| bor o

i nterval . 10cQ0hkd burfgkdto Rrfoh@Whe &e&h%lﬂ; mok@fdchcdtdabhent\weh bbaéwnilgbslr e and
m

reservoir pressure over tine (fro to 0.5 seconds). The target well bore
interval starts with an overbal ance condition (where the well bore pressure

i s great ef002REN atipes mechanisglsicap be yags to)provideiipsdey Pressusin Meseabes o nen
created ( I re i : e ssure),
i cat ecas U0 227 fob Bkfinlerd B drkoh s A o b gk Rtiodloh
under bal ance condition extends a period that is less than 0.1 seconds in
duration. Later, after the dynam c underbal ance (500), the well bore
interval is set at an overbal ance condifion. [ 0052] Fig. 10 shows anot her
sequence, in which the wellbore interval starts in the overbal ance
condition, with a transient underbal ance (at 502) created shortly after the
initial overbal ance condition. Later, an underbal ance condition is

mai nt ai ned. Fig.11 shows anot her sequence, in which the wellbore interval

o S NS\




[0054] Fig. 13 shows anot her exanpl e sequence, in which the well bore
interval starts underbal anced (514), followed by a transient overbal ance
(516). After the transient overbal ance, a transient underbal ance (518) is
created. Later, the wellbore interval is kept at the underbal ance
condition. [00S5] The charts in Figs. 9-13 are illustrative exanples, as
many ot her sequences of pressure conditions can be set in the well bore
interval, according tq.the need nd desires of. the we|l, operator [,0056]
The T or | e dg dresaites AN el e GO STRRUE TSI Aa S5 OBRUR IR HE ot ge
di scussedyapgye for generating the |ocal transient underbal ance condition.
The tools discussed bel ow can be used to replace either the surge tool 52

or the conbination of the surge tool 52 and the perforating gun 56 of Fig.
1. [0057] [GR8PEkAc¢ardingdo Rhother3mbadimen) ansanderhplanes icandion sy dg cagatessBher i c

container_ 10 (or .cqntainer, .havi an .inn [ €SSLir I an an
expect oa. 1o il haiT s P A ARt S SRl SR dbPR B 5) o

| ower ed i T fiscothié efbddfnéiththe Bhle lideNadichi dkfend@ fofOthe 4ibseadrefll caoipthendj acent
a perforated formation 12 to be treated. The tool,strlgﬁ i,s lowered on a
carrier |tofhe sea quefage, may befilledewith pilek demsaty fhuid. vehilerthe kilpling phigh alsge

cont ai ner i a I: I A -ga . I

nit rogen)e%tgndgﬁ ﬁg}%dsgﬁaﬁrég e?%gﬁﬁg%l r‘{‘;enr?[1 %%éakgg/egﬁé%ft?_}l@i 91#. @}}%gacgl‘%'uﬁné treat
t he enti rg.ruh Gitoetie Wellbbee, artdowamt Preventpt @PRY hichGs paadbf terubaopdihed up
usi ng expl osives. [0058] As shown in Fig. 3B, the ports 16 | nc|l yde
openi ngs ¢REPMeRtemay b glogeduifelioveehy ergniiecifdht @Oi%q'@éﬁ)al.f’}" @Fnﬁq’%?@ the

el ement s, ' Ghipsotife cBURNiRSA thegijcor d
20, is pIgggggggﬁ?%gﬁgﬁggfﬁﬁﬁﬁéggﬁgac éﬁfégkegort5116. 5&ti ation of the
det onat i ntinecaudes20redactimsinthehgladtativgheat émthetveelbdrd to cstri¢ tenndarbdarezk away
fromcorrespondi ng ports 16. |In another enbodi nent, the ports 16 may

i ncl ude r8MSUQYs “which are thinned regions in the housing of the container
10. The thinned regions allow easier penetration by explosive forces.
[0059] I nio@Ae] BRI GhoMBL emMdtitmBntl B ehyMebdr vhithi fHRCkMI I8 ab BetuSEd R4 ik &dri ONS
in the formation 12 have been forned), the atnospheric chanber in the

cont ai ner welibars fluids to grpratsithestindedpdaved conditione Hallaving ehargecembestioni que can

be used w th or wthou erforatin u VWhen ed w - e

at rmsphe\r%%t dggoﬁ’flﬁn%g?’s %Illﬁatg\%éntfﬂﬁré‘ﬁatﬁﬁﬁ’leg%{ tihS o Of _Hl;tﬁ%@/eﬁﬁfr‘r%ﬂé dgtr?ggt_? 4 Ja;nce even
I T the weplebair@isfiedditBan the WelIBYRPredsBRE thch WK cadldr@vellborauiiof@isusieed iftae |
at nospheric container 10 magl al so be used after perforation operations have

been per f egba honging.hThe rapid wcelgration daopgh perferadeor PeTéINitae @47 BYISiNghed from

the formation,..wth the rts. 1 - ri ai :

expl osi veﬁ{?gl&gptgﬁgﬁq'ﬂ) @‘ggﬁog?eés %Q?g%%‘ﬂﬂﬁﬁgﬁgﬁgfﬁﬁl éﬁélgeg It i}%ﬁ.{’e’%g%‘&ﬁm The
expl osi vepipsaued 103§ el e@Atadreeipid WellBoRAod danege viédrs,ovigcle ghaditeratirop
includes air (or sone other suitable gas or fluid) inside. The dinensions
of the chisrthewellborgmeessuen Thesron in welfpopepiesines egaten B unlabHyIcst ed wel |

