.22 Septenber 2006 1 | MPROVI NG RESERVO R COVMUNI CATI ON BY CREATI NG A LOCAL
UNDERBALANCE AND USI NG TREATMENT FLUI D CROSS REFERENCE TO RELATED

APPLI CATION [001] This is a continuation-in- part of U S.  Serial

: 10/ 316, 614, filed December 11, 2002, which is a conti nu%%gﬁ?femherp%ﬂﬂp of
U.S. Serial No. 09/797,209, filed Marth 1, 2001, now U.S. Patent No.

6, 598, 682, which clains the benefit of U.S. Provi si onal Application Serial
Nos. 60/186,500, filed March 2, 2000; 60/187,900, film March 8, 2000; and
60/ 252, 754, filed Novenber 22, 2000. Each of the referenced applications
are hereby incorporated by reference. TECHNI CAL FI ELD [002] The invention

relates to inproving r | | ore. BACKGROUND
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TECHNICAL FIELD

[002] The invention relates to improving reservoir communication with a wellbore.

BACKGROUND
[003] To complete a well, one or more formation zones adjacent a wellbore are
-perforated to allow fluid from the formation zones 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.

[004] 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 m with the perforator charge
debris. The extent of the damage, and the amount of loose debris in the tunnel, may be
dictated by évariety 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. |



,wells or the injectivity of injector wells. 22 Septenber 2006 2 [005] One
popul ar net hod of obtaining clean perforations is underbal anced
perforating. The perforation is carried out with a | ower @BIIborg B%essure
“ than the formation pressure. The pressure equalization S Rred y
fluid flow fromthe formation and int@ the wellbore. This fluid flow
carries sone of the damagi ng rock particles. However, underbal ance
perforating may not al ways be effective and may be expensive and unsafe to
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Sept embersUPEEE zogal coverage re-conditions tor a g fractunﬂg Jo%ri. Aclcﬁzmg, shothef
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

commuﬂication 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 altemative features will become apparent from the following description,
from the drawings and from the claims.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] Fig. 1 Aillustrates an apparatus
including an applicator tool for applying treatment fluid(s) and a surge
tool to create a local transient underbal ance condition, i accorﬁﬁgge

i th an enbodi nent of the invention. [0011] Fig. 1B il u¥yepicaber
apparatus according to another enbodi rent for applying treatnent fluid(s)
into perforation tunnels. [0012] Fig. 2 is a flow diagram of a process
according to an enbodi nent of the invention. [0013] Figs. 3A and 3B
illustrate a tool stri NgRRIPDHESTRIPTIGN IO ating an
under bal ance condition in a we Fig. 41s a flow diagramof a
process of selecting characteristics,of a fluid flow gg& e based on

vel | bore dRAHQIdfigs 1A illustrates an appasatusinciuding aapplicator (e jiregimpent 5
el | bore C ! . | . 57 LIS
er for a1 Ashald Ooed ol th dhed  locaf kit unfidbilpmCohfifioh T dibbnlihcd

sur ge t oolwitlpa exabbdimentiofthé irvientiance condition or surge. [0016] Fig. 6
illustrates yet another enbodi ment of a tool string including a valve that

I's actuatabl et ween open and cl osed sitiong to create desir ressure
condi ti ons[oghﬁi ]‘Fblg- 1%11&; & BPRATtEHacep 3%9@!“9@?’5?‘?’ tg’ﬁﬁ’?l%gﬁpon of
treat nent | . Yderforfiion 8 illustrate a perforating gun
string posﬁ%ﬁ"et?ﬁ‘%(ggg\gf\%#ﬁore. |00€[8] Figs. 9-13 are timng diagrans of
pressure over time. 22 Septenber 2006 4 DETAILED DESCRI PTI ON [ 0019] In the
f ol | owi ng [@@52)rFigt2 isra flow diageans ofie precess aseerdingito ap empodisent githge an
under st andi ng .of the present invention. However, it wll|l be understood by
those ski I'PEH9fn the art that the present invention may be practiced

wi thout these details and that numerous variations or nodifications from

the descrifpofs)eFipeBARM 3B (TRistrhie ate6lstih@according an embodiment for creating an

underbalance condition in a wellbore.

[0014] Fig. 4 is a flow diagram of a process of selecting characteristics of a fluid flow
surge based on wellbore characteristics and selected treatment fluid(s).

[0015] Fig. 5 illustrates a string having plural sections, each section including a
perforating gun, an applicator tool to apply treatment fluid(s), and a surge tool to create
an underbalance condition or surge.

{0016] Fig. 6 illustrates yet another embodiment of a tool string including a valve that is
actuatable between open and closed positions to create desired pressure conditions during
a surge operation after perforating and application of treatment fiuid(s).

[0017] Figs. 7 and 8 illustrate a perforating gun string positioned in a wellbore.

[0018] Figs. 9-13 are timing diagrams of pressure over time.



[ 0020] As used here, the ternms "up" and "down"; "upper"” and "Il ower";
"upwardl y" and "downwardly"; "upstreant and "downstreant; "above" and

"bel ow' and other like terms indicating relative positigns aboyve bel ow
a given point or elenent are used in this description t%ziﬁﬁgn@?ggbﬁy
descri bed sone enbodi nents of the invehtion. However, when applied to
equi pnent and nethods for use in wells that are deviated or horizontal,
such terns may refer to a left to right, right to left, or other

rel ati onship as appropriate. DMATEDPBRSCRIPPIONTEt hods and apparatus are
provided to treat perforation damage and to renove debris fromtunnels
created by perforation into a well formation, There_are sewfral potenti al

mechani snsl081 9k the folloaving dessription, preetaus dotatly aresgt forhde PrYid& A ye t o
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reducing this type of danage. However, in many cases, insufficient

under bal a ' s R [TSIVARE-T AT (T *r;]eu .andhe
Jf]‘gr@z?%g u%%%a tfg!e‘teﬁﬁé YapPanll “Gbwa?; “B¥par apdBlvel ) CupRardl an

second ngj may "ari se from | oose perforation-generated
rock and cimmmwardiy?; ‘Sipsthesmfand|“downstreapd’s Faboxe' and ‘belove] and qther liketemse

ticl my b d.nto.th |l b duri. .
er for at | officaiae THEE PORDES fhovesY Delasch eues paiBeor et aft oG s,
i nj ecti Vi t Yesbfiftiont 3i0Ye Rleafly dbdtgibed S0ifé cB6diledits df theiavemion. Hswever,f or t h) .

Yet another type of damage occurs frompartial opening of perforations.
Di ssi ni | arwhemapplisd seeqiiipmentiand methods for wueyeﬂaﬂ@twd%ﬁm gdorizentah ons t o

be pl ugged e to bridgin t casl C | ngfn
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injectivity. [0022] To renedy these types of damage, two forces acting

si nul t aneonwizq Gederilty, mivtiasis dnd @pgaritas hrfeqeotitied wardat pérforafiorndarhagecand to hat
hold themin place and another to 22 Septenber 200 5 trangport them The

fractured EeNedebrisFomtunnels greated,py perdoration e a yesll formalfipny, FCin
several potential mechanisms of damage to formation productivity and injectivity due to

perforation. One may be the presence of a layer of low permeability sand grains (grains
that are fractured by the shaped charge) after perforation. As the produced fluid from the
formation may have to pass through this lower permeability zone, a higher than expected
pressure drop may occur resulting in lower productivity. Underbalance perforating is one
way of reducing this type of damage. However, in many cases, insufficient underbalance
may result in only partial alleviation of the damage. The second major type of damage
may arise from loose perforation-generated rock and charge debris that fills the
perforation tunnels. Not all the particles may be removed into the wellbore during
underbalance perforation, and these in turn may cause declines in productivity and
injectivity (for example, during gravel packing, injection, and so forth). Yet another type
of damage occurs from partial opening of perforations. Dissimilar grain size distribution
can cause some of these perforations to be plugged (due to bxjdging, at the casing/cement
portion of the perforation tunnel), which may lead to loss of productivity and injectivity.

