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(57) Abrege/Abstract:

By using reactive shaped charges to perforate fallure prone formations, the present invention is able to keep formation sand In
place and Increase productivity. An efficient flow distribution Is surprisingly produced without requiring surge flow or post-
perforation stimulation. Further, using the secondary reactive effects of reactive shaped charges allows for the reduction of the risk
of erosion and minimization of sand production. |n a preferred embodiment, a liner capable of producing a strongly exothermic
Intermetallie reaction between liner components within and around the tunnel is used to achieve a high percentage of substantially
clean and enlarged perforation tunnels conducive to flow or gravel packing.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2010/065558 A3 |{II M0 0H 0 100 AL OF 0 O RO RRER AR

CA 02745391 2011-06-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

10 June 2010 (10.06.2010)

(10) International Publication Number

WO 2010/0655538 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
E21IB 43/263 (2006.01) E21IB 43/116 (2006.01)

International Application Number:
PCT/US2009/066283

International Filing Date:
1 December 2009 (01.12.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/118,999 1 December 2008 (01.12.2008) US
12/627,964 30 November 2009 (30.11.2009) US

Applicant (for all designated States except US). GEOQO-
DYNAMICS, INC. [US/US]; 10500 W. Interstate 20,
Millsap, TX 76066 (US).

Inventors; and

Inventors/Applicants (for US only). BELL, Matthew,
Robert George [US/US]; ¢/o Geodynamics, Inc., 10500
W. Interstate 20, Millsap, TX 76066 (US). WESSON,
David, S. [US/US]; ¢/o Geodynamics, Inc., 10500 W. In-
terstate 20, Millsap, TX 76066 (US). CLARK, Nathan,
Garret [US/US]|; c¢/o Geodynamics, Inc., 10500 W. Inter-
state 20, Millsap, TX 76066 (US). HARDESTY, John,

Thomas [US/US]; ¢/o Geodynamics, Inc, 10500 W. Inter-
state 20, Millsap, TX 76066 (US).

Agents: DIAZ, Celina, M. et al.; Carstens & Cahoon,
LLP, P.O. Box 802334, Dallas, TX 75380 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(83)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
2 September 2010

(54) Title: METHOD FOR PERFORATING FAILURE-PRONE FORMATIONS

~af
-
-

AT Y

W

=
307>

FIG. 4

(57) Abstract: By using reactive shaped charges to perforate failure prone formations, the present invention is able to keep forma-
tion sand 1n place and increase productivity. An efficient flow distribution 1s surprisingly produced without requiring surge tlow
or post-perforation stimulation. Further, using the secondary reactive etffects of reactive shaped charges allows for the reduction of
the risk of erosion and minimization of sand production. In a preferred embodiment, a liner capable of producing a strongly

exothel

'mic Intermetallie reaction between liner components within and around the tunnel 1s used to achieve a high percentage of

substantially clean and enlarged perforation tunnels conducive to flow or gravel packing.



CA 02745391 2011-06-01
WO 2010/065558 PCT/US2009/066283

METHOD FOR PERFORATING FAILURE-PRONE FORMATIONS

CROSS-REFERENCE TO RELATED APPLICATION

This apphcation clamms prionty 1o US Provistonal Apphication No. 61/7118,999, filed
Decenber {, 2008, and US Application No. 12/627,964, filed November 30, 2000,
TECHNICAL FIELD

The present invention relates generally to explosively perforating a well casing and s
method for explosively perforating a well casmg within {attare~prone formations.
BACKGROUND OF THE INVENTION

Wellbores are typically completed with a cemented casing across the formation of
mnterest to assure borehole miegndy and allow selective injection mto and/or production of tuids
from specific intervals wathio the formation. It is necessary to perforate this casmg across the

miervalis) of mterest to perant the tngress or ggress of Hatds, Several methods are applied ©

perforate the casing, mclading mechanical cutting, hvdro-jetting, bullet gons and shaped charges,

holes can be created simultancousty, at relatively low cost.