ei ther by w4eline, coiled tubing, or other mechanisms. The wall thickness
of the chanber I's designed to withstand the downhol e wel | bore pressures and
tenperatures. The length of the chanber is determ ned by the thickness of
per f or at e[D0B2} The appardies fiY)istrue &t @desitetdldepthl am poartier lire alg. goecoped tbme, al ong
the wall of the nber, 10, Expl osi ves. are pl aced i.nsi de e at nospheric
cont ai nerWi‘rﬁh‘FEhéﬁgaBB‘?i ?th%yTB? & Hf’éatB%g(?gl.CiuflﬁgaQ?%?@ g 4N @WFFCI ude a

det onat i ngeRaf:81e18 ¢rdhidPerfRatidh fihkls IBIn RmSYGDCE AR/ @6iTbore 0061] I
one arrangenent, the tool string including the container 10 is |lowered into
t he wel | bmtarvaln Thelpacferhtingjgas &htcan he agtisnatadriyt weliohomeahdnsgmst Buch s by s
arrangenent, .the formatjon 12 has. al ready be erforate and th

ot oS pher EbalApbiR & a8 gRatid dnition enbelerCiah 5hveAllic sl o
sudden unggs babaRespe@fdbhd. Treatnent fluids) is injected by an

applicator tool (such as the applicator tool 52 of Fig.1l) prior to opening

of the at m)sgheri c chanber 10. [0062] After the atnospheri.c container 10 is

| over ed aH¥3p] Fbe apnamstus e furthee .nshided am prplicptor tepl 68 dorapplying a fisptment on 12
is flowedgh: eni 0, ' e f so 1k formation
is flow n%?mt(%%"e%{glg8@?1%3&3{%%’%@{%%#??%?’hg’ ?l%g&g'?a(rfrltﬁ)ssgherl’?rtg% t ai ner,
opening the ports of the container 10 to the well bore pressure. The shock
wave generated by the expl osives may provide the force for freeing the
particles. The sudden drop in pressure $nside the well bore may cause the
fluid fromthe formation to rush into the enpty space left in the wellbore
by the atnospheric container 10. This fluid 15



carries the nobilized particles into the wellbore, |eaving clean formation
tunnel s. The chanmber may be dropped into the well or pulled to the surface
[ 0063] The characteristics (including the timng relative to perforating)
of the fluid surge can be based on characteristics (e.g., wellbore

di aneter, formation pressure, hydrostatic pressure, formation perneability,
etc.) of the wellbore section in which the |ocal |ow pressure condition is

to be generat.ed. Generally,.different types .of well pbores having different
char act er fusigdion of taraFbinte Bieokporiierrasaowk it He CopBEl Bt ORSE o\ ne
per f orati @@, kherivRtiBIRuRE]sIIRe THRW RIS Ykl SR8 BOE nidkex fditmepl fluid

flow into the chanber can be controlled. The 'surge to be created is also
dependent fluidoThe keplicape todl 2rreay insiwde falpu¢sdwjzedathambenr ¥ emtainingdhé on i nt o

th f ti ) 0064] . Ref i t Fi g. t est ) f d
onCubr T & fiinbh iR Pogi sbaRbepr bt oh F priizli A Re Shifis B8 Bt | on"or
Pressure syHesicRbd b YR @inehadiag Wellbsic iferiad A8sinativay thebpSidatorendss. The

test data is collected (at 70), and the optinum surge characteristics for a
gi ven t yp@2 isfin gemmuaication itk fluid conduit that extensls so therwelbtusfacactbas. [ 0065]

When a tar l. Ji.n i a_local. surde ration .S | it e
characte??gﬁégéﬁ%Pdf%%%ﬁgﬁpogPéﬁ%@?gF§9%%H%?§ %%g%mgﬁgxﬁgﬁghgyhﬁggb%% of
the st or egbrirodled Sl t¥ s@rouhdiag $el1b6ted ttetvataThefhidf doudwis Jorithe iretmient fleid ( at
74). Based on the nodel and the selected treatnment fluid(s), the surg@

char act er $asithecextended Hapegh the camier fing 34 anlempivelpiiuid cordiit Mapnrun sigern
applicati hei.selected treatnent fluids) and surge are perfornmed (at
76). As H@?Pgé?%gﬁ%ﬁ%%grations, the pressure condition and ot her well
conditions in the wellbore section resulting fromthe surge can be neasured
(at 76), @084} heyatradethercanbduément thetapplidatdr tddl)62 docnackes=drty apply f ut ure use.

[ 0066] Even thou g the enbodi nent of Fig. 1 ingludes an aratus to
RGeS Pl

per f or m aPSFI gids ghngthey eﬂﬁ%f‘%ﬁr%‘ﬂe 8t p Bﬁf_’%?r%tluﬁ gﬁﬁﬁeiaﬁlat i on of
treat ment ofdr 14k BRGiHSH UEh APE HAL4AN ovEbIRAc LR SRR CRB wWelhtev €
multiple perforating, treatment fluid application, and surge operations.

