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WO 2008/145726 PCT/EP 2008/056684 Method for completing a

borehole The invention relates to a method for completing a borehole
Fetbréusie4stad of production, wherein after the introduction of BRE/EP 2808/056684
borehole the borehole wall is anchored 5 sealingly by means of a

conveying tube and/or casing tube, and the borehole wall is perforated at

desired locations by Jpggys pLReUailen ity e 0RieRL which tne

invention is based Is to provide a method for completing a borehole prior

to the start of 10 production (through tubing rotary drill bores), without the
(88 of EefBhief crvey rtPtubBs Ardfdr CASing tibES™ e meitfodt Po-ehole

shoudd €ulfil thes following: conditions: ireliablefrebasticonfieetiors bthe

formatian 1o the, horehele 1%, remete:centrolfor-agtivating; the perforation s reg
%:]m the Eor holes must bg finishertlj %n%gleadgggr prortl:iégﬁgon ég th% ube
shot elsrtl%ogsi te ﬁlr%%n[%recfera%ly?%nYy dné descent into the bore the? !
systerhlubicie bapableof beirfy tsetfabdvecthea R0OCoRdUEEr tibig byns by
means o whigh-therbereds completed after installation, the possibility of
access to the borehole so that maintenance work can be carried out it

'{‘ﬁét R, possible,to use the systam.yia aside 25 ofifice. In the C@éﬁ%&@%de a
allows the completion of several horizons_ allows the selective production

SFdiftsrént RbriZ6RS aphBle 6f BEIRG Uised fétisHort &t ioh§ sttiohs Gp
toradewthundreéd metersh3@ wWisermusthe pyssiblelih petroleum andthout the

nhatural gas hores (ynder diyand,wet, seaditions) WQO-2008/145726. .
PCT/EP 2008/056684 -2

The method should fulfill the following conditions:

¢ reliable/robust connection of the formation to the

borehole
s remote control for activating the perforation guns

¢ the boreholes must be finished and ready for production
in the shortest possible time

s preferably, only one descent into the bore

¢ the system must be capable of being used above the
conductor tubing by means of which the bore is
completed

e after installation, the possibility of access to the

horehole so that maintenance work can be carried out

e it must be possible to use the system via a side

orifice in the casing tube
e allows the completicn of several horizons
¢ allows the selective production of different horizons

e capable of being used for short and long seétions up to

a few hundred meters

e use must be possible in petroleum and natural gas bores

{under dry and wet conditions)
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guarantee of compatibility with surface controlled subsurface safety
valves or other sensitive borehole equipment The aim is to have a
autafada2mstallation of the 5 conveying tube and/or casingPUBEERH08/056684
of the perforation unit. The system or méthod must allow the sealing off of
various zones and the selective activation of each zone at any desired
poshiofi &Pt idfy GsifsaMiAE Point 0N attolntefthe demperdttre-Led
restrictionisdn explosive:¥@ perforationsystems; Heng vadergrounrd tmeshole
are not ihle before the explosion. The flow channels in the reservoir
therefore have to be set up immediately after the installation of the
system, even when multiple-horizon completions with different production

Bs A8 reduiretl. 137 Fhig objelt s Adiiaved, Hedbmting fo- e indertidh,
cthat the gonvéyang tuberand/es tasing tiige arefisqirotidedwsr fheidits on
auter facenwith & swellable-sealingjacketsthe, sealing jacketafierng ofr of
activation swelling and ag%horin thet annular gap sgalinglﬁ etween the -
ggﬁvje%nsg t%%%eanﬁgsz cgsi?’l(é%[ﬁb:e and the borehole wall and at thé “"* @
sarvie dinve. RRtEry theccorvegingtube and A casihgtitbe intHert -
borehole. This affords a method for completing a borehole before the
startzof procuction, withouteementedreconveying: tibesrand/ar easing sive

%‘;@%% day %{‘Qotz? %%H%%Qn £9 To%@%?%%%@}z&ﬂ% aEEi}{r?etkorh%ld EEY@ 9gssipie

the sealing jacket are carried out after perforation. As a result, the

EGriveyingHibe Frl6ithe asing foibs 4ré/) & aRerorsd Sediifaly &rd a1 1 7

thiecsamie imetecenterted inghe dorehwlernahiiatentivesrefinentent, the

perforation pressure and/or ;3Q the.borehole temperature and/orihe liguid
which is generated in the Eroductlon zon§£re/|3 used for activating the

SEAMRG Tackt Tor'Swdllifig pafoses. TRESH e RRafdciEfstit Varfabfes £ ¢ -

which change during and/or after perforation.
This object is achieved, according to the invention, in that

the conveying tube and/or casing tube are/is provided on
their/its outer face with a swellable sealing jacket, the
sealing jacket after activation swelling and anchoring the
annular gap sealingly between the conveying tube and/or
casing tube and the borehole wall and at the same time
centering the conveying tube and/or casing tube in the
borehole. This affords a method for completing a borehole
before the start of production, without cemented conveving

tubes and/or casing tubes having to be used.

In a development, The activation and swelling of the sealing
Jacket are carried out after perforation. As a result, the
conveying tube and/or the casing tube are/is anchored

sealingly and at the same time centered in the borehcle.

In an inventive refinement, the perforation pressure and/or
the borehole temperature and/or the liquid which is
generated in the production zone are/is used for activating
the sealing jacket for swelling purpcses. These are
characteristic variables which change during and/or after

perforation.
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WO 2008/145726 PCT/EP 2008/056684 -3 In one embodiment, the

material used for the sealing jacket is a viscous material and/or a rubber

SV aheesagkyaic. in a development of the invention, the sealingj@akBPi2008/056684
designed to be deactivatable and, after-deactivation, is 5 permeable to

liquids or gases. As a result of deactivation, previously sealed-off regions
éan BeDpeedhigesi. t Préfefaliiy, ‘chendical tiriforthermakactivatieny Jacket

stimulatarscaresused for deactivation: i one ebodiment, dhenchemical .
activation stimulators used 10 are aggressive media, for example acids,

which dissalve the. sealing jacket or pats gfthe sealing Jacket 19.a0 . ;4

inventive refinement, for thermal deactivation, the activation stimulator

G5t 7S Hefing fothiAe Whic: 36t Gcfivition® si5rougftothd Hekigd 3
loeatiez Il thet1b tonveying tubeyamd/or cadisg dube: smbdhevéfingraent vation,
different.sealing jackets arerused;faor different harizons, sg that, ifdifferent

activation stimulators are used, a selective opening of the sealing jackets

s achieved, and these orifces can be connected to,20 e convexngube
or production! In"a preferred refinement, at [€ast orie perforation unit 1S
ihserted Hiside thelegmieyirig tube-and/or casing tube. In a preferred

refinement, the conveying tube and/or casing tube are/is designed in a
moduleslikenmanhee togetherawith 24 thelperforation: unit, eachrmodilers used

%%i%%‘gz%fsas%%“%ﬁfi@? cenyeying fube and/on casing fube and oL ;e +ye

perforation unit. These modules can be connected to one another, for
EsmpleYid AEEFew Tortlicn, Butdids & Borehdle) 2Brdtérably, all the

necessary components, such as charges, 30 ignition cable sections and
Wite piecesy ard: preinstalfad ineng motule, the tetminals forteleetricaband - he
ballistica eontact beinginstalled dixedly at ongend;of eaghamodulgn i ch, for

activation, is brought to the desired location in the

conveying tube and/or casing tube.

In one refinement, different sealing jackets are used for
different horizons, so that, if different activation
stimulators are used, a selective opening of the sealing
jackets is achieved, and these orifices can be connected to

the conveying tube for production.

In a preferred refinement, at least one perforation unit is

inserted inside the conveying tube and/or casing tube.

In a preferred refinement, the conveying tube and/or casing
tube are/is designed in a module-like manner together with
the perforation unit, each module consisting of a section of
the conveying tube and/or casing tube and of a perforation
unit. These modules can be connected tc one another, for

example via a screw connection, outside the borehole.

