1 22 February 2007 CONTROLLI NG A PRESSURE TRANSI ENT I N A WELL RELATED
APPLI CATIONS [001] This is a continuation-in-part, and clains the benefit
of priority, of US. Serial No. 10/667,011 entitled | MPROVI NG RESERVA R
COVMUNI CATI ON BY CREATI NG A LOCAL UNDERBALANCE AND USI NG TREATMENT FLUI D,
filed on Septenber 19, 2003, which is a continuation-in-part of U S
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, 2001,
now U.S. Patent No. 6,598,682, which clains the benefit o0f22Beluary 2007
Provi sional Application Serial Nos. 60/186,500, filed WMarch 2, 2000;

60/ 187,900, filed March 8, 2000; and 60/ 252,754, filed Novenmber 22, 2000.

Each of the refer I | arehe .‘ T FAPL L. by reference.
FI ELD OF THE | NVE > et O retates=i n general to

I mproving fluid comuni cation between a reservoir formation and a wel | bore

and nore specifically to cConREDATEDNAPPRICAIUIONS r ansi ent  duri ng
perforating operations. BACKGROUND [003] To conplete a well, one or nore

formati zgpes, adj acent .a wel | bor re perforated.to .all | wid,firomthe
tor mac 10 2 SRBSis 5 L iEhasidh Bt Shd i PR Bt ot mariy pE Yt PR o
10/667,011 entitled JMPROVING RESERVOIR COMMUNICATION BY CREATING A LOCAL

UNDERBALANCE AND USING TREATMENT FLUID, filed on September 19, 2003, which is a
continuation-in-part of U.S. Serial No. 10/316,614, filed December 11, 2002, which is a
continyation-in-part of U.S. Serial No. 09/797,209, filed March 1, 2001, now U.S. Patent No.
6,598,682, which claims 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 November 22, 2000.

Each of the referenced applications are hereby incorporated by reference.

FIELD OF THE INVENTION

[002] The present invention relates in general to improving fluid communication between a
reservoir formation and a wellbore and more specifically to controlling a pressure transient

during perforating operations.

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.



allow injection fluids to be applied into the formati on zones. A
perforating gun string may be |owered into the well and the guns fired to
create openings in casing and to extend perforations into the surrounding
formation. 2 22 February 2007 [004] The expl osive nature of the formation
of perforation tunnels shatters sand grains of the formation. A |ayer of
"shock damaged regi on" having a perneability |lower than that of the virgin
formation matri x nmay be formed around each perforation tunnel. The process
may al so generate a tunnel full of raork debris m xed i n w2RFeblary 2007
perforator charge debris. The extent of the damage, and the anount of

| oose debris in the tunnel, may be dictated by a variety of factors

i ncl udi f t] r rties, | osi '
condi 1004 TPaNABEYEERR b AE riRLR 3 b AR BrBRS B S RBS U e
| oose debris in the perforation tunnelg nmay inpair  .the productjvity., of
b1 oducrBIRe! 14 Tger Bh ek slafigrd (R e b perpisn ity TotsR i b b et
nmet hod of _obtaining clean perforations is underbal anced perforating. The
per f or FiigBniorgation mati By befarmed appuind saghpesfasatiqn, wnnely diherggsss may also
formation pressure. After the perforations are created fluid initially
flows feeosrateladuinst fudkafopck debysgtixadte withrthepeaforatanetiangs debrgeTlof extens ofithsr i s.
However, underbal ance perforating may not always be effective and nay be
expensidamage) cindnisafraotro dfripdsendebtis imthe autrel, majoba Hiztatedclon diviatietysof Thaors
exanpl e, when reservoir pressure is high and the formation matrix is weak
thi s ungeiding dreatorprepeties etplbdies eHatdeqdropeiiyes, pressure conditions, fluid propetties,

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.

[005] One popular method of obtaining clean perforations is underbalanced perforating. The
perforation is carried out with a wellbore pressure lower than the formation pressure. After the
perforations are created fluid initially flows from the formation through the tunnels removing
some of the debris. However, underbalance perforating may not always be effective and may be
expensive and unsafe to implement in certain downhole conditions. For example, when reservoir
pressure is high and the formation matrix is weak this underbalanced pressure differential may

result in collapse of the perforation tunnel and/or excessive sand production.

