A,

— —

1 .7 ol Y oA
Senor fadicecion 1 01011417 00000002 Faliss: 148
Fecha (MED): B001-05-20 16:4%120

SUPERINTENDENTE DE INDUSTRIA Y COM qyite 1 002 PATENTES ) 1 REGISTRIY AW REPESTA

DIVISION DE NUEVAS CREACIONES Dependeocias 280 MIVISIEN B WS
E. S. D,
Re: - P EAM RE )
Solicitud de Patente de Invencién para “"METODO Y APARATO
PARALA ERVALOS D
R TON".- . 10-Expediente num - -

1. Me refiero a la solicitud de patente arriba nombrada de 14 de Febrero
de 2001 y al requerimiento hecho por ese Despacho notificado por fijacién
en lista de fecha 5 de Abril del mismo afio.

2. Anexos me permito presentar a usted:

(1) En original y dos coplas, una de ellas de 6cm x 6cm, Arte Final
de la figura caracteristica de la Invencién para la publicacién
en la Gaceta de la Propiedad Industrial;

(2) Coplas autenticas dos (2) de las primeras solicitudes de patente
presentadas para el Invento arrlba nombrado, respecto de las
cuales reclamo prioridad, a saber:

(a) Copia autentica debidamente certificada de la solicltud
estadinense nimero 60/182.687 de 15 de Febrero de
2000, junto con su traduccldn correspondiente a las
legalizaclones y reivindicaciones de dicho documento; y

(b) Copla autentica debldamente certificada de la solicitud
estadinense nimero 60/244.258 de 30 de Octubre de



2000, junto con su traduccldn correspondiente a las
legalizaciones y reivindicaciones de dicho documento.

(3) Documento que acredita el traspaso que los autores del invento
de la referencia hacen a favor de mi representando, de sus
derechos sobre el mismo, debldamente apostillado, junto con
su traducclon oficlal nimero 8259, debidamente legalizada
hasta por el Ministerio de Relaclones Exterlores de Colombia
bajo los nimeros 131566, 131568 y 131565 de 4 de Mayo de
2001 correspondlente a las legalizaclones y partes pertinentes
de dicho documento de traspaso.

3. Anexa también me permito presentar copia debidamente
autenticada por el Notarlo Sexto del Circulo de Bogota, de los documentos
que acreditan la calldad de Traductor Oficlal del sefior Gabriel Rueda
Chadld qulen elaboréd las traduccidnes de las legalizaciones y las
reivindicaciones de las solicitudes estadinenses nimero 60/182.687 y
60/244.258 de 15 de Febrero y 30 de Octubre de 2000.

4, Anexa también me permito presentar fotocopia, debldamente
autenticada por el Notarlo Sexto del Circulo de Bogota, del documento que
acredita al suscrito y/o al doctor JOSE LLOREDA CAMACHO y/o a la
doctora AURA DUENAS RODRIGUEZ, y/o al doctor GUSTAVO TAMAYO y/o
a la doctora ANGELA MARIA RESTREPO y/o a la doctora ALICIA LLOREDA,
en los términos del Parrafo 1° del Articulo 543 del Decreto-Ley 410 de
1971, como Representantes Legales en Bogotd para todos los asuntos
relacionados con la Propledad Industrial de la socledad EXXONMOBIL
UPSTREAM RESEARCH COMPANY, organizada y existente de conformidad
con las Leyes del Estado de Delaware, Estados Unidos de América y
domiclllada en Houston, Estado de Texas, Estados Unidos de América.
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5. Con
fotocoplas,
Bogota, de:

(a)

(b)

(©)

(d)

(e)

el texto del documento menclonado presento, asimismo,
debldamente autenticadas por el Notarlo Sexto del Circulo de

Certificado Notarial, expedido el 15 de Marzo de 2000, que
acredita la existencla y representacién de mi representando en
los términos del Articulo 64 del Decreto 1400 de 1970 y 480
del Decreto Ley 410 de 1971,

Autenticacién del anterior Certificado Notarial por el Secretario
de Estado del Estado de Texas, Estados Unidos de América, de
17 de Marzo de 2000;

Autenticacion del anterior documento por el Coénsul de
Colombia en Houston, Estado de Texas, Estados Unidos de
América, de fecha 23 de Marzo de 2000;

Autenticaciéon del anterior certificado expedido por el Cdnsul
de Colombia en Houston, Estado de Texas, Estados Unidos de
América, nombrado por el Ministerio de Relaclones Exteriores
de Colombia, bajo el nimero 240730 de 29 de Marzo de 2000; y

Traduccién Oficial No. 007 de las partes pertinentes del
documento anterlor, también debldamente legalizada hasta
por el Ministerio de Relaciones Exteriores de Colombla bajo el
nimero 037113 de 29 de Marzo de 2000.

6. En consecuencla, ruego a usted reconocer ml calidad de
Representante Legal respecto de la socledad EXXONMOBIL UPSTREAM
RESEARCH COMPANY, toda vez que se ha allegado a esa Divisién el poder

necesario y

se ha acreditado su existencia y representacion dentro de los

términos legales (Articulos 26 y 39 de la Decisién 486).

WX



7. Ruego a usted tomar atenta nota de lo anterior y proceder de
conformidad.

Sefior Superintendente,

Cédigo 231



e ‘ ‘q
j " FORMATO DE DIGITALIZACION r Rova
RELACION DE ANEXOS e
No de Foll
Expedients No Q10 § 1413
ftem ped o No de unidades Ei
1 Jco
2 |OVD
3 _|[REVISTA
4 _[UBRO
5__|PERIODICO
€ |DISQUETES .
7__|SOBRE DE MANILA T
8_ |SOBRE BLANCO TAMANO CARTA
9 |SOBRE BLANCO TAMANO OFICIO
10 [OTROS: -
Observaciones: ’_\."‘\M \




N

b L [SIET R TP

MSIRIO DE RELACIONES CXTERIORES;

El. SUSCRITO JIKFIK DEL ARIKA DI
1L.EGALI ZACIONES DI MINSTERIO DIiI<
RISCLACIONES INWIKRIORES -

X SMJ-I.LL s Y Jg
¥ RICITALNY SEX rys [yl
i

HYAPY BE NOGOT
HAGO SonsTAan

§
...-I.AFO'QI'.'OH.;L“_.;:F :D\.. e p
ALTENTICA OUE HE 1T "-'-'IS?AM Er!
i TMCREEOL UG, !
HACE CONSTAR 5 I%ZUOU
T I
.ilia‘.:‘l I, TLET A - Bne! £"'i.
. 1,3 . _ti
. : VoL, N
_tve el sefor Gabriel Rueda. se encuentra detidamente
regiatrado ante este Miniscerio. como tragductor e
intérprete oficial para los idiomas INGLES --ESPAROCL,
@)°450L — INGLES. .
i ot e Wy
. “O"'Al‘ 58403 can .
Para efectos de ésta certificecion el interesado p wﬁm53%$a§:““=i

coplia autenticada de la certificacion del Minis “OPQ*TWH

Juscicia acerca de la vigenclilé ce 1? resciuc:
1982.

ﬂmﬂ'mxr

Dada en Santafé de Bogots, y o S TR ebe 3 as ...
(12) del mes de diciembre: :

T e - o
C RPN TER IO Ll
ALl £ 30 ADNVITA

H‘-'- -U ie J'!'-TI‘R

NST/gtm.

SR 2 30 gl S e

.
s P
Y

-'.'.._E:':"':-“ - '= LY LD R -'1’.-:

. %" ——— //6

P



“‘1'

@){;ﬁcn o %/mé'a

H)E
Ministaris e Justizia g dol Dhrachs

& ‘?1 jrr ﬂ;‘- M,

-,_ ¢ Nﬁl’Aﬂ.J:-.._x._;oE ! i
: FASTAPG LR BOGOTA, t“:

HAGO COMNSTAR 2

Cllu- LAHOTOCORR COMCIE Cog 1 Faocoma

EL SECRETARIO GENERAL DEL MINISTERIO DE J .,,_.."i;*; :;E".; 'j 3
.TUSTICIA Y DEL DERECHO I

CERTIFICA: ’ R SERT |

Que por Resolucion 5996 del 29 de noviembre de 1982, le fue expedida

licencia para ¢jercer funciones de Traductor e Intérprete Oficial er los

idiomas INGLES-ESPANOL, ESPANOI ING wABm L. RUEDA /-

CHADID, identificado con la ¢ i7.124.14

expedida en Bogoti. Qne dlcha% 2 mmlra Vl&ﬂf.&rc’.ﬂg‘l e et AN

feclia. 2 ofrror ‘&m o coMoAPI i
g

SANT&LE I
HAGD ConsTaR
A solicitud del interesado, cn Sanit

5 COEIETE cal: H e o

e, (i Sugclo iR TR GTRE
mes de noviembre de 1994. ) Pt et O '“‘““?:T S
? H . i 4 BN ‘..“'r‘- ¢ -:‘-

[ e S W

- -lisnﬂi\ai's‘}m -

FEEE BOGOT:, Wb cousls RE
FOIOSTAICL thm; (05 O

NE FARIO SEXTO DL

, N "r;u EDE BOAOTA

:ﬁ;ef-se;-f-;z* '

RIS 'I
[RERCFRTR (I 1 i o] J.l-'ll:ﬂlli'l

H .
{ﬁ;,;. . ..: - g ‘::..:;"'ﬂ"ﬁ‘."-'

i .4. 1%8-% > TR

a cjgﬁi'ﬁ t* ',

"Q!'



TRIBUKAL SUPERIOR DEL DISTRITO JUDICIAL OE SAKTAFE DE BOGOTA
SECRETARIA GEKERAL

ot ;r- ‘;&"‘ . Ca -m. -~
i SO0 NCTAHI‘J SGKTO [+ 103

LA SUSCRITA SECRETARIA DEL H. TRIBUNAL SUPERIOR OEL DISTRITO JUDICIAL TANTAPE LE BOGOTA

S -
. . MR A COTRADE A
DE SANTAFE DE BOGOTA, O e, OU- i Tt 11
--'q‘FEE!‘:GDTA. 3 m
Sn NS X
g L el
CERTIFICA: B
RN -
e S
CONSTAR
LA FOTCLmL
Que el Acuerdo Ho. 183 de diciembre 3 de 1982 emanado de esta CorBof'Sﬂ-' At
cibén, por med'lo del cual di6 posesion al senor '55]'1'2000
identificado con Cédula de Ciudadani: : ,_F ;:{;{'-..-..c -

como TRADUCTOR E INVERPRETE OFICIAL
ESPAROL-INGLES, en virtud de la Res
YIGEXTE.

Se expide en Santafé de Bogotd 0.C.,

. N Y o
mil novecientos naventa y cuatro {199 b‘,‘:;,.t. pq::’s'- Ty ue '{\

< . _' SANTAFE DE BOGCYA i
e "“"““""““al‘:.tlm oY +riHAGO LON% l&lomrwf -
_-'.;a . ¥ el Tanlail a: Jﬂah\, & i
{ s . - (\ 4G ICISS st ¢a,.m_ % ‘1
N =¥ | nlaloy 1o vz dmwm: o
0 M 4 —x -
. ‘ e B
WKIA INES Rooarcua TOpRES U JUL 1998 i

; L
- '-:-n.- mu‘.um.t LTERQ ME[ua A

I FY
° - SEERE!R- - __'_I . . .
/ AR A— i fite & ’q‘x sﬁ-. e N L
e, T _'.'..-\'-1_,_-_... s s LIAETH .“ lllI:Z-GHlQ ALTATG %0 13 DAt
Ly KOV s W TTPfERE 1' \c ~ He A CEANTAKE: 0% MO0 T
c.ouo“ sN"“'L"’ luc. ’ ) - HTAGO‘G"N"\TF--*
- HAGO COfpTAT . SUELs  CORCRTE CO% LA FSTCir A
conif 0f © J ATOTOCORS . AN mmr:-u e
/ ‘, O LA FOTOCOPA Wik A J
cm- AUTENTCA OUL ¥7 1§R00RU. : - By
ot aace EI -1998 4
~AMTAFE DL __': ' = i S
' ' - eie fipcoria %
. i ) _-,§
POEL O e " ll' i s :__':-_;!f".'r.“f"_ - :.f‘
' 4 ]

3 r.m.,,wn 3 lrom.ﬂun 32
T 1 e -

[Rp——1



Exxonmobll Upstream Research Company. 01.011.417

REF: LLC-0035-2001. La presente es Traducci6n Oficial de un

documento presentado originalmente en inglés. Esta

traduccién es elaborada por Gabriel Rueda Chadid
(Traductor Oficial).

ESTADOS UNIDOS DE AMERICA
A TODOS AQUELLOS QUE LLEGAREN A LEER EL CONTENIDO DEL
PRESENTE DOCUMENTO LES CERTIFICAMOS:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

Oficina de Marcas y Patentes de los Estados Unidos

Enero 22 del 2001
Se certifica gue anexo se encuentra fiel copla de los
Reglstros de la Oficina de Marcas y Patentes de los Estados
Unidos correspondientes a loe documentos de 1la patente
solicitada y cuya identificacién aparece més adelante, la
cual cumplié con los reguerimientos exigidos para gque se
otorgue una fecha de prepentacién de acuerdo con los

dispuesto en la Seccién 35 USC 111.

Nimero de Solicitud: 80/182.887
Fecha de presentaclién: Febrero 15, 2000

Por autorizecién del

COMISIONADO DE MARCAS REGISTRADAS Y PATENTES

L. EDELEN

Funclonario Encargado de Certificaciones (Hay firma y sello)

1



Indicar con un signo (+) dentro de esta casilla ——> +

Expediente No.: 2000.008

PORTADA PARA LA SOLICITUD PROVISIONAL DE PATENTES
La presente solicitud de presentaciéon de esolieitud

proviesional de acuerdo con 37 CFR 1.53 (¢)

INVENTOR(ES ) /SOLICITUD(ES)
Apellido Primer Nombre Lugsar de Resldencla
{Ciudad y Estado o Pais)

Randy C. Tolman

Lawrence O, Carlson

David A. Klnieon 3326 Three Pines Drive, Kingwood,
Texas 77339

Kris J. Nygaard 4019 Tartan, Houston, Texas 77025

TITULO DEL INVENTO (280 caracteres miximo)
METODO Y APARATO PARA ESTIMULACION DE INTERVALOS DE
FORMACIONES MULTIPLES

DIRECCION DE CORRESPONDENCIA
[X] Nombre: Mr. Salvatore J. Casamassima; Ms. Linda A. Kubena
Dirececldn: ExxonMobil Upstream Research Company
Direccién: P.0O. Box 2189
Cludad: Houston Estado: Texas Codlgo: 77252-2189
Pais: Estados Unidos Tel: 713-431-4577 Fax:713-431-4664

PARTES ADJUNTAS DE LA SOLICITUD (indicar lo que se aplica)
X Especificaciones NOmero de Paginas: _22

2

GABRIEL RUEDA CRADID

TRADUCTOR OFICIAL ’
RESOLITION 5396 DE NOV. 0w
ri1%iSTIRIO DE JUSTICIA



Y

1 Dibuios Nimero de Lédminas: _1

FORMA DE PAGO (Indicar)
X El Comisionado queda autorizado para cobrar los derechos
de preesentacién y acreditar la cuenta No. _05-1328
DERECHOS PROVISIONALES DE PRESENTACION: $ 150.00

Fue elaborado por una entidad del Gobliernc de los Estados
Unidos, o bajo contrato con entidades del Goblerno de dicho
pais

X_ No.

Firmado, Fecha: Febrero 15, 2000

NOMBRE: _LINDA A, KUBENA No. de Registro: _42.772
TELFONQ: _713-431-4577

SOLICITUD PROVISIONAL PATENTES (PAGINA ADICIONAL)
La presente solicitud de presentacién de solicitud

proviaional de acuerdo con 37 CFR 1.53 (¢)

INVENTOR(ES)/SOLICITUD(ES)
Primer Nombre Apellido Lugar de Residencia
(Civdad y Estado o Pais)
Gleen 5. Goss 1630 Scenic Mountaln Court.,
Kingwood, Texas 77345
William A. Sorem 20606 Fawbrook Court, EKaty, Texas
77450
Lee L. Shafer

GABRIZL RUEDA CHADID

1CIAL

TRADUCTOR OF P
N 3996 DE NOV. 29
RESOLUCIO rICIA

MINISTERIO DE JUS



REIVINDICACIONES

1. Un método para perforar y tratar por 1lo menos un
intervalo de una perforacién de DpozZo que penetra una
formaclién subterrdnea que corresponde pustancislmente a la

que se describe y reivindica en el presente documento.

2. Un conjunto de "bottom" para perforar y tratar por
lo menos un intervalo de una perforacién de pozo que penetra
una formacién subterrdneas gue es sustanclalmente como se

describe y reivindica en el presente documento.

3. Un método para perforar v tratar por 1lo menos un
intervalo de una perforacién de pozo que penetra una
formacién subterrédnea, donde el método comprende los

slguientes pasos:

(a) suspender un mecanlismo de perforacién y un dispositivo
de sellado reconfigurable en el mencionado perforador de

POZO;

(b) perforar un primer intervalo utilizando el mencionado
mecanismo de rperforacién, con el fin de crear
perforacionee que permitan la comunicacién entre 1la
mencionada  formaclén subterrdnea y la menclionada

verforaclién de pozo:

(c) posiclonar el menclonado dispositivo de sellado

reconfigurable por debajo del mencionado intervalo

perforado;

4 a%r
aunédjum ADID
TRADUCTON OFICIAL
RESOLUCION 3996 DE NOV. 29-83
MINISTERIO DE JUSTICIA



(d)

(e)

(f)

bombear un fluldo ds tratamiento a través de 1la
mencionada perforacldédn de pozo ubicéndoese dentro de las

mencionadas perforaciones;

liberar el menclonado dispositivo de eellado

reconflgurable; y

repetir los pasos (b) hasta (e) durante los intervalos

deseados.

Ia anterior es Traducclén Oficial de un documento presentado

originalmente en inglés. Esta traduccién fue realizada por

GAEBRIEL RUEDA CHADID (Traductor Oficisl). Resoluclién 58988 del

Minjusticla, por lo cual estampo mi Sello y Firmo.

Bogotd D.C., Mayo 4 del 2001.

L I

GABRIZL PUEDA CHADID
TRADUCTOR OFICIAL
RESOLUCION 5998 DE NOvV, 29-82
MINISTERIO DB JUSTICIA
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q  THISIS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM

| THERECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A i
| FILING DATE UNDER 35 USC 111. i
APPLICATION NUMBER: 6(/182,687
FILING DATE: February 15, 2000
4 I

by By Authority of the
’COMMISSIONER OF PATENTS AND TRADEMARKS

oA Eth—

L. EDELEN
Certifying Officer
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PROVISIONAL APPLICATION FOR PATENT COVER SHEET (Large Entity)
Thiv Is a request for filing & PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53 (o).

INVENTOR{B)APPLICANT(S)
Fasrily Name or Surasw Rusldence (Cy s alfhar Sinis or Fersign Comniry)

Teknan
Garison
inkson 2328 Thres Pines Drive, ingwoed, Texas 77338

Nygaard 4818 Tartan, Houston, Texan TT028
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TITLE OF THE INVENTION {280 characters max)

METHOD AND APPARATUS FOR STIMULATION OF MLALTIPLE FORMATION INTERVALS

Mr. Gxivaiore J. Casmmassima; Mas, Linda A. Kubsna
Exxonblobl] Upatrearn Rassarch Cornpany

P. Q. Box 2109

Heustan Gute |Texas

United Stxten Telxphene | 713-431-4577

ENCLOSED APPLICATION PARTE (cfveck ailf that apply)

' g Drawingte) MumberofSheors | 1 Other (spacily)

Em ManberofPages [ o2

METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT fcheck ane)
FRUNG FEE
A checit or monsy order ia enclossd ts cover the fling fass _AMOUNT (8)

| The Commissioner s hareby autharieed to charge foma or l
bal mwwhmmmm 05-1328 |_$150.00 .

ivenlion vem reade by s aganoy of v Usiied Seise Govermnent or sxsler m oontoec with an spency of S Uinked Sietes Goverrsnanl.
R

[ You. e name of e Us. Govemment egmmoy and S Govamsmant costmot mpnbes are:

Respecituly submitied, .
SIGNATURE g ’ L _(_ ! k g DATE February 13, 2000
TYPED or PRINTED NAME Linda A, Kubena REGISTRATION NO. m

(¥ appropriste) —
TELEPHONE 7134314577

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT
SEND TO: Boax Provisisndl Applcation, Assistant Commissioner for Patents, Washingten, DC 20231
[Pagelef 2 | PHLANOEREVOL




BVENTOR{ENAFPLICANT(E)
Manidenes (shy and alihar Stute or Forelgn Countny)

1830 Bemnic Mountain Casrt, Kingwood, Texas TTI4E
20008 Favnbrgok Court, Kaly, Texas 77480

SEND TO: Bax Previsiensi Applcation, Asnsistant Cormmisslensr for Patevsts, Washington, DC 20231
[F=go1ofl] PIRLARGEREVOA
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METHOD AND APPARATUS FOR STIMULATION OF MULTIPLE
FORMATION INTERVALS

FIELD OF THE INVENTION

This invention relates generally to the field of perforating and treating
subterranean formeations to increase the production of oil and gas therefrom. More
specifically, the invention provides an apparatus and a method for perforating and
treating multiple intervals without the necessity of removing equipment from the
wellbore between steps or stages.

