;N _e3e6] 62" R6T?D1 CONTROLLI NG A PRESSURE TRANSI ENT IN 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 RESERVO R
COVMUNI CATI ON BY CREATI NG A LOCAL UNQFRBALANCE AND USI NG TREATMENT FL U 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 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 Noven 0 Q c af engsd appl i cations
are hereby incorp ; . i !"v"‘ MEERE [ 002] The
present invention relates in general to inproving fluid conmunication

between a reservoir formti oOREDATEDRPPPICATAONSOre specifically to
controlling a pressure transient during perforating operations. BACKGROUND

[003] To conplete a well, one or nore fornmation zones adj ac%qarﬁ(\e]a{ﬁ\g)re
are pel9l) adbis 1502 gopBBRationiaPefto A 1EAIMS e theBaill, 8h BEORY 1ol Mt '
wel | for production to the surface or to allowinjection fluids to be

appl i ed0i667.011 ketiflat FPROVINCGNRESERV@E CEMAMURY CATROM BY KRIbE{MSe 4| ke bd
into the well and the guns fired to create openings in casing and to extend
per f or ANDRBBH DI NCENMNBUISING TR AYTHENTOFL OID, file@ oh B2pfembee 1 2)30108swhichriatur e
of the formation of perforation tunnels shatters sand grains of the

for mat b&ﬁtinﬁiégxﬁﬂérﬁém@qu' phPCcEesliamreeqd 0/396i698, ﬁ'tT)@i‘/ ige@b&en 1E2b03 i w%lidhovwa

t han t hat OF irgin formation matrix may be formed around eac
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properties, pressure conditions, fluid properties, and so forth. The shock
damagedarelyi2p 200 d60/ b¥EROWY dHed Marah 8h 20p@r dnsr 68/285h 7 $4infled Newgptichpadi £00the
productivity of production wells or the injectivity of injector wells.

[ 005] ®aeh phipy referemeédgbliobticastans Ndrelgy mkeporaet Byorefdrbmues | s under bal anced
perforating. The perforation is carried out with a well bore pressure | ower
than the formati on pressure. After the perforations are created fluid
initially flows fromthe for gl proFFPRINVENTIORNEl s renovi ng sone of the
debris. However, underbal anc& pertoratrng nay not always be effective and
may be expensive and unsafe to inplenment in certain downhole condjtions.

For ex&®2e Thatmsesent insientipn relates diyzenersl 19 yRpravime: HudfcompaynisHiopabstygen &
weak this underbal anced pressure differential may result in collapse of the
per f or a¢sepmirt formetiomned cr wellberss inde nean dpgi fichlkyt foocontfddldg al pressire tranvent
practice to use a well fluid or nud to create a hydrostatic head in the

wel | bOIaﬁﬁngBéﬁoféﬁﬁéoﬁérh{ii&span be weighted so as to control to an extent the
static pressure differential between the formation pressure and the

wel | bore pressure. Thus based on the formation characteristics the wellbore

fluid may be weighted to create ath@kbﬁ(mﬁg bal ance condition wherein the

wel | bore pressure is less than th ressure) a bal anced static

[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.



3 condition wherein the well bore pressure and formati on pressure are equal,
and an overbal ance static condition wherein the well bore pressure is
greater than the formation pressure. (007] Prior art perforation operations
often result in damage to the formatign which has to be renedied to proceed
Wi th production or injection operations. This danmage is often caused by
utilization of a fluid that all ows an excessive dynam c pressure inbal ance
bet ween the formation and the wel |l bore proximate the firing of the
perforating gun. [008] Wen a hydrocarbon bearing reservoir is perforated
wi th shaped charges, several events may occur to cause danage to the

formati a i ir productivity. Perneabilit.y g el

cr usni AT Tore PR -TeBHET e ofmeliEh IF Petrorelitn FSPhs b i Bl Rt S e
perforation tunnel by |oose fill or debris, which is created duri t