[006] It is common practice to use a well fluid or mud to create a hydrostatic head in the
wellbore. This well fluid can be weighted so as to control to an extent the static pressure
differential between the formation pressure and the wellbore pressure. Thus based on the
formation characteristics the wellbore fluid may be weighted to create a static underbalance

condition wherein the wellbore pressure is less than the formation pressure, a balanced static



result in collapse of the perforation tunnel and/or excessive sand
production. [006] It is common practice to use a well fluid or nmud to
create a hydrostatic head in the wellbore. This well fluid can be wei ghted
so as to control to an extent the static pressure differential between the
formati on pressure and the wel |l bore pressure. Thus based on the formation
characteristics the wellbore fluid my be weighted to create a static
under bal ance condition wherein the well bore pressure is |l ess than the
formati on pressure, a balanced static 3 22 February 2007 @Q@rdbtuay2Gifier ei n
the wel | bore pressure and formation pressure are equal, and an overbal ance
static condition wherein the wellbore pressure is greater than the

formati r n t
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formation and inpair productivity. Perneability may be redu ed due %y
crushi Agnestied weprp%fé vty produetins qyelmesm Plematto&m ﬂhl%ﬁiamgeuﬁ 8 &R GePsed b¥ne
perforation tunnel by loose fill or debris, which is created durjing the

penet r atilizatiopfof p flaid betallomsan elgessive dytaaie pressie iebalasce beswiepm thefarmation
over bal anced state well fluid may enter the tunnels and
and the wellbore proximate the firing of the perforating gun.

[008] When a hydrocarbon bearing reservoir is perforated with shaped charges, several events
may occur to cause damage to the formation and impair productivity. Permeability may be
reduced due to crushing of the rock around the perforation cavity or by blocking of the
perforation tunnel by loose fill or debris, which is created during the penetration of the formation
by the shaped charge jet. During an overbalanced state well fluid may enter the tunnels and
deposit additional debris. This debris is often difficult to remove from the perforation tunnels
with the prior art wellbore fluids. The perforation tunnels created may collapse due to dynamic
pressure changes during the perforation process defeating the process or decreasing formation-
wellbore communication. Additionally, when the gun is fired with conventional fluids the rapid
changes in the wellbore pressure results in "gun jumping." This lead to damage to the downhole

tools, perforating gun, and packers.

[009] Additionally, in prior art completions of wellbores the perforation of the wellbore is an
isolated step in the completion of a well. After perforating it may be desired to go back into the

wellbore and flow a viscous fluid to remove particles from the formation and the wellbore to



deposit additional debris. This debris is often difficult to renove from
the perforation tunnels wth the prior art wellbore fluids. The
perforation tunnels created may col |l apse due to dynam c pressure changes
during the perforation process defeating the process or decreasing
formati on- wel | bore conmuni cation. Additionally, when the gun is fired with
conventional fluids the rapid changes in the wellbore pressure results in
"gun junping." This lead to damage to the downhole tools, perforating gun
and packers. [009] Additionally, in pr4dor art conpletions @2 Reehlabho2@F t he
perforation of the wellbore is an isolated step in the conpletion of a

wel |. After perforating it may be desired to go back into the wellbore and
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producti on. 100101 Therefore, it is a desire to provide a systemfor
control ]I ressure transien uring. perfar.ation eratlons hat

caar co UM ThOSHBE. R BA Fopke 39 Prciith motenn i oM e bangiendutine
further deS| re to provide a perforating fluid that reduces the danmage to a
r eser vRHOREPR Opgrations thi| ad%ﬁ%es the shogtcomiggs of the priginerfgesing systempr Bvisde a
pressure transient control systemthat utilizes a perforating fluid to
cont r olfurthee desireatei propide ssparforatingn@iid nhat dedicag thehdammge fto ratchasvoio pdjeednit @n. | t
is astill further desire to provide a pressure transient control system
t hat utwellbares Itvizrd gill furthandssire to provide a pressure transient control system that utilizes a

perforating fluid to control the dynamic pressure transient during the perforation operation. It is
a still further desire to provide a pressure transient control system that utilizes manipulation of
the perforating gun to control the dynamic pressure transient. It is a still further desire to provide
a weilbore fluid that may aid in the removal of fluid communication barriers between the

wellbore and adjacent formation.