For exanpintrvalgiresswierig gteateFthgn the formstion prgsiune)l Jhesvetbabacseaditoms t hat are

tivated at dif t. L a Oh I ' I I b
ar cat or riAHSE g reBrs BHETO R BEY PR gerer dmCanelinge 1 aBF smBERmBb R s0C,
cor r espongthRd AR tbf leQing M8 bSeB2hncSddRditAGs (He%ferﬁ%idg‘ig%&-i%f\ of treatnent
fluid), and 16 correspondi ng perforating guns 81 A, B, 81 C The first

section (80A, 81 A 82A) can be activated first, fol]owed sequentiallg by
act i vat i of?03§] Theappdisaten tqod 6B cagbadestary tantwvida maretBaronatype ofireggtmen

sections. 4. el ay between. acti. i.on-of { ffen fi : e set
to predet %I}@i%%g?f stu%{rr%n%lgg w&lsorﬁsﬁ{%%vsazulsns%n& e%gpgie 1‘5@%@@2‘%’ l(t)}%n%pgg%?llbon
can r ef ertobbD62€dn Maluds guiltisle pRirhieratorReprigim@lipfealiffereBokybys ofitreaahean of
treatment fluids) fromthe applicator tool 82, then followed by opening the
sur ge t oofluids ﬁ&eg@nwla{@u@pf%@@ﬂ copditsiasnproyisigd to appin auleRls dimes Sﬁ. [ 0067]
Referring j - in an alternative enbodi nent, a tool having an
applicato?éﬁggﬁggfg&(for applying treatnent fluid) and a valve 804 (e.g., a
ball valve) is used. The ball valve 804 is part of a string that al so

i ncl udes EOB6PThegtreatmenhiuidcladan be 8@Hieddyphe kglic88 toch 6@ ofi Fedfaanat i ng gun
810. [0068], When run-in, the valve 804.i5 in the close sjti,on,. Once the
string i STEBREPBRC foedhes B Gpe fonsiee Sy f‘wa’ﬁaftoa@%m%?% S ApefiFaiipgior

appl i cati @R pihe i@k BERIck bliHE 94tidatioh,NehiLR SiovEISkrfotatfdi tuhﬂ’el'c?éﬂhgé e an
annul us regi on 806 above the packer 808 froma rathole region 812 bel ow t he
packer 80®hciTthe sibscgnerdisurgedsperfanst byteeeatingitheglogd 2ransienl wulerhalance ower
pressure, such as atnospheric pressure. Because the valve 804 is closed,
the formatT6MY% isolated during perforation. After the gun 810 is fired
and application of treatnment fluid is perfornmed, the valve 804 is opened,
whi ch cauges7pAS uh@etdxadple, thd tr@mbndlui@inefldes Silrfactit, Ovhibe id appied ims e of
the tubing 802. The surge causes generation of a |ocal transijent

under bal athe@edoridion temels Foegnhamse she irangpers ofdeprisisuchcs spadrtyring et

anot her e | tring 40Q. i [ r 422 (for
appl yi ng ?%g%nﬁﬁ(ﬁer??ﬁé%%hﬁdf plglthglgrﬂf g%@ﬁ%‘gqg‘ﬁdﬁqﬁ6%?‘9%5@@%"35‘?’?5(3 on a
carrier line 404, which can be a slickline, a wireline, or coiled tubing.
In one enbodi nent, the perforating gun 402 is a hollow carrier gun having
shaped charges 414 inside a chanber 418 of a seal ed housi ng 416. In the
arrangenent of Fig. 7, the perforating gun 402 is |owered through a tubing
406. A packer 410 is provided around the tubing 406 to isolate the interval
412 in which the perforating gun 402 is to be shot (referred to as the
"perforating interval 412"). A pressure Pwis present in the perforating

o — F A/ -~ o p— . 4= Y .




[0073] While the invention has been disclosed with respect to alimted
nunber of enbodi nents, those skilled in the art will appreciate nunerous
nodi fications and variations therefrom It is intended that the appended
clainms cover such nodifications and variations as fall within the true
spirit and scope of the invention. 19 VWhat is claimed is: A nethod for
use in a well bore, conprising: causing creation of tunnels in surrounding
formati on_of a well Lnteaxgl' to the tunnel.s: and

L.yi f | ui
creati ng. Beteeing e et locah AERD G 2B £ 19 Hof SRR T e

after creginhOfuQr ihdierfot i Bnhdls 5§ie formation and application of the
treatnment fluids. 2.” The nmethod of claim1l, wherein creating the | ocal

transi ent under bal ance condition causes a surge of fluid flow out of the
tunnel s t9038khrenerationusmdiown iB FigRethesphadtus £0ds liverad (ahAd) teiaivelthess ng t he

o 81Ol ASLRERTRGAGED LB 50101 8hy BB TS, O
t r eat ment agpllidatdr todl 67 s @des) thecdpplitatibn offiles @éammamluidBYistdatrbllent nent
flutd Corrarl)crc:)rsd?gg to a time release mechanism 66. The rate of dispensing the treatment fluid(s)

is selected to achieve optimal performance. In other embodiments, the time release

mechanism 66 can be omitted. The perforating gun 56 is then activated (at 92) to fire

shaped charges in the perforating gun to extend perforation tunnels 58 into the

surrounding formation 60.

[0039] Upon activation of the perforating gun 56, a transient overbalance condition is
created. The time period of such an overbalance condition can be relatively short (e.g.,
on the order of milliseconds). This overbalance conditions causes the injection (at 94) of
treatment fluid into the perforation tunnels 58. The timing of application of the treatment
fluid(s) can be selected to coincide substantially with the activation of the perforating gun
66 such that the treatment fluid(s) can be flowed into the perforation tunnels 58 in the

presence of the transient overbalance condition.