Preferably, all the necessary components, such as charges,
ignition cable sections and wire pieces, are preinstalled in
the module, the ferminals for elecirical and ballistic

contact being installed fixedly at one end of each module,
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WO 2008/145726 PCT/EP 2008/056684 -4- and, at the other end, the

terminals being prestressed by means of a spring, so that, after the
PoDs0HARGRWO modules, reliable electrical and ballistic conRCT/EP 2608/056684
between the individual modules is ensufed. 5 In an inventive

development, the terminals of the first module which are to be coupled
ardeoudled ietHe-ermimiis! of the coRfiguous!SedomtfoBtR o that i PY
terminals fie soppositecgnesanather in theirsaxial idirectiom and tbus, cduting
%ﬁ%%r&iaensgfefr%%ﬁ%'ﬁﬁ' a%f& Qé“@i%%%”@ﬁh the, 19 farmipals of.at leasle  yeen

one module being acted upon with force "in the direction of the terminals
Sfthe'chtighaus 6%@%@%@ $Sothatthe%end faces of the adjacent

terminals always touch one another during use. In one embodiment, to
friggenthepenfdration dmitoropBpetfordtion dretspanals of the first
grespressyre-astivated ignitien dpeghanismys usgdowhighis installedatninz s
th]e Ig\o{er end of theLEJSerforatlon S}%st%m n one dgsgn \ﬁanamt }Joreferilblylle

in singlé hoTiZ6H comple?lons t%e gas- pressure actvate c?lgnl ion

meehanism 20activatessdn impactdise. an anotlibrepabddimentd thus,

- pRrticulgriy é multiple-hiosizon | corppletions sa.separate eleciicabntact, the

dopelor sused G sachperpaignzone. NI CasR A pon wivn force

evelopment of the invention, the 25 detonators aré connected via wires,
the iéﬁiﬁoﬁlmfahe%nOc%rﬁaﬁuﬁgeéﬂwcﬁoﬁ%pbheneé?wgﬁws other
opetafesd, by thec lgas pressuredanid thesindficed euréntithentagniting the 1 s

%ettgge}tgr%dg&@om %%Q%Q?%&P?d%n'ﬂg% mechanism used is a 30

ere operated firing head (wireline firing head) which is installed on the -

(pp i of the conveyg wbing before nstalation ke place e

perforatLon units, a gas-pressure-activated ignition
mechanism is used, which is installed at the lower end of

the perforation system.

In one design variant, preferably in single~horizon
completions, the gas-pressure-activated ignition mechanism

activates an impact fuse.

In ancther embodiment, particularly in multiple~horizon
completions, a separate electrical detonator is used for

each perforation zone.

In this case, in a development of the invention, the
detonateors are connected via wires, the ignition mechanism
containing an induction appliance, which is operated by the
gas pressure, and the induced current then igniting the

detonatoxs.

In ancther embodiment, the ignition mechanism used is a
wire-operated firing head (wireline firing head) which is
installed on the top side of the conveying tubing before
installation takes place in the lower region of the

borehole. For ignition, a module on the cable is moved into
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borehole. For ignition, a module on the cable is moved into WO

2008/145726 PCT/EP2008/056684 -5 the borehole, latches on the
WykitkonsmesTanism on top and, by the electrical connection of RRE/EP 2008/656684
borehole head to the perforation unit, lotks on the electrical signals which

are required for igniting the detonators. After detonation, the 5 ignition

rieehanishh islSepatafed Fomthe toRvéyind fulsiRg i RmévedBut-er and,
the horeheleswith the: aidefitheccablen Infonshembodineritstheseléments: he

af the perfarafion, ynit ,di%ég)é% %gomﬂgcaélyéét@g detonation, As a resulty, sve

production is_not impeded by residues of the perforation 10 unit. Since, N
tHedstehtehts Bf thedperforBfiof thit Cah BE dissSived “aitbmatiGaliy dteron . the
detonation, preférablyseactve apatetials] stictras zine, almiauamer tubing

magnesium,arg used for: the charge-heusings: ofithetwllgw charges,ds.apie.
Non-reactive sleeve materials of the charges, which generate a fine

sand-like dust, such as glass oy %&%S'r?%“s May alsg be used forthe ;¢
charg'e%ousmgs. A conveying tube and/or casing‘tub% accordalng o the
iAVBARGY fordcarsig-datthe inethbdllis SRAriehsrized in 2G that IRe ULt

gom@ying: tubeiandiercasing the has eadtsouter fage arswellabloration
%%ail@g jacket. In one embodiment, the material of the sealing jacket is a
viscous material and/or a rubber or thermoplastic. Preferably, the sealing
jacket is deactivatable and, after 25 deactivation, is permeable to liquids.

I OHE embBdimEME e cSiveliriy %@%&H@&%iﬁﬁ“&%eﬁ@nd@s‘?gr‘ﬁéfﬁo lved
awodule-like Manrref tand deleastonerperforatiorranit is insertéd ireeach

Eﬂ&’gglﬁiéqgﬂei%fm?@%mzmﬁcgerg‘i@ﬁ@ﬁ%r@l%g”ﬁ@ Qhalligtic. ysed for
cqgac are installed fixedly a% one qu %fleach odueesand, at the other

g the ThAtactS e predtrassed © Po+-ow charges.

Non-reactive sleeve materials of the charges, which generate
a fine sand-like dust, such as glass or porcelain, may also

be used for the charge housings.

A conveying tube and/or casing tube according to the
inventicon for carrying out the method is characterized in
that the conveying tube and/or casing tube has on its outer

face a swellable sealing jacket.

In one embodiment, the material of the sealing jacket is =z

viscous material and/or a rubber or thermoplastic.

Preferably, the sealing -jacket is deactivatable and, after

deactivation, is permeable to liguids.

Tn one embodiment, the conveying tube and/or casing tube is
designed in a module-like manner, and at least one

perforation unit is inserted in each module.

In one refinement, the terminals for electrical and
ballistic contact are installed fixedly at one end of each
module and, at the other end, the contacts are prestressed

by means of a spring, so that, after the connecticn cof two
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by means of a spring, so that, after the connection of two WO

2008/145726 PCT/EP 2008/056684 -6 modules, reliable electric and

Welh 2{188¢biExt between the individual modules is ensured. InRCIrERAHIE/056684
development, the terminals of the first nfodule which are to be coupled

are coupled to the terminals 5 of the contiguous second module so that
fhetatfiald fie bPPOSiteeoRE BRothetift tivdir-axialtdifectioh G thtgtween the
durnigy tiseAtansterdlestrical and baHistic contact, the terminals of at

least one module being acted upon with force in the direction of the

t%m@%%@ffg&%@t@é‘@%%@’n@ ”LQQ@'%&B&E%@@ end f@[c;_gsgygec
adjacent termlr‘gtls alwa_lys g)u_ch onejaagother durln%}sﬁjse. In an inventive -, 1
F%?J.% fent/the'petforation (fits BoReafit charge ROBSINGS of the Tollohr 118 -5

cHarges wiich digsolve aetomaticaligiafter detonation t15 Preferabiy lthe L ie
charge hodisings ofthe hellowchargas consist ofreastive materials:skch
as,zing, aluminum. or, magnesium, r.consist of non-reactive materials.. -
WHIC%I,‘ gfter THe Elétona ion of the Tﬁoljfow charges, genérate a fine sand-’ -
eradstadiicas glass ot Porealaimri 20 e veRtorrisideschbey iwith force
detail helaw. 7 simultanepuspertosatiam af.all the preduectionhatizons other
canseasily he achieved if convgntignal petforation systems areused: .+
g)dgrether with the conveying tube technique. In order to separate different

70N o OnedHotRe At 55 Seak6ff intfifidual perforation ducts, a

sealing-off device on the outside of the conveying tube is proposed. The
sealing-offidevice used afaybaardlidet Preferably ratdordingntoithecontain

invention, a-sealing Jacket is,emplayed, which-isdastaied andhe cgnductor
tube on the o%ﬁideaagd 30 \é/gjﬁch is activated under specific conditions.

Thie grengl}tn:bc?na érial gf@tﬁe seaﬁrrﬁje1 Séglrfét preferably extends over the

Preferably, the charge housings of the hollow charges
consist of reactive materials, such as zinc, aluminum ox
magnesium, o©r consist of non-reactive materials which, after
the detonation of the hollow charges, generate a fine sand-

like dust, such as glass or porcelain.
The invention is described in detail below.