[0022] To remedy these types of damage, two forces acting simultaneously may be
needed, one to free the particles from forces that hold them in place and another to



pl ace by rock cenentation, whereas the |oose rock and sand particles and
¢harge debris in the tunnel nmay be held in place by weak el ectrostatic

forces. Sufficient fluid flow velocity is required to tra g?lﬁ%%?tzgs6the

particles into the wellbore. [0023] According to sone enbo

I nvention, a conbination of events ares provided to enhance the treatnent
of damage and renoval of debris: (1) application of treatnent fluid(s)
into tunnels; and (2) creation of a local transient | ow pressure condition

(1 ocal trapsissen tenf eTidfraheed il i@ perfbratih Yidinel waldy Rhy e Béld in

treatnment fluids that are appl I ed incl ude acid, chel ant, solvent,
sur f act antplaterbymock cementatioh, shefeas the. lodsegockand sand parsigles and plharge dehripdm
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oi | condi vt is tefuired kppampbrt dtatidlesdintotb etlbstech as sand, (4) clean
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brebeur o | 4ocg] asun: pndarolgRary in S ellvars SHFRR. ERampi L rathent Hids BH e
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under bal ance |t|on target wel re interval is set to any of an
under bal arapplicativai dfitheitreatmentofhiids cansecsoat déast anre, of sheifollowingtecbeqsniorm

Thus accordin to sone enbod nent a seqguen sorre Ci PN of
over bal ancégrﬂ%‘b" @%ﬂfﬁ’ﬁ?&tﬁ“&@ﬁﬁ i?’o’ﬁg &ngjtlé%wgﬂt he
target wveldfaffnkNB f&ﬂﬁhce ﬁ%f&élﬁ-{s%hﬁﬁfﬁnd%%reb@baﬂ%ﬁd@ﬂ%kﬁﬁh&nce
over bal ance- under’baf ance- undef bal ance, over bal ance- under bal ance- bal anced,

under bal arpeefovationituhizel(5) aciderebmhawcﬁbora stimylatipn, Ehperformsdynamie, diversiosn
di fferent ur ditio uch as
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the same, and (7) dissolve some minerals. Basically, application of the treatment fluids

changes the chemistry of fluids in a target wellbore interval to perform at least one of the

above tasks.

[0024] The application of treatment fluids to perforation tunnels is done in an
overbalance condition (wellbore pressure is greater than formation pressure). A
subsequent fluid surge creates the dynamic underbalance condition. Following the
dynamic underbalance condition, the target wellbore interval is set to any of an
underbalance condition, overbalance condition, and balanced condition. Thus, according
to some embodiments, a sequence of some combination of overbalance, underbalance,
and balanced conditions is generated in the target wellbore interval, such as overbalance-
underbalance-overbalance, overbalance-underbalance-underbalance, overbalance-
underbalance-balanced, underbalance-overbalance-underbalance, and so forth. This
sequence of different pressure conditions occurs within a short period of time, such as in
a time period that is less than or equal to about 10 seconds.



22 Septenber 2006 6 [0025] Application of treatnment fluids is perfornmed by
use of an applicator tool, described further below The |ocal transient
under bal ance condition is created by use of a chanber con alm

rtelatively low fluid pressure. For exanple, the chanber ?% Q& 06
chanber containing a gas or other fluifd at a | ower pressure than t he
surroundi ng wel |l bore environnent. As a result, when the chanber is opened,
a sudden surge of fluid flows into the |ower pressure chanber to create
the | ocal [0026]pApplication 6Pteltineny fluids i3 hbartw usegifan applicatartoelni cati on
with the chanber after t he chanber |s opene [002 L.n sone
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ot her types of devices In other enbodinents.” [0027] |In one enbodinment, a
seal ed at nnspmeninicationtvdththe chambera@reetheichamsbertisopenstll bore after a
formati on has been perforated. After production is started, openings are

et o (AT RSt Bl e BB BB BBt

fluid sur agw 4 SlobRERYnBeR focaftd HRIM the diefad ofithe well O linetheworle) the tlvsedn
tunnels and to renove | oose debris. [0028] Fig. A shows an apparatus 50

?ccolr di ng chembeedessmetiextend all theivay tpike weld surfaces Fopexample, tBOCloBIte cat e a
ocal ek MR BGPTSR AU, ARGt e imeh B kR O

an inner, deewehommshiﬁngbmmmamddelcﬁmm&wt@mbeehatﬁ&dbw:mrts 53 can

be act uat ed opened by use_ of a valve, an expl gsive, or, somﬂt"her
mechani semeshanisBhsuch ascisthe uge ofruplasive-arspme athes meghanism) O entire

vell is traabed mby 98oRef (palhe devices iFéth@ nbodiments.

[0027] In one embodiment, a sealed atmospheric container is lowered into the
wellbore after a formation has been perforated. After production is started, openings are
created (such as by use of explosives, valves, or other mechanisms) in the housing of the
container to generate a sudden underbalance condition or fluid surge to remove the
damaged sand grains around the perforation tunnels and to remove loose debris.

{0028] Fig. 1A shows an apparatus 50 according to one embodiment, which includes a
surge tool 52 to create a local transient underbalance condition. The surge tool 52
includes one or more ports 53 that are selectively openable to enable communication with
an inner, lower pressure chamber inside the surge tool 52. The ports 53 can be actuated

~ opened by use of a valve, an explosive, or some other mechanisms. In conventional
global cleanup operations in which the entire well is treated, high permeability sections
are preferentially treated, which may cause other sections to be under-treated. By using
local fluid surges to perform the cleanup, more focused treatment can be accomplished.