[0040] To achieve a longer period of overbalance, a tubing conveyed perforating gun can
be employed such that pressurized fluid is applied through tubing to create the
overbalance condition in the desired interval. An overbalance of thousands of pounds per

square inch (psi) can typically be achieved by tubing conveyed perforating guns.

[0041] In some cases, such as with carbonate reservoirs, it may be desirable to apply acid
into the perforation tunnels 58. Conventionally, diversion of such acid occurs such that
the acid flows unequally into the various perforation tunnels 58, due to the fact that the
acid tends to flow more to paths of least resistance. However, by timing the application
substantially simultaneously with the transient overbalance created due to perforating, a
more equal distribution of acid into the perforation tunnels 58 can be achieved. The more
uniform distribution of acid in the perforation tunnels 58 is achieved by application of the

acid in a relatively short period of time (e.g., milliseconds). This process is referred to a

10



applying at | east one of acid, chelant, solvent, surfactant, brine, oil,
and enzyne. 6. The nethod of claim 1, wherein creating the |ocal transient
under bal ance condition conprises: providing a surge chanber; and openi ng at
| east one port to the surge chanber to create a fluid surge into the surge
chanmber. The nethod of claim11, wherein creation of the |ocal transient
under bal ance causes perfornance of a surge operation to clean the tunnels,

t he met hod f ur.t |S|n afratureoe I on fter t he
surge. opel U dEFIon F R G Sprenor R CHOTe] S RpIN i igar-
perform n@eﬁb&é@ﬂﬁhlaﬁ%ﬁkwﬁiﬁﬁﬁé’t& kOnmhtEs sﬁﬁae?dehaaka{@ dpRedRhi on. 9. The
method of claim|, wherein creating the [ocal transient underbal ance causes

performance of a surge operation to clean the tunnels, the nethod further
conpri si nP0del Aderinmiicatie eftbe trgatpientJeidém the surge toof B isreativeteddP6)spai m 1,

Yool to a0ty dPicbiubb R MR vatas SoRRRL BT cBGbLY Bbbar e RERFE! 1

acti vat i nguttdfeheyppioraiinctinkedo5 8 G0 He Wwétbore such that cleanup of the perforation
tunnels 58 can be achieved. Further operations, such as fracturing and/or gravel packing,
can then be performed (at 98). Prior to, at the same time, or after the further operations
(98), the wellbore interval can be set (at 99) to any one of an overbalance condition,

underbalance condition, or balanced condition.

[0043] Fig. 1B illustrates another embodiment of an apparatus S0A. In this embodiment,
instead of the applicator device 62 of Fig. 1A, the apparatus 50A includes an annular
shell 57 provided around the perforating gun 56. The annular shell 57 includes an

annular chamber 59 in which a treatment fluid can be provided.

[0044] In operation, firing of the perforating gun 56 causes the shell 57 to be shattered.
The treatment fluid in the chamber 59 is carried by the gun gases into the perforating

tunnels, Afterwards, the surge tool 52 is activated to create the dynamic underbalance.

[0045] In certain types of reservoirs, such as carbonate reservoirs, natural fractures are
present. In such reservoirs, oriented perforating is performed such that the perforation
tunnels 58 are oriented to be perpendicular to the fractures. Usually, the perforation
operation causes crust material to be created that closes or reduces communication

between the perforation tunnels 58 and the fractures.

[0046] The apparatus 50 or 50A can also be used to perform cleanup of the paths
between fractures and perforation tunnels. Treatment fluid(s), such as brine, surfactant,
solvent, and so forth, is applied to reduce or remove surface tension. When a subsequent
surge is performed by the surge tool 52, the crust material that blocked communication

between the fractures and perforation tunnels 58 can be removed.

[0047] A benefit of performing cleanup of perforation tunnels 58 according to some

embodiments of the invention is that enhanced productivity of hydrocarbons can be

11



opening at | east one port of the applicator tool. 12. The nethod of claim
1, wherein applying the treatnent fluid conprises applying the treatnent
fluid in presence of an overbal ance condition. 13. The nethod of claim 12,
further conprising activating a perforating gun to create the overbal ance
condition, the overbal ance condition conprising a transient overbal ance
condition. 14. The method of claim 13, wherein activating the perforating

gun conprises activating a tuybing conveye erforating.qun. 15__The net hod
of claim &é‘,‘e dugiinthgsahyncsg cp W}f@a?%fefgfopus{iﬁbt‘dp% qqk@gnéﬁéﬁy' g an
acid to f | o ' &hhéh an6sn
condi ti on%ﬂ%ggﬁﬁga%%ﬁ%%égﬁ%ﬁ%& %%w%gﬁﬁagﬁé%?ﬁﬁgﬁgﬁg aci d conpri ses
f1 owi ng areslubstthaitostd dfweltopdrationo tisendf fragiming hsco daphrfofmed, the enhanted. 17.
The met hod of clajm 1, wherein.applying the treatnent. fluid.conprises
appl yi g soBis et a e rcRBaan S bay srde T R GHHErSePBREE Ty e
met hod of reghiRbdMolstartIRN RicRurd BREAHAEY THRS it f@@ANENRS the el CopepdtBr toe8idappl yi ng
a surfactant to enhance the transport of debris out of the tunnels. 19. The
met hod of haling tn providh darge preappt yourcestat the welhsurfase, whigh @ften ppasentasafety

hazard.