A simultaneocus perforation of all the production horizons
can easily be achieved if conventional perforation systems
are used together with the conveying tube technigue. In
order to separate different horizons from one another and
seal coff individual perforation ducts, a sealing-coff device
on the outside of the conveying tube is proposed. The
sealing-off device used may be a slide. Preferably,
according to the invention, a sealing jacket is employed
which is installed on the conductor tube on the outside and
which is activated under specific conditiocns. The sealing
material of the sealing Jacket preferably extends over the
entire length of the sidetrack completion, that is to say of
a side train. It is possible that the perforation horizons

which are intended for immediate production are not eguipped
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entire length of the sidetrack completion, that is to say of a side train. It is
possible that the perforation horizons which are intended for immediate
produgioE s not equipped WO 2008/145726 PCT/EP 2008/0B6®&EP 2008/056684
with the sealing material, if this is requiréd by the geology or production
conditions. The perforation pressure, the borehole temperature or the

i@ WiHieh fegerieratetPiy thetdonveyirg Zohelmay $éiser sifgr the
aeltvating the seabiag jacket; withrthetesult that the material of the sealing

jacket swells and closes the annular gap between the conductor tube and

%eow@gkea{bgnsﬁwga%et MY, bs&w%%t%%g%@awég%% the

materjal, for example from a type of rubber or thermoplastic, which is 1

é)%&ﬁjsje% mhEdiately %ﬁ@?ﬁ@r‘f&%ﬂ%ﬁ THE aCivhtioh daHy %%ﬁlr@aélft}?@ used
$ealirgjhckettmust thke placeldfter perferationwAfter thesactivatidrr of-theet the

sealingijackes the,varigus) zapes a@g@glaé%z%i alhthedesired +he annular
%erforatlgn ductsd? 15 the re erv0|£ aée closed nd therefore sjocgarated

oM t?ue conveylngptube tcts are Tied &rectl%grtlh Vequfzuh

bR ldtiHe iecdtoh Wﬁé’rebﬁ) gedlingiackethdsibesn applied-ang areterial,

therefereready for roductigpeAs rsqambas thessealing materiakefithe which is

SANGRCHSHIORIREN 20 2olen LOGLOUY flgzes (42 SnUBL 930 B oo
centers the conve &in the open borehole. Tn order to connect

§fﬁ’é’éltf3rclﬂés@ézd ﬁBﬁzo?%a afdus %%%toffﬁ@&ct@éﬁ@n Bf-theSsenfifg ™

matdriatamayhe employed. In particular, chemical and thermal activation

stimulators may 25 be used. By using aggressive media, for example

agids, part of the §@almg>ma&“aéﬁén%@@%@ﬁ%&&&d'ffeﬁrﬁ@t various
horizons, different sealing magicrlali must be emﬁﬁe ed, that is to say, if

ditfafant Hcfds are \ised & sticctive opehing Of the perforation dbtiecaficts o

@@gcﬁ@gggyvgﬁﬁggweqh@sed and therefore separated from the
conveying tube. The ducts are tied up directly to the
conveying tube at the location where no sealing jacket has
been applied and are therefore ready for production. As
soon as the sealing material of the sealing jacket has been
swollen, it not only closes the annular gap, but alsco

centers the conveying tube in the open borehole.

In order to connect specific desired horizons, various types
of deactivation of the séaling material may be emploved. In
particular, chemical and thermal activation stimulators may
be used. By using aggressive media, for example acids, part
cf the sealing material can be dissolved. For different
herizons, different sealing materials must be employed, that
is to say, 1f different acids are used, a selective opening
of the perforation ducts can be achieved. To dissoclve the
sealing material by the supply of heat, a heating module may
be employed which, using a wireline tractor, is brought to
the corresponding location. Depending on the position of
the heating module, horizens can be selectively opened and
connected tTo the conveying tube for production.
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35

30 sealing material by the supply of heat, a heating module may be

employed which, using a wireline tractor, is brought to the corresponding
BaARees/Deptnding on the position of the heating module, hoRASHERZG08/056684
be selectively opened and connected toSthe conveying tube for

production. WO 2008/145726 PCT/EP 2008/056684 -8- Hydrocarbon
prodtefie eslf B pladeirestivia the “ohveyigrupe reiké Ly via the
canveyingtybealsa functions @aswa: ransporyvechanismfarthecns as a

Rerforatign system, A conveying .thbe made from; sigelwith a.sealifg - nyeying

jacket made from sealing 5 material transports the perforation unit

dotwaRfin the°Borshofe alid SBresof tompletifigthé shit'fadi tHatiga 1109
toagayrthe lside tnafm dm osdertte obtain@ free flowpath andrallew dctess-he

@69@&91%*‘%'&5%%7@&%5% 9&8?%’1@995%9 W?ék’sata%'f'»g@%'}ﬂngchat is
perforation unitis 10 %mgjlloﬁed inside tgr% conveyli%% tybe. O %}ossléﬁl]llt th
for aéﬁi%vﬁ%ethf’sl ffn fst0 'USe redctive taterials™ the'charge Housi % pa
fon thexpliposewsiegendrating a secgdstigcting thange forexarmplelzinc

2 Magnesium). Jhexghatges are gitached tolgcations whichare 15i + is

provided for production.in the conveying tube. In each individual horizon,
tﬁrg‘%lﬂ%}]geegs gpeséc(%inegc}tlgd S%nge%r%lgﬁ%éc U‘2%%5. A booster-booster

ballistic transfer is used for ballistic and electrical connection between
VitoUSSREtiond 1fthe Conveying fabe. Varcus gtoraticn z8Res aresFive
mnﬁ&dmiaﬁmires_t@W@aﬁmz@ng@aﬁ@s avinrz qmmpm_eefcusf
igniting the t%%@ﬂf”&@@@f&%@@ﬁ%%fec%%@ assepblyafhis. zine or

installation at the borehole location, all the charges, ignition cable

SBEHBRS 2t 'wire pieteS Hié Préindtaied i Hie cohveying 25 i Befdhd €™ 27
they aielgraniported ¢l thetborehble lobationnThe toavéyihg tube has fah
theaded connectons QT examplesexeeme Hine joipts) at the ends.dhesnating
\@g%ggq A booster-booster ballistic transfer is used for
ballistic and electrical connection between various sections
of the conveying tube. Various perforation zones are
connected via wires. Each perforation zone has its own

detecnator for igniting the detecnation.

In order to ensure a rapid assembly of this installation at
the borehole location, all the charges, ignition cable
sectlons and wire pieces are preinstalled in the conveying
tube before they are Transported to the borehole location.
The conveying tube has flat threaded connections (for
example, extreme line Joints) at the ends. The wire and
‘bocoster connectors are fastened centrally inside the
conveying tube. One side of the terminal is always fixedly
installed, while the other side is prestressed by means of a
spring. Reliable electrical and bhallistic contact between

the individual fube pleces is thereby ensured.

For triggering the perforation unit, variocus devices may be
employed. For use in the case of once-only descent, a gas-
pregsure-activated ignition mechanism is proposed which can

be instailed at the lower end of the perforation unit. This
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booster connectors are fastened centrally inside the conveying tube. One
side of the terminal is always fixedly 30 installed, while the other side is
pesumsseid g means of a spring. Reliable electrical and balliic oo ace8/056684
between the individual tube pieces is théreby ensured. For triggering the
perforation unit, various devices may be employed. For use in the case of
bAEE-bAy dexeeht bl gas 185/ pressdreadtivated ighition heekarfism isingle-
proposed Whieh car beriastalled at-thedlowes end of the perfaration Ut the
Tais W 9@%%(18’%%%}%@ 5@4@% ??%%536%8%@'%&%%O&%C%@S@ may
activate an impact fuse for single- horizon completions or for several_
RGHASRNANEhiIER e individbafSerforation #édiohs afdédnrfected Jista
detonating eorick a1t application, only a single 5 detonator is employed.
Alternatively, a gas-initiated inductive-electrical ignition mechanism may

he Hé%%-a%li%%} ,ale i%’&%e«WQEE'Qi as ayesult ofthe mevement:of.a 5 gnition
[%istq%l, induce in a %oil an elgctricgl urrent WhiCQLh' is used in (;{der to
ton

Mitiats the*Variolis 16 elétiical d {618 iRdiHe the eonVi g tube® A> Tesult
fufthehossibilitg or ighitionNcUIe be tdudecewirelive fiig Headeatthgrical

uppereand efitherinstallation; this wireline firing head bewgrgonnegtedtos

all the.detongtors, In tis, case, a.cable has tobelaid downwardy inthe, . ...,
borehole and 15 connected to the Ignition mechanism. € explosive

iptisd is-ien dént doWhiardin te berdholeiathg cablel Stichish firing
igation:deviteswaudldenake it possibie:ta use: elacttdcaland:elestranice1 ine

qatenators, ot EH V@H%%Qé‘é%&hﬁédﬂ?“@%@dm%%{%%Iéhey P this

HF-safe. As a 20 result, a reliable operation of the system can be

achiéved EGEH Fadis fraffic d6es AothaVe T B istripted dariRg 6k 1e and
Thelatchedicalble i$: asedin.orden tonmdvercutthe  e¥plosivechead affefmpulse

the explosian. As asesilt a3 alreadye veorehole via the cable.