BACKGROUND OF THE INVENTION

‘When multiple hydrocarbon-bearing zones are stimulated by hydraulic
fracturing or acid stimulation treatments, economic and technical gains are realized by
injecting multiple treatment stages that can be diverted (or separated) by various
devices such as mechanical plugs, ball sealers, or chemical agents,

In mechanical diversion, the deepest interval is first perforated and fracture
stimulated, then the interval is isolated mechanically and the process is repeated in the
next interval up. For exemple, the deepest 30 meters (about 100 feet) of formation
thickness might be perforated, fractured, and propped with sand. A mechanical bridge
plug would then be placed within the casing just above the treated interval and the
process repeated on the next 30 meters (about 100 feet). To treat 300 meters (about
1,000 feet) of formation in this manner would require ten jobs over a time interval of
ten days to two weeks with not only multiple fracture treatments, but also multiple
perforating and bridge plug nmning operations. At the end of the treatment process, a
wellbore clean-out operation would be required to remove the bridge plugs and put
the well on production. The major edvantage of using mechenical separation is high
confidence that the entire target zone is treated. The major disadvantages are the high

AVPwenimdd Agplnstes 1 dx
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cost of treatment and the risk of complications resulting from s0 many operations on
the well. For example, a bridge plug can become stuck in the casing and need to be
drilled out at great expense. A further disadvantage is that the required wellbare
clean-out operation often damages some of the successfully frectured intervals.

One sltcrnative to using bridge plugs is filling the just fractured interval of the
wellbore with fracturing sand, commonly refesred to as the Pine Island technique.
The sand column essentially plugs off the already fractured interval and allows the
next interval to be perforated and fractured independently. The primary advantage is
elimination of the problems and risks sasociated with bridge plugs. The
dissdvantages are that the sand plug does not give a perfect hydraulic seal and it can
be difficuit to remove from the wellbore at the end of all the fracture stimulations.
Unless the well's fluid production is strong enough to carry the sand from the
wallbore, the well may still need to be cleaned out with a work-over rig or coiled
tubing unit. As before, additional wellbore operations increase costs, mechanical
risks, and risks of damage to the fractured intervals,

Another possible process is limited entry diversion in which the entire target
zone of the formation to be treated is perforated with a very small number of
perforations, generally of small diameter, so that the pressure loss across those
perforations during pumping promotes a high, internal wellbore pressure. The
internal wellbore pressure is designed to be high enough to cause all of the perforated
intervals to fracture at the sams time, If the pressure were too low, only the weakest
portions of the formation would fracture. The primary advantuge it that there are no
inside-the-casing obstructions like bridge plugs or sand to canse problems later. The
disadvantage is that limited entry fractaring often does not wark well for thick -
intervals becanse the resulting fracture is frequently too namrow (the proppant canmot
all be pumped away into the narrow fracture end remains in the wellbore), and the
initial, high wellbore pressure does not last. As the proppant material is pumped, the
pecforation diameters are eroded to larger sizes that quickly reduce the intemnal
wellbore pressure. The net result can be that not all of the target zone is stimulated.

ANPwvuicssl Applicasion 1 dec
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The problem with failure to stimulate the entire target zone can be addressed
by using limited, concentrated perforated intervals diverted by ball sealers. The zone
to be treated could be divided into sub-zones with perforations at approximately the
center of each of those sub-zones. The fracture stages wounld then be pumped with
diversion by ball scalers at the end of each stage. Specifically, 300 meters (about
1,000 feet) of gross formation might be divided into ten sub-zones of about 30 meters
(about 100 feet) each. At the center of each 30 meter (about 100 foot) sub-zone, ten
perforations might be shot at a density of three shots per meter (one shot per foot) of
casing. A fracture stege would then be pumped with sand-laden fluid followed by at
least ten ball sealers, one for each open perforation in a single perforation set or
interval. The process would be repesated tmtil all of the perforation sets were
fractured. This technique presumes that each perforation interval or sub-zone would
break down and fracture et sufficiently different pressure that each stage of treatment
would eater only one set of perforations. Even though the job could be designed such
that fracture siresses were sufficiently different thet only ane sub-zone should break
down at a time, based on the currently evailable data quality it is difficult to be cextain
that only one sub-zone will be treated in each stage.

The primary advantages of ball sealer diversion are low cost and low risk of
mechanical problems. Costs are low becamse the process can be completed in ons
continuous operstion, usually during just a few hours of a single day. Only the ball
sealers are left in the wellbore to cither flow out with produced hydrocarbons or drop
to the bottom of the well in an arca known as the rat (or junk) hole. The primary
disadvantage is the inability to be certain that only ane set of perforations will fracture
at a time so that the correct number of ball sealers are dropped at the end of each
stage. Further disedvantages aro lack of certainty that all of the perforated intervals
will be treated and lack of knowledge of the order in which these intervals are treated
while the job is in progress.

An alternative method that has been developed by several service companies
involves the use of a coiled tubing stimulation system to sequentially stimulate
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multiple 2ones. The coiled tubing system has a mechanical "straddie-packer-like®
diversion tool attached to the end of the coiled tubing that when properly placed and
actusted across the perforations allows hydraulic isolstion to be achieved above and
below the diversion tool. Stimulation fluid is then pumped down the interior of the
coiled tubing and exits flow ports placed in the diversion tool between the upper and
Jower secaling clements. Various service companies offer this general stimulation
method as part of their stimulation product/service line and specific details may be
found in service companies’ product brochures and industry publications.

As a general overview, existing coiled tubing stinmlation systems are typically
implemented as follows:

1. The well is drilled and casing cemented across the interval to be
completed;

2. The target zones within the completion interval are selected
(typically zones containing hydrocarbon-bearing sands as identified by a
combination of open-hole and cased-hole logs);

3. All target zones to be stimulated are perforated by a perforating
crew that rigs-up on the well, shoots the target zones (poasibly in multiple
Bun trips into the weil), and then rigs-down and moves off-site;

4, The coiled tubing stimulation system and crew is mobilized to the
well-site and rigged-up for the stimulation job;

5. The coiled tubing with straddle-packer-like diversion tool is run
into the well, with the diversion tool placed across the deepest set of
perforations such that the upper and lower sealing clements of the diversion
tool straddle the perforated interval;

A \vwviskoun] Applicsion | dns



10

15

20

25

i I
R SV UL T UL R S .-

-5-

6. The upper and lower sealing elements of the diversion tool are
activated or engzeged to obtein hydraulic isolation ebove and below the
diversion tool;

7. The "first stage” of the stimulation treatment is pumped down the
interior of the coiled tubing string and into the deepest set of perforations;

8. Upon completion of this first stage; the sealing elements are de-
activated or disengaged and the coiled tubing pulled upward to place the
diversion tool across the second deepest set of perforations and the second
stage stimulation is performed;

9. This process is continued until either all of the successive targeted
sands have been stimulated or the process is aborted due to operational
upset.

Based on service company documentation, this coiled tubing system has been
used to stimulate multiple zones in wells with depths on the order of 7,500 to 8,000
feet. However, the existing coiled tubing systems as currently offered by the service
companies are not readily deployable for deeper well conditions due to technical
obstacles including the following:

1. Excess friction pressure is generated when pumping stimmlation fhuids,
particularly proppant-laden and/or high viscosity fluids, at high rates throngh
longer lengths of coiled tubing. Depending on the size of the coiled tubing
and the meximum allowable surface hardware working pressures, pump rates
could be limited to just a few barrels per minute; which, for exampie, wonld
not allow effective placement of proppant during hydranlic fracture trestments.

2. Most seal clements (e.g., cup technology) currently used in the
operations described above may experience sealing problems or seal failure in
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deeper wells as the seals are run past a large number of perforations at
increased well temperatures associated with decper well depths. Since the
scals run in contact with or at a minimal clearance from the pipe wall, rough
interior pipe surfaces and/or perforation barrs can damage the sealing

5 clements. Sealy currently available in straddle-packer-like diversion tools are
also constructed from elastomers which are unable to withstand the higher
temperatures often associsted with deeper wells.

3. Depth control of the coiled tubing system and straddle-packer-like
diversion too] becomes more difficult as depth increases. This problem is

10 compounded by shooting the perforations before running the coiled tubing
system in the hole. The perforating operation uses a different depth
measurement device (usually a casing collar locator system) than is generally
used in the coiled tubing system.

4, Running speed of the existing systems with cup seals is generally on

15 the arder of 15 feet-per-minute running downhole to 30 feet-per-mimute
coming uphole. For example, at the lower running speed, approximately 13
hours would be required to reach a depth of 12,000 feet prior to beginning the
stimulation. Given safety issues surrounding nighttime operations, this slow
running speed may result in muitiple days being required to complete a

20 stimulstion job. If any problems are encountered during the job, tripping in
gnd out of the hole may become very costly because of the total operation

OOST=S0" £8988T% 09

Accordingly, there is a need for an improved apparatus and method for -
perforating and stimulating multiple zones of s subterranean formation.
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SUMMARY OF THE INVENTION

This invention provides a method for perforating and treating at least one
interval of a welibore penetrating a subterranean formation, by suspending a
perforating means and a resettable scaling device in the wellbore, perforating a first
interval, positioning the sealing device below the perforated interval, pumping a
treatment fluid through the wellbore into the perforations, releasing the sealing device;
and repeating these steps for as many intervals as desired.

BRIEY DESCRIPTION OF THE DRAWINGS

The present invention and its advaniages will be better understood by referring
to the following detailed description and the attached drawings in which:

Figure 1 is an illustration of one possible configuration for the bottomhole
assembly appamatus.

Figure 2 is an illustration of one varistion of the method.

The present invention will be described in connection with its preferred
embodiments. However, to the extent that the following description is specificto a
particular embodiment or a particular use of the invention, this is intended to be
illustrative only, and is not to be construed as limiting the scope of the invention. On
the contrary, it is intended to cover all altemnatives, modifications, and equivalents that
are included within the spirit and scope of the invention, as defined by the appended

The present invention provides both a new method and a new apparatus for
multi-stage stimulation treatments and will provide significant economic and technical
benefits over currently existing methods. The new apparatus consists of a suspension
system (¢.g., coiled tubing, jointed tubing, clectric line, wireline, etc.) with a
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bottomhole assembly comprised of a select-fire perforating gun system and & re-
scttable packer sealing element as shown conceptually in Figure 1 and designed for
the enticipated wellbore environment and loading conditions. As shown conceptually
in Figure 2, the new method involves sequentially select-fire perforating and then
stimulating the individual zones from bottom to top of the completion interval, with
the stimulation fluid pumped down the annular space between the production casing
and the suspension system. As discussed further below, this new apparatus and
method offer substantial improvements over existing coiled-tubing and jointed tubing
stimuiation technology and are applicable over a wide range of wellbore architectures
end stimnlation treatment designs.

The prosent invention provides a new method for perforating and stimulating
multiple formation intervals, which allows each single zone to be treated with an
coiled tubing systems es identified above. The invention involves individually and
sequentially perforating and treating each of the desired mmltiple zones while
pumping the multiple stages of the stimulation treatment and deploying & mechanical
re-scttable diversion device to provide controlled diversion of each individual
treatment stage.

Specifically, a prefared embodiment of the new method involves the
following steps, where the stimnlation job is chosen, for descriptive purposes, to be a
multi-stage hydrmulic proppant fracture stimulation:

1. The well is drilled and casing cemented across the interval to be

completed;

2. The target zones within the completion interval are identified (typically
by a combination of open-hole and cased-hole logs);

A Waprhiouat Appiscutn | dan
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3. A reel of cailed tubing is made-up with a special bottom-hole assembly
(BHA); '

4. The BHA consists of a select-fire perforating gun system with cazing-
collar-locator, flow ports, and a mechanical re-settable sealing device where
the perforating gun system has been designed based on knowledge of the
number, location, and thickness of the hydrocarbon-bearing sands within the
target 2ones;

5. The coiled tubing with BHA is run into the well via a lubricator system
and the coiled tabing injection head is suspended by crane or rig above the
wellhead,;

6.  The coiled tubing/BHA is run to the bottom-most target zone such that
the first st of perforation charges contained on the select-fire perforating gun
system are Incated directly across the bottom-most target zone where precise
depth control is established besed on readings fram the casing-collar-locator
and coiled tubing odometer systems;

7. The first set of perforation charges are selectively-fired by remote
actuation and penpetrate the casing and cement sheath to establish hydraulic
communication with the formation; .

8.  Thecoiled tubing may be moved to position the top of the re-settable
maechanical sealing device directly below the deepest perforation of this first
target zone (to minimize potential for proppant fill above the sealing device);

9. The re-settable mechanical sealing device is actuated to effect a
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10.  The first stage of the fracture stimulation treatment is initiated with
fluid pumped down the annulus between the coiled-tubing and production
casing at fracture stimulation rates; also, static hydmulic pressure can be
maintained inside the coiled tubing to resist its collapse.

11.  Atthe end of the first stage of the stimulation treatment, the sealing
device is actuated to disengage the seal and ellow the coiled tubing/BHA to be
moved. Should proppant fill above the sealing device occur that prevents the
coiled tubing/BHA from immediate movement; fluid can be either reverse-
circulated or forward-circulated to wash-over and clean-out the proppant to

12,  The coiled tubing/BHA is then pulled uphole to the second deepest
target zone such that the second set of perforation charges contained on the
sclect-fire perforating gun system are located directly across the second
deepest target zone where again precise depth control is established based on
readings from the casing-collar-locator and cailed tubing odometer systems;

13.  The second set of perforation charges are selectively-fired by remote
actuation and penetrate the cssing and cement sheath to establish hydraulic
communication with the formation; The coiled tubing may be moved to
position the top of the re-settable mechanical sealing device directly below the
deepest perforation of this second target zone (to minimize potentisl for
proppant fill above the sealing device);

14.  The re-scttable mechanical sealing device is actuated to effect a
hydraulic seal above and below the sealing device;

15.  The second stage of the fracture stimulation treatment is initiated with
fluid pumped down the amulus betweea the coiled-tubing and production
casing at fracture stimulation rates;
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16.  The eatire process as described in Step 11 through Step 15 is repeated
until all of the zones are individually-stimulated;

17.  Upon completion of the stimulation process, the coiled tubing/BHA
assembly is removed from the wellbore;

18.  The well can be immedistely placed on production with the
hydrocarbon stream turned to sales.

It will be recognized by those skilled in the art that the preferred suspension
method when proppant-laden fluids are involved would be conventional tubing or
coiled tubing, preferably with one or more circulstion ports so that proppant settling
in the wellbare could easily be circulated out of the wellbore. Treatments such as acid
fracturing or matrix acidizing may not require such a capahility and could generally be
performed with a suspension system based on electric line or wireline.

Depending on the suspension system used end the objectives of a particular
job, perforating guns and any other desired equipment may be positioned either above
or below the resettable sealing device. The suspension system itself, whether it be
wireline, electric line, coiled tubing, or conventional tubing msy be used to canvey
signals to activate the sealing device and/or perforating device. It would also be
possible to suspend such signaling means within conventional or coiled tubing used
suspend the sealing and petforating devices themselves. Alternatively, the signaling
means, whether it be electric, hydraulic, or other means, could be ran in the hole
extemally to the suspension mesns ar even housed in or comprised of one or more
separate strings of coiled or conventional tubing.

Several major technological and economic benefits are immediately derived
from application of this new invention. Reducing the friction pressure limitations
allows treatment of deeper wells and reduces the requirement for special fractare fiuid
formulations. Friction pressure limitations are reduced or eliminated since the fluid is

AVvavhis Applicuies | tes

-
\dl



st S5 T REBURE] i .. . . e e e “- W
42

-12-

pumped down the annulus between the coiled tubing or other suspension means and
production casing. Sinoe friction pressure is drastically reduced from that experienced
with pumping down coiled tubing, well depths where this technique can be applied are
subgtantially increased. For example, essuming 1-1/2 inch coiled tubing deployed ina
5  5-1/2 inch outer diameter 17 pound per foot casing, the cffective cross-sectional flow
area is approximately equivalent to a § inch outer diameter casing string. With this
effective cross-sectional flow area, well depths on the order of 20,000 fieet or greater
could be readily treated and higher pomp rates (e.g., on the order of 10 to 30 barrels
per minute or more) can be achieved for effective proppant transport and hydranlic
10  fracturing.

Since the fluid is pumped down the annulus (the flow path possesses greater
equivalent flow area) conventional fractaring fluids can be used, as opposed to special
low-viscosity fluids such as Dowell-Schiumberger's ClearFrac™ fluid (used to reduce
friction preasure drop through coiled tubing). The use of conventional fracturing fluid

15  technology then enables treatment of formations with temperatures greater than 250
*F, which is currently the degradation limit for ClearFrac™ fluid.

The sealing device used could be an inflatsble device or a currently available
mechanical re-settable packer, Mechanical re-settable packers exist that provide
substantial clearance betwoen scals and casing weli (Le., on the order 0£0.10 - 020

20 inches) such that seal wesr and tear will be drastically reduced or eliminated
altogether. In preferred embodiments of this invention, there would be sufficient
clearancs between the scaling devico in its deactivated state and ths casing wall to

. allow rapid movement into and out of the wellbore without significant dsmage to the
sealing device. The seal technology using mechanical re-settable packers that -

25 provides clearance between the seal surface and the casing wall (when the seal is not
actuated) would also allow the coiled tubing/BHA to be tripped in and out of the hole
at much faster speeds than currently existing coiled tubing systems.

ONSTE0" L3928T09

Other advantages of the inventive apparatus are as follow:
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1. Since the perforating gun is deployed simultancously with the
coiled tubing and resettable sealing device all components can be depth
controlled at the same time by the samo measurement standard. This
climinates depth control problems that existing coiled tubing systems
possess when perforation operations and stimulation operations are
performed using two different measurement systems at two different times
and wellbore trips. Very precise depth control can be achieved by use of a
casing-collar-locator, which is the preferred method of depth control.

2 The gross height of each of the individual perforated target
intervals is not limited. This is in contrast to the problem that existing
coiled tubing systems possess using a straddle-packer like device that
limits epplication to 15 - 30 feet of perforated interval height.

3. Since permanent bridge plugs are not used, the incremental cost
and wellbore risk associated with bridge plug drill-out operations is
climinated.

4. Itis possible that the coiled tubing string used for the stimulation
job could be hung-off in the wellhead and used as the production tubing
string, which would result in significant cast sxvings by eliminating the

need for rig mobilization to the well-site.

5. The sequence of zones to be treated can be precisely controlled.
As 2 result, prior to pumping the treatment, the design of individual
treztment stages can be optimized based on the characteristics of each
individual zone. For example, in the case of hydraulic fracturing, the size
of the fracture job and various treatment parameters can be modified to
provide the most optimal stimulation of that zone.
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6. The potential for sub-optimal stimulation because multiple zones
are treated simultanecusly is essentially eliminated by having only one
open set of perforations above the re-settable packer. For example, in the
case of hydreulic fracturing, this invention may minimize the potential for
overflush or sub-optimal placement of proppent into the fractore.

7. The cntire treatment can be pumped in a single trip, resulting in
significant cost savinga aver other techniques that require wirelins or rig
work to trip in end out of the hole in between treatment stages.

8. The invention can be spplied to multi-stage treatments in deviated
and horizontal wellbores. Typically, other conventional diversion
technology in devizted and horizontal wellbores is more challenging
because of the natore of the fluid transport of the diverter material over the
long intervals typically associated with deviated or horizontal wellbores.

9. Should a screen-out occur during the fracture treatment, the
invention provides a method for sand-laden fluid in the annulus to be
immediately circulated out of the hole such that stimulation operations can
be recommenced without having to trip the coiled tubing/BHA out of the
hole.

10.  Should a problem occur such that the treatment must be
teyminated, the up-hole zones to be stimulated have not been
compromised, since they have yet to be perforated. This is in contrast to
conventions] coiled tubing stimulation methods, where all perforations
must be shot prior to the job. Should the conventional coiled tabing job
fail, it may be extremely difficult to effectively divert and stimulate over a
long completion interval.
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11.  Since only one set of perforations would be open above the sealing
element in this invention, fluid can be forward-circulated or reverse-
circulated without the poasibility of breaking down the other multiple sets
of open perforations above the top sealing element as could occur in the
conventional coiled tubing job. This can minimize or eliminate fluid loss
and damage to the formation when the bottomhole circulation pressure
would otherwise exceed the formation pore pressure.

12 The presence of the coiled tubing system provides a means to
measure bottomhole pressure after perforating or daring stimmlation
operations based on pressure calculations involving the coiled tubing
string wnder shut-in (or low-flow-rate) conditions.

13.  The presence of the coiled tubing system provides a means to
inject fluid downhole independently from the fluid injected in the anmilus,
This may be useful, for example, in applications such as: (a) keeping the
BHA sealing device end flow ports clean of proppant accumulation (that
could possibly cause tool sticking) by pumping fluid downhole et a
nominal rate to clean off the sealing device and flow parts; (b) downhole
mixing applications (as discussed further below under "Techmology
BExtensions™); and (c) spotting of acid downhole during perforating to aid
perforation hole clean-up and communication with the formation.

14.  The coiled tobing system can allow controlled flowback of
individual treatment stagea to aid clean up and proppant placement by
providing the ability to obtain "forced-closure” of the fracture.

15. Operational safety may be improved over other techniques that
involve direct personnel exposure to live perforating charges and
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wellhead/lubricator assembly/disassembly operations during high-pressure

The perforating gun system may be comprised of commercially-gvailable gun
systems, These gun systems could include what will be referred to herein as a "select-
firc” system such that a single perforation gun assembly is comprised of multiple
charges or sets of perforation charges in which each individual charge or set of
perforation charges can be remotely controlled and fired from the surface by use of an
electric, hydmulic, or other signal. Each set of perforation charges can be designed
(number of charges, number of shots per foot, hole size, penctration characteristics)
for optimal perforation of the individual zone that is to be treated with an individoal
stage. With current select-fire gun technology, commercia! gun systems exist that
could allow an the order of 30 to 40 intervals to be perforated sequentially in a single
downhole trip. Guns can be pre-sized and designed to provide for firing of multiple
sets of perforations.