[0048] The fracturing operation, if needed, is performed as one of the further operations
indicated as 98 in Fig. 2. The further operations 98 are performed after the surge
operation to perform cleanup according to some embodiments. Another operation that
can be performed after the surge operation is a gravel pack operation, in which gravel
pack slurry is pumped to the wellbore interval after the operations indicated as 90, 91, 92,
94, and 96 in Fig. 2. Gravel packing is performed for sand control to prevent the
production of sand during production flow. Gravel packing may be performed after the

fracture operation.

[0049] Embodiments of the invention can also be applied to screen-less completions.
Usually, to perform sand control, a screen {e.g., wire mesh or other structure with
openings to allow fluid to flow through but to block sand flow) is provided in the vicinity
of the perforations 58. However, in other implementations, screens can be avoided. With
screen-less completions, flowback preventers are placed in the perforation tunnels 58.
The apparatus 50 is used to provide better performing perforation tunnels 58 prior to the
installation of the flowback preventers. Other materials can also be placed into the
perforation tunnels to prevent flowback of solids into the perforation tunnels 58 from the

wellbore.

[0050] As noted above, a sequence of different pressure conditions are set in the wellbore
interval adjacent the formation in which perforation tunnels 58 are created. The pressure
conditions include overbalance conditions, underbalance conditions, and balanced
conditions. Any sequence of such conditions can be created in the wellbore interval. The

examples discussed above refers to first creating an overbalance condition to allow the

12



applying a fluid to enhance cl eanup of the tunnels. 20. The method of claim
1, further conprising applying a sequence of pressure conditions in the
wel | bore interval, the sequence of pressure conditions conprising the

transi ent underbal ance condition and other pressure conditions. 21. The

met hod of cl aim 20, wherein applying the other pressure conditions

conpri ses applying at | east one of an underbal ance condition, overbal ance
condi tion, .and bal anced condition. 22. A tool string for use in a well

having a FBFRaRCSFeRment Hiydaare pedpraten fpels; lellowsdpy adiangentan appl i cat or
devi ce adﬁ’l?&e?%al&ﬂ:e%g%iﬁoﬁ E&@Eﬁ?{ﬁh thd rﬁ)rbtliﬁnotuhﬂ(g%t {elﬁ@le{h% ;traﬁéc}gn@ surge
e ocal t erpa

devi ce adapt to create a ransi ent un ance condition to cause
fl ow of findedbdlamee drfocher praselrs co@ditio sdatensdt irs theiwellbofe mteavah ZBe furt her

conprising.a perforating gun, .24. Th ool strin f claim?22, wherein the
appl i cat 0?01]&@5?%%1‘Wé1’ Eg@s&&ﬁéﬁ'&mﬁfﬁg%??& %egu%EPF%gPr&Bﬁ”ée ??Pditﬁﬁ’ﬁlt ati e
appl i cati g 4 seb ek WeAbBRNhtefdai d- 25. The tool string of claim 24,

further conprising another gew ce adapted to create an overbal ance
condition to enable the application of the treatment fluid into the
tunnel s. HB51TRw. Psbows & charytoodlustraie wellBore whasswic and keserviodtivessurdeiet e

conpris estir%engtrntnod f%td.g gec%lﬂgs). The target wellbore interval starts with an overbalance
condition (where the wellbore pressure is greater than the reservoir pressure). A dynamic
underbalance is then created (where the wellbore pressure is less than the reservoir
pressure), indicated as 500. As shown in the example of Fig. 9, the dynamic
underbalance condition extends a period that is less than 0.1 seconds in duration. Later,
after the dynamic underbalance (500), the wellbore interval is set at an overbalance

condition.

[0052] Fig. 10 shows another sequence, in which the wellbore interval starts in the
overbalance condition, with a transient underbalance (at 502} created shortly after the
initial overbalance condition. Later, an underbalance condition is maintained. Fig. 11
shows another sequence, in which the wellbore interval starts in an overbalance
condition, with a transient pressure dip (506) created in which the wellbore pressure is
reduced but stays above the reservoir pressure. Next, the wellbore pressure is reduced
further such that it is balanced (at 508) with respect to the reservoir pressure. Later, the

wellbore pressure is set at a pressure to provide an overbalance condition.

[0053] Fig. 12 shows another chart in which the wellbore pressure starts overbalanced,
and is followed by a dip in the wellbore pressure to first create a transient condition in
which the wellbore pressure remains overbalanced (indicated as 510). Next, another
transient condition is created in which the wellbore pressure is dropped further such that
an underbalance condition is created (indicated as 512). Later, the wellbore pressure is
clevated to provide an overbalance and finally the wellbore pressure and reservoir

pressure are balanced.
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22 27. The tool string of claim22, wherein the surge device conprises: a
| ow pressure chanber; and at | east one port selectively openable to enable
comuni cati on between the chanber and a wel |l bore region, the at |east one
port when opened creating a fluid surge into the chanber to provide the

| ocal transient underbal ance condition. 28. The tool string of claim27,
wherein the port conprises a valve. 29. The tool string of claim27,

wherein t t rises a fluid blocking ele t adapted to.be broken by
- expl ol DSE] BiecdS TS stotits cuimlesrRiFST. T Pufih B wel AR B b RERT o1 ng an
expl osi V_eu@deﬁsmmce@w@; PN6H@bP% ttRbicht i eflatinde P4 165K ARGr HeqrMBent 31. The
tool string of claim?22, further conprising a plurality of sections, each

section covabalsiasga transapyunderbealancte(dil 8)is createdp | hyatar, the eellyeretintervalés and a

surge devjce. 32. Th ool string of claim31l, wherein the plurality of
sections fé?pgaﬁéﬁwg?f%?%" ecodiat ed at different times. 33. The tool

string of claim?22, further conprising a plurality of sections, each

S eC]E i on couss] The ehatsGA FisnatiBie Dlus@aiexaiilee, Bfmireothed seqitdriags of
erforatin un, i . .
P pr%ss%re conditions can be set in the wellbore interval, according to the needs and desires

of the well operator.