penet r 108 4 Have (rgnpdndaagaderegionp d@ving Q%n?@?ﬁltbﬁ?‘f"ﬁrgﬂ"&ﬁ B &f'e
overbal anced state well fluid may enter the tunnels and deposit additional
debr i s virghi foraetien matrix ofaydre foirhéd exound each perburatidn bmneheThe prasesst may also
tunnels with the prior art wellbore fluids. The perforation tunnels created

may Colgka@ate adiiend Gultlyneek deiemiied én ehrtgeperthitiionghdrbe dgteist Fiataxomt pf eess
defeating the process or decreasing formationwel | bore conmuni cati on.

Addi | Qaahby anthBE afldGn0PIdoSe BRIt uGRNERY beratth Wydp vidigy ofTadlors

changes 1nthe wellbore pressure results in "gun junping.”™ This Tead to
damage. .he-d hol e taol s erfonrati . :
add, b1 SGE SRR ponssceseR ekl ot fles, BREaRPRERRons, #AR proverpies,
wel | bore is an isolated step n the conpletion.of. a | 1. After, perf.orating
it rmay 2B@se) gaith. ¢ B gwgg dpaRed FReion HIS IRB19 SRS 1By R%@W*@Pf@ugﬁ%}a Zie) AT o
renmove particles fromthe formation and the wellbore to 4 facilitate

pr oduc theprofuasivityted prasiuction welngr the snjedityediinjeeior weldo back into the wel |
and inject a fluid that reacts with the desired formation to clean the
perforations and increase production. [0010] Therefore, it is a desire to
pr ovi d¢oes]s teepopfubr methdd of bbtaining elepn esforations snwiderttalahged pgripatihgr dihieon
operations that addresses the shortcom ngs of the prior perforating

syst emperfbiatibf idcdrHbd BET wHB S WallHoPe Preditirél ®ovierRRA thieafbirAgtidn presbutdlap fieethgces
the damage to a reservoir adjacent a wellbore. It is a still further desire

Lo Pr oYk RoR! SRUE ik TRRP RkE AR Hort X3S RRa013h diohbh 46 nARBRI bR igNd

ynam C pressure transient during the perforation
operation. It is a still further desire, to provide ,a pressure transient
cont r olSO%§ &f th ‘qu?ﬁ‘ts' eV émflr?iﬁ?lﬁ%‘ieéieir{?ﬁan&ﬁ IPWen‘g Yores %gecgﬁﬁ a’f“gn}% E)ter ol
I

the dynam c pressure transient. It is a still further_desire to provide a
vel | borespensiviend wasaferdginplemesi in gertsin dowahols conditipns. FnneuATE: PORN BAFTVPEY s

bet ween the wel | bore and adjacent fornmation. . _
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



5 SUMVARY COF THE | NVENTI ON [0011] In view of the foregoing and ot her

consi derations, the present invention relates to enhancing the fluid
comuni cati on between a wel |l bore and a formation by controlling the dynam c
pressure transient during the perforajion operation. [0012] Accordingly, a
systemfor controlling a pressure transient is provided that facilitates
enhancing the fluid communi cati on between a wel | bore and an adj acent
formati on. The dynam c pressure control system conprises: perforating a
wel | bore by detonating a perforating tool, and filling at | east a portion
of the wellbore with a wellbore fluid selected for controlling the dynam c

pressure ansi.ent nd after det,ona e

00131 CoRiaT SrgRin RORaMRs P irersidBRbleh, BostelptCHo L S StRbtance
pressure changes between the wel| bore and the formation dur| perforatlons
oper at S@HS corsifien whersin the avelibarepresspreds grpater thantas aP@’EIBE"@% Fhe damage
that may be incurred in prior art perforation operations. The inventive
syste further include elenents in the wellbore fluid to further
enhancéomﬁ uiPgior erfragnforationaperations ofterr rrsult g slgmage th e lormpliony tqhélaﬁéetber es
and techni cal advantages of the present invention in order that the

det ai | eehmetiiat td ptacesd ofthtprediativandriinjectidabpdratidmswsTimaylaimagbét ofien caused by
understood. Additional features and advantages of the invention will be

descri bafzRnairadilie thatlilens heexedsite aihinge braburt itbslhadd Bet@tert the formation

i nventi on.
and the wellbore proximate the firing of the perforating gun.