the perforating gun to control the dynam c pressure transient. It is a
still further desire to provide a wellbore fluid that nmay aid in the
renoval of fluid comunication barriers between the wellbore and adjacent
formation. 5 22 February 2007 SUMMARY OF THE | NVENTI ON [0011] In view of
t he foregoing and ot her considerations, the present invention relates to
enhancing the fluid communi cati on between a well bore and a formation by
controlling the dynam c pressure transient during the perforation
operation. [0012] Accordingly, a systefnfor controlling a p2dsbmar 2007
transient is provided that facilitates enhancing the fluid conmunication
between a wel | bore and an adj acent formation. The dynam c pressure control
system conprises: perforatin I i a perforating tool,
and filling at |east a port o).a ERTION wel | bore fluid
selected for controlling the dynamc pressure transient upon and after
det onatj0@il] &d vidve gfethé dioedgbing amlobthef @Odderdtivms.ptiespresent nremtipy gelstesttem
facilitates controlling the dynam c pressure changes between the well bore
and t henhaneingt the Nfhildi rdof@miédation detvaRE D pPe@liBbreodtdl. a Gomiatioh Wf cérim@llihenthei c
pressure transient reduces the damage that may be incurred in prior art

Perfor@&hﬁﬂic%&&%kﬁﬁﬁem dﬁﬁﬁ%ih@\pﬁﬂ%ﬂaﬁén Sperhifm may furt _her !.ncl ude el enents
in the wellbore fluid to further enhance fluid comrunicati on.

[0012] Accordingly, a system for controlling a pressure transient is provided that facilitates
enhancing the fluid communication between a wellbore and an adjacent formation. The dynamic
pressure control system comprises: perforating a wellbore by detonating a perforating tool, and
filling at least a portion of the wellbore with a wellbore fluid selected for controlling the dynamic

pressure transient upon and after detonation of the perforating tool.

[0013] The present inventive system facilitates controlling the dynamic pressure changes
between the wellbore and the formation during perforations operations. Control of the dynamic
pressure transient reduces the damage that may be incurred in prior art perforation operations.
The inventive system may further include elements in the wellbore fluid to further enhance fluid

communication.

[0014] The foregoing has outlined the features and technical advantages of the present invention
in order that the detailed description of the invention that follows may be better understood.
Additional features and advantages of the invention will be described hereinafter which form the

subject of the claims of the invention.



[ 0014] The foregoing has outlined the features and techni cal advantages of
the present invention in order that the detail ed description of the
invention that follows may be better understood. Additional features and
advant ages of the invention will be described hereinafter which formthe
subject of the clains of the invention. 6 22 February 2007 BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0015] The foregoi ng and ot her features and
aspects of the present invention will be best wunderstood with reference to
the following detail ed description of @ specific enbodi nent22dfbituagy 2007

i nvention, when read in conjunction with the acconpanying draw ngs,

wherein: [0016] Figure 1 is a schematic drawing of a perforating system of
the present inventi op;B#gﬁﬁﬁﬁﬁo& bi‘ ﬂ{ﬂrﬁmﬂMﬁGé epresentations of
pressure transients i - . [0018] Figure 3 is a
graphi cal representations of pressure transients in tested perforation

oper at i[00$) The Oedigomiggandeother Seaturgy aphiaspctsr e thes prescut iinyentibn avibr bs deste
transient perforation test on a weak Castlegate sandstone utilizing a
conpr esitdrkteod miithdeferghcaro thedoiipriag detalled ddsatiptionasfch JpeEIF0 lerbodinrent bf the a

bl ock diagram of a nethod of controlling a pressure transient during

per f or afvedfioR Refed réddNA cOijuidi®n WiRSBO hecoMmpemfihOdrawings, wherein:

[0016] Figure 1 is a schematic drawing of a perforating system of the present invention;

[0017] Figure 2 is a graphical representations of pressure transients in tested perforation

operations;

[0018] Figure 3 is a graphical representations of pressure transients in tested perforation

operations;

[0019] Figure 4 is a graphical representation of a pressure transient perforation test on a weak

Castlegate sandstone utilizing a compressible fluid and an incompressible fluid; and

[0020] Figure 5 is a block diagram of a method of controlling a pressure transient during

perforation operations of the present invention.



7 22 February 2007 DETAILED DESCRI PTI ON [ 00211 Refer now to the draw ngs
wherei n depicted el enments are not necessarily shown to scale and wherein
like or simlar elements are designated by the sanme reference nuneral
through the several views. [0022] As used herein, the terns "up" and
"down"; "upper" and "lower"; and other like terns indicating relative
positions to a given point or elenment are utilized to nore clearly describe
sonme el enents of the enbodi nents of the invention. Commonly, these terns
relate to a reference point as the surface from which dri I2RiFebrvape27i ons
are initiated as being the top point and the total depth of the well being
the |owest point. [0023] Figure 1 is a schematic drawi ng of a perforating
system of the present invent Jesignat ed by the nunmeral 10.