[0029] Various mechanisms can be used to provide the low pressure in the chamber of
the surge tool 52. For example, a tubing or control line can be used to communication



are preferentially treated, which nmay cause other sections to be
under-treated: By using local fluid surges to performthe cleanup, m)re
focused treatnent can be acconplished. [0029] Various rrg?uganl sgrs 2((‘@%

used to provide the |low pressure in the chanber of the of For
exanpl e, a tubing or control |line can®de used to communication 22 Septenber
2006 7 the low pressure. Alternatively, the low pressure is carried in a
seal ed container into the wellbore. [0030] According to another

embodi Nent the v PrA&ITS 2ARBHACAPEHE IGWpREMIrOR cafrivdlind sbiled bortaigerintthée | i ne
and a kill line that are part of subsea wel | equi pnment in subsea wells. In

thi s ot herwellhoseli nent, the choke |ine, which extends fromthe subsea well
equi pnent to the sea surface, may be fiIIed with a |low density fluid,

while th | ' : | 0 'l ed
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wel | bor e, wsiny ouhokumnaraﬁ&arkmhnémrepmnémmeammeqmpmehe:mb@aavalbl |

t b I d, db f th hoke | I th
BOP and ¢ h@%oa@r%@%e&ms iy The Phoke iat WD erEnE B ety el FastFmeth ok
line and Cdo‘%ﬁé Jd'vﬁﬁ:é?gﬁfge}[s&%hﬁﬂyalhhlewﬂutmﬂ Riihakbat i c

head in the vve ore t’o reate an un condition. [0031] In yet
anot her enéxelidstmthe saa srhﬁcbemayvbc filled with agwavﬁﬁ'elibme fidi s@uicecthe tpod BaiRgf or

wel | bore f] uids t rate e under bal tion [ 1 har e

conbust i on‘s"m?‘rﬂ‘tto @b '°PW‘F e@ﬂzﬂbﬁ’) E‘ﬁ tB C gy sfﬂg"’g g

the result ﬁ%b@@lo?#f?}m%ﬁ@m g'o?&fe éh@ﬁ@hh@BeWth@Bm aardeﬁé;ure
er we ore ul

then the co S are’suck into the gun houmgg The rapid
accel er at | dosingoHihgkilpliné belaWrtme@Br tQpenmgtdféhnghokh&mQ m@closms §1°t1143 fluid

o essure. | BEHey Avarcttin e et ay i O eobieSe Aee AEHER Rl 0 O

generates @nditd. i N the wel | bore pressure. The drop in wellbore pressure
creates an underbal ance condition.

[0031] In yet another embodiment, a chambe_r w1thm the gun 56 can be used as a sink for
wellbore fluids to generate the u.nderbalance ‘corlld.ition. Following charge combustion,
hot detonation gas fills the internal chamber of the gun. If the resultant detonation gas
pressure is less than the wellbore pressure, then the cooler welibore 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 drainage occurs, which generates a drop
in the wellbore pressure. The drop in wellbore pressure creates an underbalance

condition.

[0032] The apparatus 50 is run to a desired depth on a carrier line 54 (e.g., coiled tubing,
wireline, slickline, etc.). The apparatus 50 includes a perforating gun 56 that is
activatable to create perforation tunnels 58 in formation 60 surrounding a wellbore
interval, The perforating gun 56 can be activated by various mechanisms, such as by a
signal communicated over an electrical conductor, a fiber optic line, a hydraulic control
line, or other type of conduit.

{0033] The apparatus 50 further includes an applicator too! 62 for applying a treatment
fluid (e.g., acid, chelant, solvent, surfactant, brine, oil, enzyme and so forth, or any




[ 0032] The apparatus 50 is run to a desired depth on a carrier line 54
(e.g., coiled tubing, wreline, slickline, etc.). The apparatus 50

i ncludes a perforating gun 56 that is activatable to crea gﬂé % 8%|on
tunnels 58 in formation 60 surrounding a wel | bore inter¢aPSPISHRCT
perforating gun 56 can be activated by vari ous nechani sns, such as by a

si gnal comruni cated over an el ectrical conductor, a fiber optic line, a
hydraulic control line, or other type of conduit. [0033] The apparatus 50
further I n&dngsg o%rbf%w&uo@ra) Rito the WelBareliftferval v Fig! I, aetiicteini turrd flaswsd
(e.g., acid, chelant, solvent, surfactant, brine, oil, enzyme and so forth,
or any 22 mmmomﬁommls@WMMﬂm@ph%m th fthor e

5. The 1 DatanE sppiatpr o0 et et & proskitreg cbloortd itaihgleon, el <
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treatment fluid. Upon opening of a port , the pressurized f n t he
chanber aswrmnumsmtnt@&heewmn@@ngn@ b@ﬁeri@ﬁawal r@P mwféyéhmpé tar{

Al ternativ th | b Gl ibradd. thed f 1 uid
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to fill the surroundi ng wel | bore |nterval he fluid,c
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[0034] In ment e applicator tool b2 does not need to
apply preﬁﬂhébmérﬁﬂwsatj Anot her deV| ce is provided as part of the
apparatus 50 to create an overbal ance condition, such as a transient

over bal anc Itio where 1he | | bore, intenval pre Le. LS, greater
han the. { IR It grsodk eefeciniu BiapBlicuprofiap e BAGRA el 71

treat ment fnlg siudizb® Al{dO M dihé debiRe RESrbIdRd bopart 61HRE hpditus 50 todreatemhodi ment ,
the other”device for creating the ‘overbal ance condition is_the perforating

gun 56.. [G¢sbilankieconditiohosiches a trensien ovemhalgaceeondifinnd vherethe Wedaoitor e t han

one type OIn Sl rtssiie is greater than the formation pressure). The overbalance condition

causes the treatment fluid to flow into the perforation tunnels 58. In one embodiment, the
other device for creating the overbalance condition is the perforating gun 56.

[0035] The applicator tool 62 can be designed to pmﬁdc more than one type of treatment
fluid to the surrounding wellbore interval. In one example implementation, the applicator
tool 62 can include multiple chambers for storing multiple different types of treatment
ﬂuids. Alternatively, multiple fluid conduits are provided to apply multiple types of
treatment fluids.

[0036] The treatment fluid that can be applied by the applicator tool 62 of Fig. 1 can
include brine to reduce surface tension within the perforation tunnels 58. Application of
the brine increases rock brine saturation, which improves perforation tunnel cleanup
when the subsequent surge is performed by creating the local transient underbalance

condition.

[0037] As another example, the treatment fluid includes surfactant, which is applied into
the perforation tunnels 58 to enhance the transport of debris (such as sand) during the
transient underbalance surge operation. Surfactant tends to reduce surface tension



fluid to the surrounding wellbore interval. In one exanple inplenentation,

the applicator tool 62 can include nmultiple chanbers for stori ng rrulti pl e
different types of treatnment fluids. Alternatively, multiple flu

conduits are provided to apply multiple types of treatméh thPlﬁ}PEFsz()OPOOBG]

The treatnment fluid that can be applied by the applicator tool 62 of Fig. |
can include brine to reduce surface tension within the perforation tunnels
58. Application of the brine increases rock brine saturation, which

i mproves PRy BdnPlah@ Brdin BitPlocll RAMEn a YERRolr) So BidPER GMaN frafiidicae mose paily or med
by creating the local transient underbal ance condition. [0037] As anot her
exanpl e, tdome owaf therperforation timmela®fes surfactant, which is applied into

the perforation tunnels 58 to enhance the transport of debris (such as

o T educe BIPILES °P%é%§ﬁ%%”%a&§$§?§£%a‘?‘9%B@%E‘QSS%?&%%%&S%@;@ e
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appar at us Bpliraor Hake% S&!ﬂ"g@?&‘t @eém,é‘FﬂﬁBBP@ @T“?fﬁl &Vﬁé 1%fil ui d(s)
th t | 62.
n some coighftihg ' e refeasb RitBh i) 66, ?@%Eﬂt%‘f%éﬂgﬁgﬁﬁéﬁﬁ%%ﬂ%‘a 12
accordi ng i?:sela%t?dgﬂeadhfdve lﬁnﬁp&ﬁmz@ﬂnoﬁwenﬁb&mﬂt&?ﬂmansrﬂwc he )
t reat nent ui d(s i s select achi eve erfo ot her
enbodi ment@echagism 66can be Q%‘?@Wi‘%@”g%nﬁ% ?@g?q%ﬁémpﬁrref orating
56 f ti
gun s éh'agéhgﬁ%\é%ﬁﬂrﬁe?fgnaz@sghgt&biﬁnd ﬁhﬂﬁ&%s&ﬁtoftﬁbe perforating