[008] When a hydrocarbon bearing reservoir is perforated with shaped charges, scveral events
may occur o 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



6 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 understood with reference
to the follow ng detail ed description of a specific enbodi ment of the

i nvent
wher ei
the pr

ion, when read in conjunction wyth the acconpanying draw ngs,
n: [0016] Figure 1 is a schematic drawing of a perforating system of
esent invention; [0017] Figure 2 is a graphical representations of

pressure transients in tested perforation operations; [0018] Figure 3 is a

gr aphi
oper at
transi

cal representations of pressure transients in tested perforation
ions; [0019] Figure 4 is a graphical representation of a pressure

compr oSb BRE HepA ot The ROT IVRRY ol e RGPS T ORTR e F et 2
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perfor
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[0010] Therefore, it is a desire to provide a system for controlling the pressure transient during
perforation operations that addresses the shortcomings of the prior perforating systems. It is a
further desire to provide a perforating fluid that reduces the damage to a reservoir adjacent a
wellbore. It is a still further desire 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 wellbore fluid that may aid in the removal of fluid communication barriers between the

wellbore and adjacent formation.



7 DETAI LED DESCRI PTI ON [0021] Refer now to the draw ngs wherein depicted

el enents are not necessarily shown to scale and wherein like or simlar

el enents are designated by the same reference nuneral through the severa
views. [0022] As used herein, the ter "up" and "down"; "upper" and

"l ower"; and other like terns indicating relative positions to a given
point or elenment are utilized to nore clearly describe sone el enents of the
enbodi ments of the invention. Conmonly, these terns relate to a reference
point as the surface fromwhich drilling operations are initiated as being
the top point and the total depth of the well being the | owest point.

[0023] Figure 1 is a schemati [ .3 rfa i system of the
present invention, generally égglt E@@&ﬂi? UL A .c.gﬁglo. Perforating
system 10 includes a wellbore 12 that is drilled into the earth 14 to a
desi r eqog1a] matvien Ji6tHeOForbgdflE! GindJothed konsiddrativnsOthd piesentt invgntiorf Irelads to
therein. Wellbore 12 often includes a casing 18, although wellbore 12 may
be ope r iRt igh | i ' | infABLinAYthe
A AR e T Rl e R e e e
formati,on 16 to_enhance t$e.f| i d _connection.therebetween. Fluid tunnels 20
are crélg?aé’aw@f}esgurﬁ ansient wg&ﬁ%p? ! %?r}éﬁe%hog. penetrating source 24 such

as but not limted to a shaped charge. Perforating gun 22 is conmonly

| ower e i.thin | | bore 12 by a wireline 26 or tubing. [0024], Perfor.ating
gun 2510012} Aederinato,s Sgomatoe crorypigech 1 gage Anatath iv Prowagidh Bt (e At
for specific well applications to achieve a desired tunnel 20 density in
f or mat ienlrantig thiofleidesomthunipatiorheswicanca v tate epdian adjacent foraretipnc tTbp dyparels
can be nodified to control the pressure transient 8 during the

per f or ptasnge epetral system bahjrigts: pertoratiiaa stetiboredry datonatinigla peyfoatbgstoog and
transient and inproving reservoir conpletion are further included by

ref er efggnd\R164s0a portiof AR ANEbrE At WNREIHORS Aid sBRBled Fat dcrt®llind the dPdrhial
No. [docket no. 22.1533] entitled | MPROVI NG RESERVO R COMVUNI CATI ON BY

bl AR AR T L 1, e

20031 0089498 Al, and U. S. Patent No. 6, S98,682. [0025] Wellbore 12 is

filled w perforating.fluid 28 i.ch in the prior art. perforat]

yst emdONI3T s lerft lavEding SR ellitey sofuofenie auiia Bt he il o
12 traditionally serves various purposes, such as, but naqt Iinu; dto, .