In formattons where the sand 1s porous, permicable and well cemented together, production
(L., the recovery of hvdrocarbons from a subtermanean tormation) s ideal; that 18, 11s caser to
extract large volumes of hvdrocarbons from the formation and mto production wells, However, in
poorty consaidated tormations where the rock matertal 15 poorly cemented | sand teads to flow mio

the wells during production, a problem known as sand production. If the sand reaches the surface,

can damage oiibigid hardware and equpment, potentally feadimg to major fadores, In addition,
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when the solid matenals reach the surface, they nyust be separaled rom the Buids and disposed of
using environmentally approved methods. Moreover, sand prodoaction can lead (o poor performance
i wells and lost production.

To control sand and prevent # from entering a well in order to obtam high production rates
from such reservotrs typicaliy requires some means of filtlermg formation matenal ot of the fuid ax
it 1s drawn from the reservoir. Since poorly consolidated formations generally fad under the
pressure drawdown applied to them during production, steps must often be taken to controd the
infhux of solids that might othenwise plug or erode and cause the farture of subsurface and surface
mifrastructure, Once 1 is delermined that a reserver may be prone © sanding, traditional methods
can be unpiemented to provide & barmer to sand so that 1t does not enter the well with the

hyvdrocarbons. The methods are tyvpically chosen based on the physical characteristics of the
reservorr, For example, sand control measuares, such as mechanical filters known as “sand screens”
and the packing of gravel around such hilers, are olien implemented to deal with sand prodaction
probiems which would otherwise ead to undesirable events such as wellbore collapse and
equipment fatlure. Various sand control techmigues have evolved for either Iimiting the mflux of
sehids, or constructing a mechanical filter to retain loose soluds at the sand face, or co-producing
sohids with the hvdrocarbongs m a conirolied manner.

The most common method of controdling sand production s the mstallation of one or more
sang screens durmg well completion. Sand screens filfer or “screen the How of hvdrocarbons as
thoy enter the wellbore, allowing Hhuds to casily pass while preventing sand entry, Fi€. 1
ilustrates a prior art method for the perforation of sanding prone compietions whercm a sand sereen
s used as g mechanical filter. Screens A0 mav be used as filiers by stzing the screen 10 block the

tlow of particles larper than a given size. Traditionally, a sieve analysis 18 performed on samples of
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the formation sand prior to completion of the well and the formation sand pariicle size range 18

defermined. A filter screen aperture stze 18 chosen which will allow the sand particles o bridge

cftectively actoss the screen apertures but not unduly block them. A common criferion for

determming screen aporture width 19 six times the median particie size diameter (6 D).

The installation of a stand~alone mechanical filter, around which produced solids will
accumulaie over Hime to form g natural sand pack filter, 18 somehimes approprate. Such
mnstallations, however, are vulnerabie to crosion of the mechantcal filter due to high velocity meress
of Huids through a hmited number of mBow points. For example, if a high percentage of perforated
tunpels are blocked with debris 22, the hurd milow from a formation 18 forced 1o enter throagh the
few open tunnels, subjecting the filler 32 adjacent to the formation’s open tunnels to ngh erosion
because the flokd How aupmnges directly oo the hlfer matenal at high veloaily, A further elfect of
the influx of formation fuds through a limited set of perforations is an increased nsk of sand
production dag to the lugh flux rate through the few open tunnels avatlable, The propensity for
erosion ¢an be redoced by maxmmizing the number of perforations open for milux, or by circulating
gravel mto place around the sand sereen to act as a primary filter.

F1G. 2 illustrates a prior art method of compicting failure-pronie formations © restraim sand
production. Gravel packing is accomplished by placing a screen 30 m the wellbore across the
mtended production zong, then hilling the annular area between the screen 30 and the tormation 12
with appropriately sized, highly permeable sand 42, The gravel pack sand 42 15 sized so that 1t will
not How mto the proeduction equipment but will block the flow of formation sand mto the weltlbore,
Ideally, antform gravel packing s destred 1w all tunnels, 1o order to ¢reate an effective filter.
However, m realidy, meliective gravel placement olien ocours, creating voids 440 wiihiun the anmudar

arca. This phenomenon s exacerbated by uncven leak-off of fhid from the wellbore into the
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tonmation gs a result of plageed perforation tunnels. The resulting vouds 40 may lead to damage of
the filter ag a resalt of erosion 32, also known as “hot spotting™, causing premature Tattore of the
sand filter dunng production. Big-hole charges, desipned o creale perforations with a large
drameter entrance hole of about {.8-1.0 inches i diameter are tvpically used m sand control
compictions i create as much open How arca {cross sectional arca of the holes) i the casing as
possible, so as to avoid ssues such as hot-spotitng and erosion. Perforation tuanel length and
geometry 18 generally less important when using these big-hole charges. Winde gravel packing has
evolved into a complex science, meffective gravel placenient within the perforation tunnels dug fo
the msudiicient clean up of perforation tunnels romans a significant problem.