Such an ignition device wculd make it possible to use
electrical and electronic detonators or EFI/EBW which have
the additional advantage that they are Hf-safe. As a
result, a reliable cperation of the system can be achieved.
Even radico traffic does not have to be interrupted during
use. The latched cable iz used in order to move out the
explosive head after the explosion. As a result, as already
mentioned, a free flow path and direct access for later

maintenance work are made possible.
The system contains in detail the following components:

Hollow charges

‘'For the methced or system according to the invention, a

standard hollow charge has to be modified so that it self-
destructs. It is proposed to use reactive materials for the
charge housings. The reactive materials used could bhe, on
the one hand, metals, such as zinc, aluminum or magnesium.
In the case of zinc charges, problems with specific borehole

scavengings may arise. An exact analysis of the borehele
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mentioned, a free flow path and direct access for later 25 maintenance

work are made possible. The system contains in detail the following
soposenisy2lollow charges For the method or system accorgiog Aorthess/ 056684
invention, a standard hollow charge has@e be modified so that it self- 30
destructs. It is proposed to use reactive materials for the charge housings.

The dédctivesmateriafsusdd ceulddyes onathe orie hard, thémlgisuehasl can

E@Ce_?f{k!%@lﬁﬁ or magnesivan dadhe &ﬁS%AQBéi nﬁé:h@ﬁ%es_a %fqbl@mﬁwm ity
SPeECINC, boreno scavengin ay arise..An exact analysis_ of the

D eROI NS 5006 PR 1 S00s eBBeaT -0 onhiohiss charges
theref®rs nédedzary beford thid mateviat 8&rerémployedrirédues of the
advantage of;zincs its £a8y solubility Hip atid:nwithrtheiresulithat theyich nas a

idues_of the charges_ ca iy be.dissolve [ re, t , P
Egi eéagﬁ\ﬁe %uz%r% %ﬁérg%ﬁ%r%n%ﬂﬂ%%z ﬁgofgé%moﬁ%% cﬁjlsi%%v%%c om ot
[rés a ey Fafte surface, thus further promoting a dissolution of the

residues. Aluminum and magnesium are highly reactive materials which
rfeacthevemdaring theyoperationaof detdngting the hwotldowe 10charges. s which

MQ&%{%w@ﬁ%@%"i‘ r@g?f?és 'Qﬁ%act%ﬁhiéfi”&é'%ﬂ‘c@b’l'}gga%ﬁge%touow
conducive to the dissolution of the residues. An alternative to solving the

roBIehT of a seif-d&stiictingAbifow thargeWodd be'td Use eactve *5: 0
rhatgriald:suehasan sairbpeltants odexplosives, incombiaatidniiithn of the
reastive;binders, in order to produce the housing of the hollow charge. A
similar solution is known from military applications with regard to caseless

itjon. A further solutiop.waul -reactjv v hets
RIS WhCh Genarate s it Shna e ther GHSS or porebiinare. o0
materfals Whithdnay Beldsetfror holls charge-1ve materials, such as

propellants or explosives, in combination with reactive
binders, in crder to produce the housing of the hollow
charge. A similar solution is known Ifrom military

applications with regard to caseless ammunition.

A further solution would be to use non~reactive sleeve
materials which generate a fine sand-like dust. Glass or
porcelain are materials which may be used for holleow charge
housings and which leave behind only fine particles. These
could then be washed out of the borehole together with the
first quantities procuced and be separated from the
hydrocarbeons in a sand separator. As a result, as already
mentioned, a free flow path and direct access for subsequent

maintenance are made possible.

Conveying tube and connectors

4 standard conveyving tube with flat threaded connections
{for example, extréme line joints) at the ends is employed.
As a result, the conveying tubes can be screwed together
without sockets, with the result that & flat surface is
obtained after the ftube is finished. Standard materials and

sizes of conveying tubes are employed. The desired diameter
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housings and which leave behind only fine particles. These could then be
washed out of the borehole together with the first quantities produced and
becsepaated fsom the 25 hydrocarbons in a sand separator. Ap@raseioos/o56684
as already mentioned, a free flow path-and direct access for subsequent
maintenance are made possible. Conveying tube and connectors A
standearchoonveyngttub2-witts flat threatEd, colthectibris 30’ (feriéxamplefandard
exireme ling jaints) At th%@m@%&%?m%?é!@geﬁ%%&e%%trg@rcgﬁ‘é%/%rs may
tuf)es cgn be screwed tog%t_hfr 1\é}gl},sty)ut sockets, with the result that a flat
Surface’s obtained after the db is' fifidhed. Standard materials.and

sizes of conveying tubes are employed. The desired diameter W

4", 41~", 5" with a standard length of 3-9 . oeve, smaller nd Iarer
diamieters may talsa begised(inin =119416 treax.s£Y Intiating deyicer em.
ballistic t&qﬁ%&%@l@e@g@{gogﬁt p@}ggg%lé%ipitiating devices may be

used for the system. Three different systems are proposed. Preferably, a
as-activated ignition mechanism is employed which is installed at the

F OFFRHOHOrRGH Y&t LG atah 1T RS GBGRIfGRAh 1 STe loyed
relmiote-controfied 40 ignitioh of tive perdorationunits és therealty possibletem.
In-the case of singlerherizon sempletions, this:.gasmactivatechigpitione 4

mech%nism ac%iv?les an i Bact fuse (Krine.chanicalg s-acgvated i%nig n
ronition, o e perioratlo nits 13 iere 0SS .
m%cﬁanlsm). In the ¢asé o mlfltlple{horlzon completions, aysé)parate ?g

electrical detonator is proposed for each perforation zone. The detonators
dre dotmetRedvia wifes? The iR SMeEREMSMCoHtAins diifddéton
applianee avhichyisiaperateck bydhe gas pressure sEhe mduced current e

then ignitesthe glectrical detanators (electrical indugtive gas-activated

In the case of multiple-horizon completicns, a separate
electrical detonator is proposed for each perforation zone.
The detonators are connected via wires. The ignition
mechanism contains an inducticon appliance which is operated
by the gas pressure. The induced current then ignites the
electrical detonators (electrical inductive gas-activated

ignition mechanism) .