Perforating system 10 i ncl udes—a—we . is drilled into the
earth 14 to a desired formation 16 for produ0|ng a fluid fromor injecting
a fl ui qooX1h&eérmow\é lthddvawink wifetedm depictbd diements aasnamtgiedBsardy siougto seelel bor e
12 may be open at formation 16. To aid in producing a fluid from or

I nj ect iang whefdinliike binéiMmithosleMmbntd Areldesipnhtedivg thelsuned relderice nufretdrekrobgt ikeen
wel | bore 12 and formation 16 to enhance the fluid connection therebetween.

Flui d tpvipgh$ewd0 are created by a perforating gun 22 carrying a penetrating
source 24 such as but not limted to a shaped charge. Perforating gun 22
is conmonly [owered within wellbore 12 by a

[0022] As used herein, the terms "up" and "down"; "upper" and "lower”; and other like terms
indicating relative positions to a given point or element are utilized to more clearly describe
some e¢lements of the embodiments of the invention. Commonly, these terms relate to a

reference point as the surface from which drilling operations are initiated as being the top point

and the total depth of the well being the lowest point.

[0023] Figure 1 is a schematic drawing of a perforating system of the present invention,
generally designated by the numeral 10. Perforating system 10 includes a wellbore 12 that is
drilled into the earth 14 to a desired formation 16 for producing a fluid from or injecting a fluid
therein. Wellbore 12 often includes a casing 18, although wellbore 12 may be open at formation
16. To aid in producing a fluid from or injecting a fluid into formation 16 a fluid tunnel 20 is
formed between wellbore 12 and formation 16 to enhance the fluid connection therebetween.
Fluid tunnels 20 are created by a perforating gun 22 carrying a penetrating source 24 such as but
not limited to a shaped charge. Perforating gun 22 is commonly lowered within wellbore 12 by a

wireline 26 or tubing.

[0024] Perforating gun 22 includes a housing 23 carrying charges 24. Gun 22 may be designed
for specific well applications to achieve a desired tunnel 20 density in formation 16. However, it

has been realized that the gun characteristics can be modified to contro] the pressure transient



wireline 26 or tubing. [0024] Perforating gun 22 includes a housing 23
carrying charges 24. Gun 22 nmay be designed for specific well applications
to achieve a desired tunnel 20 density in formation 16. However, it has
been realized that the gun characteristics can be nodified to control the
pressure transient 8 22 February 2007 during the perforating operation.

Met hods and apparatus for controlling pressure transient and i nproving
reservoir conpletion are further included by reference herein to rel ated
and co-owned patent applications: U ® Serial No. [docket 28dFeb@arylZR3]
entitled | MPROVI NG RESERVO R COVMUNI CATI ON BY CREATI NG A LOCAL
UNDERBALANCE AND USI NG TREATMENT FLU D, filed on Septenber 19, 2003, U.S.
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uncontrol l ed manner. In the present invention, fluid 28 is addltlonally
sel ect éPMMINIESTIQ¥ BK SREdﬁF @A LACALAARERBALANCEr ANV YN G FREAIMENE

present invention. Fluid 28 may be a substantially inconpressible fluid or
conpr edEildDe fitdduind Septauledr 18s 2003, tU.RoSerial Not d6/3116,6 14yeublished vae 15,f A as
| i quefied gas such as nitrogen, chelants, surfactant

US 2003/0089498 Al, and U.S. Patent No. 6,598,682,

[0025] Wellbore 12 is filled with a perforating fluid 28, which in the prior art perforating
systems is typically a completion fluid (e.g. brine). Fluid 28 in wellbore 12 traditionally serves
various purposes, such as, but not limited to, preventing the pressurized reservoir fluid 30 from
entering wellbore 12 and being released in an uncontrolled manner. In the present invention,
fluid 28 is additionally selected and provided to control the dynamic pressure transient of the
present invention. Fluid 28 may be a substantially incompressible fluid or compressible fluid,
such as, but not limited to, water, brine, foam, liquefied gas such as nitrogen, chelants, surfactant
solutions, mutual solvents, visco-elastic surfactants, polymer solutions, crosslinked polymer gel,
aphron, or combinations of these fluids. It may be desired to inject a liquefied gas into wellbore

12 proximate formation 16.