Prior art methods of numimizing sand produciion without mstaliation of a mechanical hilter
reguire that the pressure drop apphied across each perforation be minmmized to himit rock fanure, and
the Hux rate through each contnibuting perforation tunnel be mumimized to limit the transport of
loose grams, This can be achieved by miting the drawdown apphied during production and by
maximzing the number of perforattons open for influx. However, the latter ofien requires

ccondary clean~up activitics such as inducing surge flow {at risk of catastrophic sand production)
OF puamping a clean-up troatment sach as an acd to remove sohuble debns from blocked perforation
tunnels. Creation of sarge How requares running additional equipment and creates a risk of
producing undesired amounis of matenial mio the wellbore,

Consequently, there 13 a need tor an improved and econonucal method tor cleanmg up
tunnels and for substantially sand-frec prodoction from fatlure-prone formations. Such methods
should allow for control over or minimzation of the production of unwanted sand. The method
should adequately clegn tunnels without the need for ranming additional squpment that could

cause an milux of sand into the wellbore, The method should ehiminate the peed for sccondary
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cleanup activities prior to production andfor mstailation of a sand conirol completion. Fmally, there
15 a need for a mothod that provides for the mintnuzation or ehmimation of any risk of fatlore of the

sand controd or production equipment.
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SUMMARY OF THE INVENTION

The present apphication provides an improved method for the perfaration of failure~prone
formations by using reactive shaped charges to reduce the propensity for sand production while
mereasing productivity 1n a sand co-production application. In one caybodiment, the preseat
invention uses reactive shaped charges to enhance the installation and longevity of a sand control
completion. In another embodiment, the present mvention provides for pertoration without the
subsequent mistatlation of a sand controd filter,

Conventional wisdom dictaies that the addittonal release of energy 10 a sandmg-prone
formation s undesirable, as 11 could mercase the risk of fadare of the tormation. However, it has
provided by reactive shaped charges, 18 more rehable and less risky than conventional clean-up
techniques such as surgmng or chemieal treatments.

Using the method of the present invention, customary subseqguent activily such as surge
Hlow or post-perforation stimulation freatment 18 no longer necessary. Commercial ow rates of
ol or gas can be extracted from the wellbore while applying a lower than normal pressure
drawdown of & maganitude that would not mduce formation falure or cause the onset of sand
produciion. A second, local reaction within each cavity or perforated tunnel, expelling small
amounts of material from a well actualiy produces a number of beneiis. 1t enables the more
efficient gravel packing of a well wherein a mechanical filter (e, “sand screen™) has been
wistalied and ensures a substantially untform distnibution of milow across a large number of entry
points, resulting in a redoced risk of sand {ilter tatlure due to eroston and a reduced nisk of vords
formng where there 1 msuthorent outhiow of carmer fioid mio the perforated inferval, Second, in

cortam formations where the mereased flow area resulting from perforation with reactive charges
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15 sufbicient to reduce the mitax per open pertoration (o the pomnt where exgessive sand
production is avoided, the present mvention allows for perforation without subsequent
mstatiation of a sand control filter. Third, by using the present ivention, increased longevity of
mechanicat sand control completions {(sand screens) 1s achieved due to a reduced milux per
perforation impinging on the sand screen as a result of nereased number of open perforations and,
where applicable, 1deal packing of each perforation tunnel, Fowth, an waproved outllow
distribution s produced across the pertorated mterval during an extension pack ot frag-and-pack
compietion due 1o higher percentage of producing cavities or disturbed regions of matenal. This
resuits i an maproved nflow poteatial and milow distnibution across the completed interval, Fidth,
an improved production from wells where sand is co-produced with the hydrocarbons - typically
heavy~ and extra~heavy crude —1s expenenced with the present mvention due 10 g greater number of
eplarged, substantially debris-free tunnels and the onset of sand co-production bemg {riggered by