In order to minimize the tota] length of the gun system and BHA, it may be
desirable to use multiple (two or more) charge carriers vniformly distributed around
and strapped, welded, or otharwise attached to the coiled tubing. For example, if it
‘were desired to stimulate 30 zones, where each zone is perforated with a 4-ft gun, &
gingle gun assembly would result in a total length of spproximately 150 feet, which
may be impractical to handle at the surface. Alternatively, two gun assemblies
located opposite one another on the coiled tubing conld be deployed, where each
assembly could contein 15 guns, and total length could be approximately 75-feet,
which can readily be handled at the surface with existing lubricator and crane systemas.

An cxample of the type of surface equipment that could be utilized in the
proposed operation would be a rig up that used a very long lubricator with the coiled
tubing injector head high in the air and supported by a crane and mnitiple guy lines.
The height to the top of the injector head could be approximately 90 feet with the
"goose-neck" (where the coil is bent aver to go down vertically into the well)
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approaching approximately 105 fect above the ground. The crane would support the
Ioad of the injector head, the coil, and eny necessary fishing operations (jarring and
pulling). In the present invention, the coiled tubing/BHA assembly could be run into
the hole using a similar surface equipment rig-up. The stimulation fluid would be
pumped into the coiled tubing by production casing anmulus by hooking up the
stimulation piping to the side outlct valves of the wellhead.

An alternative arangement for the perforating gun or guns would be to hang
one or more guns below the coiled tubing. There counld be two or more separate gun
assemblies attached in such & way that the cherges were oriented away from the other
assembly or assemblies. It could also be a single assembly with charges loaded more
densely and firing mechanisms designed to simultaneously fire only a subset of the
charges within a given interval, perhaps all at a given phase orientation.

Altexrnative embodiments for application of this invention intlude, but are not
limited to, the following:

L Abrasive water-jet cutting technology could be deployed as the
perforating device. The use of coiled tubing or jointed tabing provides a
flow conduit down the center of the tubing. Abrasive water-jet cutting
technology could be applicd with water-jet culting nozzles installed in the
bottom-hole portion of the coiled tubing. High-pressure high-velocity
abrasive fluid would be pumped downhole through the coiled tubing and
through the nozzles. The abrasive fluid would then cut thyough the casing
wall, cement sheath, and penetrate the formation to provide flow path
communication to the formation. Arbitrary distributions of holes and slots
could be placed using this method throughout the completion interval
during the stimulation job. This technology extension would replace the
select-fire perforating gun system using conventionsl charge technology.
Elimination of the conventional perforating gun system would
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substantially reduce the height requirement for the surfece lubricator
aystemn.

2, Sealing devices could include mechanical re-settable packer
devices, inflatable packers, cups, or other mechanical devices that provide
effective hydraulic isolation and are re-settable. Altematively, the device
could be used with a mechanical device that does not provide perfect
hydraulic seal and retains a amall gap around the circumference of the
device. This small gap could be sized to provide a sealing mechanism (if
desired) whereby proppant bridges acroas the small gap and provides a
seal (if desired) that can be removed by fiuid circulation.

3. Shallow offect wells with surfisce slips could be drilled to provide a
vehicle whereby additional BHA's can be made-up in the vertical position,
and thus be safely and rapidly picked-up for continnous stimulation
operations with minimal downtime;

4, ‘The BHA could contsin a downhole motor to provide
rotation/torqus to accommodate actuation of mechanical sealing devices
requiring rotation/torque for actuation. In addition, this motor, in
conjunction with an orienting device (e.g., gyroscope or compass) could
allow oriented pesforating such that pexforation holes are placed in &
preferred compass direction.

5. Downhole instrumentation gauges for measurement of well

conditions (casing collar locator, pressure, temperature, and other .
measurement gauges) for real-time downhole monitoring of stimulation

job parameters, reservoir propesties, and/or well performance could be
deployed as part of the BHA.
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6. In addition to the re-settable mechanical diversion device, other
diversion material/devices could be pumped downhole in the tubing-by-
casing anmuius during the treatment including, for example, gel systems,

5 additional diversion material could be used to help minimize the duration
of the stimulation treatment as some time savings could be realized by
reducing the number of times the mechanical diversion device is set, while
still achieving diversion capabilitics over the multiple zones. For example
in a 3,000 foot interval where individual zones nominally 100 feet apart

10 are to be treated, it may be desirable to use the resettable mechanical
diversion device working in 500 foot increments uphole, and then divert
each of the six stages with a diverting agent carried in the treating fluid.
Alternatively, limited entry techniques could be used for multiple intervals
a3 a subset of the gross interval desired to be treated. Either of these

15 variations would decrease the number of mechanical sets of the
mechanical diversion device and may extend its effective life.

7. The presence of the coiled tubing string allows for deployment of
downhole mixing devices and applicstion of downhole mixing technology.
Specifically, the coiled tubing string can be used to pump chemicals

20 downhole and through the flow ports in the BHA to subsequently mix with
the fluid pumped in the coiled tubing by production casing ennulus. For
cxample, during a hydrsulic fracturing treatment, it may be desirable to
pump nitrogen downhole in the coiled tubing and have it mix with the
treatment fluid downhole, such that nitrogen-assisted flowback can be

25 accommodated.

0057¥20" £89288709

8.  Multiple stage hydmulic fracturing of multiple zones.

9. Multiple stage acid fracturing of multiple zones.
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10.  Multiple stage matrix acidizing of multiple zones.

11.  Treatments of vestical, devisted, or horizontal wellbores. For
example, the invention provides a method to generate multiple vertical (or
somewhat vertical) fractures to intersect horizontal or devisted wellbores.
Such a technique may enablo economic corapletion of multiple wells from
a single pad location, in fields that would otherwise be uneconomic to
develop.

12.  Treatment of a multi-lateral well could be performed wherein the
deepest lateral is trested first; then a plug is set or sleove actuated to isolate
this Iowest lateral; the next up-hole lateral is then treated; snother plug is
set or sleeve actuated to isolate this lateral; and the process repeated to
treat the desired number of laterals within a single welibore.

Although the embodiments discussed above are primarily related to the
beaeficial effects of the inventive process when applied to hydraulic fracturing
processes, this should not be interpreted to limit the claimed invention which is
applicable to any situation in which perforating and performing other wellbare
operations in a single trip is bepeficial. Those skilled in the art will recognize that
many variations not specifically mentioned in the exemples will be equivalent in
fanction for the purposes of this invention.
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‘What we claim is:

1. A method for perforating and treating st least one interval of a wallbore
penctruting a subterrancan fonmation substantiaily as is described and cisimed herein,

2. A bottom-hole assembly for perforating and trezting at least one interval of
wellbore penetrating a subterranean formation substantially as is described and
claimed herein.

i A method for porforating and treating at least anc interval of a wellbore
penetrating a subterranean formation, said method comprising the steps of:

a) suspending a perforating means and & resettable sealing device in
said wellbore;

b) perforating a first imterval using said perforating means to create
perforations allowing communication between said subterranean
formation and said wellbore;

¢) positioning said resettsble sealing device below said perforated
interval;

d) pumping a trestment fuid through said wellbore into said
perforations;

¢) roleasing said resettable sealing device; and

f) repeating steps b through o for a3 many intervals as desired,
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ABSTRACT

This invention pravides a method for perforating and tresting at least one
interval of a wellbore penetrating a subterrancan formation, by suspending a
perforating means and a resettable sealing device in the wellbore, perforating a first
interval, positioning the sealing device below the perforated interval, pumping a
and repeating these steps for as many intervals as desired.
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LY

. REIVINDICACIONES

1. Un método para perforar y tratar intervalos

miltiples de una o mas formeclones subterrédneas interceptadas

por una perforaclidn de pozo, donde el método comprende:

(a)

(b}

(c)

(d)

{e)

Despliegue de un bottom-hole assembly ("BHA") & partir
de una sarta de entubamlento dentro de las menclonadas
perforaciones de pozo, donde el mencionado conjunto BHA
tlene un dispoeitive de perforacién y un mecanismo de

sellado:

el uso del mencionado dispositivo de perforacidn para
rerforar por lo menos un intervalo de una o mas de las

formaciones subterrdneas;

posicionamiento del BHA mencionado dentro de 1las
perforaciones mencionadas de pozo y activacién del
mecaniemo de sellado, con el fin de establecer un sello
hidréulico por <debaJo del mencionado intervalo

prerforado;

bombeo de un fluido de tratamiento por debalo del anillo
ubicado entre la sarta de entubamiento y la perforacién
de pozo y dentro de las perforaciones creadas por el
mencionado dispositivo de perforacidén, sin retirar dicho
diepoelitivo que se encuentra unido a la mencionada

perforacitn del pozo:

liberaclién del mecaniemo de sellado: y
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(f) repeticlén de los pasos (b) hasta (e) por espaclo de . un
intervalo adicional como minimo de la mencionada

formacion subterrdnea o de varias de éstas.

2. El método descrito en 1la Relvindicacién 1 donde la

sarta de entubamientc se presenta en forma embobinada.

3. El método descrito en la Relvindicaclén 1 donde la

garta de entubamiento es un entubado unido.

4. El método descrito en la Reivindicacién 1 donde el
ensamble mencionado BHA comprende ademds un localizador de

cuello de casing.

5. El método descrito en la Reivindicaci6én 1 donde el
dispositivo de perforacién es una pistola de perforado de
seleccién de fuego Qque contiene maltiples sets de una o
varias cargas de perforacldén moldeadas, donde cada una de
estas materlas o sets correspondientes a una o varias cargas
de perforacién moldeadas Bson controladas y activadas
individualmente por una sefial 6ptica o eléctrica transmitida
por medio de un cable que se instala en 1la perforecién del

POZO.

6. El método descrito en la Reivindicacién 1 donde el
mencionado dispositivo de perforacifn es un elemento de corte
@ chorro que utiliza un fluido bombeado hacia abajo de la
mencionada sarta de entubamiento con el fin de establecer una
comunicacién hidréulica entre 1la mencionada perforacién del

pozo y el intervalo o© intervalos de tales formaciones

h
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subterrdneas.

7. El método descrito en 1la Reivindicacién 1 donde el
fluido de tratamiento también se bombea hacia la mencionada
sarta de entubado, a través de los puertos de flujo de dicho

conjunto BHA, v hacia el interior de tales perforaclones.

8. El método descrito en la Reivindicacién 1 donde hay
un segundo fluido de tratamiento que se bombea hacila abajo de
la mencionada sarta de entubamiento, a través de loe puertos
de flujo en el conjunto mencionade BHA, ¥y hasta colocarse

dentro de las perforaciones.

9. El método descrito en 1la Relvindicecién 8 donde

este segundo fluido de tratamiento es nitrégeno.

10. El1 método descrito en la Relvindicaclén 1 donde

este mecanismo de sellado es un empaque re-acondicionable.

11. El método descrito en la Relivindicacién 1 donde el
mencionado fluldo de tratamiento ese un compuesto acuosc de

material propulsor "proppant' liquido portador.

12. El1 método desecrito en 1la Relvindicacién 1 donde
este fluldo de tratamiento no contiene el mencionado material

propulsor "proppant'.

13. El método descritec en la Reivindicacién 1 donde el

menclonado fluido de tratamiento es una solucién dcida.
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14. E1 método descrlto en la Reivindicaclidn 1 donde

eete fluido de tratamiento es un solvente orgéinico.

15. El método descrito en la Relvindicacién 1 donde el
mencionado método comprende ademés el paso de desplegar por
lo menos un agente de diversificacién antes de 1liberar el
mecanismo de sellado que se menciona, dentro 1la perforacidn
del pozo con el fin de bloquear algin flujo posterior del
fluido de tratamiento dentro de las mencionadas

verforaciones.

18. El método descrito en la Relvindicacién 15 donde
dicho agente de dispersién aplicado en 1la perforacién del
pozo se seleccliona a partir del gdrupo conformado por
particulas, gels, fluldos viecosos, espumas y sellantes de

cola.

17. El1 método descrito en 1la Reivindicacldn 1 donde
eate mecanismo de sellado es acclonado por presién hidrdulica
que 8e transmite deede la superficie a través de un

umbilical.

18. El1 método descrito en 1la Relvindicacién 1 donde
este dispositivo de perforacién es acclonado por presién
hidrédulica que se transmite deede la superficie a través de

un umbilical,

19. El método descrito en 1la Relvindicacion 1 donde el
mencionado diespoesitivo de perforacién es acclonado por

rreeidn hidrdulica que se tranemite desde 1la superficie a
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través de la mencionada perforacién del pozo.

20. El método descrito en la Relvindicaclién 1 donde el
mencionado dispositivo de perforaclén es acclonado por
rresidn hidréulica gue se transmite desde 1la superficie a

través de la mencionada sarta de entubado.

21. Un método para perforar vy tratar intervalos
miltiples de una o mas formaciones subterrdneas interceptadas

por una perforacién de pozo, donde el método comprende:

(a) Despliegue de wun bottom-hole assembly ("BHA") que
utiliza un medio de despliegue dentro de las mencionadas
perforaciones de pozo, donde el mencionado conjunto BHA
tiene un dispositivo de perforacién y un mecanismo de

sellado;

{by el posicionamiento del mencionado dispositivo de
perforacion adyacente al intervalo que deba perforarse y
el uso de este diepositivo de perforaclidn con el fin de

perforar el intervalo mencilonado;

(c) vposiclionamiento del EHA nmencionado dentro de las
perforaciones mencionadas de pozo y el accionamiento del
mecanismo de sellado, con el fin de establecer un sello
hidrdulico por debajo del mencionado 1intervalo

perforado:;

(d) el bombeo de un fluido de tratamiento hacla abajo del

menclonado anillo entre los medios de suspensién y la

\gu
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perforacién de pozo y dentro de las perforaclones
creadas por . el mencionado dispositivo de perforacién,
Bin retirar dicho diesposlitivo que se encuentra unido a

la mencionada perforacién del pozo;

(e) llberacién del mecanismo de sellado; y

(f) repeticién de loes pasos (b) hasta (e) por espacio de un
intervalo adicional como minimo de 1la mencionada

formacién subterrdnea o de varias de éstas.

22. El método descrito en la Reivindicacién 21 donde el
mencionado mecanismo de despliegue Be selecciona a partir del
grupo conformado por un cable de perforacioén "wireline", una

linea resbaladiza "slickline" y un cable.

23. El método descrito en 1la Reivindicacién 21 donde

dicho mecanismo de despliegue o8 una sarta de entubado.

24. El método deecrito en 1la Reivindicaciédn 23 donde

esta sarta de entubado es de forma de espiral.

25. El método descrito en la Reivindicacién 23 donde

esta sarta de entubadc consiste en una unién de tubos.

26. El método descrito en la Relvindicaciédn 23 donde
este fluido de tratamiento es bombeado hacia la sarta de
entuba. a través de los puertos de fluJo en el BEHA, hasta

ubicarse dentro de las perforaciones.
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27. El método descrito en la Reivindicacién 26 donde
este fluldo de tratamientc también es bombeado hacia el
anillo que estd ubicado entre la menclonada sarta de entubado

v la menclonada perforacién del pozo.

28. El método deecrito en 1la Reivindicacién 24 donde
eate fluldo de tratamiento es bombeado hacia el anillo gque
estd ubicado entre la mencionada sarta de entubado y 1la

perforacién del pozo.

29. El método descrito en 1la Relvindicaclén 21 donde

este mecanismo de ssllado es un empaque reconfigurable.

30. El método descrito en la Reivindicaclién 21 donde
este fluido de tratamiento es una solucién acuosa de un

materisl propulsor "proppant” y un fluido portador.

31. El método descrito en la Reivindicacién 21 donde
este fluido de tratamiento no contiene el mencilonado material

propulsor “proppant”.

32. El1 método descrito en la Reilvindicacién 21 donde

este fluldo de tratamiento es una solucién &cida.

33. El método descrito en 1la Relvindicacién 21 donde

este fluido de tratamiento es un solvente orgénico.

34. El método descrito en la Reivindicacién 21 donde el
mencionado dispositivo de perforacién es una pistola de

perforacién de selecclén de disparo gue contiene multiples
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sets de una o mae cargas conformadas de perforacién, donde
cada uno de estos sets de una o mas cargas conformadas de
perforacién es controlada y activada individualmente por una
sefial eléctrica u d6ptica transmitida a través de un cable

inetalado en.la perforacifn del pozo.

35. El método descrito en la Relvindicacién 21 donde
este dispositivo de perforacidn es scclonado por presion
hidréulica que 8e tranamite desde la superficie a través de

l1a mencionada perforacidn del pozo.

38. El método descrito en la Reivindicaclén 23 donde
este dispositive de perforacién es accionado por presién
hidrdulica que Be transmite desde la superficie a través de

la mencionada sarta de entubado.

37. El método descrito en 1la Reivindicacién 23 donde
este dispositivo de perforaci6n es un mecaniemc de corte a
chorro gque utiliza el fluido bombeado haclia abajo de la
mencionada sarta de entubamiento, con el fin de establecer
comunicacién hidréulica entre la mencionada perforacién de
pozo ¥y el intervalo o intervalos de tales formaciones

subterrédneas.

38. El método descrito en la Relvindicacién 21 donde
dicho método comprende el paso de desplegar antes de liberar
el mecanismo de sellado, por lo menos un agente de disperalén
dentro de la mencionada perforaclén del pozo con el fin de
blogquear aun mas el flujJo del 1liquido de tratamiento dentro
de tales perforaciones.

TRAD
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39. El método descrito en la Reivindicaci6én 38 donde
este agente de dispersién desplegado dentro del mencionado
pozo perforado se eelecciona a partir del grupo conformado
por particulas, gels, fluldos viscoeos, espumas y selladores
de bola.

40. Un sistema para tratamiento de estimulacién gque se
utiliza en el perforacién y tratamiento de intervalos
miltiples de wuna o varlas formaciones subterréneas
interceptadas por una perforacién de pozo, donde dicho

sistema comprende:
(a) un ligquido de tratamiento;

(b) una sarta de entubado desplegada al intericr de dicha

perforaclién de pozo:

{c) un conjunto de bottom-hole assembly (BHA) que se instala
con dicha sarta de entubado, donde el BHA tiene por lo
menoe un dispoeitivo de perforacién, con el £fin de
perforar secuencialmente tales intervalos miltiples, mas
un mecanismo de sellado. donde el BHA es capaz de
posiclonarse dentro de la mencionada perforacién del
pozo. con el fin de permitir el acclonamiento de tal

mecanismo de perforacién y del mecanismo de sellado;

(d) el mecanismo de sellado capaz de establecer un eello
hidrdulico por encima y por debajo del mecanismo de
sellado, v que ademédes es capaz de liberar dicho sello

hidrdulico con el fin de permitir que el mencilonado

13



conjunto BHA se desplace hacla un sitlo distinto dentro
del pozo perforado, permitiendo de esta manera que cada
unc de 1los intervalos del tratamiento mGltiple
mencionado se trate con el liquido de tratamiento ya
mencionado en forma eeparada de los demds intervalos de

tratamiento.

41. El sistema descritoc en la Relvindicacldén 40 donde

epta sarta de entubado tiene forma de eepirsl.

42. El plstema descritoc en la Relvindicacidn 40 donde

esta sarta de entubado consiete en una uniéon de tubos.

43. El slstema descrito en la Reivindicacién 40 donde
el mencionado sistema BHA comprende ademds un localizador de

cuello de casing.

44. El sistema descrito en la Reivindicacién 40 donde
este dispoeltivo de perforaclén es una pistola de seleccidn
de disparo que contiene miltiples sets de una o mas carges
conformadas de perforacién, cada una de las cuales es
controlada y activada individualmente por una sefial 6ptica o
eléctrica que se tranemite a través de un cable 1instalado

dentro del pozo perforado.

45. El sistema descrito en la Reivindicacién 40 donde
este dlspositivo de perforacién es accionado por presién
hidriulica que se transmite desde la supérficie hasta 1la

menclonada perforaciétn del po=zo.
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486. El sistema descrito en la Reivindicacidén 40 donde
este dierositivo de perforacién es accionado por presidn
hidrédulica que Be transmite desde la superficie a través de

la menclonada sarta de entubado.

47. El slstema de 1la Relvindicacién 44 donde este
dispositivo de perforacion es un elemento de corte por chorro
que utiliza fluldo que se bombea hacia la sarta de entubado
con el fin de establecer una comunicacién hidrédulica entre el
pozo perforado y uno o varioe de los intervalos de las

formaciones subterrdneas antes mencionadas.

48. El slstema descrito en 1la Relvindicacién 40 donde

este mecanismo de mellado es un empaque reconfligurable.

49. El sistema descritc en la Reivindicacién 40 donde
este fluldo de tratamiento es una solucidri acuosa de un

material propuleor "proppant" y un flulde portador.

50. El sistema descrito en la Relvindicacién 40 donde
este fluldo de <tratamiento ee un liquido aue nc contlene

material propulsor "proppant”.

51. El sistema descrito en la Relvindicaclilén 40 donde

este fluldo de tratamientoc ss8 una soluclén Acida.

52. El sistema descrito en la Relvindicacidn 40 donde

epste fluldo de tratamiento es un solvente orgénico.

g
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53. Un aparato que se utiliza en perforacién vy
tratamiento de intervalos miltiples de una o mas formeciones
subterréneas interceptadeae por un pozo perforado, donde el

aparato comprende:

(a) un conjunto de bottom-hole assembly (BHA), adaptado para
que se instale dentro de la perforacién del pozo
mediante un elemento de despliegue, donde el BEHA tlene
por lo menos un dispositivo de perforacién para perforar
en forma secuencial los mencionados intervalos miltiples

¥y por lo menos un mecaniemo de sellado; y

(b) el mecanismo de sellado mencionado que es capaz de
eatablecer un sello hidrédulico dentro de la mencionada
rerforaci6n del pozo, v que es ademés capaz de liberar
este sello hidrdulico con el fin de permitir que dicho
BHA se desplace hacla un sitio distinto al interior del
rozo perforado, permitiendo asi que cada uno de los
intervalos miltiples de tratamlento sean separadamente
tratados con respecto de los demds 1intervalos de

tratamiento.