[0026] In the prior art perforating systems and methods several problems are commonly
encountered. One broad problem is that formation 16 is damaged in a manner that reduces the
permeability or fluid connection between wellbore 12 and formation 16 thereby counteracting
the purpose of perforating formation 16. These problems include excessive sand production

from formation 16, collapsing of fluid tunnel 20, clogging of fluid tunnel 20, and damage to



solutions, nutual solvents, visco-elastic surfactants, polynmer solutions,
crosslinked polyner gel, aphron, or conbinations of these fluids. It may
be desired to inject a liquefied gas into wellbore 12 proxinmate formation
16. [0026] In the prior art perforating systens and met hods several

probl ens are cormmonly encountered. One broad problemis that formation 16
I s damaged in a manner that reduces the perneability or fluid connection
bet ween wel | bore 12 and formation 16 thereby counteracting the purpose of
perforating formation 16. These probl es include excessi ve 22debrupryd2d@t i on
fromformation 16, collapsing of fluid tunnel 20, clogging of fluid tunnel
20, and danage to 9 22 February 2007 formation 16 by invasion of well bore
fluid I [ .

pr obi eomerat HE B pl ok O E A GIRRENE o Lol B Sovhued B BRREER.
perfor ess., This t sever when " I ng" unseats
b dandyeonhBBRE B e SN Re A tﬁﬁassaartﬁ shapriepilink P RediE o\ o
correct the damage. [00271 In the prior art perforating systens and

met hodrocesfe Eb@.mgﬁﬁewﬁr Eevares rvg%ngwmunmweatr RE dapgasdraskern dnethe
formation were determ ned as static. Therefore, the pressure differential
was adéhesmaemanpadditiinal igips imd therholetetcorreat e damegee prior art systens did
not account for the dynam c pressure transient upon firing of charges 24
and thereafter. [00281 During the perforating process, charges 24 are

det onat/ @27} émthiepgionart perforgingssystems and orethods, the desired pressure differential between

the wellbore and the formation were determined as static. Therefore, the pressure differential
was addressed before charges 24 are detonated. These prior art systems did not account for the

dynamic pressure transient upon firing of charges 24 and thercafter.

[0028] During the perforating process, charges 24 are detonated sending an energy source from
perforating gun 22 into formation 16 to form fluid tunnels 20. A common and effective way of
creating fluid tunnels 20 is to utilize shaped charges 24 that when detonated will penetrate
through casing 18 and into formation 16. The firing of shaped charges 24 emits an explosive
mass and opens the volume of housing 23 of gun 22 and the volume of charges 24. This event
alters the pressure in wellbore 12 from the initial wellbore 12 pressure. The pressure may be
higher or lower than the initial wellbore pressure depending on the ratio of the empty gun 22
volume relative to the explosive mass and the compressibility of wellbore fluid 28. Wellbore
fluid 28, conventionally a liquid of low compressibility, must then expand or be compressed as
gun 22 is filled with wellbore fluid 28 ("gun-filling") or the detonation gas exits the gun and
enters wellbore 12, causing dramatic pressure changes in wellbore 12. This dynamic change of

wellbore 12 pressure is not addressed by prior art perforating methods and systems. The present



perforating gun 22 into formation 16 to formfluid tunnels 20. A common and
effective way of creating fluid tunnels 20 is to utilize shaped charges 24
t hat when detonated will penetrate through casing 18 and into formation
16. The firing of shaped charges 24 emts an explosive nmass and opens the
vol une of housing 23 of gun 22 and the vol une of charges 24. This event
alters the pressure in wellbore 12 fromthe initial wellbore 12 pressure.
The pressure may be higher or lower than the initial wellbore pressure
depending on the ratio of the enpty guf 22 vol une rel ati v@2thegbtuary 2007

expl osive mass and the conpressibility of wellbore fluid 28. Well bore

fluid 28, conventionally a liquid of | ow conpressibility, must then expand

or be .eSS s tille i.th i.d.
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12, causi dramat.ic pressure changes in wellbore 12. This dynam c change
of \/\BI"Y@@E@I’I%AT‘%{@E%UM is not addressed by prior art perforating nethods

and systens. The present 10 22 February 2007 invention addresses
mani pul atjon.of the dypam c pressure changes to inprove.perforated .
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of pressure transients in a perforation operation. |In the gr aphi cal
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pressure and formation pressure in the static condition. Figure 2 shows the
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charge 24 that started with an

four experiments (denoted as Tests 1 through 4) with the same charge 24 that started with an

initial underbalance of 1000 psi. The maximum dynamic underbalance varied from 200 psi to

1300 psi. Figure 2 shows the results of three similar experiments (Tests 5 through 7) that started

with a static overbalance of 500 psi. The dynamic underbalance ranged from 2400 psi to

negative 300 psi.