&’_r

the reactive event in each tannel
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BRIEF DESCRIPTION OF THE DRAWINGS

A more compiete understanding of the method and apparatus of the present mvention
may be had by reference to the tollowing delailed desernption when {aken m comunction with the

accompanving drawmes, wheremn:

FIG 118 a cross-sectional view of a prior art method tor the perforation of farlure or sanding
prone formations wheren a sand screen 1s used as a mechanical filter,

FHGL 2 18 a orpss-sectional view of a prior art method wherein gravet packing 18 used for

sanding control compichion,

K}, 3 is a flow chart of the present invention,

charges to & sand control completion comprising 4 sand sereen,

FI(s. 515 a cross-sectional view of the method of present imvention applying reactive shaped

charges to a sand control completion comprising the gravel packing method.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Carrent knowledge dictates that due to the poorly consohdated natore of fatlure prone
formations, any additional energy or reactive detonation within a perforation funnel would cause
tmmediate prodoaction of formation and sohids matenial myto the weilbore, Therctore, the
additional energy released by reactive shaped charges has antil now been seen more as a hazard
than g benelil, as o should cause immediaie atlure of the formation o the welibore. However,
it has been found that the use of reactive shaped charges i falure-proae formations reduces the
flux rate per perforation and climinates surge flow steps, thereby reducing the nisk of formation
fadare rather than causing i

As used heremn, the terms “tatture-prone formation,” “poorly consolidated formation,”
“sanding-prone formation,” and “sand production prone formation” are used interchangeably and
are meant to refer to an unconsolidated subtervancan formation and/or loosely consohidated
formaltion wherem the particulale matenals comprsing the formation are leosely associated and
tend 10 be produced mito the wellbore with produced Huids, As a resull, the sohds within the
formation are prone {o disaggregation when a pressure drop 1s apphied or ow passes through dae o
draft from fd or gas. This drag causes the sand to become detached and flow into the
perforations.

By pertoraiing a poorly consohdated tormation with reachive shaped charges, an overall
reduction in the risks associated with sand production and ot sand control equipment fasthure can
be achieved. One skilled in the art wiall recognize whether @ well comprises fatlure prone
formations that tend (o produce sand. For example, in one embodiment, the potential for sand
produciion can be delernmned through observation of the performance of nearby ollset wells, In

ather embodiments, determination of whether a formation has such a potential can be made by
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acqpunng certain knowledge of the formation including withont hmitation the strength of the
rock formation and any in-siin garth stresses in the rock. FIG. 3 containg g flow chart of the
pencral method of the present invention, which can be applied once it i3 determined that a
tormation has stabihity ssues, The method for perforation of a tatlure-prone formation
comprises loading a plurality of reactive shaped charges into a charge carmier of a perforation gun
and posittomng charge carrier down a wellbore adjacent to a fatlure-prone formation. The
charge carrier s then activated to create a first and sccond explosive event, wherein the first
explosive event produces a plurality of perforation tunnels within the adiacent fatlure-prone
formation, and wherein the second explosive event incregses the volume of sad pertoration
tunneds, thereby reducing a flux rate within each perforation tunnel.

The citect of the sceond explostve event 1s to disrupt and expel debnis created by the
perforating event m the fathure-prone tormation, feaving a substantially uneobstructed cavity.
Importantly, the secondary reaction effectively enlarges the diameter of satd perforation tunnels
and reduces the How velocity within each perforation tunnel, thereby reducing the drag force
exeried on the sohd particies and keeping the particles o place. The ncreased lateral energy
reteased into the formation by the reactive event essentially dissupts an enhanced volume of rock
around the perforation tonnel, some of which s expelied, resulting in an improved connection to the
reservotr without the need for subsequent surge flow activities,

An explosive event 13 one, Tor example, caused by one or more powders used for blasting,
anty chemical compounds, mixtures and/or other detonating agents. An oxplosive event mayv be
caused using any device that contams any oxadizing and combustible uniis, or other mgredients

1 such proporions, quantifies, or packing that 1gnifton may cause an expiosion, or g release of

heat ar energy sutticient (o produce open cavities m an adjacent formation. Detonation can be