pr evenbEhigenitee ebkeraand e fosmation furing pRTEpTaloons apsiatisng r CRBk? |t§6 Aynappicy g
being released in an uncontrolled manner. In the present invention, fluid
28 i s acdbire draakieyt sdhesst the damdg tlew imbgobe lcowed i priphert perfaration ppseations
transient of the present invention. Fluid 28 may be a substantially

| nconprgeshinbvé kybén ayCRaRBECnshbt elefledtsdn ta/wblliBste flaid tonfrther eilianect floid
water, brine, foam |iquefied gas such as nitrogen, chelants, surfactant
solutiggﬁlm ugh solvents, visco-elastic surfactants, polyner solutions,
crosslinked polyner gel, aphron, or conbinations of these fluids. It may be
desired to inject a liquefied gas into wellbore 12 proxi nate formati on 16.

[ 0026] ior. ant perforati syst an r :

e contl JRebisBhioBrianBEs8d Ble Bl B R, RERNRES: SEE wRessht B0
in a manner that reduces the perneability or Iuhglconnec%igg betmgen d
vel | bori® 01821 fhgt the detatled feserintionr fplhe dBYFRIOR B8 IOP§empY) PF gLieh fnderstood.
perforating formation 16. Thesefproplens i ncl ude excessive sand production
f r om f cxdditionehfepBirescald afyantagesoff the inventiamwil bedescrbeshpgraigaBer whigh domy theel
20, and danmage to 9 formation 16 by invasion of wellbore fluid 28

r esul t isnigjettrofdiedeinisndosfithgindemdei.t ed i n tunnel s 20.

T




A second problemis damage to well bore 12 and the associ ated equi pnent
during the perforating process. This damage i s nbst severe when "gun

j unpi ng" unseats or danages packers (not shown) requiring additional trips
into the hole to correct the damage. §0027] In the prior art perforating
systens and net hods, the desired pressure differential between the wellbore
and the formation were determned as static. Therefore, the pressure
differential was addressed before charges 24 are detonated. These prior art
systens did not account for the dynami c pressure transient upon firing of
charges 24 and thereafter. [0028] During the perforating process, charges
24 are detonated sendi a [ ol r icng gun 22 into
formation 16 to form f It L&Eﬁﬁggﬁwﬁi ! Eﬁgﬁﬁgﬁﬁgptl ve way of
creating fluid tunnels 20 is to utilize shaped charges 24 that when

det onatjeeil3)iTHe fiecgiingtaad tdtheruffatures iand atfectndf ithé présentmaiventiorl BvillThe best
firing of shaped charges 24 emts an expl osive nass and opens the vol une of

housi N§ndésbd G ferdiéd e YOQIHHTRg AbtaflBR HEREIpAIn of RisPeNE BINbBL NGNS of i
pressure in wellbore 12 fromthe initial wellbore 12 pressure. The pressure

may be.hi I ne J.migi I [: pendi ng on the
ratio 6&6?‘ﬁ§£’e\9n%%nyr%é\®:1n %’%ﬁ\{/}%ha@l@e‘[ﬁ%g %ngﬁf%%ggrﬁyg?%g{@égﬁhss and t he
conpressibility of wellbore fluid 28. Wellbore fluid 28, conventionally a