gun to exten ratio 8 1nto surroundi ng formation 60.
[ 0039] Upostmuhdmglfmmmhoﬁﬁohe perforating gun 56, a transient overbal ance
cormdition is created. The time period of such an over bal ance condition can

e e o308 gl B, (b5 ke BB > oo
created. The time period of such an overbala.nce 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 apphcatlon of the treatment
fluid(s) can be selected to coincide substantlally w1th the activation of the pcrforatmg 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 carbonafe rqsérvoirs, 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



treatnment fluid into the perforation tunnels 58. The tim ng of application
of the treatnment fluid(s) can be selected to coincide substantially with
‘the activation of the perforating gun 66 such that the treatne fluid(s)
can be flowed into the perforation tunnels 58 in the pr%%g r%pﬂﬁ
transi ent overbal ance condition. [00400 To achi eve a | onger period of
over bal ance, a tubing conveyed perforating gun can be enployed such that
pressurized fluid is applied through tubing to create the overbal ance

condi tion gyndniie diesdisre dThe ThRetian of f¥id Bite edvhlperfoation tirmeliSHpobvides npartinds
per square inch (psi) can tgplcall be achi eved by t ubi ng .conveyed

per f or at i nyyeljoere stimulation, which aefs te enharce aspbsequent Gleanup APEGHMe reservoirs,

it may be desirable to apply acid into the perforation tunnels 58.
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di stribution ration tunnels 58 i s achi eved by
applicat i onmheﬂbepeﬂmn&dl(nt %S)r E’hartwel&esm mwﬁﬁ@rﬂiﬁﬁiﬂh@w
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near- wel | ggdeebagﬂdp%ﬂalhgﬁ, or'MalamBedEdndition. eEnhance a subsequent cl eanup
operation. [0042] After application of the treatnment fluid(s), the surge

tool 52 is activated 2196) to create the |ocal transient underb Igjgé:e
condi t i on. [0043} Figad Bdbustratesanother embedimentiofaappparatus 30Aq fIn t@é@Z’P i on

tunnel s 58.int r t t unnel s
58 can be 3}?&’1‘@\9&@1 %L?aﬁ% &gbcécé;tqﬂﬁé ﬁ%%%?‘?&%ﬁ%; or agrr avel
packing, el $hpravided Afine Keskrion m&@unﬂﬂtlmeahnulaﬁtheﬂfﬁgmeludestarrre or
after the furth’)fe?ﬂ’a erations _(98), ﬁwell ore I.nterval can be set (at

99) to anyaspilarphamber,ifinguhigh a ee@mt GRR¥E4 ance condition, or

bal anced conditi on. o
{0044] In operation, firing of the perforating gun 56 causes the sheil 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, onentedpcrfoxl'atmgls 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 SOA can also be used to perform cleah_up of the paths
between fractures and perforation tunnels. Treatment fluid(s), such as brine, surfactant,
solvent, and so forth, is applied to reduce or‘ remoire 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




[0043] Fig. 1B illustrates another enbodi ment of an apparatus 50A. In this
enbodi nent, instead of the applicator device 62 of Fig. |IA the apparatus.
50A includes an annul ar shell 57 provided around the perfagrati g 56.
The annul ar shell 57 includes an annul ar chamber 59 in #hreHeR ?rrﬁﬁgmsnt
fluid can. be provided. [0044] In opefd&tion, firing of the perforating gun
56 causes the shell 57 to be shattered. The treatnent fluid in the chanber
59 is carried by the gun gases into the perforating tunnels. Afterwards,

the surge eibvedadueso Beldnkiaiced chnfimfiationd thfough HaPeeforatital thamel S . Thd 0045]

In certain types of reservoirs, such as carbonate reservoirs, natural

fractures gpkanc fﬁ‘rn@émtmtwmmﬂuqeéhenm fosa sm&m&mﬂw wdich

per pon curepeptif ket FLRR bl TvelE R e pOpLAR I lfimcnd

crust nat ebominuhibaﬁmmbéﬁfoﬁtﬁtn tﬁhﬁas?SS fiay Ii‘ﬁil'délﬂ& ifitiahfrnétaring pressupet ween
the perforation tunnel s 58 and the fractures 50046] The apparat us, .50 or
50A can al &suped tps WW‘F@PW@P%@ES&“%@%*§W°H toa%eidyr es and

perforati OH%M%&?% @ﬁﬁg&g&@ urk 5"’{{'0 B h eswabs.&&cp '/ f3Eh ol gﬁsaﬁats

sol vent, uce or renove sur e tension. Wen
a subsequehazard;urge S perforrred by the surge tool 52, the crust materi al
t hat bl ocked communi cati on between the fractures and perforation tunnels
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t he enhanced communi catlons t hrough erfora ion tunnel s 58. The
enhanced ppmtamrl tpi peyfonmeleanup scsording we@md memme&ueﬁhﬂ opezatian thalg

operati on, | redyc he costs. of well tion f.f uring
e oo el b meridi e A e SwER b Srafim i arardt Bhe dfbRason i e
tunnel s 58pgakyshiredisGRniged tb Metvéllbotd Medrvdliafter ﬁ&%ﬁ&uﬁ&s ihiduted @51 90,D 1502y t
the fracture operation. This in turn allows the well Eerator to avoid

having to Bﬁmﬂd’é in&ig; Q. (Sirevel pecking in prsormed forsandeantrol o preventda ch of ten
present a 31% diéton of sand during production flow. Gravel packing may be performed after the

fracture operation.

[0049] Embodiments of the invention can also be applled to screen-less completmns
Usually, to perform sand control, a screen (c 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 welibore interval. The
examples discussed above refers to first creating an overbalance condition to allow the



hazard. [0048] The fracturing operation, if needed, is perfornmed as one of
the further operations indicated as 98 in Fig. 2. The further operations
98 are performed after the surge operation to performcleanup c%ﬁ{ging to
some embodi ments. Anot her operation that can be perfor medSertemper 40005 ge
operation is a gravel pack operation, 4pn which gravel pack slurry is
punped to the well bore interval after the operations indicated as 90, 91,
92, 94, and 96 in Fig. 2. Gavel packing is perforned for sand control to
prevent the. ' | t tfahsi packi ng may
be perforn@ﬂﬁg#@g#%%ﬁgﬁm??%@?ﬁﬁgg%gé&%??gﬁgu U%@grE%B gdineﬁ?i of the

i nventi on gAderbilasceltenditiohite cleirooscheperforation nangls.cAftenthe trausient! |y, to
perform sand_control, a screen (e.qg.., wre nesh_or her. struyctsre with
openi ngs t §ndarbalange, Eﬁ‘ﬁhﬁrd’r?qs'b‘iﬁ/“l’ﬁ&%@i‘? Igter sgtdn HF&%?%"&&%&?‘?FY%W;I“FS provi ded
n the Vi Ciglidwing Barld}6i FRET H9531bsbhite differdP iBiloes bIprébdié contiGasandat | ons,
screens can be avVol ded. t screen-less conpletions, flowback preventers
are pl acedcamb¢ bt ipthefwellboredintereadnel s 58. The apparatus 50 is used to
provi de better perform ng perforation -tunnels 58 prior to the installation