10
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caused, without inytation, by five, heal, elecirical sparks, friction, porcussion, concussion, or by
detonation or reaction of the compound, mixture, or device or any part thereof,

Followmg detonation of a reactive shaped charge, the second explosive event is preferably
substantially contained within cach of the perforated cavities such that # reacts locally within cach
imdividual cavity, or mdependent from the other cavities (Le., tunnels) to effectively expel debris
from withim the tunnel. Due {0 the enfarged dameter of the tunnels and an mergase n the amount
of tunoels produced, there 15 an overall greater flow area within the formation, Subsequent
reduction m soltds production 1s thus due to ower Hux rates {or the lower velocity of fhud exiting
the formation), calcudated as the How rate divided by the flow arca. The lower the flux rate, the
lower the drag forces acting on sand grams.  Thus, less solids material will move and as a resull]
there s fess sand production,

In one embodiment, perforated cavities 1o a sanding prone formation are cleaned by
mducing one or more strong exothermic reactive effects 1o generate near-msiantancous
overpressure within and around an mdividual tunnel. Preterably, the reactive effects are
produced by reactive shaped charges having a hner manutactored partly or entively from
materials that will react mside the perforation tunnel, either i solation, with each other, or with
components of the formation. In one embodiment, the shaped charges comprise a hiner that
contams a metal, which 3 propelied by a high explosive, projecting the metal mds molien stale
imto the perforation created by the shaped charee jet. The molien metal 18 then forced to react
with water that also enters the perforation, oreating a reaction locally within the perforation. In
preferred embodiments, the reactive shaped charge stself comprises controlied amounts of

reaciive elements. In one embodiment, tor example, the shaped charges compnise @ liner having

a controtied amount of bimetallic composition winch undergoes an exothermic intermetallic

11
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reaction. In another preferred embodiment, the hiner s comprised of one or more metals that

produce an oxothermic reaction after detonation.

Reactive shaped charges, suitable for the present invention, are disclosed in U.S. Patent

No. 7,393,423 to L and ULS. Patent Apphcation Publication Na. 20070056462 to Bates ¢t al.,
the technical disclosures of which are both herehy incorporated heresn by reference. Liu
discloses shaped charges having a hiner that contams aluminum, propetled by a ngh explosive
such as RDX or its mixture wih aluminom powder, Another shaped charpe disclosed by L
comprises a hiner of enerpetic material such as a mixture of aluminum powder and a metal oxide.
Thus, the detonation of high explosives or the combustion of the fugl-oxadizer misture creaies a
first explosion, which propels aluminum in i3 molten state into the perforation to ndoce a
secondary alummuamewater reaction, causmg a second reaction. Bates et al. discloses a reactive
shaped charge made of a reactive hiner made of at least one metal and one non-metal, or at feast
bwo metals which form an mtermetallic regetion, Typically, the non-metal 18 g metal oxide or
any non-metal from Group H or Group 1V, while the metal s selected from Al Ce, L1, Mg, Mo,
produce g large amount of eneray.

FIG, 4 depicts a gross~sectional view of one embodiment of the method of the present
mvention atier applving reactive shaped charges (o a sand control completion comprising a sand
sereen, Typteally with prior art methods of perforating within regions or formations determined to
have such formation stabnlity 1ssues, g clear tunnel 18 generally not formed, but rather a region of
rearranged materal having greater porosity and permeabinty and redoced coheston compared (o the
surrounding rock. However, wilh the present mvention, after the detonation of the perforating

system, the second, tocal reaction within each perforation tunnel creates a substantially more

12
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defined and substantiaily debnis free zone, whuch remains conducive 1o How, While some debris
may remain within the tunnels, the clean-up caused by the second release of encrgy substantially
improves the connection between the formation and the weltbore and produchon, increasing the
pumber and diameter of clean tunnels by an amount sufficient (o reduce the {hux rate through cach
tunnel, and thereby minimize sand production. The cleaned and productive tunnels further allow for
the How o be distnibuied over many holes, decreasmg the nisk of erosion and sand production
typically encountered when using stand alone sand sereens as a sand countrol complction measure,

in confrast, using prior art methods, the wnnels are not geperally as debined as shown in FHG. 1, and
may requare post-perforation starge flow or other cleanup methods {0 achiove an acceptabie number

of substaniially unobstructed regions or connections {o the formation.