[0056] The following discusses various tools that can be used to create the surge
discussed above for generating the local transient underbalance condition. The tools
discussed below can be used to replace either the surge tool 52 or the combination of the

surge tool 52 and the perforating gun 56 of Fig. 1.

[0057] Referring to Fig. 3A, a tool string having a sealed atmospheric container 10 (or
container having an inner pressure that is lower than an expected pressure in the wellbore
in the interval of the formation 12) is lowered into a wellbore (which is lined with casing
24) and placed adjacent a perforated formation 12 to be treated. The tool string is
lowered on a carrier line 22 (e.g., wireline, slickline, coiled tubing, etc.). The container
10 includes a chamber that is filled with a gas (e.g., air, nitrogen) or other fluid. The
container 10 has a sufficient length to treat the entire formation 12 and has multiple ports

16 that can be opened up using explosives.

[0058] As shown in Fig. 3B, the ports 16 may include openings that are plugged
with sealing elements 18 (e.g., elastomer elements, ceramic covers, etc.). An explosive,
such as a detonating cord 20, is placed in the proximity of each of the ports 16.
Activation of the detonating cord 20 causes the sealing elements 18 to shatter or break
away from corresponding ports 16. In another embodiment, the ports 16 may include
recesses, which are thinned regions in the housing of the container 10. The thinned

regions allow easier penetration by explosive forces.

[0059] In one embodiment, while the well is producing (after perforations in the

formation 12 have been formed), the atmospheric chamber in the container 10 is
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applicator device to apply a treatnent fluid) and a surge device. 34. The
tool string of claim?22, further conprising an assenbly adapted to perform
a fracture operation after cleanup of the tunnels caused by flow of fluids
fromthe tunnel in the presence of the | ocal transient underbal ance
condition. 23 35. A nethod conprising: storing information relating to
surge characteristics for different types of well bores; for a target

wel | bore, deternining.its t : det.erm ni hg one or re treatment fluids
sel ected f ?ﬂgfg‘yPne]?qdéaﬁ}ﬁe?vigl%e-piﬁlﬁawﬁmqgﬁ%hm%eg?mﬁhar eI @ ng surge
char act er hedrdrafind ?&? dw ey Selaecked gBR&he htniRpRerid SAtAERanbvy ‘tlﬁiegqlp%[lgaﬂdﬁe
determ ned type of well bore usingthe stored information. 36. The nethod of
cl ai m 35, ofvneymsinnic sadebalance ¢vier ifsthe ywellbtnzrfhid &rin svetbslavonpusi e teel ecting a
time del ay hetwee erforating operation,and a surge operation. 37. The
et hod of PRSP STE FEfearictie s aibR A0 e urHaRed AR SR BRFARR SPhs 1 cos
sel ecti nghﬁ;e}/liébﬂ perfeimed. Th D eittet AhdieRiene plodueMoPisesablisheddr@R Ry at e the
SUroe Opei‘oellmlaggﬁ, with the ports 16 of the atmospheric container 10 explosively opened to create

a sudden underbalance condition.

[0060] The explosively actuated container 10 in accordance with one embodiment
includes air (or some other suitable gas or fluid) inside. The dimensions of the chamber
10 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 16 may be present
along the wall of the chamber 10. Explosives are placed inside the atmospheric container
in the proximity of the ports. The explosives may include a detonating cord (such as 20

in Fig. 3B) or even shaped charges.

[0061] In one arrangement, the tool string including the container 10 is lowered
into the wellbore and placed adjacent the perforated formation 12. In this arrangement,
the formation 12 has already been perforated, and the atmospheric chamber 10 is used as
a surge generating device to generate a sudden underbalance condition. Treatment
fluid(s) is injected by an applicator tool (such as the applicator tool 52 of Fig, 1) prior to

opening of the atmospheric chamber 10.

[0062] After the atmospheric container 10 is lowered and placed adjacent the
perforated formation 12, the formation 12 is flowed by opening a production valve at the
surface. While the formation is flowing, the explosives are set off inside the atmospheric
container, opening the ports of the container 10 to the wellbore pressure. The shock
wave generated by the explosives may provide the force for freeing the particles. The
sudden drop in pressure inside the wellbore may cause the fluid from the formation to

rush into the empty space left in the wellbore by the atmospheric container 10. This fluid
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38. A nethod for use in a wellbore, conprising: running a tool string to an
i nterval of the wellbore; activating a first conponent in the tool string
to create a transi ent underbal ance pressure condition in the wellbore
interval ; and activating a second conponent in the tool string to create a
transi ent overbal ance pressure condition in the wellbore interval. 39. The
nmet hod of claim 38, wherein the first conponent conprises a housing in

whi ch at | east ,one expl.osive i.s ovi ded, whereipn activating t e%rst
conponent ‘B Rp SEUT AR Tesy i et Pes EBRE cBap P On M Wouei ng <o
create OPERHNS mayY YehRopjRidShidGhé ReB 6P piedtothdsiRficel Nsi de the housing to
wel | bore fluids for creating the transient underbal ance condition. 40. The

met hod of claim 39, wherein activating the at |east one expl osive conprises
acti vat i ng’083Het ondihersarasteristigs(incluging thetigeing selptivedo Pspratisphef the fipid st
conponent ' ng) 1 e condition
B el | BREe N ERE bF ol RAL s ¢ 03 e Rine AR A RAISRORRRRSHET T
act i vat abhgdrbgatic peistire formaddheeimenbilithadtanoLthp masiboreesecmlint wiaich ke t he
wel | bore interval. 42. The taqol string of claim4l, wherein %heuﬂirst