of the flo reventers h terial I liﬂﬁ'@ Pi,'crg t he
perforati o%iﬁ&'?%‘”ﬁ?@%ﬁo ﬁuﬁﬁﬁwhg‘?é§g%?%‘g a;ﬁﬁtr%%‘%e peéré or z;&ron
tunnel s 58 gffeQiohl6 to B8Isbéis). THIARGEt welltit btlerthiuats witls atoestbalamde
different pressure conditions are set_in the wellbore _interval ag! acent

the for mat comdition (Wihere theewelthors pressure isgsvaterdhansthe TeSEERIr eSS el Hy

conditions_include oyerbal bt ehiekdone, and
bal anced cb’ﬂ‘&‘frk’#ﬁ% .‘5%@%%3%@%5%%%%W§%?§%gﬁﬁbe created in the
wel | bore i piggwe), indibeted &S00 | Asshdivadnl tisockanipde/ef Figf & tlee dymafiie st creat i ng
an overbal ance condition to allow the, 22 Septenber. 2006, .12 injection of

t r eat ment WWB@@%@W@%%PM@%{S?&S tham (-} segpnds in ognil..ag)er,

under bal angg. canditi 0N Jehfiall Gb), HikwERSd:O iy ls bANgh SverBilhside t he

transi ent
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 welibore 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 préssuré 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
elevated to provide an overbalance and finally the wellbore pressure and reservoir
pressure are balanced.



under bal ance, another pressure condition is later set in the wellbore

interval. The following charts in Figs. 9-13 illustrate different
sequences of pressure conditions that can be set in the Iltbo e %d;n%erval.
[0051 ] Fig. 9 shows a chart to illustrate wellbore presé gpﬁlﬁ‘ T 858r voi r

pressure over tinme (fromO to 0.5 setdnds). The target well bore interval
starts with an overbal ance condition (where the well bore pressure is
greater than the reservoir pressure). A dynam c underbal ance is then

created ( W[mrsag)wtge 198hb 0O ifoerREHHIR sbGuenees, Sn whivh thélﬁrenbael‘inteivlal statessur e)
I ndi cated as 5 shown in the exanple of Fig. dynam c

under bal angadesoalancer §51Dxfollawed by pdvangigntiqysebajance @s@ t e{ragsientngs in
d
Mt orval i SPBftanee b bhabaltuiURathd: TERSIRARCT I B mBGrORIEEOIE

sequence, keptubtiehurndedalsabe bondétionnt er val starts in the overbal ance
condi ti on with a transient underbal ance (at 502) created shortly after the
initial rbagance condi.tion., Lat ﬁé-lé an under bal ance copdition is

mai nt ai ned 0055 The chartsig s, dok3rass Tistrafive sxamples, g% EANY HHRETSEATIEPEOE nt er val
tart 6
starts in PhbsQl Cﬁ%ﬁ%@ﬁa@%&p@ggﬁm&@mﬁﬂaﬂ&bﬁﬁﬁ% R B8 B aflil detifta6)

created in re Is reduced but stays above the
reservoir pfthesvelkopedar., t he wel | bore pressure is reduced further such
that it is balanced (at 508) with respect to the reServoir pressure. Later,
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pressure Suﬁeas%e&m&q‘oﬁg&ﬁﬁhun Meliobal thankieptadeialancel bgnditior. HEhewsblsbor e

pressure to first create transient condition in _ which the wellbo

pressure r disangsed bvlemn;bncmﬂ toirrpipesgither the symgs)tool§2ar theeembiation oA | ent
Cha: oo L 57 A Bt i e SO BE 1 OS2 Later s the
wel | bore pressure is elevated to provide an overbal ance and finally the
wel | bor e plEOSI) Refatiflg (EFRr YA] 4 toopstaing having haedied atnmapheriz2obmertbdor 2006

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., clastomer 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




13 [0054] Fig. 13 shows anot her exanple sequence, in which the wellbore
interval starts underbal anced (514), followed by a transient overbal ance
(516). After the transient overbal ance, a transient undergalanﬁeé&%%8) S
created. Later, the wellbore interval is kept at the underfRiFERE
condition. [0055] The charts in Figs.1®-13 are illustrative exanples, as
many ot her sequences of pressure conditions can be set in the well bore

i nterval, according to the needs and desires of the well operator. [0056]

The fol | ovnexjlosively op&Rd i BHel weibote) Oflis tebhriiquacantse used sritheorovitwuta t he sur ge
di scussed above for generating the | ocal transient unpderpal ance conditi on.
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cont ai ner péfdrating. CTid stinogphekia\comginan10 may alsprbeased aftaripetforatioh operationsan an
expected pyessure in the |I.bore in the interval of the.formation 12) is
Cower ed | nbeyebeqs prHormed IR thin iter FsTgAmAR, Aroducions esablished oMb |

adj acent a O, i ' Brik b&AiREr 101D 1dsnely Spened t érgate

| ower ed onfdgﬁ%{a{%iqiélfa{i}h%%g@y?g%%@%@el I ne, sli ckélk?ne, c%i ed tubing,

et c.). Theaeuddeniunderbalafice conlditbes a chanber that is filled with a gas
(e.g., air, nitrogen) or other fluid. The container 10 has a sufficient

| ength to the.gntire formati 12 and,Rhas i . t can
be opened t@%ﬁil ng giﬁleﬁgf%’é?{y?gﬁg%]mw&&ﬂnﬁ%ﬁa&%w%il h%‘“ﬁé?ﬁé& 6 may
i ncl ude OP{RIIIGS aik (Gt sofeDthérisaistle gid drifhid@dihside Thedititnsiodof the ghamber

el astonmer el enents, ceram c covers, etc.). An explosjve, _such_&f@%

det onat i ng1@ avegsugipthat it can he tawared inteea pempletediwelbgithes by, Wiseling, o

Activation of.th gnat i . ' e Seal i ¥ to
shatter or mb?tg o ot gﬁgcyga&rtg%égﬁg?gg&%g%@ g@gﬁl’%@&gﬁgt er{ag‘rimogi ment ,
the ports Adéwhlkdle wellbsidPrescres andempefingbs. aTlse kehgthof the chgimbesisidetermined
housi ng of the container 10. The thinned regions a,Ilow ea1 i er 1E)enetr tion
by expl osi bethedhickness of perforated formation being treated. Multiple ports 16 may be presen

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 stnng hcluding 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 containgz" 10 is _Iovt{ered and placed qdjacent the |
perforated formation 12, the formation 12 is flowed by opening a production valve at the
surface. While the formation is flowing, the éiplosivés 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