FI1G. 5 is a cross-sectional view of one embodiment of the methoed of present ivention
applving reactive shaped charges to a sand control completion comprising the gravel packing
method. By using reactive shaped charges, a more wdeal situation 18 surprisingly achieved, wherem
untiorm packing occurs iy all tunnels, creating @ more effective filter ground the sand screen. This
inproved perforation cihorney and tannel cleanout reverses the deinmental elfects desoribed

above when using conventional perforators, ensuring greater, nyore uniformly distnbuted inflow

and/or outflow across the perforated miterval,

The disruption of a greater amount of rock around the tunnel 15 surpnisingly beneficial to
sand co-production technigues. Laboratory studies comparing perforations shot with conventionat
and reactive perforators have shown that the reactive shaped charges consistently deliver
significantly larger diameter tunnels. In practice within the mdustry, 1 one example using reactive
shaped charges m a sand production prone fortation, the gross hquids (1.¢. ot and water)

’

produciton from the well was found to be {wice that of typrcal offsetl wells while total sohds

13
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production measured at regular intervals during well clean-up and production

was found to be one-tenth that measured in neighboring wells, which used

conventional shaped charges.

Even though the figures described above have depicted all of the explosive
charge receiving areas as having uniform size, it is understood by those skilled in
the art that, depending on the specific application, it may be desirable to have
different sized explosive charges in the perforation gun. It is also understood by
those skilled in the art that several variations can be made in the foregoing. For
example, the particular location of the explosive charges can be varied within the
scope of the present disclosure. Also, the particular techniques that can be usea

to fire the explosive charges are conventional in the industry and understood by

those skilled in the art.

The scope of the invention should not be limited by the preferred
embodiments set forth in the examples but should be given the broadest
interpretation consistent with the description as a whole. The claims are not to be

limited to the preferred or exemplified embodiments of the invention.

14
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CLAIMS:
What is claimed is:

1. A method for reducing sand production in the perforation of a failure-

prone formation, comprising:

a) loading a plurality of reactive shaped charges within a charge
carrier, wherein each of the shaped charges comprises a liner made of at least

two metals;

b) positioning the charge carrier adjacent to a failure-prone

formation;

c) activating the charge carrier to create a first and second
explosive event, wherein the first explosive event produces a plurality of
perforation tunnels within the adjacent failure-prone formation; and wherein the
second explosive event is caused by a bimetallic reaction from the two metals of
the reactive shaped charges, said second explosive event increasing the volume
of said perforation tunnels and reducing a flux rate within each perforation tunnel,

thereby minimizing sand production in the failure-prone formation.

2. The method of claim 1, wherein step c) is performed without the

application of a pressure differential.

3. The method of claim 1, wherein no surge flow is subsequently
performed.
4. The method of claim 1, wherein the plurality of clear perforation

tunnels enables a uniform gravel packing of a well.

5. The method of claim 1 further comprising no subsequent installation

of a sand control filter

6. The method of claim 1 further comprising installation of a sand filter.

15
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7. The method of claim 1, wherein first and second expiosive events

take place within microseconds.

8. The method of claim 1, wherein the flux rate is reducea by

increasing the diameter of any of the plurality of said perforation tunnels

Q. The method of claim 1, wherein the flux rate is reduced by

increasing the length of any of the plurality of said perforation tunnels.

10. The method of claim 1, wherein said second explosive event

increases the number of said plurality of perforation tunnels.
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LOADING A PLURALITY OF REACTIVE
SHAPED CHARGES WITHIN A CHARGE CARRIER

ADJACENT TO A FAILURE-PRONE FORMATION

POSITIONING THE CHARGE CARRIER

ACTIVATING THE CHARGE CARRIER TO CREATE
A FIRST AND SECOND EXPLOSIVE EVENT, WHEREIN
THE FIRST EXPLOSIVE EVENT PRODUCES A PLURALITY
OF PERFORATION TUNNELS WITHIN THE ADJACENT

FAILURE-PRONE FORMATION; AND WHEREIN
THE SECOND EXPLOSIVE EVENT INCREASES THE
VOLUME OF SAID PERFORATION TUNNELS, THEREBY
REDUCING A FLUX RATE WITHIN EACH
PERFORATION TUNNEL

FIG. 3
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