54. El aparato descrito en la Relvindicacién 53 donde

tal mecanismoc de suspensién es una sarta de entubado.

£5. El aparato descrito en la Reivindicacién 54 donde

esta sarta de entubado tiene forma de espiral.

58. El aparato descrito en la Relvindicaclén 54 donde

eeta sarta de entubado conelste en unién de tubos.
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57. El sparato desecrito en la Relvindicacién 53 dondée
este mecanismo de suspensién se selecclona a partir del grupo
conformado por un cable de perforacidén "wilreline”, linea

resbaladiza “slickline" y cable.

58. El aparato descrito en la Relvindicaecién 53 donde

el BHA comprende ademés un localizador de cuello casing.

589. El aparato descrito en la Reivindicecidn 53 donde

este mecaniemo de sellado er un empague reconfigurable.

60. E1 aparato de la Reivindicecién 53 donde este
dispositivo de prerforaciénm es una pistola de seleccién de
disparc que contiene miGltiples sets de una o varias cargas de
perforacién conformadas, donde cada uno de los sets de una de
eBtas cargas es controlada y activada individualmente por una
esefial eléctrica que se transmite por medio de un cable de

perforacién "wireline"” instalado en el pozo perforado.

61. El aparato descrito en 1la Reivindicacién 53 donde
este dleposlitivo de perforaclén es accionado por presién
hidréulica qus se transmite desde 1la superficle a través de

la mencilonada perforaclién del pozo.

82. El aparato descrito en la Reivindicacién 54 donde
dicho dispositivo de perforacién ees acclonado por presién
hidrdulica ee transmite desde la superficie a través de la

menclionada sarta de entubado.
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63. El aparato descrito en la Reivindicacién 54 donde
el mencionado dispoeitivo de perforacién es un elemento de
corte por chorro que utiliza el fluido bombeado hacia dicha
sarta de entubado, con el fin de establecer comunicacién
hidrédulica entre el pozo perforado y uno o varios de los

intervalos de tales formaclones subterréneas.

64. Un aparato que 8e utiliza en 1l1la perforacién vy
tratamiento de intervalos miltiples de una o varias
formaclones subterréneas que se interceptan por medlio de una

rerforacién de pozo, donde el aparato comprende:

(a) un conjunto de bottom-hole assembly, gque tiene por lo
menos un dispositivo de  perforacién para perforar
secuenclalmente +tales intervalos mGltiplee, y por lo
menos un mecanismo de sellado, ¥y al menos un dispositivo

de transaccidn;

(b) este dispositivo de transacclén es capaz de posicionar
el mencionado BHA en diferentes posiciones dentro del

vozo perforado; ¥y

{(c) el mencionado dispositivo de s8sellado gque es capaz de
establecer un sello hidrdulico dentro de dicha
verforacién de pozo, y que ademds estd en condicilones de
liberar tal sello hidréulico con el fin de permitir que
el BHA ee desplace a una posicién distinta al interior
de la mencionada perforacién, permitiendo de esta manera
que cada uno de estos intervalos miltiples de

tratamiento sean tratados por separado con respecto de
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los demés intervalos de tratamliento.

65. El aparato de la Reivindicacién 64 donde el BHA

comprende ademés un localizador de cuello de casing.

66. El aparato descrito en la Reivindicacién 64 donde

este mecaniemo de sellado es un empaque reconfigurable.

87. El aparato descrito en la Reivindicacién 64 donde
eate dispositivo de perforaclién es una pilstola de seleccidn
de disparo gue contlene miltiples sete de una o varias cargas
de perforaci6n, donde cada uno de estos sets se controla y
activa individuvalmente por medic de eefial eléctrica
tranemitida por un cable de perforaciétn "wireline"” que se

despliega en el pozo perforado.

688. El aparato descrito en la Relvindicacién 64 donde
este dleposlitivo de perforacién es acclonedo por presién
hidrédulica que s8se transmite desde la superficie a través de

la perforacién del pozo.

La anterlor es Traduccién Oficlal de un documento presentado
originalmente en 1inglées. Esta traduccién fue realizada por
GABRIEL RUEDA CHADID (Traductor Oficlal). Resolucién 5896 del

Minjusticia, vor lo cual estampo mi Sello y Firmo.

Bogotd D.C., Mayo 3 del 2001.
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METHOD AND APPARATUS FOR STIMULATION OF MULTIFLE
FORMATION INTERVALS

EIELD OF THE INVENTION
This invention relates generally to the field of perforating and treating
subterranean formations to increase the production of oil and gas therefrom More
specifically, the invention provides an apparsius and a method for perforating and
treating muitiple intervals without the necessity of removing equipment from the
wellbore between steps or stages.

BACKGROUND OF THE INVENTION

When a hydrocarbon-bearing, subterranean reservoir formation does not have
enough permeability or flow capacity for the hydrocarbons to flow to the surface in
economic quantities or at optimum rates, hydraufic fracturing or chemical (usually
acid) stimulation is often used to increase the flow capacity. A wellbore penetrating a
subterranean formation typically consists of a metal pipe (casing) cemented into the
original drill hole. Holes (perforations) are pleced to penetrate through the casing and
the cement sheath surrounding the casing to allow hydrocarbon flow into the wellbore
and, if necessary, to allow treatment fluids to flow from the wellbore into the
formation.

Hydraulic fracturing consists of injecting fluids (usually viscous shear thinning,
non-Newtonian gals or emulsions) into a formation at such high pressures and rates
that the reservoir rock fails and forms a plane, typically vertical, fracture (or fracture
network) much like the fracture that extends through a wooden log as a wedge is
driven into it. Gramular proppant material, such as sand, ceramic beads, or other
materialy, is generally injected with the later portion of the fracturing fluid to hold the
fracture(s) open afier the pressure is released. Increased flow capacity from the
reservoir results from the easier flow path left between grains of the proppant material
within the fracture(s). In chemical stimulstion treatments, flow capacity is improved
by dissolving materials in the formation or otherwise changing formation propexties.
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Application of hydraulic fracturing as described sbove is a routine part of
petroleum industry operations as applied to individual target zones of up to about 60
meters (200 feet) of gross, vertical thickmess of subtermencan formation. When there
are multiple or layered reservoirs to be hydraulically fractured, or a very thick
bydrocarbon-bearing formation (over sbout 60 meters), then alternate treatrnent
techniques are required to obtain treatment of the entire target zone. The methods for
improving trestment coverage ir¢ commonly known as “diversion” methods in
petroleum industry terminology.

When multiple hydrocarbon-bearing zones are stimulated by hydraulic
fracturing or chemical stimulstion treatments, economic and technical gains are
realized by injecting multiple treatment stages that can be diverted (or separated) by
various means, inchyding mechanical devices mich as bridge plugs, packers, downhole
valves, sliding sieeves, and baffle/plug combinations; ball sealers; particulates such as
sand, ceramic material, proppant, salt, waxes, resins, or other compounds; or by
altemative fluid systems such =s viscosified fluids, gelled fluids, foams, or other
chemically formulated fluids; or using limited entry methods. These and all other
methods and devices for temporarily blocking the flow of fluids into or out of a given
set of perforations will be referred to herein as “diversion agents.”

In mechanical bridge plug diversion, for example, the deepest interval is first
perforated and fracture stimulated, then the interval is typically isolated by & wireline-
sct bridge plug, and the process is repested in the next interval up. Assuming ten
target perforation intervals, tresting 300 meters (1,000 feet) of formation in this
manner would typically require ten jobs over a time interval of ten days to two weeks
with not only multiple fracture treatments, but also multiple pesforating and bridge
plug running operations, At the end of the treatment process, s wellbore clean-out
operation would be required to remove the bridge phigs and put the well on
production. The major advantage of using bridge plugs or other mechanical diversion
agents is high confidenco that the entire target zone is treated. The msjor
disadvantages ars the high cost of treatment resulting from multiple trips into and out
of the wellbare and the risk of complications resulting from so many operations on the
well. For example, a bridge plug can become stuck in the casing and need to be drilled
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out at great expense. A further disadvantage is that the required wellbore clean-out
operation may damage some of the successfully fractured intervais,

One alternative to using bridge plugs is filling the portion of wellbore
masociated with the just frectured interval with fracturing sand, commonly referred to
as the Pine Island technique. The sand column in the wellbore essentially plugs off the
already frectured interval and allows the next interval to be perforated and fractured
independently. The primary edvantage is eliminstion of the problems and risks
associated with bridge plugs. The disadvantages are that the sand plug does not give a
perfact hydraulic seal and it can be difficult to remove from the wellbore at the end of
all the fracture stimulations. Unless the well’s fluid production is strong enough to
carry the sand from the wellbore, the well may still need to be cleaned out with a
work-over rig or coiled tubing unit. As before, additional wellbore operations increase
costs, mechanical risks, and risks of damage to the frachired intervals.

Another method of diversion involves the use of particulate materials, granular
solids that are placed in the treating fluid to aid diversion. As the fluid is pumped, and
the particulates enter the perforations, a temporary block forms in the zone sccepting
the fluid if a sufficiently high concentration of particulates is deployed in the flow
stream. The flow restriction then diverts fluid to the other zones. After the treatment,
the perticulate is removed by produced formation fluids or by injected wash fluid,
cither by fluid transport or by dissolution Commonly available particulate diverter
materials include benzoic acid, napthalene, rock salt (sodium chloride), resin materials,
waxes, and polymers. Alternstively, sand, proppant, and ceramic materials, could be
used as particulate diverters. Other specialty particulates can be designed to
precipitate and form during the treatment.

Anocther method for diverting involves uaing viscosified fluids, viscous gels, or
foams as diverting agents. This method involves pumping the diverting fluid across
and/or into the perforated interval These fluid systems are formulated to temporarily
obstruct flow to the perforations due to viscosity or formation relative permeability
decreases; and are also designed so that at the desired time, the fluid system breaks
down, degrades, or dissolves (with or without adding chemicals or other additives to
trigger such breakdown or dissolution) such that flow can be restored to or from the
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perforations. These fluid systems can be used for diversion of matrix chemical
stimulation treatments and fracture treatments, Particulate diverters and/or ball sealers
tre sometimes incorporated into these fluid systems in efforts to enhance diversion.

Another possible process is limited entry diversion in which the entire target
zone of the formation to be trested is perforated with a very small pumber of
perforetions, generally of small diameter, so that the pressure loss across those
perforations during pumping promotes a high, internal wellbore pressure. The internal
wellbore pressure is designed to be high enough to cause all of the perforared intervals
to fracture simuitancously. If the pressure were too low, only the weakest portions of
the formation would fracture. The primary adventage of limited entry diversion is that
there are no inside-the-casing obstructions like bridge plugs or sand to cause problems
later. The disadvantage is that imited entry fracturing often does not work well for
thick intervals because the resulting fracture is frequently too narrow (the proppant
cannot all be pumped away into the narrow fracture and remains in the wellbore), and
the initial, high wellbore pressure may not last. As the sand materinl is pumped, the
perforation diameters are often quickly eroded to larger sizes that reduce the internal
wellbore pressure. The net result can be that not all of the target znne is stimulated.
An additional concern is the potential for flow capacity into the wellbore to be limited
by the small mumber of perforations.

Some of the problems resulting from failure to stimulate the extire target zone
or using mechanical methods that require multiple wellbore operations and wellbore
entries that pose greater risk and cost as described above may be alleviated by using
kimited, concentrated perforated intervals diverted by ball seslers. The zone to be
treated could be divided into sub-zones with perforations at approximately the center
of each of those sub-zones, or sub-zones could be selected based on analysis of the
formation to terget desired fracture locations. The frachme stages would then be
pumped with diversion by ball seslers ot the end of each stage. Specifically, 300
meters (1,000 feet) of gross formation might be divided into ten sub-zones of sbout 30
meters (sbout 100 feet) each. At the center of each 30 meter (100 foot) sub-zone, ten
perforations might be shot st a density of three shots per meter (one shot per foot) of
casing, A fracture stage would then be pumped with proppant-laden fluid followed by

sv ik et SR b r
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ten or more ball sealers, at least one for each open perforation in a gingle pesforation

‘'set or interval. The process would be repeated until all of the perforation sets were

fractured. Such a system is described in more detail in U.S. Patent No. 5,890,536,
issued April 6, 1999.

Historically, all zones to be treated in a particular job that uses ball sealers as
the diversion agent have been perforated prior to pumping treatment fluids, and ball
scalers have been employed to divert treatment fluids from zones already broken down
or otherwise taking the greatest flow of fluid to other zones taking less, or no, fluid
prior to the release of ball sealers. Treatment and sealing theoretically proceeded zone
by zone depending on relative breakdown pressures or permeabilities, but problems
were frequently encountered with balls prematurely seating on one or more of the open
perforations outside the targeted interval and with two or more zones -being trested
simultanecusly. Furthermore, this technique presumes that each perforation interval or
sub-zone would break down and fracture at sufficiently different pressure so that each
stage of treatment would enter only one set of perforations.

The primary advantages of ball sealer diversion are low cost and low risk of
mechanical problemns. Costs are low because the process can typically be completed in
one contimious operation, usually during just a few hours of a single day. Only the ball
sealers are left in the wellbore to either flow out with produced hydrocarbons or drop
to the bottom of the well in an area known as the rat {(or junk) hole. The primary
disadvantage is the insbility to be certain that only ons set of perforations will fracture
st a time so that the comect oumber of ball sealers are dropped at the end of each
treatment stage. In fiact, optimal benefit of the process depends on one fiucture stage
entering the formation through only one perforation set and all other open perforations
remaining substantially unaffected during that stage of treatment  Further
disadvantages are lack of certainty that all of the perforated intervals will be treated
and of the order in which these intervals are treated while the job is in progress. When
the order of zone treatment is not known or controlled, it is not possible to ensure that
each individual zone is treated or that an individual stimulation treatment stage has
been optimally designed for the targeted zone. In some instances, it may not be

%'
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possible to control the treatroent such that individual zones are treated with single
treatment stages.

To overcome some of the disadvantages that may occur during stimulation
treatments when multiple zones are perforated prior to pumping treatment fluids, an
alternative mechanical diversion method has been developed that involves the use of a
coiled tubing stimulation system to sequentially stimulate mmltiple intervals with
separate treaiment. As with conventional ball sealer diversion, all intervals to be
treated are perforated prior to pumping the stimulation treatment. Then coiled tubing
is run into the wellbore with a8 mechanical "straddle-packer-like* diversion tool
attached to the end. This diversion tool, when properly placed and actuated across the
perforations, allows hydraulic isolation to be achicved above and below the diversion
tool After the diversion tool is placed and actuated to isolate the deepest set of
perforations, stinmlation fiuid is pumped down the interior of the coiled tubing and
exits flow ports placed in the diversion tool between the upper and lower sealing
clements, Upon completion of the first stage of treatment, the sealing elements
contained on the diversion tool are deactivated or disengaged, and the coiled tubing is
pulled upward to place the diversion tocl across the second deepest set of perforations
and the process is continued until all of the targeted intervals have been stimulated or
the process is aborted due to operational upsets.

This type of coiled tubing stimulation apparstus and method have been used to
hydraulically fracture multiple zones in wells with depths up to about 8,000 feet.
However, varions technical obstacles, including friction pressure losses, damage to
sealing elsments, depth control, running speed, and potential erosion of coiled tubing,
currently imit deployment in deeper wells.
particularly proppant-laden and/or high viscosity fluids, at high rates through longer
lengths of coiled tubing Depending on the length and diameter of the coiled tubing,
the fluid viscosity, and the maxinwm allowsble surface hardware working pressures,
pump rates could be fimited to just a few burrels per mimute; which, depending on ths
characteristica of a specific subterrancan formation, may not allow effective placement

HE™
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of proppant during hydraulic fracture treatments or effective dissolution of formation

Erosion of the coiled tubing could also be a problem as proppant-laden fluid is
pumped down the interior of the coiled tubing at high velocity, including the portion of
the coiled tubing that remains wound on the surface recd. The erosion concerns are
exacerbated as the proppant-laden finid impinges on the “continuous bend"® associated
with the portion of the coiled tubing placed on the surface reel.

Most seal elements (e.g., “cup” seal technology) currently used in the coiled
tubing stimulation operations described sbove could experience sealing problems or
seal failure in deeper wells as the seals are run past a large number of perforations at
the higher well temperatures associsted with deeper wells. Since ths seals run in
contact with or at a minimal clearance from the pipe wall, rough interior pipe surfaces
and/or perforation burrs can damage the scaling claments. Seals currently available in
straddle-packer-like diversion tools are also constructed from elastomers which may be
unable to withstand the higher temperatures often aasociated with deeper wells,

Running speed of the existing systems with cup seals is generally on the order
of 15 to 30 feot-per-minute running downhole to 30 to 60 feet-per-minute coming
uphole. For example, at the lower running speed, approximately 13 hours would be
required to reach a depth of 12,000 feet before beginning the stimulation.  Given safety
issues surrounding nighttime operations, this slow numing speed could result in
mubtiple dzys being required to complete a stimulsation job. If amy problems aro
encountered during the job, tripping in and out of the hale could be very costly

because of the total operation times associated with ths slow running speeds.

Depth control of the coiled tubing system and straddle-packerike diversion
toaol also becomes more difficult as depth incresses, such that placing the tool at the
correct depth to successfillly execute the stimulstion operation may be difficult. This
problem is compounded by shooting the perforations before running the coiled tubing
system in the hole. The perforating operation uses a different depth measurement
device (usually a casing collar locator system) then is generally used in the coiled
tubing system.
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In addition, the coiled tubing method described above requires that all of the
perforations be placed in the wellbore in a separate perforsting operation prior to
pumping the stimulation job. The presence of multiple perforation sets open above the
diversion tool can ceuse operational difficulties. For example, if the proppant fracture
from the current zone were to grow vertically and/or poor quality cement is present
behind pipe, the fracture could intersect the perforation sets ebove the diversion tool
such that proppant could "dump” back into the wellbore on top of the diversion tool
and prevent further tool movement. Also, it could be difficult to execute circulation
operations if multiple pesforation sets are open shave the diversion tool. For example,
if the circulstion pressures exceed the breskilown pressures assaciated with the
circulation fluid unintentionally lost to the formation.

A similar type of stimulation operstion may also be performed using jointed
tubing and a workover rig mther than a coiled tubing system. Using a diversion tool
deployed on jointed tubing may allow for larger diameter tubing to reduce friction
pressure [osses and allow for increased pump rates. Also, concerns over erosion and
tubing integrity may be reduced when compared to coiled tubing since heavier wall
thickness jointed tubing pipe may be used and joiated tubing would not be exposed to
plastic deformation when run in the wellbore. However, using this approach would
running speeds than those possible with coiled tubing. .7

To overcome some of the Limitations associated with completion oparations
that require multiple trips of hardware into and out of the wellbore to perforate and
stimulate subterranean formations, methods have been proposed for “single-trip™
deployment of a downhale tool string to allow for fracture stimulation of zones in
conjunction with perforating. Specifically, these methods propose operations that may
minimize the number of required wellbore opemtions and time required to complete
these operations, thereby reducing the stimulation treatment cost. These proposals
include 1) having a sand slurry in the wellbore while perforating with overbalanced
pressure, 2) dumping sand from a bailer simultaneously with firing the perforating
charges, and 3) including sand in & scparste explosively released contsiner. These
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proposals all allow for only minimal fracture penetration surrounding the wellbore and
are not adaptable to the needs of multi-stage hydranlic fracturing as described herein.

Accordingly, there is a need for an improved method and apparstus for
individually treating each of multipls intervals of a subterranean formation penetrated
by a wellbore while maintaining the economic benefits of multi-gtage treatment. There
is also a need for a method and apparatus that can economically reduce the risks
inherent in the currently available stimulafion treatment options for hydrocarbon-
bearing formstions with multiple or layered reservoirs or with thickness exceeding
sbout 60 msters (200 feet) while ensuring that optimal trestment placement is
performed with a mechanical diversion agent that positively directs treatment stages to
the desired location.

SUMMARY OF THE INVENTION

This invention provides an apparatus and method for perforating and treating
mubtiple intervals of one or more subterrancan formations intersected by a wellbore.

The apparatus consists of a deployment means (e.g., coiled tubing, jointed
tubing, electric line, wireline, downhole tractor, etc.) with a bottomhole assembly
("BHA") comprised of at least a perforating device and a re-settable mechanical sealing
mechanism that mey be independently actuated from the surface via one or more
signaling means (e.g., electronic signals transmitted via wircling; bydrmulic signals

The method includes the steps of deploying the BHA within the wellbore using
a deployment means where the deployment means may be u tubing-string, cable, or
downhole tractor. The perforating device is positioned adjacent to the interval to be
perforated and is used to perforate the interval The BHA is positioned within the
wellbore using the deployment means, and the sealing mechanism is actuated so as to
cstablish & hydraulic seal that positively directs fluid pumped down the wellbore to
cater the perforated interval. The scaling mechanism is released. The process can then
be repeated, without removing the BHA from the wellbore, for at least one additional
interval of the one or more subterranean formations.

185
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The deployment means can be a tubing string, including a coiled tubing or
standard jointed tubing, a wireline, a slickline, or a cable. Rather than tubing or cable
deployment, the deployment means could also be a tractor system attached to the
BHA. The tractor system may be & self-propelled, computer-controlled, an carry
on-board signaling systems such that it is not necessary to attach cable or tubing to
control and actuate the BHA and/or tractor system. Alternatively, the tractor system
could be controlled and energired by cable or tubing umbilicals such the tractor system
and BHA are controlled and actusted via signals transmitted downhole using the
umbilicals. Many different embodiments to the invention can exist depending on the
suspension means and specific components of the BHA.