Wi

conponent losahigwi pressuk coaditioa s o gansiatgl: Sxgnerdivy Biffeesnt s of wellbores

having different characteristics. In addition to varying timing of the surge relative to the
perforation, the volume of the low pressure chamber and the rate of fluid flow into the
chamber can be controlled. The surge to be created is also dependent upon the type of

treatment fluid(s) selected for injection into the perforation tunnels.

[0064] Referring to Fig. 4, tests can be performed on wells of different characteristics,
with the tests involving creation of pressure surges of varying characteristics to test their
effectiveness. The test data is collected (at 70), and the optimum surge characteristics for

a given type of well are stored (at 71) in models for later access.

[0065] When a target well in which a local surge operation is identified, the
characteristics of the well are determined (at 73) and matched to one of the stored
models. Also, the selected treatment fluid(s) is identified (at 74). Based on the model
and the selected treatment fluid(s), the surge characteristics are selected (at 75), and the
operations involving the application of the selected treatment fluid(s) and surge are
performed (at 76). As part of the operations, the pressure condition and other well
conditions in the wellbore section resulting from the surge can be measured (at 76), and

the model can be adjusted (at 77) if necessary for future use.

[0066] Even though the embodiment of Fig. 1 includes an apparatus to perform a
single perforating operation followed by a single application of treatment fluid(s) and
surge operation, other embodiments can involve multiple perforating, treatment fluid
application, and surge operations. For example, referring to Fig. 5, a string includes three
sections that are activated at different times. Other examples can involve a lower number
or greater number of sections. The string includes surge tools 80A, 80B, 80C,
corresponding applicator tools 82A, 82B, 82C (for application of treatment fluid), and
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wherein activation of the explosive devices causes openings to be created
inthe carrier to enable the conmmunication of wellbore pressure into a

| ow pressure chanber of the carrier to create the transient underbal ance
pressure condition in the well bore. 25
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[0068] When run-in, the valve 804 is in the closed position. Once the string is
lowered to the proper position, and after perforation and application of treatment fluid(s),
the packer 808 is set to isolate an annulus region 806 above the packer 808 from a rathole
region 812 below the packer 808. The internal pressure of the tubing 802 is bled to a
lower pressure, such as atmospheric pressure. Because the valve 804 is closed, the
formation is isolated during perforation. After the gun 810 is fired and application of
treatment fluid is performed, the valve 804 is opened, which causes a surge of fluid from
the rathole 812 into the inner bore of the tubing 802. The surge causes generation of a

local transient underbalance condition.

[0069] Referring to Fig. 7, according to yet another embodiment, a tool string 400
includes an applicator tool 422 (for applying treatment fluid) and a perforating gun 402,
all carried on a carrier line 404, which can be a slickline, a wireline, or coiled tubing. In
one embodiment, the perforating gun 402 is a hollow carrier gun having shaped charges
414 inside a chamber 418 of a sealed housing 416. In the arrangement of Fig. 7, the
perforating gun 402 is lowered through a tubing 406. A packer 410 is provided around
the tubing 406 to isolate the interval 412 in which the perforating gun 402 is to be shot
(referred to as the “perforating interval 412"). A pressure Pw is present in the perforating

interval 412.
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chamber 418 of the gun 416. If the resultant detonation 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 418 of the gun 402. The rapid acceleration of well fluids through the
perforation ports 420 will break the fluid up into droplets, which results in rapid cooling
of the gas within the chamber 418. The resultant rapid gun pressure loss and even more
rapid wellbore fluid drainage into the chamber 418 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), evenin 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.

[0071] When a perforating gun is fired, the detonation gas product of the
combustion process 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 412 can drop the wellbore pressure, Pw,
by a relatively large amount (several thousands of psi). Between the time the perforating
gun 402 is fired and the underbalance condition is created, the applicator tool 422 can be

activated to cause injection of treatment fluid(s).

[0072] In accordance with some embodiments, various parameters are controlled to
achieve the desired difference in values between the two pressures Py 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 418. 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.
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and variations as fall within the true spirit and scope of the invention.
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1. A method for use in a wellbore, comprising:
causing creation of tunnels in surrounding formation of a well interval;
applying treatment fluid to the tunnels; and
creating a local transient underbalance condition in the well interval after

creation of the tunnels in the formation and application of the treatment fluids.

2, The method of claim 1, wherein creating the local transient underbalance

condition causes a surge of fluid flow out of the tunnels to clean the tunnels,

3. The method of claim 1, wherein causing the creation of tunnels comprises
firing a perforating gun.
4. The method of claim 1, wherein applying the treatment fluid comprises

applying a matrix treatment fluid.