[0059] In one enbodinent, while the well is producing (after perforations
in the formation 12 have been forned), the atnospheric chanber in the
container 10 is 22 Septenber 2006 14 explosively opened to the_wel|hore.
This technique can be used with or without a perforating?gtefe O8sed
with a gun, the atnospheric container1allows the application of a dynamc
under bal ance even if the wellbore fluid is in overbal ance just prior to
perforating. The atnospheric container 10 nay al so be used after

per f or at i OgarfiBethe mdbilzed 18461 the Wellbsreeaving tleins fdrifation tbhelanTheent
production is established fromthe formation, with the ports 16 of the

at nospher i ehasaher mayde dropnediinioshe wel} oppelinddo the frfdge.e a sudden

under bal ance condition. [0060] The expl osively actuated container 10 in
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perforated formation 12. In this arrangenent, the formation 12 has already
been per f otreatownt Suid(s) kelectedfg phjection intecthe perfargtion tundels. as  a surge
generating device to generate a sudden underbal ance condition. Treatnent

of 'Fig. 1) R} REtgng 0B, £ GRPnet SEned i WUREr dlErif Bhach iRl T >
the at nosphéthithe @O N dIEhg &Rkatien bPMREsate sigesHfaaningdcliapateristich 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



perforated formation 12, the formation 12 is fl owed by opening a production
valve at the surface. Wiile the formation is flowi ng, the explosives are
set off inside the atnospheric container, opening the porés of _t

container 10 to the well bore pressure. The shock wave gé f erb@mphe
expl osi ves may provide the force for fléeeing the particles. The sudden
drop in pressure inside the well bore may cause the fluid fromthe formation
to rush into the enpty space left in the wellbore by the atnospheric
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particles into the wellbore, |eaving clean formati on tunnels
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perforation, unme 9 ow pre er and the rate of fluid
flow into tiamsient madérbalanceconditoant rol | ed. The surge to be created is al so
dependent upon the-type of treatment fluid(s) selected for injection into

the perforat] tun Referring.to Fi 4.1 e perforned
on wells oWTf ereﬁf%eﬂfétﬁgqﬁl §> & prp altern Fﬁnlbﬁg"?%g’tast% inﬁ%ﬁ@]ﬁg creation
of pressurg ]ﬂiéraﬁﬁ%dlfSIH@fo)‘h rﬁig&fe@ﬁﬁaﬁﬂﬁid)@ﬁdh@atvewt(ag , 8 baltvhRe) isveness.
The test da?a is collected ?ﬂ and the optinmum surge characterjstics

for a givesed yihs lxail viabie| 804riepart 9% estripg thay also inclydes @|tubing pr pihersondBiess.
[ 0065] Whe tar n surge operation is identified,
the char agpg a'%%%"ﬁ?%é‘“d%@rm ned (at 73) and matched to one

of the stored m)dels Al so, the selected treatment fluid(s) is identified

(at 74). Bpopss)on t%eﬁﬁdﬁmwlﬁhwémmmﬂie@bsbdpeﬁﬁemt%buhd(sajngm he surge
characteristics are selected (at 75), and the perati,ons_i nvol Vlﬁlﬂd ?e
appl i cat i otpvered fcthe proper pesitions anrafier nerforation pn ﬁElPliﬁﬁ‘Fﬂﬁ of frgatment 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 isbled to a
lower pressure, such as atmospheric pressure. Because the valve 804 is closed, the
formation is isolated during perforation. After the gun 810is 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

Jocal transient underbalance condition.

nber

[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 hpllow 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 Py is present in the perforating
interval 412.



performed (at 76). As part of the operations, the pressure condition and
other well conditions in the wellbore section resulting fromthe surge can

be neasured (at 76), and the nodel can be adjusted (at i f ne ary
for future use. [0066] Even though the enbodi ment of Fi ggéeﬁ’tﬁ%lp’ff@%an

apparatus to performa single perfor&ling operation followed by a single
application of treatnent fluid(s) and surge operation, other enbodi nents
can involve nultiple perforating, treatnment fluid application, and surge
oper ati ons [0070] exaRpfefring tofRig.'8, dgrih®détogation of thesshupariychiarges ddé sperforaing
sections that are activated at different tinmes. Oher exanpl.es can,jnvol ve
a | ower nuiBEs 42Qqre dormpdas Mﬁﬁ%@fWO@@égﬂ%Bde@thPﬁ’@ﬂﬂeﬁ@ﬁﬂ' 5%4’15'rge

t ool s 80A, ) . ’ | |1 C (for
application o gf?ﬁ%%%ﬁfﬁéﬁ%?%i g}%rd&g%l%ggéttgﬁ%’er fso%%%féﬁ%%rterrg%pondi ng
per f or at i nghaniyes 438 Af tit1gan 43 6CIf thi eeshiltarttdeonatiorogas pBesduregR4), is Basthanshe  be

activated first, foll owed sequenti all ctivation,of the s d B,
81B, 82B) él‘f?in‘g%emr?sa“f(ee ‘@,bbeaiglé:ﬁ_l 8@89&5&%? i 00 %Wéﬂh‘éﬁeﬂ}“‘g’e\"_ﬁg@%ns“c@o
activationjg tﬁmmﬂigfmf SIS the B&d 467 SThErapidRRcA&latib® o PWEN HufilsThid@gh tieme

del ays. As discussed here, activation of a section can refer to activating
t he per f or peifongtion porgsl430owilthreak thy fluid e intedroplets, mhichmesnltstih zapid syolingom

th i tool. 82, t f d b i.ng th t ool 80
Goner ot e aOf e Wit oe SRSl At T Bresist s AP Era bR,
Fig. 6, inrgid MelibéneThid/ErafiapO Hitd B chafbéOAl8 daayes e WBIbGtE ptdsaitk Py tboel 3816

(for applying treatnment fluid) and a valve 804 (e.g., a ball valve) is
used. The beduced: aDepending onghe absolusé pressires, this prigssuredrop can be sefdisieat toubi ng or

h dui 802 ker 8 d f ' . :
Punci n-°f neene a reaivAg tatee paiern RS sonBlin (L4, SBatti 200y prifgeLind"e"
| ower ed t 0 welleh4t'sRB8 witOShibs@htialdverbalaneé (eng) dues000psiR MTheapetbabincon of

treatnent fluid(s), the packer 808 is set to isolate an_annul us regi on 806

above the pgenrditen Bakgpendsni uponthe lsvel ofithgdelenation gaspressure oy AsCREw 0 The
I nt er nal pﬁ:%%ﬂfb%r@ﬁre&ﬁ?e,ﬁpi ng 802 is bled to a

[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 coohng 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, Py,
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,
Py, 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.



| ower pressure, such as atnospheric pressure. Because the valve 804 is
closed, the formation is isolated during perforation. After the gun 810 is
fired and application of treatnment fluid is perforned, thg val e.ﬁg) is
opened, which causes a surge of fluid from the rathole 8 BP%?%QE i nner
bore of the tubing 802. The surge cau¥®s generation of a |local transient
under bal ance condition. [0069] Referring to Fig. 7, according to yet

anot her enbodi nent, a tool string 400 includes an applicator tool 422 (for
appl yi ng t[eashent fWhilethedmatntiophss vendisolpseliwith @dpectad h linzitedi rsuhbenofa
carrier line 404, which n be aslickline, a wreline,.or coiled tubing.
In one enff8l® s, thpge %grlqddflé]?‘? ﬂb“ﬂiﬁpﬂfﬁcéa?é‘“ﬁmf%‘ﬁ ﬁ%ﬂof’%fm un havi ng

shaped cha : iensi de s a Rfthe ' £Bation8 t he
arrangenen?ggémﬂggéﬂgﬁﬁ%hglé%ﬁ#@%@ﬁ%?ﬂ% E%m%%g I'S ﬁg&ggﬁgn?ﬂgough a tubing
406. A pachmel vatibfionssasofiall withémithertoersgirittahé s¢apleiofithed0dentioni sol at e t he
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 interval 412. 22 Septenber 2006 17 [0070] Referring to Fig.