In the firt embodiment of the invention, when the deployment mesns is =
tubing string, once an interval has been perforated the BHA can be moved and the
sealing mechanism actuated to establigh a hydraulic seal below the perforated interval.
Then treating fluid can be pumped down the annulus between the tubing string and the
wellbore and into the perforated interval And a second treating fluid, such as
nitrogen, could also be pumped down the tubing string at the same time that the first
treating fuid is pumped down the anmulus between the tubing string and the wellbore.

In the second embodiment, when the suspension means is a tubing string, once
an interval has been perforated the BHA can be moved and the sealing mechanism
actuated to establish a hydraulic seal above the pesforated intexval. Then treating fluid
can be pumped down the tubing string and into the perforated interval.

In the third embodiment, when the deployment means is a tubing string, the
BHA can be moved and the sealing mechanism actuated to establish a hydraulic seal
sbove and below the perforated interval (where the sealing mechaniam consists of two
seal elements spaced sufficient distance apart to straddle the perforated interval). In
this third embodiment, treating fiuid can be pumped down the tubing string itself,
through a flow post placed in-between the two seal clements of the sealing mechanism

In a fourth embodiment of the invention, when the BHA is deployed in the
wellbore using a wireline, slickline or cable, the BHA would-be moved and the sealing
mechanism actuated to establish a hydranlic seal below the perforated interval to be
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treated., and the treating fluid would be pumped down the anmulus between the
wireline, slickline, or cable, and the wellbore.

In a fifth embodiment of the invention, an “umbilical® is deployed as an
additional means to actuate a BHA component. In the most general sense, the
umbilical could take the form of a small diameter tubing or nmiltiple tubing to provide
form of a cable or mmitiple cables to provide electrical or electro-optical

In a sixth embodiment of the invention, when the deployment means is a tractor
system attached to the BHA, the BHA can be moved and the sealing mechanism
actusted to establich a hydraulic seal below the perforated interval. The treating fluid
can be pumped down the wellbore and into the perforated interval.

One of the primary advantages of this apparatus and method is that the BHA,
inciuding the sealing mechanism and the perforating device, does not need to be
removed from the wellbore prior to treatment with the treating fluid and between
treatment of multiple formation zones or intervals. Another primary advantage of this
apparatus and method is that each treatment stage is diverted using a mechanical
diversion agent such that precise control of the treatment diversion process is achieved
and each zone can be optimally stimulated. As a result, there are significant costs
savings associated with reduction in the time required to perforate and treat mmiltiple
intervals within a wellbore. In addition, there are production improvements associated
with using a mechanical diversion agent to provide precisely-controlled treatment
diversion when stimmlating muitiple formation interval within a wellbore. As such, the
and stimulating muitiple zones with & single wellbore entry, and subsequent
withdrawal, of a bottomhole assembly that provides dual functionality as both 2
mechanical diversion agent and perforating device.
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F D OF THE DRA

The present invention and its advantages will be better understood by referring
to the following detailed description and the attached drawings in which:

Figure 1 illustrates onc possible representative wellbore configuration with
peripheral equipment that could be used to support the bottomhole assembly used in
the present invention. Figure 1 also illustrates representstive bottomhole assembly
storage wellbores with surface slips that may be used for storage of spare or
contingency bottomhole assemblies,

Figure 2A illustrates the first embodiment of the bottomhole assembly
deployed using coiled tubing in an unperforated wellbore and positioned at the depth
location to be perforated by the first set of aclectively-fired perforating charges.
Figure 2A further illustrates that the bottombole assembly consists of a perforating
device, an inflatable, rc-settable packer, a re-settable axial shp device, and ancillary
components.

Figure 2B represents the bottombole assembly, coiled tubing, and wellbore of
Figure 2A after the first set of selectively-fired perforating charges are fired resulting
in perforation holes through the production casing and cement sheath and into the first
formation zone such thet hydmulic communication is established between the wellbore
and the first formation zone.

Figure 2C represents the bottomhole assembly, coiled tubing, and wellbore of
Figore 2B after the bottomhole assembly has been re-positioned and the first
formation zone stinmisted with the first stage of the multiple-stage, hydmaulic,
proppant fracture treatment where the first stage of the fracture treatment was pumped
downhole in the wellbore ennulus existing between the coiled tubing and production
casing. In Figure 2C, the sealing mechanism is shown in a de-activated position since,
for illustration purposes only, it is assumed that no other perforations besides those
associnted with the first zons are present, and as such, isolation is not necessary for
treatment of the first zone,

Figure 3A represents the bottomhole assembly, coiled tubing, and wellbore of
Figure 2C efter the bottomhole assembly has been re-positioned and the second set of
selectively-fired perforating charges have been fired resulting in perforation holes
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through the production casing and cement sheath and into the second formation zone
such that hydrsulic comnmunication is established between the wellbore and the second
formation zone.

Figure 3B represents the bottomhole assembly, cailed tubing, and wellbore of
Figure 3A after the bottomhole assembly has been re-positioned a sufficient distance
below the deepest perforation of the second pecforation set to allow slight movement
upward of the BHA to sct the ro-settable axial skp device while keeping the location of
the circulation port below the bottom-most pesforation of the second perforation set.

Figare 3C represents the bottombole assembly, coiled tubing and wellbore of
Figure 3B after the re-seitable mechanical slip device has been actusted to provide
registance to downward axial movernent ensuring that the infistable, re-settable packer
and re-settable mechanical slip device are located between the first zone and second
zone perforations.

Figure 3D represents the bottomhole assembly, coiled tubing and wellbore of
Figure 3C sfter the inflatable, re-settable packer has been actuated to provide a barrier
to flow between the portion of the wellbore directly above the inflatable, re-settahle
packer and the portion of the wellbore directly below the inflatable, re-settable packer,

Figure 3E represents the bottomhole assembly, coiled tubing, and wellbore of
Figure 3D after the second formation zone has been stimulated with the second stage
of the multiple stage hydreubic proppant fracture treatment where the second stage of
the fracture treatment was pumped downhole in the weilbore annulus existing between

Figure 3F represents the bottomhole assembly, coiled tubing, and wellbare of
Figure 3E after the inflatable, re-yettable packer has been de-activated thereby re-
establishing pressure communicstion betwoen the portion of the wellbore directly
above the inflatable, re-settable packer and the portion of the wellbore directly below
the inflatable, re-settable packer. The re-settable mechanical slip device is still
energized and continues to prevent movement of the coiled tubing end bottomhole
assembly down the wellbore.

Figare 4A represents a modified bottomhole assembly, similar to the
bottomhale assembly described in Figures 2A through 2C and Figures 3A through
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3F, but with the addition of a mechanical-plug, settable with a select-fire charge setting
system, located below the string of perforating guns. Figure 4A also represents the
coiled tubing, and wellbore of Figure 3F after an additional, third perforating and
fracture stimulation operation has been performed. In Figure 4A, it is noted that only
the second and third fractures and perforation sets are shown In Figure 4A, the
modified bottomhole assembly is shown suspended by coiled tubing such that the
location of the bridge-plug is located above the last perforated interval and below the
next interval to be perforated.

Figure 4B represents the bottomhole assembly, coiled tubing, and wellbore of
Figure 4A after the mechanical-plug has been select-firo-charge-set in the wall and
sfter the bottomhole assembly has been re-positioned and the first set of selectively-
fired perforating charges have been fired and result in perforation holes through the
production casing and cement sheath and into the fourth formation zone such that
hydraulic communication is established between the wellbore and the fourth formation
zone,

Figure 5 represents a second embodiment of the invention In this
embodiment, the suspension means is a tubing string, and onco an interval has been
perforated, the BHA can be moved and the sealing mechanism actuated to establish a
hydrsutic seal above the perforated interval. Then treating fluid can be pumped down
the tubing string and into the perforated iotarval.

Figure 6 represents a third embodiment of the invention The suspension
means is a tubing string, and the BHA can be moved and the scaling mechanism
actuated to establish & hydraulic seal! above and below the perforated interval (where
the sealing mechanism consists of two seal clements spaced sufficient distance apart to
straddle the perforated interval). In this third embodiment, treating fluid can be
pumped down the tubing string itself, through a flow port placed in-between the two
seal elements of the sealing mechanism and into the perforated intervat.

Figure 7 represents a fourth embodiment of the invention. The BHA is
suspended in the wellbore using a wireline (or slickline or cable). The BHA would be
moved and the scaling mechanism actuated to establish a hydreulic seat below the
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perforated interval to be treated, and the treating fluid would be pumped down the
anmlus between the wireline, slickline, or cable, and the wellbore.

Figares 8A and 8B represent a fifth embodiment of the invention that utilizes
an umbilical tubing, deployed imterior to the tubing used as the deployment means, for
actuation of the re-settable sealing mechanism_

Figare 9 represents a sixth embodiment of the invention that utilizes a tractor
system attached to the BHA such thet BHA can be moved end the sealing mechamisgn
actuated to establish a hydraulic seal below the perforated interval. The treating fluid
can be pumped down the wellbore and into the perforated interval.

D ILED DESCRIPTION OF THE

The present invention will be described in connection with its preferred
cmbodiments. However, to the extent that the following description is specific to a
particular embodiment or a particular use of the mvention, this is intended to be
illustrative only, end ia not to be construed as limiting the scope of the inrvention. On
the contrary, the description is intended to cover all alternatives, modifications, end
equivalents that are included within the spirit and scope of the invention, as defined by
the sppended claims.

The present invention provides a new method and a new apparatus for
to be treated with an individual treatment stage while eliminating or minimizing the
problems that are associnted with existing coiled tubing or jointed tubing stimuistion
methods.

Spedifically, the invention involves suspending a bottomhole assembly in the
wellhore to individually and sequentially perforate and treat each of the desired
multiple zones while pumping the multiple stages of the stimulation treatment and to
deploy s mechanical re-settable sealing mechanism to provide controlled diversion of
cach individual treatment stage. For the purposes of this application, “weilbore”™ will
be understood to include below ground sealed components of the well and also all
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sealed equipment above ground level, such as the wellhead, apool pieces, blowout
preventers, and lubricator. The new appamatus consists of a deployment means (e.g.,
coiled tubing jointed tubing, electric line, wireline, tractor system, etc.) with a
bottomhole assembly comprised of at least a perforating device and a re-settable
mechanical sealing mechanism that may be independently actuated from the surface via
one or more signaling means (e.g., electronic signals transmitted via wireline; hydraulic
signals transmitted via tubing, annulus, umbilicals; tension or compreasion loads; radio
transmission; fiber-optic transmission; etc.) and designed for the anticipated wellbore
environment and loading conditions. In the most genernl sense, the term “bottombole
assembly” is used to denote a string of components consisting of ut least a perforating
limited to, fishing necks, shear subs, wash tools, circulation port subs, flow part subs,
pressure equafization port subs, temperature gauges, pressure gauges, Wireline
connection suba, re-settable mechanical slips, casing collar Jocstors, centrabizer subs
and/or connector subs may also be placed on the bottomhole assembly to facilitste
other anticipated suxiliary or ancillary operations and measwrements that may be

In the most general sense, the re-sottable meochanical sealing mechanism
performs the finction of providing a "hydraulic seal®, where hydraulic seal is defined as
sufficient flow regtriction or blockage such that fluid is forced to be directed to a
different location than the location it would otherwise be directed to if the flow
restriction were not present. Specifically, thig broad definition for "hydraulic seal” is
meant to inchude a "perfect hydraulic seal” such that all flow is directed to a location
different from the location the flow would be directed to if the flow restriction were
not present; and an "imperfect hydraulic seal” such that an appreciable portion of flow
is directed to & location different from the location the flow would be directed to if the
flow restriction were not present. Although it would generally be preferable to use a
re-settable mechanical sealing that provides a perfect hydraulic seal to achieve optimal
stimulation; a sealing mechanigm that provides an imperfect hydrmilic seal could be
used and an economic treatment achieved even though the stimulstion treatment may
not be perfectly diverted.

mbenpyun e AMENOER:

\Av



OCOEQOT " 85&hha209

10

15

20

30

-17-

In the first preferred embodiment of the invention, coiled tubing is used as the
stirmulating the individual zones from bottom to top of the completion interval, with the
stinmiation fluid pumped down the anmular space between the production casing and
the coiled tubing As discussed further below, this embodiment of the new apparatus
tubing stimulation tecimology and are applicable over a wide mange of wellbore

Specifically, the first preferred embodiment of the new method and apparatus
involves the deployment system, signaling meana, bottomhole assembly, and operations
as described in detail below, where the various components, their orientation, and
operutional steps are chosen, for descriptive purposes only, to correspond to
components and operations that could be used to accommodate hydraulic proppant
fracture stimulation of muitiple intervals.

In the first preferred embodiment for a hydranlic proppant fracture stimuiation
treatment, the apparatus would consist of the BHA deployed in the welibore by coiled
tubing. The BHA would include a perforsting device; re-settable mechanical sealing
mechznism; casing-collar-locator; circulstion ports; and other ancillary components
(as described in more detail below).

Furthermore, in this first prefesred embodiment, the perforating device would
consist of u select-firo perforating gun system (using shaped-charge perforating
charges); and the re-settable mechanical sealing mechanism would consist of an
inflatahle, ro-settable packer; a mechanical re-settable slip device to prevent downward
axial movement of the bottomhole assembly when set; and pressure equalization ports
located above and below the inflatable re-settable packer.

In addition, in this first preferred embodiment, a wireline would be placed
interior to the coiled tubing and used to provide a signaling means for actuation of
select-fire perforation charges and for transmission of electric signals associated with
the casing-collar-locator used for BHA depth measurement.

Referring now to Figure 1, an example of the type of surface equipment that
could be utilized in the first prefesred embodiment would be a rig up that used a very

A2
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long lubricator 2 with the coiled tubing injector head 4 suspended high in the air by
crane arm 6 attached to crane base & The wellbore would typically comprise a length
ofamrfaucuingnpuﬁdlyorwhoﬂywiﬂﬁnam:hwhmm:pmdmﬁoﬂ
casing 82 partially or wholly within & cement sheath 84 where the intesior wall of the
wellbore is composed of the production casing 82. The depth of the wellbore would
preferably extend some distance below the lowest interval to be stimnmlated to
accommodate the length of the bottomhole assembly that would be attached to the end
of the coiled tubing 106. Coiled tubing 106 is inserted into the wellbore using the
coiled tubing injection head 4 and lubricator 2. Also installed to the lubricator 2 are
blow-out-preventors 10 that could be remotely actuated in the event of operational
upsets. The crane base 8, crane arm 6, coiled tubing injection head 4, lubricator 2,
blow-out-preventors 10 (and their associated ancillary control and/or actuation
components) are standard equipment components well known to those skilled in the
art that will accommodate methods and procedures for safely installing a coiled tubing
bottomhole assembly in & well under pressure, and subsequently removing the
cotled-tubing bottombole assembly from a well under pressure.

With readily-available existing equipment, the height to the top of the coiled
tubing injection head 4 could be approximately 90 feet from ground level with the
*"goose-neck® 12 (whero the coil is bent over to go down vertically into the well)
spproaching approximately 105 feet above the ground. The crane arm 6 and crane
base 8 would support the load of the injector head 4, the coiled tubing 106, and any
load requirements anticipated for potential fishing operations (jarring and pulling).

In general, the lubricator 2 must be of length greater than the length of the
bottomhole assembly to allow the bottomhole assembly to be safely deployed in a
wellbore under pressure. Depending on the overull length requirements and as
determined prudent based on engineering design calculations for a specific application,
to provide for stability of the coiled tubing injection head 4 and lubricator 2, guy-wires
14 could be attached at various locations on the coiled tubing injection head 4 and
fubricator 2. The guy wires 14 would be firmly anchored to the ground to prevent
undue motion of the coiled tubing injection head 4 and lubricator 2 such that the
integrity of the surface components to hold pressure would not be compromised.
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Depending on the overall leagth requirements, alternative injection head/lubricator
system suspension systems (coiled tubing rigs or fit-for-purpose workover rigs) could
ulso bo used.

Also shown in Figure 1 are several different wellhead spool pieces which may
be used for flow control and hydraulic isolation during rig-up operations, stimulation
operations, and rig-down operations. The crown valve 16 provides a device for
isolating the portion of the wellbore above the crown valve 16 from the portion of the
wellbore below the crown valve 16. The upper master fracture valve 18 and lower
master fracture valve 20 also provide valve systems for isolation of wellbore pressures
above and below their respective locations. Depending on site-specific practices and
stimulation job design, it is poasible that not all of these isolation-type valves may
actually be required or used.

The side outlet injection valves 22 shown in Figure 1 provide a location for
injection of stimulation fluids into the wellbore. The piping from the surface pumps
and tanks used for injection of the stimulation fluids would be attached with
appropriate fittings and/or couplings to the side outlet imjection valves 22. The
stimulation fluids would then be pumped into the wellbore via this flow path. With
installation of other appropriate flow control equipment, fiuid may also be produced
from the wellbore using the side outlet injection valves 22. It is noted that the interior
of the coiled tubing 106 can also bo used as a flow conduit for fuid injection into the
wellbore.

The bottomhole assembly storage weilbores 24 shown in Figure 1 provide a
location for storage of spare or contingency bottom-hole assemblies 27, or for storage
of bottomhole assemblies that have been used during previous opesations. The
bottomhole assembly storage wellbores 24 may be drilled to a shallow depth such that
a bottomhole assembly that msy contain perforsting charges may be safely held in
place with surface slips 26 such thet the perforating charges are located below ground
level until the bottomhole assembly is ready to be attached to the coiled tubing 106.
The bottomhole assembly storage wellbores 24 may be drilled to accommodate
placement of ecither cemented or uncemented casing string, or may be left uncased
altogether. Ths actual mumber of bottomhole assambly storage wellbores 24 roquired
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for a particular operation would depend on the overall job requirements. The
bottomhole assembly storage wellbores 24 could be located within the reach of the
crane arm 6 to accommodate rapid change-out of bottomhole assemblies during the
course of the stimulation operation without the necessity of physically relocating the
crane base 8 to another location.

Referting now to Figure 2A, coiled tubing 106 is equipped with a coiled tubing
connection 110 which may be connected to a shear-release/fighing neck combination
sub 112 that contains both 2 shear-release mechanism and a fishing neck and allows for
the passage of pressurized fluids and wireline 102. The shear-release/fishing neck
combination sub 112 may be connected to a sub containing a circulation port 114 that
may provide a flow path to wash debris from above the inflatable, re-settable pacicer
120 or provide a flow path to inject fluid downhole using the coiled tubing 106. The
circulation port sub 114 contains a valve assembly that actuates the circulation
port 114 and the upper equalization port 116. The upper equalization part 116 may be
connected to & lower equalization port 122 via tubing through the inflatable, re-settable
packer 120. Both the circulation port 114 and the upper equalization port 116 would
preferably be open in the "running position®, thereby allowing pressure communication
between the internal cofled-tubing pressure and the coiled tubing by casing annuhus
pressure. Within this document, *running position™ refers to the situation where all
components in the bottombole assembly possess a configuration that permits
unhindered axial movement up and down the wellbore. The lower equalization port
122 located below the inflatable, re-scttable packer 120 is always open and flow
through the equalization ports is controlled by the upper equalization port 116. The
circulation and equalization ports can be closed simultaneously by placing a slight
compressive Ioad on the BHA. To prevent potential back-flow into the coiled tubing
when the circulation port 114 is open in the running position, a surface pressure can be
applied to the coiled tubing 106 such that the pressure inside the circulation port 114
exceeds the wellbore pressure directly outside the circulation port 114. The re-
settable, inflatsble packer is hydraulically isolated from the internal coiled tubing
pressure in the running position. The inflatable, re-settable packer can gain pressure
communication via internal valving with the internal coiled tubing pressure by placing a
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slight compressive load on the BHA. Mechanically actuated, re-settable axial position
locking devices, or "slips,” 124 may be placed below the inflatable, re-settable packer
120 to resist movement down the wellbore. The mechanical slips 124 may be actuated
through a “continuous J* mechanism by cycling the axial load between compreasion
and tension, A wireline connection sub 126 is located above the casing collar locator
128 and select-fire perforating gun system  The perforating gun system may be
designed based on knowledge of the mumber, location, and thickness of the
hydrocarbon-bearing sands within the target zones. The gun system will be composed
of one gun assembly (e.g., 134) for each zone to be treated. The first (Jowest) gun
assembly will consist of a select-fire head 132 and a gun eacasement 134 which will be
loaded with perforating charges 136 and a select-fire detonating system.

Specifically, & preferred embodiment of the new method involves the following
steps, where the stimulation job is chosen, for descriptive purposes, to be a multi-
stage, hydraulic, proppant-fracture stimulation.

1. The well is drilied and casing is cemented across the interval to be completed, and
if desired, one or more bottomhale assembly storage wellbores are drilled and
completed.

2. The terget zones within the completion interval are identified (typically by a
combination of open-hole and cased-hole logs).

3, The bottomhole assemblies (BHA), and perforating gun assemblies to be deployed
on each BHA anticipated to be used during the stimulation operation, are designed
based on knowledge of the mmber, location, and thicimess of the hydrocarbon-
bearing sands within the target zones.