RS Sho deoB PERr AR Ry B SO BT 2 >

exits the gun and enters well bore 12, causing dramatic pressure changes in
wel | bore 12. Thi s _dynam c change of wellbore 12 pressyre i,s not ~addgessed
by pri dPOLA (Figwrer 3r it pngrapkictlorrpresapfalions; ahdresfile Hrauanis in ieafed RALIALOR
addresses mani pul ati on of the dynami c pressure changes to inprove

per f or apexitiond;| bore productivity. [0029] Figures 2 and 3 are graphica
representations of pressure transients in a perforation operation. In the
graphi cal representation, each test is referenced by tinme starting with the
wel | borje018] eriguree 3aizdaf gaphitaloreppsseniations bfl préswust athsicrtonidi tebted. paFfogaticn 2
shows the results of four experinents (denoted as Tests 1 through 4) with
the sanpe.ghgpge 24 that started with an initial underbalance of 1000 psi.
The maxi mum dynam ¢ under bal ance varied from 200 psi to 1300 psi. Figure 2
shows the results of three simlar experinents (Tests 5 through 7) that

starte | . I atd : i ]

- anged (PPN ERYE 91t € <HRLATIARERGloR P ahitssul FerkeE B doROFIRbA R ok
det onat j 0 ressure in.gun 22 imedj atel.y after detonatjon.was ;higher than
e velGa0r & radigne biite £ cophreaubie i sdhit incambEable e bal ance
the detonation gas enters well bore 12 increasing the well bore pressure. In
tests 5 and 6 the _detonation pressure was |ower than the static wellbore

pr essurl8020) ddgure 8dis o blogkndiagigsy phiaamethod ¢fconifolling, 3 PresiiEmiRBY et fEng
wel I bore fluid 28 enters gun 22 resulting in a sharp reduction in the

wel | borperforatieswperatipfd@flthe presemngvesikipnat i ons it has been desired to achi eve
a pressure transient profile such as that shown as Test 5. However, the
transient profile should be determ ned based on the matrix of formation 16
to reduce damage and increase fluid communicati on between wel | bore 12 and
formati on 16. 11 [0032] It is often desirable to create a high dynam c
under bal ance to pronote flow of fluid fromformation 16 to wellbore 12 to
cl ean debris fromtunnels 20 (Test 5). However, this is not always desired.
For exanpl e, when perforating in a high pressure formation 16, w th weak
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 dynam c underbal ance.
Additionally, wellbore fluid 28 nay be highly viscous and el astic thereby
limting the rate of wellbore fluid 28 flowing into gun 22 limting the
dynam c under bal ance. Both inventive fluids alleviate perforation tunnel 20
col | apse. [0033] When perforating in a stronger nechanical formation 16,
the fine-grained particles in the crushed zone 32 may reduce perneability
of formation 16 and limt productivity and/or injectivity of formation 16.
In this situation it nmay be desired to have a high dynam c underbal ance to
renove the debris fromtunnels 20 as fluid, both wellbore fluid 28 and
formation fluid 30, flow fromformation 16 into well bore 12. It may further
be desired to include reactive agents that change the physical or chem cal
properties of the base fluid, such as, but not limted to, surfactants,
viscosifers, solvents, chelating agents, and acid to wellbore fluid 28 to

L I o r o, o, R ~




[0034] Figure 4 is a graphical representation of a pressure transient
during a perforation test on a weak Castl egate sandstone with a unconfi ned
conpressibility 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 wal conducted on two core sanpl es. The
first core 12 sanple was tested with an inconpressible brine fluid 28.
The second sanple was tested with a conpressi ble 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 initi?QEiEﬁLE@Lﬁﬁﬁiﬁﬂ@ﬁggﬁiferentia' was bal anced.
Line 51 indicates the pore pr re at the face of the
wel | bore 12 and formation 16 interface utilizing the inconpressible brine

vel | flfpax | Z&ferlidve tdihetdrasiags Wheredy e¢fitied eRniehsat hot avekaritpiionm hbscale
during the perforation operation. Due to the excessive dynam c under bal ance