8, during detonation of the shaped charges 414, perforating ports 420 are
formed as a result of perforating jets produced by the shaped charges 414.
During conmbustion of the shaped charges 414, hot detonation gas fills the
internal chanber 418 of the gun 416. If the resultant detonation gas
pressure, PG is less than the wellbore pressure, Pw, by a given anount,
then the cooler wellbore fluids will be sucked into the chanber 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 chanber 418. The resultant rapid gun
pressure |l oss and even nore rapid wellbore flui-d drainage into the chanber
418 causes the wel |l bore pressure Pwto be reduced. Depending on the

absol ute pressures, this pressure drop can be sufficient to generate a
relatively | arge underbal ance condition (e.g., greater than 2000 psi), even
in a



well that starts with a substantial overbal ance (e.g., about 500 psi). The
under bal ance condition is dependent upon the |evel of the detonation gas
pressure PG as conpared to the wellbore pressure, Pw. [0071] Wen a
perforating gun is fired, the detonation gas product of the conbustion
process is substantially hotter than the wellbore fluid. If cold wellbore
fluids that are sucked into the gun produce rapid cooli f th t gas,
then the gas volune wll shrink rel a!toligvel y rapidly, m?gﬁeﬁgrgh%rgzsoa he
pressure to encourage even nore weldibgngsfluids to be sucked into the gun.
The gas cooling can occur over a period of a fewmlliseconds, in one
exanpl e. Draining wellbore liquids (which have small conpressibility) out
of the perforati i | .t he wel | bore pressure, Pw, by a
relativel ;i/ I aréelgghrr%d]u%)?{l e?@&é%aﬁb%ﬁgﬁégﬁséﬁsgof psi). Between the tine the
perforating gtdus#i@2rdation bf meinednih sufreundiniefobabidoroef acweltintereal; i s creat ed,

the applicator topl 422 cap be ctivated cause injection of treatnent
fluid(s). [0079fFang %ﬁﬁ%&gﬁ C%ﬁ{twnélaﬂ’@ Bfﬁlﬂ@ﬁ‘f% vari ous parameters

are control | eda%ﬂgn@ﬁ@étﬁl\éﬁt A118 1S infrfPels G THePrRBRR dfte/NettRfanbet ween the two
pressures Pw an For exanple, the |l evel of the detonation gas

pressur e, cpditigaande adj usted by the expl osive |oading or by adjusting the
vol ume of the e : A Bl affdVereGadh be
adj ust ed by puEr;rIggl tnﬂ% %186%’%@%ﬁ?i#@*ﬁ%ﬁ%&pﬁ%p’?{sﬁgﬁg ibfvel aftcforcatioh ® el |
or by dynpfiiic tankls in therfemsdtiog ahd eppliektidosfahpresmentdluids. a | ocal | evel . 22
Sept enber 2006 18 [0073] While the invention has been disclosed with

respect to a limted nunber of enbodinments, those skilled in the art wll

appreciate nurr?ﬁ@ﬂr%th@_@@iféliaﬁﬁ”l,i@H’e?eiﬁ@%atiﬂ?ﬂfe@édapﬂﬁlsﬁéﬂeﬁﬁieﬁ‘ﬁlﬂnckt i's intended
that the appended cl ainms cover such nodifications and variations as fall

wi t hi n t heonditinn capsesiatsuegsdf SwishiRove puttaféhq Hymalt foghean tioe onedp pt enber 2006
CLAI VB

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.



1. Anethod for use in a wellbore, conprising: causing creation of tunnels
in surrounding formation of a well interval; creating an overbal ance
condition in the wellbore interval; applying treatnment fluid to the tunnels
in the presence of the overbal ance condition; and creating a | ocal

transi ent underbal ance condition in the well interval after creation

the tunnels in the formati on and appligation of the treggg ﬂ% u%(g)?

The nethod of claim 1, wherein creatiny the |ocal trans & ance
condition causes a surge of fluid flgmpys of the tunnels to clean the
tunnels. 3. The nmethod of claiml, ere| n causing the creation of tunnels

conprises firing a perforating gun. 4. The nethod of claim1, wherein
appl ying the treat rises applying a matrix treatment fluid.
5. The rrebhod by tHE‘ﬁﬂ fseWe‘l”%[%reaﬁﬁ?lﬁlgggthe treatment fluid conprises
applying at | easingenetioh offundels M@Mﬁﬁdm@ﬁirmﬁﬁdm ofawélhiriranil; brine, oil,
and enzyne. 6. The nmethod of claiml1, \\%} creating the local transi ent
under bal ance  EGAME RV ERHATE ?%@Ld*‘“%‘rlﬁ @%Flg B chanber: and openi ng

at |east one PaEiyih T%ure%eﬁyﬂﬂﬁt&ﬁémﬁfels iff tHe" eﬁ@steﬁceaoffth@mr@ﬂme into the

surge chanber hod of claiml rein creation of the |ocal
t ransi ent contifieerbahdince causes performance of a surge operation to clean
the tunnels, the nethdfurth

ai tor the sur o8BI AoH HinhgysdaB iR Re BT Aelipahl FEGUaRF 2 |20

in a well bothe gRI¥ih itk foghatibawad applivasat 6fthe Géatinemtrfhlids.i n surroundi ng
formation of a well interval;

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.



creating an overbal ance condition in the wellbore interval; applying
treatnent fluid to the tunnels in the presence of the overbal ance
condition; and creating a |local transient underbal ance condition in the
well interval after creation of the tunnels in the fornmation and
application of the treatnment fluids. 2. The nmethod of claim1, wherein

creating the local transient underbal agce condition ca ur f
fluid flow out of the tunnels to cl eang‘?he tunnels. 3. %gsseﬁgepﬁl)gﬂg@(iocl aim

1, wherein causing the creation of tunnels conprises firing a perforating
gun. 4. The nethod of claim 1, wherein applying the treatnent fluid
conpr i ses appl yihaguethodraficlain 7 fustienenmprising pgrfoBningacratisl pask operaipmi m 1,

wherein a j tnent fluid conprises applying at |east one of
aci d, cheﬁgﬁﬁ¥ %8%9§H%%E§%g$actant, brine, oil, and enzyne. 6. The net hod

of claim1, wherein creating the |ocal transient underbal ance condition
conprises:. proyldin urge chanber; and opening at |east one port to the
surge charber _ %(flc]?e &%&%@sfz&[a?mdr H’ﬁsrﬁ}”g"éeﬁnﬂgéh@ﬂ%al t‘gﬂ?‘ﬁf& ueﬁghﬂ@?".e U5 he

et hod of pelfginiande oPDSIrEE Bperatftith eRaPthettiithel sOfR mdiiiNGHR& coltipéisinbal ance
causes performance of a surge operation to clean the tunnels, the nethod

further ®eHpmisg agrayel pask ebergtien.f ract ure operation after the surge

operation. 20 22 Septenber 2006 8. The method of claim7, further

conprising performng a gravel pack operation after the fracture

operati on.109. Tihe muttddad ctfimdl aheneih, apphyingtha treateehi fingd couaptises abtivatingsi ent

under bal ance causes erforpance of Surge operation to clean the tunnels,
i RlY fis g

the met hod™RRHGEr ioad koo tregmenbidng "a gravel pack operati on.