The third initiation possibility is to use a wireline firing
head. This firing head is installed on the top side of the
conveying tubing before installation in the lower region of
the borehole takes place. A snap mechanism is located on
the top side. For ignition, a mocdule is moved into the
borehole on the cable and latches on the ignition mechanism
on top. By the borehole head being connected electrically
to the perforation unit, the electrical signals reguired for
igniting the dstonators can be locked on. After detonation,
the ignition mechanism is separated from the conveyving
tubing and moved out of the borehole with the aid of the

cable.
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20 ignition mechanism). The third initiation possibility is to use a wireline

firing head. This firing head is installed on the top side of the conveying
iwhingdeeipterimstallation in the lower region of the borehole takegmacR08/056684
A snap mechanism is located on 25 thetpp side. For ignition, a module is

moved into the borehole on the cable and latches on the ignition
fechdnsatomtops Bydiie torehale headdeing cammdcted: ekedtrically ntol
thesperfaration ynitytheslectisalsigaals deguitedifor igRitinGdhether hand,
detonators can be Iocke(gi\(/)n. After. detonation,_ 30 the ignition mechanism
@nseepaaﬁjogt% TSt tHE 5 aé:yiﬁé tl}bglné) And (%\?edt SutBrthé bofersie-©
With the ik of the E&MEEWIO 20081115726 -PC T/ER2008/056684 112 Fhe HI-
disadyantage ©f this solutionds dratan additienal descentitethe-adio

k%grae]lg.lglie is &'Sglfired.uosg the %heer ha\SrLgIé or}%}advaﬂt)a e ias Cthati i% (i%ss

p(‘)’SSlbIécfo Lise electronic detonafors or EBW/EFT initiators. These
déeldnhators ate FIL S SHfe, Ahdthste B thereforedio nedd a3 susperirddio-ons -
traffic during use. The system therefore acquires additional safety, in

particulas undet offshare«cohslitionsi tkach conveying-tubea is-gguippet e

Wi Ine chargess the janition. ceble. Biedetppalors. pites.and balistc and

electrical transfer devices before transtport to the borehole location

fakEE Place A EoiEEtST Ui Shich asiE "@dstribed P RR T 858 709°aPRrehole
instailedcat the: ead of ‘each. codveyinyberOnerside issfastened arel the

otbst fensigned bya spring This epsyresa reliable transferofdathend of
detopation and/or of {he_ electrbcal sgngls betwgen the various sections.,

Ve ODVGYﬁFﬁ u?%ﬁ qe 1ce .13 Steﬁe ﬂ?a the é}ner

urlng e Installation O L € SysS em_on site’in a'boreno e,' e threade
paEtsoPthetorveyingrtuba dsectionsare sereinsd togetherainithiséasesfer of
theee isanefaar elanydamage o the electical and balistiea1ls between the
varicus sections. During the installation of the system on
site in a borehole, the threaded parts of the conveying tube
sections are screwed together. In this case, there is no
fear c¢f any damage to the electrical and ballistic
terminals. This method allows a simple, safe, reliable and

rapid assembly of the conveying tube sections.

Sealing jacket

The sealing Jjacket is a central integral part of the system.
In this case, a material may be used which expands either in
conjunction with specific liquids when the perforation
pressure prevalls or when there is the action of heat. The
sealing jacket is installed on the outside of the conveying
tube made from steel. The application of the material to |
the outer face of the steel tube may take place by adhesive
bonding, wvulcanization, thermal shrinkage, extrusion or
other robust fastening methods. The coefficient of
expansion must bé carefully selected as a function of the

minimum and maximum diameter of the open hole.

In order to allow a selective opening of the perforation

ducts for production, 1t must be possible to deactivate and
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20 terminals. This method allows a simple, safe, reliable and rapid

assembly of the conveying tube sections. Sealing jacket The sealing
jacketés/adsepéral integral part of the system. In this case, a materarmays/656684
be used which expands either in 25 cerijunction with specific liquids when

the perforation pressure prevails or when there is the action of heat. The
se&ling-jaekeétds installaeeés tHaduisidesvfthe conveéying tiubesmadd frepecific
steel Theiapplicationef the matesial to thepuiterdase of the steel tube

may take place by adhesive 30 bonding, vulcanization, thermal shrinkage,
2xLusion of et pust iasiening mahads. the goeflicign! o, £xpaRsigR o
must be careftlly selected as a function of the minimum and maximum

dizfieter S%e%ﬁeh ROlEPSGrder t&' Sfov a%Seledive opening 6f thiee Loved
perfotation 3bodusets fortproduetidn; itemadebepossiblelibadeactivatetand case,

WQ 2008/445726 PCT/EP-2008/056684 13 apenthe sealing aterialaly . gy
specific locations and mﬂcﬁg%ggmts b% means of special'methods.

FRE RBafity mAdHd EkEbe EeF Ay B (he ALGH GF hbat For this
purposéyaheating niccule niayise batpldyeds snwhigh 4simoved into the

borehole on a cable. In this case, a borehole tractor for horizontal

boreholes may bedised: Byr neansofdbisanedule, thesegdited heahe sealing
snergy for, dissoling the sealing Jacket s generated. Another, ossibilly,

or the selective opening of the sealing jacket i$ to use aggressive”
“herficafs! forexEMpIE Acifs? Lwhich tisdohie thelsealifitjjacketPre i fic

ne@@gi\cmspegifice we@i@ns bycetechiag, _eimzenilfafe useé oﬁ.ﬂﬁﬁ&f:eﬁhtwypg?pé s of
sealing materials which react-only with.speeific %egﬂ'c%e l?irgﬂH'réﬂ&Htca s

is necessary to separate the individual 15 regions by means of packers,
6Beﬁﬁ@qﬁagaeor 1t 1s necessary to separate the individual

regions by means of packers.

Opening module

Depending on the type of sealing material, a heating module
must be used so that it i1s possible tc generate in the
borehole sufficient heat with the aid of which the sealed-
off ducts can be cpened again. This device 1s reguired only
when a chemical method for opening the regicns is not
emploved.

Shut-off of varicus horizons within the conveving tube

Standard shut-off devices, such as plugs or packers, can be
installed in the conveying tubing by means of standard
methods, for example by means of cables, in combination with
a tractor for horizontal borehcoles. In addition, shut-off
devices may be installed on the surface during the
instaliation of the conveying tube.' In this type of use, it
is necessary to ensure that the shut-off devices are capable
of withstanding the detonation pressure arising during

perforation. Furthermore, access to the lower-lying
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Depending on the type of sealing material, a heating module must be

used so that it is possible to generate in the borehole sufficient heat with
weaishefwshinh the sealed 20 off ducts can be opened again. Plais aevioes 056684
is required only when a chemical methdd for opening the regions is not
employed. Shut-off of various horizons within the conveying tube

Stardard shatoffidevicest suchas plugssorpatkers; ead ben 25dsstalied

indthe conveyingdubing by-means of standard metheds; fersexample by

means of cables, in combination with a tractor for horizontal boreholes. In

ns of cables i ct th & oreholes
AAIBTR O e Eomecy g e, In o De o e, 1 3015 neceasy 6" °°

Ehsurethatthe SHif-difdeVidesdre dapablé Of wfthstandiiy fectes, without

détonaten pfesstme atisihgedurihge perforations Furthermdrey aecess to

thelower-ling WQ 2008L145728.RCTER 2008/056684 ;14 secliops of

the installation is restricted inside the conductor tube on account of

ut-off devices. The proposed solution for the problem of the completion
T R gt ting D ot BStbertor BE ot Bt & deRargret nod

éarhentedl cotiduetorthbes constitutes altomipietion Whichlis exeaedingdly

- vaviahble angd-inaderns i-partisulasthesotution affords asekable rebustown in

hod. for_connecting the production horizons to the barehole, usin
B D e e,
fRRUSE 658 gas e tivaredigniSs e eRadism faRcticling Fiséhanically or
induetive:eledtricallsrernotexactivation ©f thef peteration Systeti isn system is
pessilg, Sincedhe perforation.system.is installed ipsidesthe conduclor ;15 ge
tube and standard threads are used which are”15 screwed together at the

Borehoie ISeatan, withtut i this ‘GIReaRe féarditimdgetothebladtica are

ordbdlistit together at the borehole location, without in this
case the fear of damage to the electrical or ballistic
contacts, the assembly time required can be minimized, and
the borehcle can be finished and put into operation in the
shortest possible time.

The system can be instailed in the borehole in one
operation. The perforation system is installed inside the
conveying tubing with which the borehole is completed. By a
self~destructing perforation system being used, a free flow
path and easy access for the maintenance of the borehole are
achieved. The diameter of the system is designed so that
the system can be introduced via a side aperture in the
casing tube. In this case, the stipulated minimum

dimensions for opening regions are adhered to.