at - poi by St 1RE ok Qfrlidr Werh O Gle §e3lghdRE B tht QAAB kel cS RRPBFAI fﬂ%ﬂg{ ten
16 sanple was tested utilizing a substantially conpressible foam welTbore
fluid 28. The initial static pressure differential between formation 16 and
wel | bors'évefilv\k%‘gs'underbal anced at 500 psi. Line 54 indicates the pore
pressure or well pressure at the face of wellbore 12 and fornation 16

interface utilizing the conpressible foamwell fluid 28. Line 55 t.racks the
over burl@@?] ghscused hergp, @Srt%ﬁ ?Pri’ lﬁgthW?g’mﬁWB“peq"fio#%‘f’f’ron %%8&2{ ﬁ%ﬁ?ew
utilizing a substantially conpressible wellbore fluid 28 the perforatign

t unnel imrﬁ@atim@t refadive yesisions 00 37given goink of clement ire skiliggdatyr mero rlegripdesdibe
controlling the pressure transient in a well during a perforating

oper at isofe Méinbnts edferheneebbdimehgus shel invientiatgh Gomirogly e¢h&ectenps irskage thea
steps of: (100) determning formation 16 characteristics, such as, but not

l'im t edefeRnesS bbR0ES theQfurfabe AORE Whith RRANESMrhtidng aré &ifi@Ed QObEINE I8P, poind
over burden pressure; (102) selecting a pressure transient profile for the

that st uhaR b e AL it AE e bR Bore 12 and formation 16
(104) selecting a perforating tool 22 profile for creating the desired

t unnel in formation 16; (106) .selecting a,. 13 well e fluid.28 t.
hont ov 0P Biggod o 1 & dotad o 4 potpRing PPy oF B odhf 48 sl
expl osive force of charges 24 and vol une of gun 22; and (108) ggrforn‘i n9 a
per f or generally devignatesh brtthe numagl dfe Resfosgingosystent &P dngludesquieborg e that 15
wel | bore fluid 28. [0038] Fromthe foregoing detail ed description of .
speci f ideilledtmtdithesirth b4 td fdesiredetmaiion 14 fos ipoedudinge Apidairemtor tihjacting & fuidem
for controlling the dynam c pressure transient during a perforating

oper at ithdteinh aWellisord 0¥ @lfteh Afc1RRE A cdkifig 18SAthough Wellberk 19nasy bé epanixddimaivins
of the invention have been di sclosed herein in sone detail, this has been

done sal.el r- t : d j..0i 3 r : Of
Checi s Yo hial S RPR TR RonfEiidelihd, HAd il Toickliolt R5o I BRACAGLO

f th i ot t | at ed t i bst [ tut]

o o b et PLSET DB YBbEY B HR kB magyecn

i npl enentation_variations which may have_been suggested. herein, naX be. nade
to t he Hniddrenel?Gamssarasehise ReEprating aWhats FARYDE PRFNEFAINESORICE 24 a3 Y of

the invention as defined by the appended clains which follow
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 control the pressure transient



14 WHAT IS CLAIMED 1IS: A nethod of controlling a dynam c pressure transient
during a perforation operation conprising the steps o determning the
characteristics of a formation to be perforated; selecting a dynam c
pressure transient profile based on tge formation characteristics that
facilitates creating fluid comunication between a well 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 the formation characteristics and

sel ected perforating tool characteristics to substantially acquire the

e e ) B PGPS £ s BB GEL BRSO e,

;Lg;? al).}%lp%-l\\-r?%eg rlge%gﬁig Fglfggﬁelbi&ié quliaf'tﬁgreirngliuge& Q}? rgi'cerlerelget Eeq'ei\f\ﬁlo lrglg{eﬁ a];}|d léio-dovsifnseda
patent applications: U.S. Serial No. [docket no. 22.1533] entitled IMPROVING RESERVOIR
COMMUNICATION BY CREATING A LOCAL UNDERBALANCE AND USING TREATMENT
FLUID, filed on September 19, 2003, U.S. Serial No. 10/316,614, published May 15, 2003 as