[0030] In tests 1-4 and 7 the detonation pressure in gun 22 immediately after detonation was
higher than the wellbore pressure, described as "gun overbalance.” In gun overbalance the
detonation gas enters wellbore 12 increasing the wellbore pressure. In tests 5 and 6 the
detonation pressure was lower than the static wellbore pressure, described as "gun
underbalance." In this case incompressible wellbore fluid 28 enters gun 22 resulting in a sharp

reduction in the wellbore pressure,

[0031] In many situations it has been desired to achieve a pressure transient profile such as that
shown as Test 5. However, the transient profile should be determined based on the matrix of
formation 16 to reduce damage and increase fluid communication between wellbore 12 and

formation 16.



initial underbal ance of 1000 psi. The maxi num dynam ¢ under bal ance vari ed
from200 psi to 1300 psi. Figure 2 shows the results of three simlar
experiments (Tests 5 through 7) that started with a static overbal ance of
500 psi. The dynam c underbal ance ranged from 2400 psi to negative 300
psi. [00301 In tests 1-4 and 7 the detonation pressure in gun 22

i medi ately after detonation was higher than the well bore pressure,

descri bed as "gun overbal ance.” In gun overbal ance the detonation gas
enters well bore 12 increasing the welllbore pressure. |n teg2Febrvand20®7t he
detonation pressure was |lower than the static wellbore pressure, described
as "gun wunderbalance.” In this case inconpressible wel | bore fluid 28
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[ 0031] red 0 achteve pressure
transi en rofile h t ha wn .as Test t he t n5|e t
profil 2 '?f?%ﬂpowbté? ‘Héfb(-’:?r %é‘d Efégégg%%ﬁf’ﬁ’e“ﬂ‘?ﬂ?]?% @%V)Fg)orﬁﬁ FYi qeduce
damage and increase fluid comrunication pet Ween wel | b?re 12 and L tion
16. 11 abyaysdlssitd: y Fonesamplposban perigragings ingh higspressyres fargations Aoy
dynam c underbal ance to pronote flow of fluid from formation 16 to
wel | bormeechanigad siengtin yingmia ‘anderhalarded npg resplign Us)collppsgef ymnelsi20s The not
al ways desired. For exanple, when perforating in a high pressure formation
16, wi tpresemtdkventive system provides that a compressible wellbore fluid 28 will dampen the rise and
fall of pressure from the charge 24 detonation and gun-filling thus reducing the dynamic
underbalance. Additionally, wellbore fluid 28 may be highly viscous and elastic thereby limiting
the rate of wellbore fluid 28 flowing into gun 22 limiting the dynamic underbalance. Both

inventive fluids alleviate perforation tunnel 20 collapse.

[0033] When perforating in a stronger mechanical formation 16, the fine-grained particles in the
crushed zone 32 may reduce permeability of formation 16 and limit productivity and/or
injectivity of formation 16. 1In this situation it may be desited to have a high dynamic
underbalance to remove the debris from tunnels 20 as fluid, both wellbore fluid 28 and formation
fluid 30, flow from formation 16 into wellbore 12. It may further be desired to include reactive
agents that change the physical or chemical properties of the base fluid, such as, but not limited
to, surfactants, viscosifers, solvents, chelating agents, and acid to wellbore fluid 28 to aid in

cleaning perforation tunnels 20,

[0034] Figure 4 is a graphical representation of a pressure transient during a perforation test on a
weak Castlegate sandstone with a unconfined compressibility strength of approximately 1500
psi. The pore pressure of the formation 16 was at 5000 psi, and the overburden pressure was at