By the use of an opening device, a selective opening of the
perforaticon ducts in the case of multiple-horizon
completions, with selective production in different
horizons, is possible. The corresponding intervals are
limited only by the standard conveying tube technique. The
system may be used in oil and gas boreholes under wet or dry

conditions.
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contacts, the assembly time required can be minimized, and the borehole

can be finished and put into operation in the shortest possible time. 20

Wie aysiemsan be installed in the borehole in one operation. FO&/EP 2008/056684

perforation system is installed inside thel 5conveying tubing with which the

borehole is completed. By a self-destructing perforation system being

Used @ freeflonf patteand easy ateéssforthe fmintendnééof thenpletion

baetehols,are,23 aghieyed ;hhe diameter of the.gystem-s designed;so that

the system.can.pe inifoduced viag aide aperturedn the.casina Whe. 1
i$'Case; the sﬁpula%ed mitimum dimefisions Tor opgnlng regions are

adiered tvaByehe U8B ahlopenirpdelite va $8RetiVEopénihg oP therith
30 perforation ducts inthescase-ofgnuliiple-herizan completions, withe t —up .
selective production in different horizons, is possible. The corresponding

ipfervals.are. limited only, by e stapdard conyeying tibg teehnique. The.. +,
system may be used in oil and gas boreholes under wet or dry 35

cartditréiis. WO 2008/145726 PCT/EP 2008/056684 -15 On account of

the super-flat outer face of the completion section, which is coated with a
Saalimggadket thes contuctohtube is compatiblelwithorehole and a

wndergraund-installed -safety-valves, [subsyrfaee safety: valves {5CERV)]

with 5.other.sensitive b%rehole ipment located jn the set-up Thei i
B R ey Bemair b bTeg it ot Sren e o e B FroT ©0
SHows Aboredleras’s iaiftbotehsle shdl® Stanching-di-sedontany 13
tsackias barehole 2o Invthe ik follewingsfigwes, a spmpletion efithecach zone

N . t tiory i bed. o
e o e e e B revent
diffdferit ¢ofiipletion or completion at a different

Figure 2 shows a finished completion for the zonss 13a and
13b which consist of modules 1la, 1ib and 11lc¢ connected to
one another. Zach of the said modules 1la, 1lb and 1llc
consists of a conveying tube 4a, 4b, 4c which is provided on
its outside in each case with a sealing jacket €. The
conveying tubes 4a, 4c with their sealing jackets 6 are
perforated, so that production can take place via the
perforation ducts 14.

Figure 3 shows a conveying tube 4 which is provided on its
outer face with a sealing jacket 6. To deactivate the
sealing jacket 6, that is to say to dissclve the sealing
Jacket €& at specific locations, various methods may be
adopted. To dissolve the sealing jacket 6 by the supply of
heat, a heating module 7 may ke employed which, using a well
tractor with a wireline unit, is brought to the
corresponding location. The heating module 7 heats the
sealing jacket 6 at the desired locations, with the result
that the material of the sealing jacket melts at these
locations and thereby provides opening ducts. Perforation

ducts 14 are thereby connected for production purposes.
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time point. 15 Figure 2 shows a finished completion for the zones 13a and

13b which consist of modules lla, llb and Ibc connected to one another.
Bacshmfsingssagéd modules ila, Ilb and Ibc consists of a conveyingtwler4a08/056684
4b, 4c which is provided on its outside-inseach case with a sealing jacket

6. The 20 conveying tubes 4a, 4c with their sealing jackets 6 are

Fedovaced] sohthat production candakeiplacé vientheh pedforationidisets ¢4, its
bigue 3shows,a eanveying tubeA yughuis provided ondis-euterdace ne

with f.sealing&ckcet 66 TQ d activai;g the 25 %ealigggad(ft 6, Ithﬁ':\t is to say

o dissolve e sgaling jackkae 6 at sp%cfﬁ%lfoca?ions, VArouS metef"lo%%améﬁ1 d
beé Gddoptéd &To dixselveithe seahid jacket 6b5the slpplyof visdatoa
heatingimedule Z may-he empleyad:which, using a walk draciorawitygressive
wirgline ynit, s b %“%!}.t%%%'l%égé r@%"’%’%“'%%é""%‘&?i}ﬁhe £§é‘ 09 5.

i
module 7 heats the sealing jac at the desired locations, with the
result that the material of the sealing jacket melts at these locations and

FEBPRVIRE Goehify dicE. Péfoftioh! dice A4 dESherebi? ©f @
conmeetedfor prbductionipurpeses: MVO20081t4=26PETIER is activated,

2008/036684, -16 Figure 4.shows, @ copveying tube 4.which ig.proyided o0+ 5 o
its outer face with a sealing rJacket 6. .To,deacélvat tr}f seallrég chk%tﬁ, h
PHE 10 Sy b SOV HE Se TG HCkErS &t ShdcifiE [0RaigREIC T 1on .  The
¢heical adtivation Shstinrulators ate’ ethpidyedirhelet Pledg, these ared no

aggiessive acids 47avhigh dissolve parts of the sealing jacket 6. Figure 5
shows a module lla consisting inter alia of a conveying tube 4 with a

e e B R T o L
préduétictTHe Followchardesifave dissbived afteF 8&nafidn dhd*no

perforation unit 5. Each perforaticn unit 5 consists of a
tubular housing into which hollow charges 10 are inserted.
These hollow charges 10 consist in each case of a charge
housing 9 with an inserted charge. Moreover, each
perforation unit 5 has an ignition cord for initiating the
hollow charges 10 and an electrically conductive wire 19.
For coupling between these, these terminals 12 are connected
to one another between the modules 1la, 1lb.

Each module 1la, 1lb contains all the necessary components,
such as charges, ignition cable sections and wires 19, which
are preinstalled in the module 11, the terminals l2a for
electric and ballistic contacts being installed fixedly at
one end of each module 11, and, at the other end, the
terminals 1Z2b being prestressed by means of a spring 8, so
that, after the connection of two modules 11, reliable
electrical and ballistic contact betwesen the individual
modules 11 is ensured.

The terminals of the first module 11 which are to he coupled
are coupled Lo the tTerminals of the contigucus second module
g¢ that the terminals lZa, 1Zb lie opposite one another in

their axial direction and thus, during use, transfer
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residues are present. Figure 6 shows two modules lla, llb connected to

one another via a screw connection 18 and in each case having a 15
wedorigpsnat 5. Each perforation unit 5 consists of a tubular PORSIPDRe08/056684
into which hollow charges 10 are insertetf. - These hollow charges 10

consist in each case of a charge housing 9 with an inserted charge.

Woregvet cedchaperforation amnitd has andgnitiomeotcefonimitidtinglthe 20 at

hallowe charges d@.and an glectrically.condustive wired9:. -sor coupling

betwee .these,%h e terminals ]fare orwected ta one another between
1recgﬁon ot ﬁ? STl ? ? ﬂé:t ?.conﬁ%ﬁuous otner module,
the'modules lla; lib. Each-module Tfa, 1lb contains all tife necessary

compérents heueh aslchzrges dgriitien edbleasuctions andwires 162, 12b
whigh25 ase preinstalled 4 thermadulenll, the terminals 12a for electric
and ballistic contacts being installed fixedly at one end of each module

Fu il a5 e aiher snda e Lerning g 25 felng praskiessed by MeAenote.
of a'spring 8, so that, after the connection of two modules 11, reliable 30
érPIEEtriE:&P%nY&S&m%tig‘%‘ﬁt]a%?bét%\?een%@ indiVidual Thcduled1tfis tve

ensured. [Te ternhindls of the fitst motlule 1& wvtddhs are tofbe coupledyarey

cqupled to theferminals of thescontiguoys seeand moduyle. Sothat ey res) |
terminals 12a, 12h lie $§§osne one another in 35 their axial direction and

li
RS 245G dde, ths 5B68/1%5%28 PCHER 50081056684 2 17
glactricakand:baliistic contact the teriminals 12heofiagnieéasconemodufe hollow
Qeia_g@@temt@ﬁon \M{g ﬁ@@@ﬂﬂ%@% lf_lj@ﬁégfm Oiéh%fgatm;h%?dé@f the the |
conuguous otner mc q,e SO that the en ces of the acent terminals
R o Rt e Aol SR Tan s the

rakpTrofitheccompletisn of alsoreleieceT HavinbRddudd nisdutésiia, dlb
canche seen infthe tvol Zones Agbwaneg k3a iHaghoneduler-consists ebad in the