4. A reel of coiled tubing is made-up with a preferred embodiment BHA. described
shove. The reel of coiled tubing would also be made-up to contain the wireline
that is used to provide a signaling means for actuation of the perforating guns.
Preferably, the desired quantity of appropriately configured spare or contingency
BHA's would also be made-up and stored in the bottomhole assembly storage
wellbore(s). The coiled tubing may be pre-loaded with fluid either before or after
attaching the BHA to the coiled tubing.
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As shown in Figure 1, the coiled tubing 106 with BHA is run into the well via a
lubricator 2 and the coiled tubing injection head 4 is suspended by crane arm 6.
The cailed tubing/BHA is run into the well while correlating the depth of the BHA
with the casing collar locator 128 (Figure 2A).

The coiled tubing/BHA is run below the bottom-most target zone to easure that
there is sufficient wellbore depth below the bottom-most pesforations to locate the
BHA below the first set of perforations during fracturing operations. As shown in
Figure 2A, the infistable, re-settable packer 120 and re-settable mechanically
actuated slips 124 are in the running position.

As shown in Figure 2B, the coiled tubing/BHA is then raised to a location within
the wellbore such that the first (lowest) set of perforation charges 136 contained on
the first gun assembly 134 of the select-fira perforating gun system are located
directly across the bottom-most target zone where precise depth control may be
established based on readings from the casing-collar-locator 128 and coiled tubing
odometer systems (not shown). The action of moving the BHA up to the location
of the first perforated interval will cycle the mechanical slip "contimuious J*
mechanism (not shown) into the pre-lock position where subsequent dowmrward
motion will force the re-scttable mechanical ship 124 imto the lockad position
thereby preventing further downward movement. It is noted that additional cycling
of the coiled tubing axial load from compression to tension and back will return the
re-settable mechanical slips to running position. In this manner, the mechanical slip
contimous J mechanism coupled with the use of compression and tension loads
transmitted via the suspension means (coiled tubing) are used to provide downhole
actusation and de-actuation of the mechanica] alips.

The first set of perforation charges 136 are selectively-fired by remote actuation via
wireline 102 comnmmication with the first select-fire head 132 to penetrate the
casing 82 and cement sheath 84 and establish hydraulic communication with the
formation 86 through the resultant perforations 230-231. It will be understood
that any given set of perforations can, if desired, be a set of one, although genaraily
multipls perforations would provide improved treatment results. It will also be
understood that more than one segment of the gun assembly may be fired if desired
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to achieve the target mumber of perforations whether to remedy an actual or
perceived misfire or simply to increase the number of perforations. It will also be
understood that an interval is not necessarily limited to a single reservoir sand.
Multiple sand intervals could be perforated and treated as a single stage using ather
diversion agents suitable for sinmitanecus deployment with this invention within a
given stage of treatment.

10. As shown in Figure 2C, the coiled tubing may be moved to position the circulation

port 114 directly below the deepest perforation 231 of this first target zons to
minimize potential for proppant fili above the inflatable, re-settable packer 120 and

11. The first stage of the fracture stimulstion treatment is initisted by circulating s

small volume of fluid down the coiled tubing 106 through the circulation port 114
(via a positive displacement pump). This is followed by initiating the pumping of
stimulation fluid down the annulus between the coiled tubing 106 and production
casing 82 at fracture stimulation rates. The small volume of fluid flowing down the
coiled tubing 106 serves to keep a positive pressure inside the coiled tubing 106 to
resist proppant-laden fluid backflow into the coiled tubing 106 and to resist coiled
tubing collapse loading during fracturing operstions. It is ocoted that as an
alternative means to resist coiled tubing collapse, an internal valve mechanism may
be used to maintain the circulation port 114 in the closed position and with positive
pressure then applied to the coiled tubing 106 using a surfsce pump. As an
illustrutive example of the fracture treatment design for stimulation of a 15-acre
size sand lens containiug hydrocarbon gus, the first fracture stage could be
comprised of "sub-stages™ as follows: (2) 5,000 gallons of 2% KCl water; (b) 2,000
gallons of cross-linked gel containing 1 pound-per-gallon of proppant; (c) 3,000
gallons of cross-linked gel contsining 2 pounds-per-gallon of proppant; (d) 5,000
gallons of cross-linked gel containing 3 pounds-per-gallon of proppant; and (e)
3,000 gallons of cross-linked gel containing 4 pound-per-gallon of proppant such
that 35,000 pounds of proppant are placed into the first zone.

12. As shown in Figure 2C, afl sub-stages of the first fracture operation are completed

with the creation of the first proppant fracture 232.



QOOE0T" 852hha09

10

15

30

13. At the end of the first stage of the stimulation treatment, should proppant in the

wellbore prevent the coiled tubing/BHA from immediate movement; fluid can be
circulated through the circulation port 114 to wash-over and clean-out the
proppant to free the coiled tubing/BHA and allow movement.

14, As shown in Figure 3A, the coiled tubing/BHA is then pulled uphole to slightly

sbove the second deepest target zone such that the second set of perforation
charges 146 contained on the select-fire pesforuting gun system 144 are located
slightly above the second deepest target zane where again precise depth control is
established based on readings from the casing-collar-locator 128 and coiled tubing
odometer systems. The action of moving the BHA upward (to slightly above the
second interval to be pecforated) will cycle the re-settable mechenical alip
"contimious J* mechaniem imto the pre-lock position. Further cycling of
compression/tension loads are performed to place the mechanical slip continuous
J mechanism back into the running position. The coiled tubing/BHA is then moved
downward to position the perforation charges 146 contained on the select-fire
perforating gun system 144 directly across from the second deepest target zone
where again precise depth conmtrol is estsblished based on readings from the

15. The second set of perforation charges 146 are selectively-fired by remote actustion

via the second select-fire head 142 to penetrats the casing 82 and cement sheath 84
and establizh hydraulic communication with the formation 86 through the resultant
perforations 240-241.

16. As shown in Figure 3B, the coiled tubing may be moved down the wellbore to

position the BHA soveral feet below the deepest perforation 241 of the second
target zone, Subsequent movement of the BHA up the wellbore to position the
circulation port 114 directly below the deepest perforation 241 of this second
target zone will cycle the re-settable mechanical slips 124 into the pre-lock
position, where subsequent downward motion will force the re-settable mechanical
slip 124 into the locked position thereby preventing further downward movement.

17. As shown in Figure 3C, downward movement engages the re-settable mechanical

slips 124 with the casing wall 82 thereby preventing further downward movement

i
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of the BHA. A compression load on the coiled tubing is then applied and this load
closes the circulation port 114 and upper equalization port 116, and creates
pressure communication between the inflatable, re-settable packer 120 and the
port 114 into a position directly below the deepest parforation 241 of this second
tarpet zone (to minimire potential for proppant fill above the inflatable, re-settable
packer 120 and minimize high velocity proppant flow past the BHA) and with the
re-settable, inflatable packer 120 positioned between the first and second
parforated intervals.

18. A further compression load is set down on the coiled tubing/BHA to test the

re-settable mechanical slips 124 and ensure that additional downwand force does
not translate into further movement of the BHA down the wellbore.

159. As shown in Figore 3D, the inflatable, re-settable packer 120 is ectusted by

pressurizing the coiled tubing 106 to effect a hydmulic seal shove and below the
inflatable, re-scttable packer 120. A compression load is maintained on the BHA
to maintain pressure commumication between the internal coiled tubing pressure
and the inflatable, re-settable packer 120, to keep the circulation port 114 and the
upper equalization port 116 closed, and to keep the re-settable mechanical alips
124 in the locked and energized position. The infiatahle, re-settable packer 120 is
maintained in the actuated state by maintsining pressure in the coiled tubing 106
via a surface pump system (it is noted that alternatively, the infiatable, ro-settable
packer could be maintained in an sctustod state by locking pregsure in to the
clement using an internal valve remotely controlled from surface by & signaling
means compatible with other BHA components and other present signaling means).

20. The second stage of the fracture stimulstion treatment is initiated with fhrid

pumped down the anmulus between the coiled tubing 106 and production casing 82
at fiacture stimulation rates while maintaining compression load on the BHA to
koep the circulation port 114 and upper equalization port 116 closed, and
msintaining coiled tubing pressure at & sufficient level to resist coiled tubing string
collapse and to keep the inflatable, re-scttahle packer 120 inflated and serve as a
bydmulic seal between the annular pressure ahove the packer before, during and
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after the fracture operation and the sealed wellbore pressure below the inflatable,
ro-settable packer.

21. All sub-stages of the fracture operation are pumped leaving a minimal under-flush

of the proppant-laden last sub-stage in the wellbore so as not to over-displace the
fracture trestment. If during the course of this treatment stage, the seal integrity of
the inflatable, re-settable packer is believed to be compromised, the treatment stage
could be temporarily suspended to test the packer seal integrity above the highest
(shallowest) existing perforations (e.g., perforation 240 in Figure 3D) after setting
the inflatable, re-sattable packer 120 in blank pipe. If the seal integrity test were to
be performed, it could be desirable to perform a circulation/washing operation to
ensure any proppant that may be present in the wellbore is circulated out of the
wellbore prior to conducting the test. The circulstion/washing operation could be
performed by opening the circulation port 114 and then pumping of circulation
fiuid down the coiled tubing 106 to circulate the proppant out of the wellbore.

22. As shown in Figure 3K, all sub-stages of the second fracture operation are

completed with the creation of a second proppant fracture 242.

23. After completing the second stage fracture operation and ceasing injection of

stimmlation fluid down the ammlus formed between the coiled tubing 106 and
production casing 82, 2 small tension load is applied to the coiled tmbmg 106 while
locking pressure in the inflatable, re-settable packer 120 and thercby meintaining a
pozitive pressure seal and imparting significant resistance to axial movement of the
inflatable, re-settable packer 120. In the same motion, the applied tension may
then open the circulation port 114 and equalization port 116 thereby allowing the
coiled tubing pressure to bleed off into the annulus formed by the cofled tubing 106
and production casing 82 while simultaneously allowing the pressure shove and
below the inflatable, ro-settable packer 120 to equilibrate. The surface system
pump providing intemal coiled tubing prossure may be stopped after equilibrating
the downhole pressures.
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24. After the pressures inside the coiled tubmg, in the annulus formed by the coiled
tubing 106 and production casing 82 above the inflatable, re-settable packer 120,
and in the annulus formed by the BHA and production casing 82 below the
inflatable, re-settable packer 120 equilibrate, a compressive load placed on the
coiled tubing will close the circulation port 114 and upper equalization port 116
before releasing the pressure trapped within the inflatable, re-settable packer 120
into the coiled tubing 106. This release of internal pressure from the inflatable, re-
settable pacier 120 will allow the inflatable, re-settable packer 120 to retract from |
the production casing wall, as shown in Figure 3F, in the absence of an external
differential pressure across the inflatable, re-settable packer 120 which could
otherwise result in forces and movement that could damage the coiled tubing 106
or BHA

25, Once the inflatable, re-settable packer 120 is unset, as shown in Figure 3F, tension
pulled on the coiled tubing / BHA could de-energize the re-settable mechanical

" lips 124 thereby allowing the BHA to be free to move and be repositioned up the
wellbore.

26.If at the end of the second stage of the stimulation treatment, proppant in the
wellbore prevents the coiled tubing/BHA from immediate movement, fivid may be
circulated throuph the circulstion port 114 to wash-over and clean-out the
proppant to free the coiled tubing/BHA and allow upward movement of the BHA

27. The process as described sbove is repeated until all planned zones are individually-
stimulsted (Figures 3A to 3F represent a BHA designed for a thres zone
stimulation).

28. Upon completion of the stimulation process, the components of the BEHA are
returmed to running position and the coiled tubing/BHA assembly is removed from
the wellbore.

29. If all the desired target zones have been stimulated, the well can be immediately
placed on production.

30. If it is desirable to stimulate additional zones, a reel of coiled tubing may be made-
up with a slightly modified bottomhole assembly as shown in Figure 4A. In this
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assembly, the only alterstion to the BHA of the preferred embodiment described
sbove may be the addition of a select-fire-set mechanical plug 164 or select-fire set
bridge-plug 164 located below the lowest select-fire gun assembly as shown in
Figure 4A. In generul, tho select-fire-set mechanical plug 164 can be either a
bridge plug or a fracture baffle. A fracture baffle would generally be preferred if it
is desirsble to simultanecusly produce zones seperated by the plug immediately
after the stimulation job.

31. The modified BHA, shown in Figure 4A, consists of a select-fire perforating gun
system (Figure 4A depicts a gun system comprising perforating guns 174, 184 and
194 with associsted charges 176, 186 and 196 and select-fire heads 172, 182
and 192), a casing-collar-locator 128, flow ports 114, 116 and 122, an inflatable,
re-settable packer 120, a ro-settablo mechanical axial slip device 124 and select-fire
bridge plug 164 set using select-fire head 162. The modified BHA is run into the
well via & lubricator and the coiled tubing injection head suspended by crane or rig
above the wellhead,

32, The coiled tubing/BHA is run into the well while comelating the depth with the
casing collar locator. i

33. As shown in Figure 4A, the coiled tubing/modified BHA is run into the wellbore
to position the select-fire mechanical-plug 164 above the last previously stimulated
zone 232.

34. As shown in Figure 4B the select-fire firing head 162 is fired to set the select-fire
mechanical plug 164 above the last previoualy stimlated zone 252.

35. After the bridge-plug select-fire head 162 is activated to set the select-fire bridge-
plug 164, the coiled tubing/modified BHA is then rxised to a location within the
wellbore such that the first (lowest) set of perforation charges 176 contained on the
select-fire perforating gun system are located directly across the next, bottom-most
target zone to be perforated where precise depth control may be established based
on readings from the casing-collar-locator 128 and coiled tubing odometer systems
located on the surface equipment. The action of moving the BHA up to the
location of the first perforated interval will cycls the re-settable mechanical alips
124 into the lacked position and will require cycling the coiled tubing axial losd
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from compression to tension and back to return the re-seitable mechanical slips to

36. As shown in Figure 4B, the first set of perforation charges 176 on the modified
BHA are selectively-fired by remote actustion via the second select-fire head 172
to penctrate the casing 82 and cement sheath 84 with perforations 270, 271 and
establish hydraulic communication with the formation 86 through the resultant
perforations 270-271.

37. If there is insufficient space between the last previously placed perforations 250,
251 and the location of the next set of perforations 270, 271 to ba stimmlated to
enable appropriste placement of the BHA for perforation, isolation and stimulation
of the next set of perforations 270, the select-fire bridge plug 164 may be set below
the last previously stimulsted perforations 250, 251, and the inflatable, re-settable
packer may be employed during the first stirmlation operation to isolate the upper-
most perforntions 270, 271 from the previously stimmilated perforations 250, 251.

38. The catire process as described above is then repeated as appropriate until all
planned zones are individually-stimulated (Figure 4A and Figure 4B represent a
BHA designed for an additional three zone stimmistion operation),

It will be recognized by those skilled in the ayt that the praferred suspension
method when proppant-laden fiiids are involved would be conventional jointed tubing
or coiled tubing, preforably with one or more circulation ports so that proppant sottfng
in the wellbore could easily be circulated out of the wellbore. Treatments such as acid
fracturing or matrix scidizing may not require such a capabifity snd could readily be

performed with a deployment system based on cable such as slickiine or wireline, or

based on a dowahnle tractor system.

It will be recognized by those akilled in the art that depending on the objectives
of a particuler job, various pumping systems could be used and could mvolve the
following arrangements: (2) pumping down the annulus created between the cable or
tubing Gf the deployment method uses cable or tubing) and the casing wall; (b)
pumping down the interior of the coiled tubing or jointed tubing if the suspension
method involves the use of coiled tubing or jointed tubing and excess friction and
proppant erosion wers not of concern for the well depths considered; or
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(c) simultaneously pumping down the anmuius created between the tubing Gf the
deployment method involves tubing) and the casing wall and the interior of the tubing
if excess friction and proppant erosion were not of concern for the well depths
considered.

Figure § illustrates a second embodiment of the invention where coiled tubing
is used as the deployment means and excess friction is oot of concern and either
proppant is not pumped during the job or use of proppant is not of concern. Figure §
shows that coiled tubing 106 is used to suspend the BHA end BHA components. In
this embodiment, the individual zones are treated in sequential order from shallower
wellbore locations to deeper wellbore locations. In this embodiment, as shown in
Figure S, circulation port 114 is now placed below the inflatable, re-settable packer
120 such that treatment fluid may be pumped down the interior of coiled tubing 106,
exit the circulation port 114, and be positively forced to enter the targeted
perforations. As an illustration of the operations, Figure 5 shows that the inflatable,
re-settable packer 120 has been actuated and set balow perforations 241 that are
associated with a previous zone hydrmulic fracture 242. The infiatable, re-settable
packer 120 provides hydraulic isolation such that when trestment fluid is subsequently
pumped down the coiled tubing 106, the tresting fluid is forced to enter previously
placed perforations 230 and 231 and create new hydraulic fractures 232. The
operations are then continued and repeated as appropriate for the desired number of

Figure 6 illustrates a third embodiment of the invention whers coiled tubing is
used as the deployment means and excess friction is not of concern and either proppant
is not pumped during the job or use of proppant is not of concern. Figure 6 shows
that coiled tubing 106 is used to suspend the BHA and BHA components, In this
embodiment, the individual zones may be treated in any order. In this embodiment, as
shown in Figure 6, a straddle-packer inflatable sealing mechanism 125 is used as the
re-settable sealing mechanism and the circulation port 114 is now placed between the
upper inflatable sealing element 121 and the lower inflatable sealing element 123.
When the upper inflatable sealing element 121 and the lower infiatable sealing element
123 are actuated, treatment fluid may be pumped down the interior of coiled tubing

X
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106 1o exit the circulation port 114, and then be positively forced to enter tho targeted
paforetions. As an illustration of the operations, Figure 6 shows that the upper
inflatable sealing element 121 and the lower infiatable sealing element 123 bave bean
actusted and set across perforations 241 that are associated with the next zone to be
fractured. The inflatable, re-gettable packer 120 provides hydraulic isolation such that
when treatment fluid is subsequently pumped down the coiled tubing 106, the treating
fiuid is forced to enter previously placed perforations 240 and 241 and create new
hydranlic fractures 242. The opemations are then contimied and repeated as
appropriate for the desired aumber of formation zones and intervals,

Figure 7 illustrates a fourth embodiment of the invention where a wirelne 102
is used as the deployment means to suspend the BHA and BHA components. In this
embodiment, the individual zones are treated in sequential order from deeper wellbore
locations to shallower wellbore locations. In this embodiment, as shown in Figure 7,
treatment fiuid may be pumped down the annulus between the wireline 102 and
production casing wall 82 and be positively forced to enter the targeted perforations.
In this embodiment, the inflamble re-settable packer 120 also contsins an internal
electrical pump system 117, powered by electrical energy transmitted downhole via the
wireling, to inflste or deflate the inflatable, re-settable packer 120 using wellbore Suid.
Figure 7 shows that the inflatable, re-settable packer 120 has been actuated and set
below the perforations 241 that are associated with the next zone to be fractured. The
inflatable, re-settablo packer 120 provides hydraulic isolation such that when treatment
fiuid is subsequently pumped down the anmilus between the wireline 102 and
production casing 82, the treating fluid is forced to enter perforations 240 and 241 and
create new hydraulic fractures 242. The operztions are then continued and repeated as
sppropriate for the desired mumber of formation zones and intervals.

A fifth embodiment of the invention involves deployment of additional tubing
strings or cables, hercinafier referred to as “umbilicals™, interior and/or exterior to
coiled tubing (or jomted tubing). As shown in Figure 8A and Figure 8B, & tubing
umbilical 104 is shown deployed in the interior of the coiled tubing 106. In this
embodiment, the tubing umbilical 104 is comnected to the re-settable sealing
mechanism 120 and in this embodimeat the re-settable sealing mechanism 120 is now
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actuated via hydraulic preasure tranamitted via the umbilical 104. In general, multiple
umbilicals can be deployed either in the interior of the coiled tubing and/or in the
anrulus between the coiled tubing and production casing. In general, the umbilicals
can be used to perform several different operations, inciuding but not limited to,
providing (a) hydraulic communication for actuation of individual BHA components
including, but not limited to, the sealing mechanism and/or perforating device; (b) flow
conduits for downhole injection or circulation of additional fluids; and (c) for data
acquisition from downhole measurement devices. It is noted that as shown in Figure
8A, the BHA also includes centralizers 201, 203, and 205 that are used to keep the
BHA centralized in the wellbore when BHA componeats are in the running position.

‘The use of an umbilical(s) can provide the ability to hydraulically engage and/or
disengage the re-gettable mechanical sealing mechanism independent of the hydraulic
pressure condition within the coiled tubing. This then allows the method to be
extended to use of re-settable mechanical sealing mechanigms requiring independent
for selective-firing can be actuated via an umbilical This may then allow the wireline,
if deployed with the coiled tubing and BHA, to be used for transmission of an
additional channel or channels of electrical signals, as may be desirsble for acquisition
of data from measurement gauges located on the bottomhole assembly; or actuation of
other BHA components, for example, an electrical downhole motor-drive that could
provide rotation/torque for BHA components. Alternatively, an umbilical could be
used to operate a hydraukic motor for actuation of various downhols components (a.g.,
a hydrsulic motor to engage or disengage the re-settable sealing mechanism).

The use of an umbilical(s) can provide the ability to inject or circulate any fluid
downhale to nmitiple locations as desired with precise control For example, to help
mitigate proppant seitling on the sealing mechanism during a hydraulic proppent
fracture trestment, umbilical(s) could be deployed and used to provide independent
continuous or intermittent washing and circulation to keep proppant from
accunnlating on the sealing mechanisn. For example, one umbilical could run to just
above the re-settable mechanical sealing mechanism while another is run just below the
re-scttable mechanical sealing mechanism. Then, as desired, fluid (e.g., nitrogen) could
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be circulated downhole to cither or both locations to wash the proppant from the
region surrounding the sealing mechanism smd hence mitigate the potential for the
BHA sticking due to proppant accumulation. In the case of fluid circulation, it is noted
that the umbilical size and fluid would be selected to ensure the desired rate is achieved
and is not unduly limited by friction pressure in the umbilical.