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




3. The method of claim1l1, wherein the selected wellbore fluid is a
conpressible fluid. The nethod of claim1l, wherein the selected wel
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fluid is a foam The nethod of claim1l, wherein the selected wellbore fluid
i's water. 15 6. The nethod of claimg1l, wherein the selected well bore
fluid is a brine. 7. The nethod of claim1, wherein the selected wellbore
fluid further includes a reactive agent. The nethod of claim1l, wherein the
sel ected well bore fluid further includes a viscosifler. 9. The nethod of

claiml, wherein the selected wellbore fluid includes a surfactant.
met hod of claim1, wherein the sel ected dynam c pressure transient
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process. This damage is most severe when "gun-jumping" unseats or damages packers (not

shown) requiring additional trips into the hole to correct the damage.

[0027] In the prior art perforating systems and methods, 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 thereatter.

[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



14. The method of claim2, wherein the selected wellbore fluid includes a
surfactant. 15. The nethod of claim3, wherein the selected wellbore fluid
further includes a reactive agent. 16 16. The nethod of claim 3, wherein
the selected well bore fluid further i,ncludes a viscosifler. 17. The net hod
of claim3, wherein the selected well'bore fluid includes a surfactant. 18.
A nethod of controlling a dynam c pressure transient during a perforation
operation conprising the steps of: filling at |least a portion of the
wel | bore with a wellbore fluid selected for controlling a dynam c pressure
transi ent upon and after detonation of the perforating tool; and
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{0029] Figures 2 and 3 are graphical representations of pressure transients in a perforation
operation. In the graphical representation, each test is referenced by time starting with the
wellbore pressure and formation pressure in the static condition. Figure 2 shows the results of
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.
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always desired. For example, when perforatmg in a high pressure formatlon 16, w1th weak
mechanical strength, high dynamic "underbalance" may result in the collapse of tunnels 20. The
present inventive 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. In this situation it may be desired 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
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sample was tested with an incompressible brine fluid 28. The second sample was tested with a

compressible foam wellbore fluid 28. Line 50 denotes the reservoir formation 16 pressure.

[0035] The first formation sample was tested utilizing a substantially noncompressible brine
wellbore fluid 28. The initial static pressure differential was balanced. Line 51 indicates the
pore pressure or well pressure at the face of the wellbore 12 and formation 16 interface utilizing
the incompressible brine well 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
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wellbore fluid 28 to achieve the dynamic transient pressure profile desired, considering the
explosive force of charges 24 and volume of gun 22; and (108) performing a perforation

operation utilizing the selected perforating gun 22 and wellbore fluid 28,

[0038] From the foregoing detailed description of specific embodiments of the invention, it
should be apparent that a system for controlling the dynamic pressure transient during a
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.
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WHAT IS CLAIMED IS:

1. A method of controlling a dynamic pressure transient during a perforation operation

comprising the steps of:

determining the characteristics of a formation to be perforated,

selecting a dynamic pressure transient profile based on the formation characteristics that
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.
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6. The method of claim 1, wherein the selected wellbore fluid is a brine.

7. The method of claim 1, wherein the selected wellbore fluid further includes a 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.
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16. The method of claim 3, wherein the selected wellbore fluid further includes a viscosifier.

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

18. A method of controlling a dynamic pressure transient during a perforation operation
comprising the steps of:
filling at least a portion of the wellbore with a wellbore fluid selected for controlling a
dynamic pressure transient upon and after detonation of the perforating tool; and

perforating a wellbore by detonating a perforating tool.

19. The method of claim 18, wherein the selected wellbore fluid is a substantially

incompressible fluid.

20.  The method of claim 18, wherein the selected wellbore fluid is a compressible fluid.