10,000 psi prior to perforating. The test was conducted on two core samples. The first core



mechani cal strength, high dynam c "underbal ance"” may result in the coll apse
of tunnels 20. The present inventive system provides that a conpressible
wel | bore fluid 28 will danpen the rise and fall of pressure fromthe
charge 24 detonation and gun-filling thus reducing the dynamc
under bal ance. Additionally, wellbore fluid 28 may be highly viscous and
elastic thereby Iimting the rate of wellbore fluid 28 flowing into gun 22
limting the dynam c underbal ance. Both inventive fluids alleviate
perforation tunnel 20 coll apse. [0033]12Wen perforating i n 22 Februeng07
mechani cal formation 16, the fine-grained particles in the crushed zone 32
may reduce permeability of formation 16 and limt productivity and/or
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[0034] Figure_ 4 is a graphical represent atlon of a pressure transient
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conpressibility strength of approximately 1500 psi. The pore pressure of
t he f ompetetpressurkerwesdl pressBEC0 thesface alnde mﬁb@véﬂmdd@maﬁmdé interfyggtidiging
10,000 psi prior to perforating. The test was conducted on two core

sanpl eghe iibempressittle brinewell fluid 28. Line 52 tracks the overburden pressure on formation 16

during the perforation operation. Due to the excessive dynamic underbalance at point 53 the

perforation tunnel collapses.

[0036] The second formation 16 sample was tested utilizing a substantially compressible foam
wellbore fluid 28. The initial static pressure differential between formation 16 and wellbore 12
was underbalanced at 500 psi. Line 54 indicates the pore pressure or well pressure at the face of
wellbore 12 and formation 16 interface utilizing the compressible foam well fluid 28. Line 55
tracks the overburden pressure on formation 16 during the perforation operation. By utilizing a

substantially compressible wellbore fluid 28 the perforation tunnel did not collapse.

[0037] Figure 5 is a block diagram of a method controlling the pressure transient in a well during
a perforating operation. With reference to Figures 1 through 4, Figure 5 comprises the steps of:
(100) determining formation 16 characteristics, such as, but not limited to, strength of the matrix,
permeability, formation pressure, and overburden pressure; (102) selecting a pressure transient
profile for the evaluated formation 16 that facilitates obtaining perforation tunnels 20 that
promote fluid communication between wellbore 12 and formation 16; (104) selecting a

perforating tool 22 profile for creating the desired tunnels 20 in formation 16; (106) selecting a



12 22 February 2007 sanple was tested with an inconpressible brine fluid
28. The second sanple was tested with a conpressible foamwellbore fluid
28. Line 50 denotes the reservoir formation 16 pressure. [0035] The first
formati on sanple was tested utilizing a substantially nonconpressible brine
wel | bore fluid 28. The initial static pressure differential was bal anced.
Line 51 indicates the pore pressure or well pressure at the face of the
wel | bore 12 and formation 16 interface utilizing the inconpressible brine
well fluid 28. Line 52 tracks the overlBurden pressure on f@2rfebruary 2007
during the perforation operation. Due to the excessive dynam c underbal ance
at point 53 the perforation tunnel collapses. [0036] The second fornmation
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t he ovepPgatemvilinghe sdetert pestoratinggyn 24 and weHpere Aidy-f or at i on operati on.

By utilizing a substantially conpressible wellbore fluid 28 the
perforation tunnel did not collapse. [0037] Figure 5 is a block diagram of
a met hd®038bFrams|the deegging setaded, descriptiems jof spegitic gmpedimegts ohthe BVEEIOotat i ng
operation. Wth reference to Figures 1 through 4, Figure 5 conprises the
st eps @hould (beO@)parkat ghati aispigfeho ontralling thhadyaeméy peassure  tranpient dering@t not
limted to, strength of the matri x,

perforating operation that is novel has been disclosed. Although specific embodiments of the

invention have been disclosed herein in some detail, this has been done solely for the purposes of
describing various features and aspects of the invention, and is not intended to be limiting with
respect to the scope of the invention. It is contemplated that various substitutions, alterations,
and/or modifications, including but not limited to those implementation variations which may
have been suggested herein, may be made to the disclosed embodiments without departing from

the spirit and scope of the invention as defined by the appended claims which follow.



perneability, formation pressure, and overburden pressure; (102) selecting
a pressure transient profile for the evaluated formati on 16 that
facilitates obtaining perforation tunnels 20 that pronote fluid

conmuni cation between wel |l bore 12 and formation 16; (104) selecting a
perforating tool 22 profile for creating the desired tunnels 20 in
formation 16; (106) selecting a 13 22 February 2007 wellbore fluid 28 to
achi eve the dynam c transient pressure profile desired, considering the
expl osive force of charges 24 and vol ude of gun 22; and (108)Fepefyo20fiing a
perforation operation utilizing the selected perforating gun 22 and
wel | bore fluid 28. [00381 Fromthe foregoing detail ed description of

speci fi j the invention, it should be apparent that a system
for coR?P@ﬁFﬁﬁgﬁﬁﬁgﬁgggghic pressure transient during a perforating