In addition to umbilicals comprised of tubing strings that provide hydrmlic
communication downhole 3 a signaling means for actuation of BHA components (or
possibly as a signal transmission means for surface recording of downhole gauges), in
general, one or more wirelipe or fiber-optic cables could be deployed in the wellbore to
provide a electrical or electro-optical commmmication downhole as a signaling means
for actuation of BHA components (or poasibly as s signal tranwmission means for
surface recording of downhole gauges).

Figure 9 illustrates a sixth embodiment of the invention where & tractor system,
comprised of upper tractor drive unit 131 and lower tractor drive unit 133, is attached
to the BHA and is used to deploy and position the BHA within the wellbore, In this
embodiment, the individual zones are treated in sequential arder from deepar wellbore
locations to shallower wellbore locations. In this embodiment, the BHA also contains
en intemmal electrical pump system 117, powered by electrical energy transmitted
downhole via the wireline 102, to infiate or deflate the inflatable, re-settable packer
120 using wellbore fuid. In this embodiment, treatmnent fluid is pumped down the
anmus between the wireline 102 and production casing wall 82 and is positively
forced to enter the targeted perforations. Figure 9 shows that the inflatable,
re-seitable pecker 120 has been actusted and set below the perforations 241 that are
associated with the next zone to be fractured. The infiatable, re-settable packer 120
provides hydraulic isolation such that when treatment fluid is subsequently pumped
down the anmlus between the wireline 102 and production casing 82, the tresting fluid
is forced to enter perforations 240 and 241 and create new hydraulic fractures 242,
The operations are then continued and repeated as appropriate for the desired number
of formation zones and intervaly,

As alternatives to this sixth embodiment, the tractor system could be
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sclf-propelled, controlled by on-board computer systems, and carry on-board signaling
systems such that it would not be necessary to attach cable or tubing for positioning,
control, and/or actustion of the tractor system  Furthermore, the various BHA
components could also be controlled by on-board computer systems, and carry on-
board signaling systems such that it is not necessary to attach cable or tubing for
contral and/or actuation of the components. For example, the tractor system and/or
BHA components could carry on-board power sources (e.g., batteries), computer
components could eithar be remotely controlled from the surface by remote signaling
means, or alternstively, the various on-board computer systems could be pre-
programmed at the surface to execute the desired sequence of operations when the
deployed in the wellbore.

1t will be recognized by those skilled in the art that many different components
can be deployed as pert of the bottomhole 2asembly. The bottomhole assembly may be
configured to contsin instrumentation for measurement of reservoir, fluid, and
wellbore properties as deemed desirable for a given application. For example,
temperature and pressure ganges could be deployed to measuro downhole fluid
temperature and pressure conditions during the course of the treatment; a denditometer
could be used to measre effective downhole fluid density (which would be particularly
useful for determining the downhole distribution and location of proppant during the
course of a hydraulic proppant fracture treatment); and a radioactive detector system
(.5, pamma-ray or noutron messurement systems) could be used for locating
hydrocarbon bearing zones or identifving or locating radioactive material within the
wellbore or formation.

Depending on the specific bottomhole assembly components and whether the
perforating device creates porforation holes with burrs that may damage tho sealing
mechanism, the bottomhole assembly could be configured with a "perforation burr
removal" tool that would act to scrape and remove perforation burrs from the casing
wall

Depending on the specific bottomhole assembly components and whether
excessive wear of bottomhole assembly components may occur if the assembly is run in
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contact with the casing wall, centralizer subs could be deployed ou the bottomhole
assembly to provide positive mechanical positioning of the assembly and prevent or
minimize the potential for damage due to the assembly running in contact with the
casing wall.

Depending on the specific bottomhole assembly components and whether the
perforation charges create sevars shock waves and induce undue vibrations when fired,
the bottomhole assembly may be configured with vibration/shock dampening subs that
would elimmate or minimize any adverse effects on system performance due to
perforation charge detonation.

Depending on the deployment system used and the objectives of a particular
job, perforating devices and any other desired BHA components may be positioned
either above ar below the re-settable sealing mechanism and in any desired order
relative to each other. The deployment system itself, whether it be wireline, electric
line, coiled tubing, conventional jointed tubing, or downhole tractor may be used to
coavey signals 1o activate the sealing mechanism and/or perforating device, Jt would
aiso be possible to suspend such signaling means within conventional jointed tubing or
coiled tubing used to suspend the sealing and perforating devices themselves.
Alternatively, the signaling means, whether it be electric, hydranlic, or other means,
could be run m the hole extermally to the suspension means or even housed in or
comprised of one or more separate strings of coiled tubing or conventional jointed
tubing.

With respect to treatments that use high viscosity fluid systems in wells deeper
than about 8,000 feet, several major technological and economic benefits are
immediately derived from application of this new invention. Reducing the friction
pressure limitations allows treatment of deeper wells and reduces the requirement for
special fracture fluid formulations. Friction pressure lLimitations are reduced or
eliminated because the high viscosity finid can be pumped down the anmilus between
the coiled tubing or other suspension means and production casing. Since friction
pressure limitations can be reduced or eliminsted from that experienced with pumping
high viscosity fluid systems down the interior of coiled tubing, well depths where this
technique can be applied are substantially increased. For example, assuming 1-1/2-inch
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coiled tubing deployed in a 5-1/2-inch outer diameter 17-pound-per-foot casing, the
effective cross-sectional flow ares is approximately equivalent to a S-inch outer
diameter casing string. With this effective cross-sectional flow area, well depths on the
order of 20,000 feet or greater could be treated and higher pump rates (e.g., on the
order of 10 to 30-bamrels-per-minute or more) could be achisved for effective proppant
transport and bydraulic fracturing using high viscosity fluids.

Since the anmulus typically may have grester equivalent flow area, conventional
fracturing fluids can be used, as opposed to special low-viscosity fluids (such as
Dowell-Schiumberger’s ClearFrac™ fluid) used to reduce fiiction pressure drop
through coiled tubing. The use of conventional fracturing fiuid technology would then
sllow treatment of formations with temperaturas greater than 250°F, above which
currently available higher-cost specialty fiuids may begin to degrade.

The pealing mechanism used could be an inflatable device, a mechanical
compression-set ro-settable packer, s mechanical compression-set straddle-packer
design, cup-seal devices, or eny other atermative device that may be deployed via a
suspension means and provides a re-settable hydraulic sealing capahility or equivalent
function. Both infistable and compression set devices exist that provide radial
clearance between seals and casing wall (e.g., on the order of 0.25-inches to 1-inch for
inflatable devices or 0.1 - 0.2 inches for compreasion-set devices) such that sesl wear
and tear would be drastically reduced or elimmated altogether. In s preferred
embodiment of this invention, there would be sufficient clezrance between the sealing
mechanism in its deactivated state and the casing wall to allow rapid movement into
and out of the wallbore without significant damage to the scaling mechanism or
without preasure control issues relsted to surging/swabbing the well due to tool
movement. The incressed clearance between the seal surface and the casing wall
{when the seal is not actusted) would also aflow the coiled tubing/BHA to be tripped
in and out of the hole st much faster speeds than are possible with currently available
coiled tubing systems. In addition, to minimize potential undesirable seal wear and
tear, in a prefared embodiment, the perforating device would accommodate
perforating the casing wall such that a perforation bole with a relatively smooth edge
would be achieved, Alternatively, the mechanical re-settable sealing mechanism may
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not need to provide a perfect hydraulic seal and for example, could retain a small gap
around the cirmference of the device. This small gap could be sized to provide a
scaling mechanism (if desired) whereby proppant bridges across the small gap and
provides a seal (if desired) that can be removed by fhuid circulation. Furthermore
depending on the specific application, it is possible that a stimulation job could proceed
in an economically visble fashion even if a perfect hydraulic seal was not obtained with

Since the perforating gun is deployed simultaneously with the coiled tubing and
re-settabla sealing mechanism, all components can be depth controlled at the same time
by the same measurement standard. This eliminates depth control problems that
existing methods experience when perforation operstions and stimulstion operations
are performed using two different measurement systems at different times and different
wellbore trips. Very precise depth control can be achieved by use of a casing-collar-
locator, which is the preferred method of depth control.

The groas height of each of the individual perforated target intervals is not
imited. Thns is in contrast to the problem that existing coiled tubing systems possess
using a straddle-packer hike device that Fmits application to 15 - 30 feet of perforated
imterval height.

Since permanent bridge plugs are not neceasarily used, the incremental cost and
wellbore risk associated with bridge plug drill-out operations is eliminated.

If coiled tubing is used as the deployment means, it is possible that the coiled
tubing string used for the stimmlation job could be bhung-off in the wellhead and used as
the production tubing string, which could result in significant cost savings by
eliminating the need for rig mobilization to the well-sitc for installation of conventional
production tubing string comprised of jointed tubing.

Coatrolling the sequence of zones to be treated allows the design of individual
treatment stages to be optimized based on the characteristics of each individual zone.
Furthermore, the potential for sub-optimal stimulation because multiple zones are
treated simultencously is essentially eliminated by having ounly one open set of
perforations exposed to each stage of treatment. For example, in the case of hydraulic
fracturing, this invention mzy minimize the potentizl for overflush or sub-optimal
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placement of proppant into the fracture. Also, if a problem occurs such that the
treatment st be terminated, the up-hole zones to be stimulated have not been
compromised, sinco they have yet to be perforated. This is in contrast to conventional
ball sealer or coiled tubing stimulation methods, where all perforations omst be shot
prior to the job. Should the conventional coiled tubing job fail, it may be extremely
difficult to effectively divert and stimulste over 2 long completion interval
Additionally, if only one set of perforations is open above the sesling element, fivid can
be circulated without the possibility of breaking down the other multiple sets of open
perforetions above the top sealing element as could occur in the conventional coiled
tubing job. This can minimize or eliminate fiuid loss and damage to the formation
when the bottomhole circulation pressure would otherwise exceed the formation pore
pressure,

The entire treatment can be pumped in & single trip, resulting in significant cost
savings over other techniques that require multiple wireline or rig work to trip in and
out of the hole in between treatment stages.

The invention can be applied to mmiti-stage treatments in deviated and
horizontal wellbores, Typically, other conventional diversion technology in deviated
and horizontal wellbores is more challenging becsuse of the nature of the fluid
transport of the diverter material over the long intervals typically associated with
deviated or horizontal wellbores.

Should a screen-out oocur during the fracture trestment, the invention provides
& method for sand-laden fluid in the anpulus to be immediately circulated out of the
hole such that stimulytion operations can be recommenced without having to trip the
coiled tubing/BHA ocut of the hola. The presence of the coiled tubing system provides
a means to measure bottomhole pressure after perforating or during stimulation
operations based on pressure calculations involving the coiled tubing string under ahut-
in (or low-flow-rate) conditions.

The presence of the coiled tubing or conventional jointed tubing system, if used
as the deployment means, provides a means to inject fluid downhole independently
from the fluid injected in the anmulus. This may be useful, for example, in additional
applications such as: (a) keeping the BHA sealing mechanizm and flow ports clean of

/(_\"‘
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proppant accumulation (that could poasibly cause tool sticking) by pumping fluid
downhole at a nominal rate to clean off the sealing mechagism and flow ports; (b)
downhole mixing epplications (as discussed further below); (c)spotting of acid
downhole during perforating to aid perforation hole clean-up and communication with
the formation; and (d) independently stimulating two zones isolated from each other by
the re-settable sealing mechanism. As such, if tubing is used as the deployment means,
depending on the specific operstions desired and the specific bottomhole assembly
components, fhrid could be circulated downhole at all times; or only when the sealing
clement is energized, or only when the sealing element is not energized; or while
equalization ports are open or closed. Depending on the specific bottomhale assembly
components and the specific design of downhole flow control valves, us may be used
for example as integral components of equalization ports subs, circulation port subs or
flow port subs, downhole fiow control valves may be operated by wireline actuation,
hydraulic actuation, fiow actnation, "j-latch® actuated, sliding-sleeve actuated, or by
many other mesns known to those skilled in the ert of operation and actuation of
downhole flow control valves.

The coiled tubing system. still allows for controlled flowback of individual
treatment stages to aid clean up and assist fracture closure. Flowback can be
parformed up the ennulus between the coiled tubing and the production casing, or
alternatively, flowback may even be performed up the coiled tubing string if’ excessive
proppant flowback were not to be considerad a problem.

The perforating device may be comprised of commercially-available gun
systems. These gun systems could include what will be referred to herein as a "sclect-
fire" system such that & single perforation gun assembly is comprised of oultiple

charges or sets of perforation charges. Each individual set of one or more perforation .

charges can be remotely controlled and fired from the surface using electric, radio,
preasure, fiber-optic or other actuation signals. Each set of perforation charges can be
designed (number of charges, number of shots per foot, hole size, penetration
charscteristics) for optimal perforation of the individual zone that is to be treated with
an individual stage With current select-fire gun technology, commercial gun gystems
exist that could allow on the order of 30 to 40 intervals to be perforated sequentially in
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a xingle downhole trip. Guns can be pre-sized and designed to provide for firing of
multiple sets of perforations. Guns can be located at sny location on the bottomhole
assembly, including ecither above or below the mechanical re-settable sealing
mechaniam. '

Intervals may be grouped for treatment based on reservoir properties,
treatment design considerations, or equipment Limitations. After each group of
intervals (preferably 5 to approximately 20), at the end of a workday (often defined by
lighting conditions), or if difficulties with sealing one or more zones are encountered, &
bridge plug or other mechanical device would preferably be used to isolate the group
of intervals already treated from the next group to be treated. One or more selact-fire
set bridge piugs or fracture baffies could be run in conjunction with the bottomhole
assembly and set as desired during the course of the completion operation to provide
positive mechanical isolation between perforated intervals and climinate the need for a
separate wireline run to set mechanical isolation devices or diversion sgents between
groups of fracture stages.

In generul, the inveative method can be readily employed in production casings
of 4-1/2 inch diamcter to 7-inch dismeter with existing commercially available
method could be employed in smaller or larger casings with mechanical re-settable
sealing mechanisms appropriately designed for the smaller or larger casings.

Each individual gun may be on the order of 2 to 8 feet in length, and contain cn
the order of 8 to 20 perforating charges placed along the gun tube at shot deunsity
ranging between 1 and 6 shots per foot, but prefersbly 2 to 4 shots per foot. In a
preferred embodiment, as many as 15 to 20 individual guns could be stacked one on
top of another such that the assembled gun system total length is preferably kept to
less than approximately 80 to 100 feet. This total gun length can be run into the
wellbore using a readily-available surface crane and lubricator system. Longer gum
lengths could also be used, but may require additional or special surface equipment
depending on the total number of guns that would make up the complete perforating
devin'a. It is noted that in some unique applications, gun lengths, number of charges
per gun, and shot density could be greater or less than as specified above as final
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perforating system design would be impacted by the specific formation charactesistics
present in the wellbore to stimulated

In order to minimize the total length of the gun system and BHA, it may be
desirable to use multiple (two or more) charge carriers uniformly distributed around
and strapped, welded, or otherwise attached to the coiled tuhing or connected below
the mechanical re-settsble sealing mechanism. For example, if it were desired to
stimulate 30 zones, where each zone is perforated with & 4-R gun, & single gun
assembly would result in a total length of approximately 150 feet, which may be
impractical to handle st the surface. Alternatively, two gun assemblies located
opposite one another on the coiled tubing could be deployed, where each assembly
could contain 15 guns, and total length could be approximately 75-feet, which could
readily be handled at the surface with existing lubricator and crane systems.

An alternative arrangement for the perforating gun or guns would be to locate
one or more guns above the re-settable mechanical sealing mechanism There could be
two or more separate gun assemblies attached in such & way that the charges were
oriented away from the components on the bottomhols assembly or the coiled tubing
It could also be a single assembly with charges loaded more densely and firing
mechanisms designed to simultaneously fire only a subset of the charges within a given
interval, perhaps all at a given phase orientation.

In an alternative embodiment of this inveation, shrasive water-jet cutting
technology could be deployed as the perforating davice. The use of coiled tubing or
jointed tubing provides a flow conduit down the cester of the tubing. Abmsive water-
jet cutting technology could be applied with water-jet cutting nozzies installed in the
bottom-hole portion of the coiled tubing. High-pressure high-velocity abrasive fluid or
slurries would be pumped downhole through the coiled tubing and through the
penetrate the formation to provide flow puth commmunication to the formation
Arbitrary distributions of holes and slots could be placed using this method throughout
the completion interval during the stimulation job. Elimination of the conventional
select-fire perforating gun system and replacement with a much smaller length abrasive

’L\q
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water-jet cutting device would substantially reduce the height requirement for the
surface Jubricator system.

Although the pecforating device described in this embodiment used remotely
fired charges to perforate the casing and cement sheath, alternative perforating devices
including but not limited to chemical dissohstion or drilling/milling cutting devices
could be used within the scope of this invention for the purpose of cresting a flow path
between the wellbore and the surrounding formation. For the purposes of this
invention, the term “perforating device” will be used broadly to include all of the
above, as well as any actuating device suspended in the wellbore for the purpase of
actuating charges or other perforating means that may be conveyed by the casing or
other means external to the bottomhole assembly or suspension method used to
support the bottomhole assembly.

The BHA could contain a downhole motor or other mechagism to provide
rotation/torque to accommodate actuation of mechanical sealing mechanigms requiring
rotationtorque for sctustion. Such a device, in conjunction with sn arienting device
(e.8., gyroscope or compass) could ellow oriented perforating such that perforation
holes are placad in a prefirred compass direction. Alternatively, if conventional jointed
tubing were to be used, it is possible that rotation and torque could be tranamitted
downhole by direct rotation of the jointed tubing using rotation drive equipment that
may bo readily available on conventional workover rigs. Downhole instrumentation
gauges for meagurement of well conditions (casing collar locator, pressure,
temperature, pressure, and other measurement gauges) for resl-time downhole
monitoring of stimulation job perameters, reservoir properties, and/or well
performance could also be deployed as part of the BHA.

In addition to the re-settable mechanical diversion device, other diversion
material/devices could be pumped downhole during the treatment includmg but not
limited to ball sealers or particulates such as sand, ceramic material, proppant, salt,
waxes, resins, or other organic or inorganic compounds or by alternative fluid systems
such as viscosified fluids, gelled fluids, foama, or other chemically formmlated fluids. or

_ other injectable diversion agents. The additional diversion material could be used to

help minimize the duration of the stimulation treatment as some time savings could be

),
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realized by reducing the number of times the mechanical diversion device is sct, while
atill achieving diversion capabilitics over the multiple zones. For exampla in a 3,000
foot interval where individual zones nominally 100 feet apart are to be freated, it may
be desirable to use the re-settable mechanical diversion device working in 500 foot
increments uphole, and then divert each of the six stages with a diverting agent carried
in the treating finid. Alternatively, limited entry techniques could be used for multiple
intervals as a subset of the gross interval desired to be treated. Either of these
variations would decrease the mumber of mechanical sets of the mechanical diversion
device and possibly extend its effective life.

If a coiled tubing string is used as the deployment means, the coiled tubing
allows for deployment of downhole mixing devices and ready application of downhole
mixing technology. Specifically, the coiled tubing string can be used to pump
chemicals downhole and through the flow ports in the bottomhole assembly to
subsequently mix with the fluid pumped in the coiled tubing by production cesing
annulus. For eample, during a hydraulic fracturing treatment, it may be dexirable to
pump nitrogen or carbon dioxide downhole in the coiled tubing and have it mix with
the treatment fluid downhole, such that nitrogen-assisted or carbon dioxide-assisted
flowback can be accommodated.

This method and apparatus could be used for treatment of vertical, deviated, or
horizontal wellbores. For example, the invention provides a method to genemte
nultiple vertical (or somewhat vertical) frachures to intersect horizontal or devisted
wellbores. Such a techuique could enable economic completion of multiple wells from
a single pad location. Treatment of & multi-lateral well could also be performed
wherein the deepest Interal is treated first; then a plug is set or sleeve actusted to
isolate this lowest lateral; the next up-hole lateral is then treated; another plug is set or
sleeve actuated to isolate this Iateral; and the process repeated to treat the desired
sumber of laterals within a single wellbore.

Although desirable from the standpoint of maximizing the mumber of intervals
that can be treated, the use of short guns (i.c.,, 4-ft length or less) could limit well
productivity in some instances by inducing increased pressure drop in the near-
wellbore reservoir region when compared to use of longer guns. Potential for
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excessive proppant flowback may also be increased leading to reduced stimulation
effectivencss. Flowback would preferably be performed at a controlled low-rate to
limit potential proppant flowback. Depending on flowback results, resin-coated
proppant or altemative gun configurations could be used to improve the stimulation
effectiveness.

In addition, if tubing or cable are used as the deployment means to help
mitigate potential undesirable proppant erosion on the tubing or cable from direct
impingement of the proppant-laden fluid when pumped into the side-outlet injection
ports, an “isolation device™ can be rigged up on the wellhead. The isolation device
may consists of a flange with a short length of tubing attached that runs down the
center of the wellhead to a few feet below the injection ports. The bottombole
assembly and tubing or cable ere run interior to the isolation device tubing. Thus the
tubing of the isolation device deflects the proppant and isolates the tubing or cable
from direct impingement of proppant. Such an isolation device would consist of an
appropriate dismeter tubing such that it would readily allow the largest outer diameter
dimengion associsted with the tubing or cable and bottomhole assembly to pass
through untindered. The length of the isclation device would be sized such that in the
event of damage, the lower master fracture valve could still be closed and the wellhead
rigged down as necessary to remove the isolation tool. Depending on the stimulation
fuids and the method of injection, an isolation device would not be needed if erosion
concerns were not present. Although field tests of isolation devices have shown no
erosion problems, depending on the job design, there could be some risk of erosion
damage to the isolation tool tubing assembly resulting in difficulty removing it. If an
isolation toal is used, preferred practices would be to mamtain impingement velocity
on the isolation tool substantially below typical erosional limits, preferably below about
180 ft/gec, and more preferably below about 60 ft/sec.