COMWEYW:,, which, in turn, initiates, that is to say
expledes, the hollow charges in the perforation units of the
modules in this zone. The zones in which production is to
be started by the provision of the perforation ducts can
therefore be controliled, as desired.



tube 4 with a sealing jacket 6 (see the previous figures). 10 Arranged at

the lower end is a gas-pressure-activated ignition head 15 which initiates
wiheigaitiesras the hollow charges 10. The ignition signal is canhduaied.008/056684

the individual perforation units in the middules and ignites the hollow

charges there. Reference symbol 16 denotes a 15 detonator for initiating

the contiguous ignition cord in the zone % .le_lnhich, In turn, initiates, that

is to say explodes, the hollow charges in the perforation units of the

modules in this zone. The zones in which production is to be started by

Lthe p%%&%ﬁ%?tﬁ@ﬁeﬁ@i%%ﬁtd%% ark 26 Hsteforé be @dntﬁﬁfléaf&s the
desired aWO 200845726 RCT/EM2068/0566884: =18 RatanttClainsliAn of

method dok,completing & borehole,(d, 2), P@%ﬁ@“%ﬁaﬁ ?Bs’mﬁycﬁ%mred

wherein after the mtroductlon of the borehole (1, 2) the borehole wa

is anShiGted Sealingly BY Atkansof Egnr{/ve?/#ﬁgntﬁbg‘fﬁ)eaﬁél/br 3§§A& r’casing
tubeﬁaﬁﬁﬁhe&ﬁﬁeh@@\@@Féb@épeﬁéﬁﬁedéﬁde@nﬁﬁkﬁﬁm@hg®yat desired

means-ehRerfaration, upits (5), cs:ﬂﬂ%@qt@emimmm@t@nv@ying tube

(3) an /or c ing.tube are/is pravided on their/its oute face
swellbfe™sea még Ja&8 3 ere%%a%er F activation” the('?j‘s)ealvﬁLJt Jac[?éjt

swell@%ﬁﬁ%c%@?@t@f ﬁ{ﬂapﬁ%blééaﬂn@? bebfédr %Hegc@mk%/ﬁwgfﬁj%‘é with
(4) and/et cosinglbeadithe bosehrele wall) (3) @nd:at the same-timerivation

;e”te{‘?a Ihe, 8%'1‘&%%’;}”% E“&ge(t“) apdiorcasing tupe in.fhe boreholg (Ja*n%?ul ar

A method as claimed in claim 1, characterized in that the activation an

swellfFofiRe sedfing Jé%?(@?’@naﬁéht?arﬁgaBﬁYéﬁgr petrStation. 308/ 0T
method asrelaimeckinotaim:t or 2¢ characterized in {bat thecperforatien same

mes%ﬁ%@ng@%gg%Qogﬂgﬂ%onveyinq tube (4) and/or casing tube
in the borehole (1, 2}.

2. A method as claimed in c¢laim 1, characterized in that
the activation and swelling of the sealing jacket (6)

are carried out after perforation.

3. A method as claimed in claim 1 or 2, characterirzed in
that the perforation pressure and/or the borehole
temperature and/or the liguid which is generated in the
production zone are/is used for activating the sealing

Jacket (6) for swelling purposes.

4. A method as claimed in one of claims 1 to 3,
characterized in that the material used for the sealing
facket (6) is a viscous material and/or a rubber or

thermoplastic.

5. A method as claimed in one of claims 1 to 4,
characterized in that the sealing jacket {6) is designed
to be deactivatable and, after deactivation, i1s

permeable to liguids or gases.



temperature and/or the liquid which is generated in the production zone
are/is used for activating the sealing jacket (6) for swelling purposes. 4. A
Woctberilia§7¢kaimed in one of claims 1 to 3, characterized in tRaritiEP 2008/056684
material used for the sealing jacket (6)l&%-a viscous material and/or a
rubber or thermoplastic. 5. A method as claimed in one of claims 1 to 4,
© chardctBfizatPit that thessdising jacket 16 is e sigifeer 5 Bé eativatablea t
and, afierdeactivation ds permeallle 4o tiquids orgasesMYQitors are used
2008&@7@@%@'{@%898/056684 -19 6. A method as claimed in claim
5, characterized in that chemical and/or thermal activation stimulators are
used_for deactivation. 7. A method as claimed in claim 6, characterized in

Tthat thé'GidthidarSctivetibiStintilatore e aré Qﬁﬁraegé%i Aiediad For 2t
example: acidsiwhich dissolve thesealingnjaicket (8) orgrattsaofaheggressive

sealing jacket @rS&m@b@dé)@ﬁi@m%m&lamé@éfv@h%@&t%rggﬁﬂag
that, for thermaiéi) actlvatlo the ?Ctl\éatlon sglmulator u% Eag heating
moduie for a&w ation, is brougﬁt ©1h8 Yedited Tocatidh in the

conveylng tube (4) and/or casing tube. 9. A method as claimed in one of
Sclaimd FRS.Ceharacterzean that différeht Sedling’jacke By hfe bised in
for different hetizons, sorthat, dediffererd tacitvatioh stimetatoes-arerused, a

seleclye gRPONG,ON, e saaing Jﬁ%‘éeé%%) 5 aghieyeds, and these ordices

can be connected to the conveyln+ tube production. 10. A method
as cldiffetif o of AEin P 5 et c%%r&&@n?&?ﬁﬁﬁﬁt afleabtione in the
perforationegning) tube (4) and/or casing tube.

9, A method as claimed in one of claims 1 to 8,
characterized in that different sealing jackets (&) are
used for different horizons, so that, 1f different
activation stimulators are used, a selective opening of
the sealing jackets {6) is achieved, and these orifices
can be connected to the conveying tube (4) for

production.

10. A method as claimed in one of claims 1 to 9,
characterized in that at least one perforation unit (5)
is inserted inside the conveving tube (4) and/or casing
tube.

11. A method as claimed in claim 10, characterized in that
the conveying tube (4) and/or casing tube are/is
designed in a module-like manner together with the
perforation unit (5), each module (11) consisting of a
section (4a) of the conveying tube (4) and/cr casing

tube and of a perforation unit (5}.

12. A method as claimed in claim 11, characterized in that
all the necessary components, such as charges, ignition
cable sections and wire pileces, are preinstalled in the

medule (11), the terminals (12a) for electrical and



is inserted inside the conveying tube (4) and/or casing tube. 11. A method

as claimed in claim 10, characterized in that the conveying tube (4)
wangigos/casing tube are/is designed in a module-like manner tegetherzoidi656684

the perforation unit (5), each module {24) consisting of a section (4a) of

the conveying tube (4) and/or casing tube and of a perforation unit (5).

12. Aomethod-as claimed df cladrarkl, tharactdrizédiinthatl all #ie one end of

necessaty cﬁ%@m@entﬁ,;wﬁhaaﬁquairgegfignh@@ﬂega@%&elcz@)refas and wire
pleces, are pr INst n tne. moauie the terminals a

e St er s s e

cont&dt beiy ihStalle8FixeBR at chie-erd bf @ach G P11)° Andlvat the
otherend,; the te(rmir;lalsjféZb_)abai@gep:t@s;tt&s:se@lzbyamaaga of assmd_ﬂg:ontact
(8), %ﬁ@ﬁé&ﬁt%ﬁ'&e g%@ﬂ%%‘&ﬁﬁ e 4Mo E'e?-i(%})’({%“aet%l% glegtrical

and ballistic contact between the individual modules 11) i1s ensured. 13.
A method as claimed in claim 12, characterized in that the terminals (12a,

+2p) Of e P nivdiufe LTy Which dréto’be ‘coupfdtfardouptédth the that
termihaks ofdheicontiguddg secdrd module: be tHat the termuindls (124, which
12b) H%@F’PQS_@E% 0@%&5‘93@@&@%&%}'%@re&ﬁ;'oﬁh@n@l@N&LQ&i‘QQ&@e’the
transfer et!ectrlcal and balhsc}lc cgn?ct, the tt‘%rrncln Ig (1%]%) of at I?ast grbe
moduié nbé%&%é?ef l?&%’} with force’in the dlréction Sf't er{réllrrrﬁ?naﬁsl % af
the cértiguduscotheiemddife, 80ehatthehend facds ofithe adjackniii rection
termipals (12as]2bhalways toch opgranotherdusingises 14aAdneiodi st ic
as camecnonesioanat (013 haracterizedin gl {0 MRS R e
perforation unit or perforation units (5), a gas-pressure-activate
being acted upon with force in the direction of the
terminals of the contiguous cother module, so that the
end faces of the adjacent terminals {12a, 1Zb) always

touch cone another during use.