operation that is novel has been disclosed. Al though specific enbodinents
of the l.i nvénmnethnd bfvetiolzny allypeinasessheertsinsientrdusioge padoration opdnatonhas been
done solely for the purposes of describing various features and aspects of
the inventi ebmpasiflg the stepk of:nt ended to be limting with respect to the
scope of the invention. It is contenplated that various substitutions,

al t er at i ons deteAhighry th&Bxehirdcd G Atit ¥ folstiondb B pérddrate@! |imted to those
i npl enentation variations which may have been suggested herein, my be
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22 February 2007 facilitates creating fluid communication between a wellbore and the formation;
selecting a perforating tool having characteristics to achieve the desired fluid
communication between the wellbore and the formation;
selecting a wellbore fluid based on the formation characteristics and selected perforating
tool characteristics to substantially acquire the selected dynamic pressure transient
profile selected; and

performing a perforation operation based on the selected perforating tool and wellbore

fluid.

2. The method of claim 1, wherein the selected wellbore fluid is a substantially

incompressible fluid.
3. The method of claim 1, wherein the selected wellbore fluid is a compressible fluid.
4, The method of claim 1, wherein the selected wellbore fluid is a foam.

5. The method of claim 1, wherein the selected wellbore fluid is water.



WHAT IS CLAIMED 1S: 1. A method of controlling a dynam c pressure transient
during a perforation operation conprising the steps of: determning the
characteristics of a formation to be perforated; selecting a dynam c
pressure transient profile based on the formation characteristics that
facilitates creating fluid comunication between a wel |l bore and the
formation; selecting a perforating tool having characteristics to achieve
the desired fluid conmunication between the well bore and the fornmation;
selecting a well bore fluid based on tH& formati on charact eR2Rdebmaryii@?
selected perforating tool characteristics to substantially acquire the

sel ected dynam c pressure transient profile selected; and performng a
perforation d t t t ool and wel | bore
Fru a. 8o, “TRECHePloudR P o i s SRS FHLBROGU R Pihe P00, 2771 UFa 1o &
substantial ly |nconpre55|ble fluid. 3. The method of claim11, wherein the
sel ected wel l bore fluid is a conpressible quid 4 The nmethod of claiml,

wherein the sel ected well bore Ef, pod of claim1l,
wher ei it he §@n@810éd>f\ﬁ)@vmBowberﬁqndhﬂsqie&tW%lbore i Rither Tnclides & reactive

agent.
8. The method of claim 1, wherein the selected wellbore fluid further includes a viscosifier.
9. The method of claim 1, wherein the selected wellbore fluid includes a surfactant.

10.  The method of claim 1, wherein the selected dynamic pressure transient is underbalanced.

11.  The method of claim 1, wherein the selected dynamic pressure transient is overbalanced.

12. The method of claim 2, wherein the selected wellbore fluid further includes a reactive

agent.

13.  The method of claim 2, wherein the selected wellbore fluid further includes a viscosifier.

14. The method of claim 2, wherein the selected wellbore fluid includes a surfactant.

15. The method of claim 3, wherein the selected wellbore fluid further includes a reactive

agent.



15 22 February 2007 6. The nethod of claim11, wherein the selected

well bore fluid is a brine. 7. The nmethod of claim1l, wherein the sel ected
wel I bore fluid further includes a reactive agent. 8. The nmethod of claim
1, wherein the selected well bore fluid further includes a viscosifier. 9.
The nmethod of claim1, wherein the selected wellbore fluid includes a
surfactant. 10. The nethod of claim1, wherein the selected dynamc
pressure transient is underbal anced. 11. The method of claim 1, wherein
the sel ected dynami c pressure transient i s overbal anced. D2 Febiwary@iod of
claim?2, wherein the selected wellbore fluid further includes a reactive
agent. 13. The nethod of claim2, wherein the selected wellbore fluid
further includes a viscosifier. 14. The nethod of claim?2, wherein the
sel ected wel |l bore fluid includes a surfactant 15. The nmethod of claim 3,
wher ei n_t he ele t flujd further a reactive., agent. 16
o Fobrlfnr y 13aedoder i Jrierbiy the Selgeladeltvoft it Rt bR Bk st EM bor o
fluid further |ncludes a viscosifier. 17. The nethod of claim3, wherein
the selected wellbore fluid includes a surfactant.

17. The method of claim 3, wherein the selected wellbore fiuid includes a surfactant.