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 creating the overbalance condition comprises

creating a transient overbalance condition.

13.  The method of claim 1, 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.



10. The method of claim11, wherein applying the treatnent fluid conprises
activating an applicator tool to apply the treatnment fluid. 11. The nethod
of claim 10, wherein activating the applicator tool conprises opening at

| east one port of the applicator tool. 12. The nethod of claim1, wherein
creating the overbal ance condition conprises creating a transient

over bal ance condition. 13. The nmethod gQf claim1, furth C LS
activating a perforating gun to creat ezcl t he over bal ance%éﬁ@%pgﬁ%&ghe
overbal angg copgll {E@Bd 6PORI 3 Wikkréin bpAYRLEY r AHRERTANSEnpiiesipliffa 14.
The met hod of ?ﬁ%&ﬁ]lS, wher €i n éc?i@g??%g t he perforati#% gu%h%%n%rises
act i vat i nbrize toutdusg serfave ¢gnsbnpettin thettimmglsgun. 15. The nethod of clai m 13,
wherein applying the treatnent fluid conprises applying an acid to flow
into the tunnels due to the presence of the overbal ance condition. 16. The
met hod of 18l ai Thelinethebef elait apphereingpplipmgales eatroem flukbeoniprives agplyng a
substantial |y equal anount of acid into egch of the tunnels. 21 22

Sept enber SWEGHNt thPhWQtIFFB?%EPrb?fd@%HFHWP%tWH% appl yi ng the treatnent
fluid conprises applying a brine to reduce surface tension within the
tunnels. 18. The nethod of claim 1, wherein applying the treatnent fluid
conpr i ses1@ppl Vhawgethod sfieltiae | amhereio appivingdhe reaement RATEPIESES AglYINgaout  of
t he tunnels.,.19.. The net hod..of jm1l, wherein applying the treatnent
fluid con‘gmd chay unéh#q%ﬁ%ﬁ%o enhance cl eanup of the tunnels. 20.

(D

P4 SMhanST S Pa
The nethod of claim1, further conprising applying a sequence of pressure
conditiong_in e |1 bore. interval, the segyence of pressure conditions
conpri si ngo't heH?? ?’ﬁ%ﬂ@ ¢laim & Mﬁ?f&ﬂ@@ﬂ@&ﬁagﬂﬂmﬁ aéﬁ%lm?‘ﬁeeo&f%ﬁsﬁgl ance
condi t i oNgoriitiond HEthERFMBErcQhteRlaR iy s%@uen\ﬁ@@f ﬁbﬂuﬁe‘%n&@i@ﬁ@é&ﬁpﬁs‘iﬂétﬁ@r

conprises a bal anced condition. -
transient underbalance condition and the overbalance condition.

21.  The method of claim 20, wherein the sequence further comprises a 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;

another device adapted to create an overbalance condition to enable the
application of the 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.  Thetool 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 22, wherein the another device comprises a perforating

gun.



22. A tool string for use in a well having a formation with tunnels forned
therein, conprising: an applicator device adapted to apply treatnent fluid
into the tunnels; another device adapted to create an overbal ance
condition to enable the application of the treatnment fluid into the
tunnels; and a surge device adapted to create a |ocal transient

under bal ance condition to cause flow fluid fromthe nnel 3. ﬁ? The
tool string of claim22, further conprising a perforati%g 08" R et ool
string of claim22, wherein the applicator device includes one or nore
ports activatable to enable the application of the treatnment fluid. 25. The
t ool stri @6 of Thé triohstoing ofwleime?? whereimtheshege daeios ewnpringpr i ses a perforating
gun. 22 22 Septenber 200 6., Tge tool string of claim22, wherein the
surge devi ce cBipr PEEET® af%\ﬁ’ﬁfl ssure chanber; and at |east one port

sel ectively opetladsk 6nd Sorespddetieclg opeiibleaaienabie dmimeticationdetvodeanter and a

wel | bore region, the at | east one port when opened creating a fluid surge
into the Ehawseand @ welbosgregohhe | ocal transient underbal ance conditi on.

27. The tool Sifelpa@iont bgﬁ%h%ﬁop&{@rcﬁjaﬂné DEuRIEoGRIGRRE SiREntRr 1Rl ve. 28.

The tool string of claim26, wherein the port conprises a fluid bl ocking

el ement  poapleghe logalsmnbicotaedetbyglange aongitiosi ve force. 29. The tool string of
claim 28, further conprising an expl osive el enent positioned proximal the
fluid bl ocking element. 30. The tool string of claim22, further conprising
a pluraligy. of Thewol sififig ofélaiim 36 Gilietsin theoTiicosiprigesanvatyepl | cat or device to
apply a treatnent fluid and a surge device. 31. The tool string of claim
30, wherein the plurality of sections are adapted to be

28.  The tool string of claim 26, wherein the port comprises a fluid blocking element

adapted to be broken by an explosive force.

29.  The tool string of claim 28, further comprising an explosive element positioned

proximal the fluid blocking element.

30.  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.

31.  The tool string of claim 30, wherein the plurality of sections are adapted to be

activated at different times.

32.  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.

33.  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.



activated at different tines. 32. The tool string of claim22, further
conprising a plurality of sections, each section conprising a conbination
of one or nore of the follow ng: perforating gun, applicator device to
apply a treatnment fluid, and a surge device. 33. The tool string of claim
22, further conprising an assenbly adapted to performa fracture operation
after cleanup of the tunnels caused by.flow of fluids frzg:gthebtu %I in
the presence of the local transient unterbal ance conditi ePlyRI05h ept enber
2006 34. me L.sdng: storing information relating to surge
character??tic%hﬁgﬁ&gagﬁgégn types of wellbores; for a target well bore,
det er ni ni ng i t storippéfomtention nélatingfo sunge charagseréstics fadiffasenttypgs @6 sel ected for
use in tr%%m;nsrng. of perforation tunnels; and sel ecting surge

char act er 'St ¢S based on sel ected one or nore treatment fluids and the

det er mi ned typéoraftanyel wéllbose, dsterfiningdtsties; ed i nf ormati on. 35. The net hod of
claim 34, wherein se|lecting the surge characteristics conprises selecting
a time delay bé?tﬁ}é%lﬁmé"ﬁ‘ér‘)fﬁ}"é&‘i“??&“%ﬁ isgﬁ"tﬁﬁig’r&s%{i’rt&'é‘gg%t"gtion. 36. The
met hod of glrgbMBhnndbiem@i N sel ecting the surge characteristics conprises

sel ecting a volume of ‘a chanber containing a | ow pressure to generate the
surge oper at i 6¢lecting surge characteristics based on selected one or more treatment fluids and

the determined type of wellbore using the stored information.

35,  The method of claim 34, wherein selecting the surge characteristics comprises

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

36.  The method of claim 34, wherein selecting the surge characteristics comprises
selecting a volume of a chamber containing a low pressure to generate the surge

operation.