14. A method as claimed in one of claims 1 to 13,
characterized in that, to trigger the perforation unit
or perforation units (b5}, a gas-pressure-activated
ignition mechanism is used which 1s installed at the

lower end of the perforation unit (5H).

15. A methed as claimed in claim 14, characterized in that
preferably, in single-horizon completions, the gas-
pressure-activated ignition mechanism activates an

impact fuse.

16. A method as clazimed in one of the preceding claims,
characterized in that, particularly in multiple-hcrizon
completions, a separate electrical detonatoer is used for

each perforaticon zone.

17. A method as claimed in claim 16, characterized in that
the detonators are connected via wires, The ignition

mechanism containing an induction appliance, which is



ignition mechanism is used which is installed at the lower end of the

perforation unit (5). 15. A method as claimed in claim 14, characterized in
whetogsatsaaly, in single-horizon completions, the gas- pressperattizatsms6684

ignition mechanism activates an impactifuse. 16. A method as claimed in

one of the preceding claims, characterized in that, particularly in

multipleshcrizot bompletionss aseparateelectrichl detonatorisaesbed forent

each pegforatipn zangy 17/h A methadkas glaimed in claim 16, characterized
in that the detonators are connected via wires, the ignition mechanism

S 80BI0BLBRI" o1 apsr by he (oS 1yessts, b T pidced = "

curreREARER it theldetoRators B8 W hktHcd ad 8RR FoHE®E 15 2
.the pmte@kmgaela&nﬁs,@clﬁa’mtmji;‘e@!aiﬂ th@tﬂhe igni&orf_ ﬁne@:hgnisaa%edmich
is a wite-gperated fising head.(wirgling fifing head) which, is installed on

the top side of the conveying tubing before installation takes place in the

lowertebitiFof e Borshote: and? fighitida mbdufs or tHE Eabie™ oF
movetdhiatdthesboréhoelesartl lafehesiom thelignition medharismmonitep,cable

and, by electrical conpection efthenboreholeshead ta.the parforgtion YRit: ; on

the electrg:al signals r %uired for ig%&n%iféect%%tongtfrs are Iocléed on

and, after détonation. theg)gniﬁgrgme anism’is 3S%para &d from tha"” of the

convéifirig fgbifig apdds Rfovedcoursof fthesiioreRolerwith thelasid of e rical
cables 19nA1metheg as-claimed-inone of elgims & tadBqcharaciedzed Mocked
that tlge elements og the pgrfgration. nit (). dissal egutomatic Ilgrgfter ,
4 r t tvﬁ r A .
detona%onégg ATnethod as c?&?nédgfﬁ cla%r%elé,gé%aré&zelréng 6\?“ that = -
separated from the conveying tubing and is moved out of

the borehole with the aid of the cable.

18. A method as claimed in one of claims 1 to 18,
characterized in that the elements of the perforation

unit (5} dissclve automatically after detonation.

20. A method as claimed in claim 1%, characterized in that
reactive materials, such as zinc, aluminum or magnesium,
are used for the charge housings {92) of the hollow

charges (10}).

21. A method as claimed in claim 20, characterized in that
non-reactive sleeve materials which generate a fine
sand-like dust, such as glass or porcelain, are used for
the charge housings (9}.

22. A conveying tube and/or casing tube for carrying out the
method as claimed in one of claims 1 to 21,
characterized in that the conveying tube (4) and/or
casing tube has on its outer face a swellable sealing
Jacket {(6).

23. A conveying tube and/or casing tube as claimed in

‘¢laim 22, characterized in that the material of the



reactive materials, such as zinc, aluminum or magnesium, are used for
the charge housings (9) of the hollow charges (10). 21. A method as

wehedooad #5daim 20, characterized in that non-reactive sleever QBRI al®8/056684
which generate a fine sand-like dust, skith as glass or porcelain, are used
for the charge housings (9). 22. A conveying tube and/or casing tube for
carryfrigieutthier Arellvdd 4$ tlaimed i bAe@feldimbelrtoed] and/or a rubber

charagterized-indbat theigonveying tube (4) and/or casing tube has on its
outer face a swellable sealing jacket (6). 23. A conveying tube and/or

2 £asing tbe s claimed,in. claim 22, charagterized in that the mmateal gf
the WO 2008/145726 PCT/EP 2008/056684 ~-22 sealing jacket (6) is a
viscoustatefial &Rd/or a rtibB&R of fierffgplastic 54 A tofivéyifg tite
and/orcaseig tUbe asscldmaed. v elaami2? em23, characterdzedinithat fhen, 1is
sealing Jjacket{6) isdeactivatable and, after deactivation, is permeable to
liquids. 25. A conveying tube and/or casing tube as claimed in one of

Zgl‘almg 2C281§V264 iCIQ ar%(étggz%%lc%t%\gt %]a?sg%nvegh egfabsf €:42 alnrgé% in one of
casing tape Is es@ne in'a modulée-like " ma ner, and a lgast one

perfofdtiokingnit )16 inderted) ireactermbaaie. 28. Alcohvelingtapeeying
and/argasingituberas/elaimeds inn glapmi2d, Charagcterizeskinthattheodule~1like
termi X%E%I%E &l %tIE!C%Jta”Pe @l&St'CnCeO’%%?ﬁé%@?f%&ke%ﬁ%d'% ptone
end of each module and, at the other end, the terminals are prestressed
by me&f$6t-& Spifig $8)° S0t lfter the connection of two modules,
reliable electrical and ballistic contact between the individual

26. A conveying tube and/or casing tube as claimed in

claim 25, characterized in that the terminals for
electrical and ballistic contact are installed fixedly
at one end of each module and, at the other end, the
terminals are prestressed by means of a spring (8}, so
that, after the connection o0of two modules, reliable
electrical and ballistic contact bhetween the individual

modules is ensured.

27. A conveying tube and/or casing tube as claimed in
claim 26, characterized in that the terminals of the
first module which are to bhe coupled are coupled to the
terminals of the contiguous second module so that tThe
terminals (1Za, 12Zb) lie opposite one ancther in their
axial direction and thus, during use, transfer
electrical and ballistic contact, the terminals (12Zb) of
at least one module being acted upcn with force in the
direction of the terminals (lZ2a) of the contiguous cther
module, so that the end faces of the adjacent terminals

(12a, 1Zb) always touch one another during use.

28. A conveying tube and/or casing tube as claimed in one of
claims 22 to 27, characterized in that the perforation

units (5) contain charge housings (9) of the hollow



modules is ensured. 27. A conveying tube and/or casing tube as claimed

in claim 26, characterized in that the terminals of the first module which
wapetodeismgpled are coupled to the terminals of the contigutds SeEQ0B8/056684

module so that the terminals (12a, I2b2He opposite one another in their

axial direction and thus, during use, transfer electrical and ballistic

contaeiaheaermih@ls (A2bybf cat $erst vhearddule beirg-doted Lipdh with

forcedm the, direstion of the terminals (I12a) of the contiguous other

module, so that the end faces of the adjacent terminals (12a, 12b) always

oouchone anather during use,, 28,4 conveying fube and/or ¢asing fjubg as

claimed in one’of Claims 22 to 27, characterized In that the perforation
units (5fcédhtafl clidigé HobRitEqe) ofthefolloh W baseraE9961nas (9}
PCT/EP 2008/066684 -2Bxharges((10) winctedissolvé awematically after

detonation..29:4 conveyingdube and/or £asing ibe asclaimed;in Claim

28, characterized in that the charge housings é9) of the hollow charges

(10) SOHTst Bf rédctive” matéhidls, Sudh &S Zing Subiindh or Wiagiesiim,
or cohsistiof hbarreaétivamaterials whiths aftes thes detorstionaof fiee sand-

h0||0\ﬁ|l£iaéf9§§atg,en§ﬁ%t§ afine;sand: like Qust.csuchias glass or
porcelain.