5. The method of claim 1, wherein applying the treatment fluid comprises

applying at least one of acid, chelant, solvent, surfactant, brine, oil, and enzyme.

6. The method of claim 1, wherein creating the local transient underbalance
condition comprises:
providing a surge chamber; and
opening at least one port to the surge chamber to create a fluid surge into

the surge chamber,
7. The method of claim 1, wherein creation of the local transient

underbalance causes performance of a surge operation to clean the tunnels, the method

further comprising performing a fracture operation after the surge operation.
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8. The method of claim 7, further comprising performing a gravel pack

operation after the fracture operation.

9. The method of claim 1, wherein creating the local transient underbalance
causes performance of a surge operation to clean the tunnels, the method further

comprising performing a gravel pack operation.

10.  The method of claim 1, wherein applying the treatment fluid comprises

activating an applicator tool to apply the treatment fluid.

11.  The method of claim 10, wherein activating the applicator tool comprises

opening at least one port of the applicator tool.

12.  The method of claim 1, wherein applying the treatment fluid comprises

applying the treatment fluid in presence of an overbalance condition.
13.  The method of claim 12, further comprising activating a perforating gun to
create the overbalance condition, the overbalance condition comprising a transient

overbalance condition.

14.  The method of claim 13, wherein activating the perforating gun comprises

activating a tubing conveyed perforating gun.

15.  The method of claim 13, wherein applying the treatment fluid comprises

applying an acid to flow into the tunnels due to the presence of the overbalance condition.

16.  The method of claim 15, wherein applying the acid comprises flowing a

substantially equal amount of acid into each of the tunnels.

17.  The method of claim 1, wherein applying the treatment fluid comprises

applying a brine to reduce surface tension within the tunnels.
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applying a surfactant to enhance the transport of debris out of the tunnels.

19. The method of claim 1, wherein applying the treatment fluid comprises
applying a fluid to enhance cleanup of the tunnels.

20.  The method of claim 1, further comprising applying a sequence of
pressure conditions in the wellbore interval, the sequence of pressure conditions

comprising the transient underbalance condition and other pressure conditions.

21.  The method of claim 20, wherein applying the other pressure conditions
comprises applying at least one of an underbalance condition, overbalance condition, and

balanced condition.

22, Atool string for use in a well having a formation with tunnels formed
therein, comprising:
an applicator device adapted to apply treatment fluid into the tunnels; and
a surge device adapted to create a local transient underbalance condition to

cause flow of fluid from the tunnels.
23.  The tool string of claim 22, further comprising a perforating gun.

24, The tool string of claim 22, wherein the applicator device includes one or

more ports activatable to enable the application of the treatment fluid.
25.  The tool string of claim 24, further comprising another device adapted to
create an overbalance condition to enable the application of the treatment fluid into the

tunnels.

26,  The tool string of claim 25, wherein the another device comprises a

perforating gun,
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a low pressure chamber; and

at least one port selectively openable to enable communication between

the chamber and a wellbore region,
the at least one port when opened creating a fluid surge into the chamber

to provide the local transient underbalance condition.
28.  The tool string of claim 27, wherein the port comprises a valve.

29.  The tool string of claim 27, wherein the port comprises a fluid blocking

element adapted to be broken by an explosive force.

30. The tool string of claim 29, further comprising an explosive element

positioned proximal the fluid blocking element.

31.  The tool string of claim 22, further comprising a plurality of sections, each

section comprising an applicator device to apply a treatment fluid and a surge device.

32, The tool string of claim 31, wherein the plurality of sections are adapted to

be activated at different times.

33.  The tool string of claim 22, further comprising a plurality of sections, each
section comprising a combination of one or more of the following: perforating gun,

applicator device to apply a treatment fluid, and a surge device.
34.  The tool string of claim 22, further comprising an assembly adapted to

perform a fracture operation after cleanup of the tunnels caused by flow of fluids from

the tunnel in the presence of the local transient underbalance condition.
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109R& () -/ U3dEan—90}19§)mformatlon relating to surge characteristics for different types of
wellbores;
for a target wellbore, determining its type;
determining one or more treatment fluids selected for use in treatment of
perforation tunnels; and
selecting surge characteristics based on selected one or more treatment

fluids and the determined type of wellbore using the stored information.

36, The method of claim 35, wherein selecting the surge characteristics

comprises selecting a time delay between a perforating operation and a surge operation.

37.  The method of claim 35, wherein selecting the surge characteristics
comprises selecting a volume of a chamber containing a low pressure to generate the

surge operation.

38. A method for use in a wellbore, comprising;
running a tool string to an interval of the wellbore;
activating a first component in the tool string to create a transient
underbalance pressure condition in the wellbore interval; and
activating a second component in the tool string to create a transient
overbalance pressure condition in the wellbore interval.

39.  The method of claim 38, wherein the first component comprises a housing
in which at least one explosive is provided, wherein activating the first component
comprises activating the at least one explosive in the housing to create openings in the
housing to expose a chamber inside the housing to wellbore fluids for creating the

transient underbalance condition.

40.  The method of claim 39, wherein activating the at least one explosive

comprises activating a detonating cord.
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condition in the wellbore interval.

42.  The tool string of claim 41, wherein the first component comprises a
carrier containing explosive devices,
wherein activation of the explosive devices causes openings to be created
in the carrier to enable the communication of wellbore pressure inio a low-pressure
chamber of the carrier to create the transient underbalance pressure condition in the

wellbore.
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