Another concern with this technique is that premature screen-out may occur if
fluid displacement during pumping is not adequately measured as it may be difficult to
initiate 8 fracture with proppant-laden fluid across the next zone to be pexforated. It
may be preferable to use a KCI fluid or soms other non-gelled fluid or fiuid system for
the pad rather than s gelled pad fluid to better initiate fracting of the next zone.
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Pumping the job at a higher rate with a non-gelled fluid between stages to achieve
tusbulent flush/sweep of the casing will minimize the risk of proppant screen-out
Also, contingency guns available on the tool string would allow continuing the job
after an appropriate wait time.

Although the embodiments discussed sbove are primaily related to the
beneficial effects of the inventive process when asppiied to hydnmlic fracturing
processes, this should not be interpreted to limit the claimed invention which is
applicable to any situation in which perforuting and performing other wrellbore
operations in a single trip is beneficial. Those skilled in the art will recognize that
many variations not specifically mentioned in the examples will be equivalent in
function for the purposes of this invention.
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We Qlaim: .
1. A method for perforating and treating multiple itervals of one or more
subtefranean formations intersected by a wellbore, said method comprising:
(a) deploying a bottom-hole assembly ("BHA") from a tubing string within
5 said wellbore, said BHA having a perforating device and a sealing
mechanism;
(b) using said perforating device to perforate at least one interval of said
one or more subterranean formations;
(c) positioning said BHA within said wellbore and activeting said sealing
10 mechanism so as to establish a hydmaulic seal below said at least one
perforated interval;
(d) pumping a treating fiuid down the annulus between said tubing string
and said wellbore and into the perforations created by said perforating

15 (¢) releasing said sealing mechanism; and
()] repeating staps (b) throngh (e) for at least one additional interval of
said one or more subterranean formations.

2 The method of Claim 1 wherein said tubing string is a coiled tubing.

The method of Claim 1 wherein said tubing string is a jointed tubing.

20 4. The method of Claim 1 wherein said BHA further comprises a casing collar
locator.

S The method of Claim 1 wherein said perforating device is a select-fire
perforating gun containing omiltiple sets of one or more shaped-charge
pesforating charges; each of said sets of one or more shaped-charge perforating

25 charges individually controlled and activated by electric or optic signal
transmitted via a cable deployed in the wellbore,

6 The method of Claim 1 wherein said perforating device is & jet cutting device
communication between said wellbore and mid one or more intervals of said

30 one or more subterranean formations. -

(A
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The method of Claim 1 wherein said treating fluid is also pumped down said
tubing string, through flow ports in said BHA , and into said pexforations.

The method of Claim 1 wherein a second treating flnid is pumped down said
tubing string, through fiow ports in ssid BHA, and into said pesforations.

The method of Claim 8 wherein said second treating fluid is nitrogen.

The method of Claim 1 wherein said sealing mechanism is a re-settable packer.
The method of Claim I wherein said treating fluid is a slurry of a proppant
material and a carrier fuid.

The mesthod of Claim 1 wherein said treating fluid is a fluid containing no
proppant.

The method of Claim 1 wherein said treating fluid is an acid sohstion.

The method of Claim 1 wherein said treating fiuid is an organic solvent.

The method of Claim 1 wherem said method further comprises the step of,
prior to releasing said sealing mechanism, deploying st least one diversion
agent in said wellbore to block further flow of treating fluid into said
perforations. )

The method of Claim 15 wherein ssid diversion agent deployed in said wellbore
is selected from the gronp consisting of particulates, gels, viscous fluids, foams,
and ball scalers.

The method of Claim 1 wherein said sealing mechanism is actuated by
hydraulic pressure transmitted from the surfuce through an umbilical

The method of Claim 1 wherein said perforating device is actuated by hydraulic
pressare trangmitted from the surface through an umbilical.

The method of Claim 1 wherein said perforating device is actuated by hydraulic
pressure transmitted from the surface through ssid wellbore.

The method of Claim 1 wherein said perforating device is actuated by hydraulic
pressure transmitted from the surfuce through said tubing string.

A method for perforating and treating multiple intervals of one or more
subterranezn formations intersected by a wellbore, said method comprising:
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(n)  deploying a bottom-hole assembly ("BHA") using.a deployment means
within ssid wellbore, said BHA having a perforating device and a
sealing mechanism;

(b) ponitioning said perforating device adjacent the interval to be perforated
and using said perforating device to perforate said interval;

(c) positioning said BHA within said wellbore and ectuating said sealing
mechanism so as to establish a hydraulic seal below said at least one
perforated interval;

(d) pumping a treating fluid down said anmuhis between said suspension
mesns and said wellbore and into the perforations created by said
paxforating device, without removing said perforating device from said
wellbore;

(e) releasing said sealing mechanism; and

()  repesting steps (b) through () for at least one additional interval of
said one or more subterrancan formations.

Tho method of Claim 21 wherein said deployment means is selected fram the

group consisting of a wireline, a slickline, and a cable.

The method of Claim 21 wherein said deployment means is a tubing string

The method of Clzim 23 wherein said tubing string is coiled tubing.

The method of Claim 23 wherein ssid tubing string is jointed tubing.

The method of Claim 23 wherein sxid treating fluid is pumped down said

tubing string, throngh flow parts in said BHA, and into said perforations.

The method of Claim 26 wherein said treating fluid is also pumped down the

annvius between said tubing string and said wellbore.

The method of Claim 24 wherein said treating fluid is pumped down the

anmhis between seid tubing string and said wellbore.

The method of Clsim 21 wherein said sealing mechanism is a ro-settable

packer.

The method of Claim 21 wherein said treating fluid is & slurry of a proppant

material and a carrier fluid. S

e
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proppant.

The method of Claim 21 wherein said treating fluid is an acid solution.

The method of Claim 21 wherein said treating fiuid is an organic solvent.

The method of Claim 21 wherein said perforating device is a select-fire
perforating gun conteining multiple sets of one or more shaped-charge
perforating charges; each of sid sets of one or more shaped-charge perforating
charges individually controlled and activated by an electric or optic signal
transmitted via a cable deployed in the wellbore.

The method of Claim 21 wherein said perforating device is actuated by
The method of Claim 23 wherein said perforating device is actuated by
hydmulic pressure transmitted from the surface through the said tubing string.
The method of Claim 23 wherein said perforsting device is a jet cutting device
commumication between said wellbore and said one or more intervals of said
ons or more subterranean formations.

The method of Claim 21 wherein said method fimther comprises the step of,
prior to releasing seid sealing mechanism, deploying at least one diversion
sgeat in said wellbore to block further flow of treating fuid into said
perforations.

The mathod of Claim 38 wherein said diversion agent deployed in said wellbore
is selected from the group consisting of particulates, gels, viscous fluids, foams,
and ball sealers.

A stimulstion treatment system for use in perforating and treating multiple
intervals of one or more subterrancan formations intersected by & wellbore, said
(a)  atreating fluid;

"(b)  atubing stririg deployed within said wellbore;

()  a bottom-hole assembly (BHA) deployed with seid tubing string, said
BHA having at least one perforating device, for sequentially perforating
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said multiple intervals, and one seeling mechanism, said BHA capable of
being positioned witkin said wellbore, to allow actustion of said
perforating device and said sealing mechanism;

(d said sealing mechanism capable of establishing & hydraulic seal sbove
and below said sealing mechanism, and further capable of releasing said
hydraulic sesl to allow said BHA to mave to a different position within
said wellbore, thereby allowing each of said multiple treatment intervals
to be treated with said treating fuid separately from said other
treatment intervals.

The system of Claim 40 wherein sid tubing string is coiled tubing.

The system of Claim 40 wherein said tubing string is jointed tubing.

The system of Claim 40 wherein said BHA further comprises a casing collar

locator.

The system of Claim 40 wherein said perforating device is a sclect-fire

perforating gun contsiming pmitiple sets of one or more shaped-charge

perforating charges; each of anid sets of one or more shaped-charge perfirating
charges individually controlled and activated by an electric or optic signal
transmitted via a cable deployed in the wellbore.

The system of Claim 40 wherein said perforating device is sctusted by

hydraulic pressure transmitted from the sorface through the said wellbare,

The system of Clsim 40 wherein ssid perforating device is actusted by

hydraulic pressure transmitted from the surface through the said tubing string.

The system of Claim 44 wherein seid perforating device is a jet cutting device

that uses fuid pumped down said tubing string to establishing hydraulic’

communication between said wellbore and said one or more intervals of said
one or more subterranean formations.

The system of Claim 40 wherein said sealing mechanism is a re-settable packer.
The system of Claim 40 wherein said treating fluid is a slurry of a proppant
material and a carrier fluid.

The system of Claim 40 wherein said treating fiuid is a fluid containing no
proppant.
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The system of Claim 40 wherein said treating fiuid is an acid solution.

The system of Claim 40 wherein sid tresting fluid is an orgaric solvaat.

An apparatus for use in perforating and treating multiple intervals of one or

more subtarancan formstions intersected by & wellbore, seid apparatus

comprising:

(a) a bottom-hole assembly (BHA), adapted to be deployed in said
wellbore by a deployment means, said BHA having at least one
pecforating device for sequentially parforating said multiple intervals
and at least one sealing mechanism; and

(b)  said sealing mechanism capable of establishing & hydraulic seal in said
wellbore, and firther capable of releasing said hydraulic seal to allow
said BHA to move to a different position within said wellbore, thereby
allowing each of said wwltiple treatment imtervals to be treated
separately from said other treatment intervals.

The apparstus of Claim 53 wherein said suspension means is & tubing string.

The apparatus of Claim 54 wherein szid tubing string is & coiled tubing.

The apparatus of Claim 54 wherein said tubing string is jointed tubing.

The apparatus of Claim 53 wherein said suspension means is selected from the

group consisting of a wireling, a slickline, and a cable.

The apparatus of Clsim 53 wherein ssid BHA further comprises a casing collar

locator.

The spparatus of Claim 53 whercin seid sealing mechanism is a re-settable

packer.

The apparatus of Claim 53 wherein said perforating device is a select-fire

perforating gun contzining muhiple sets of one or more shaped-charge

perforating charges; each of said sets of one or more shaped-charge perforating
charges individually controlled and activated by an electric signal transmitted
via a wireline deployed in the wellbore.

The apparatus of Clsim 53 wherein said perforating device is actuated by

hydraulic pressure transmitted from the surface through the ssid wellbare.
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The apparatus of Claim 54 whercin said perforeting device is actuated by
hydraulic pressure trangmitted from the surface through the said tubing string.
The apparatus of Claim 54 wherein suid perforating device is & jet cutting
device that uses finid pumped down said tubing string to establishing hydraulic
communication between said wellbore and said one or more intervals of said
one or more subterranean formations.

An apparatus for use in perforating and treating multiple intervals of one or

JSpore subterranesn formations intersected by & wellbore, said apparatus

;;

(a) a bottom-hole assembly, having at least one perforating device for
scquentially perforating said multiple intervals, at least onc sealing
mechanism; and at least one tructor device;

(b) mid tractor device capable of positioning ssid BHA at different
positions in said wellbore; and

(©  said sealing device capable of estshlithing a hydrulic seel in said
wellbore, and firther capable of releasing said hydraulic seal to allow
said BHA to move to a different position within ssid wellbore, thereby
allowing each of ssid muitiple treatment intervals to be treated
separately from said other treatment intervals.

The apparatus of Claim 64 wherein said BHA firther comprises a casing collar

locator.

The npparatus of Claim 64 wherein said sealing mechanism is a re-seitable

packer.

The spparatns of Claim 64 wherein seid perforating dovice is a sclect-fire

perforating gun contsining multiple sets of one or more shaped-charge

perforuting charges; each of said sets of oue or more shaped-charge perforating
charges indivicually controlled and activated by an electric signal transmitted
via a wireline deployed in the wellbore,

The spparatus of Claim 64 wherein said peforating device is actuated by

bydraulic pressure transmitted from the surface through the said wellbore.



OO0DEOT " 8S2hha09

10

15

-53.-

ABSTRACT

The invention provides an apparatus and method for perforating and
treating omitiple intervals of one or more subterrancan formations intersected by a
wellbore by deploying & bottom-hole assembly ("BHA”) having a perforating
device and at least one sealing mechanism within said wellbore. The BHA may be
suspended in the wellbore using a tubing string or cable; or altematively, the BHA
may be deployed using a tractor system attached directly to the BHA. The
perforating device is used to perforate the first imterval to be trested. Then the
BHA is positioned within the welfbore such that the sealing mechanism, when
actusted, establishes a hydravlic seal in the wellbore to positively force fluid to
enter the perforations corresponding to the first interval to be treated. A treating
uid is then pumped down the wellbore and into the perforations crestad in the
perforated interval. The sealing mechanism is released, and the steps are then
repeated for as many intervals as desired, without removing the BHA from said
wollbore.
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TRADUCCION OFICIAL NO. 8259

DE UN DOCUMENTO ESCRITO EN INGLES.

Legelizaciones de un traspaso de patente de varios Inventores a EXXON MOBIL
UPSTREAM RESEARCH COMPANY con ceriificados notariales, esciiios iodos
simultdneamente en ingléa y en espafiol.

Los certificados notariales son los siguientes:

1. Autentica la firma de Randy C. Tolman, con fecha Abril 2 de 2001, esté firmado por
Susan Y. Hoffman y tiene el sigulente selio de caucho: Susan Y. Hoffman - Notario
Pablico, Estado de Wyoming, Condado de Sublette, Wyoming — La Comisidn Expira
on Diciembre 3 de 2003. - A la izquierda el escudo del Estado de Wyoming.

2. Autentica la fima de Lawrence O. Carlson, con fecha Abril 9 de 2001, esté fimado
por Jane V. Moreau y tiene el siguients selio de caucho: Jane V. Moreau - Notario
Pablico, Estado de Taxas — Mi Comisién Expira 01-16-2003. - A |a Izquierda el escudo
de Texas con la leyenda Notario Publico — Estado de Texas

3. Autentica la fira de David A. Kinison, con fecha Abril 9 de 2001, esta fimado por
Jane V. Moreau y tiene el siguiente sello: de caucho: Jane V. Moreau - Notario
Pablico, Estado de Texas — Mi Comisién Expira 01-16-2003. - A la izquierda ef escudo
de Texas con la leyenda Notario Piblico, Estado de Texas.



4. Autentica la firma de Kris J. Nygaard, con fecha 14 de Abrfl de 2001, eatd firmado por
Jacqueline Wast y tiene los sigulantes sellos: de caucho: Jacqueline West — Notario
Pdblico, Estado de Texas — Mi Comisién Expim 4-26-2002 — Sello en relleve:
Jacqueline West — Notario Piiblico, Estado de Texas — Expira 4-26-2002.

5. Autentica la firna de Glenn A. Goss, con fecha Abrii 8 de 2001, esté fiirmado por Jane
V. Moreau y fisne el siguiente selio: de caucho: Jane V. Moreau - Notario Plblico, Estado
de Texas — M} Comisidn Expira 01-18-2003. - A ia izquierda &l escudo de Texas con la
leyenda: Netarlo Pibilico Estado de Texas.

6. Autentica la firma de Wiiam A. Sorem, con fecha 13 de Abril de 2001, esti fimado
por Jacqueline West y tiene ios siguientes eelios: de caucho: Jacqueiine West — Notario
Ptiblico, Estado de Texas — Mi Comisién Expira 4-26-2002 — Selio en relieve: Jacqueline
West — Notario Piblico, Estado de Texas — Expira 4-26-2002.

7. Autentica la fima de Lee L. Shafer, con fecha Abrit 2 de 2001, estd finmado por
Sul;n Y. Hoffman y tisne el siguisnte selio de caucho: Susan Y. Hofiman - Notario
Pébiico, Estado de Wyoming, Condado de Sublette, Wyoming — La Comisién Expira
en Diciembre 3 de 2003. - A la zquierda el escudo del Estado de Wyoming.

ESTADO DE TEXAS ("

ObEs .

SECRETARIA DE ESTADO pan SR
APOSTILLA

(Convencién de La Haya de octubre 5 de 1961)




1. Pais: Estados Unidos de América
Este documento publico
2. ha sido firmado por JACQUELINE WEST
3. actuando en su condicion de  Notario Piblico, Estado de Texas

4. y tiene ol sellofestampillade JACQUELINE WEST, Notario Publico, Estado
de Texas, La Comision Expi

0l
N
"3’

0N
mams's%
i
I €
SILGEIG

CERTIFICADO

STIDIVIIH 30 DESICENN

5. en Austin, Texas 6. en Abril 17 de 2001

7 por el Secretario det Estado de Texas

' i}mv"x{ﬁ
S

8 Certificado No. N-247800

gm B §
9 Sello: El Estado de Texas E E gg
= ! i=§
10. Firma: Firmado: Henry Cuellar "'-’~>.D EE
= B

=R B =

Secretario de Estado 3L W 3

ESTADO DE TEXAS
SECRETARIA DE ESTADO

APOSTILLA

14




(Convencion de La Haya de octubre 5 de 1981)

1. Pais: Estados Unidos de América

Este documento pibiico EEE o B
25w T
§E§ k3 ::E
2. ha sido firmado por JANE V. MOREAU =SS/ Ho
dSE. B
| -
3. actuando en su condicion de  Notario Piblico, Estado de TR 30 B
B m e §
4.y tiene el selio/estampillade  JANE V. MOREAU, Notario Pblico, Estado de
Texas, La Comision Expira: 01-16-03
CERTIFICADO gy E g
= g=
5. en Austin, Texss 8.  en Abril 17 de 2001 = L 2R
= =8
7. por el Secretario del Estado de Texas 52 o BA

8. Certificado No. N-247901

9. Sello: El Estado de Texas

10. Firma: Firmado: Henry Cuellar

Secretario de Estado

— S S G s
[ —

ESTADO DE WYOMING

SECRETARIA DE ESTADO

%3




3 3

APOSTILLA

B’

31"5%‘, vib

NNl

(Convancion de La Haya de octubre 5 de 1981)

g

&
1. Pais: Estados Unidos de América Eg w
=yLn -
55 o
Este documento piblico gg% <

B

<

2. ha sido firmado por Susan Y. Hoffman r-’if-

3. actuando en su condicion de Notario Piblico, Estado de Wyoming
4, y fiene el selio/estampilla de Susan Y. Hpffman, Notario Pablico

CERTIFICADO

Yavioang ngm
SIR0IVT 3 kI

2L A h- iviom

UaXa1 130 UVG) iavsnodsIy

5. en Cheyene, Wyoming 8. en Abril 17 de 2001

7. por Kelly L. Dagostino, Asistente Administrativo, Estado de Wyoming

8. No. 17015
9. Selio en relieve, estampado sobre lémina de papel metalizado: Gran Sello del
Estado de Wyoming.
10. Firma: Fimado: Kelly L. Dagostino

Es traduccién fiel y competa, de ia cual queda copia en el archivo de esta oficina
de traducciones para su confrontacién, a la cual me remito.

Derechos de traduccion: $40.000

Bogoté, D.C. 4 de mayo de 2001

i3{ X3
3% 30 DI3iCHAny

55
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State of Wyoming 6

Office of the

SECRETARY OF STATE

Apostille

(Convention de La Hague du 5 QOctobre 1961)

1. Country: United States of America

This public document ‘
2 h” been Susan Y. Hoffman

signed by |
3. acting in ] . |

the capacity of Notary Public, State of Wyoming
4.  bears the seal/stamp of Susan Y. Hoffman, Notary Public/Wyoming

Certified
. . .

5.t Cheyenne, Wyoming 6. the 17" ofApril 2001
7 by Kelly L. Dagostino, Administrative Assistant, State of Wyoming
8  No 17015

10.  Signature

g
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ASSIGNMENT .

The undersigned,
1. Randy C. Tolman 2. Lawrence O. Carlson
3. David A. Kinison 4. Kris J. Nygaard
5. Glenn S. Goss 5. William A. Sorem
7. Lee L. Shafer

domiciled in

1 P.0.Box 4097, 11 Meadow Canyon Dr., Marbleton
Wyoming 83113 USA

15018 Redbud Leaf Lane, Cypress Texas 77429 USA
3326 Three Pines Drive, Kingwood, Texas 77339 USA
4019 Tartan Lene, Houston, Texas 77025 USA

1630 Scenic Mountain Couit, Kingwood, Texas 77345
USA
20606 Faunbrook Court, Katy, Texas 77450 USA
P.O.Box 680, 5 Gopher Ridge lane, Big Piney,

. Wyoming 83113 USA
hereby state under oath to be the sole and true inventor of

hhwN

~ o

METHOD AND APPARATUS FOR STIMULATION OF
MULTIPLE FORMATION INTERVALS

We state as well that we assign, without reservations or
limitation, in favor of

EXXONMOBIL UPSTREAM RESEARCH COMPANY
a corporation organized and existing under the laws of
the State of Delaware, United States of Arherica
domiciled in

the State of Texas, United States of America

all rights inherent to said invention, and that the above
mentioned corporation hereby is enabled to apply, in its

name, for the comresponding patent in the Republic of
Colombia.

1T
i
i
i
1
3
&

5

6. mmmrt.raty,h'mmm\

7. P-Oah m' 5@!”@ ]n. Hw
Wyaning 83113 (BA He ’

decla bajo juramento ser tnico y verdadero
inventor de

Declar asimismo que cedemos y
transf sin reserva ni limitacién, a favor de la
sociedad

ECIONMOBIL UPSTREAM RESEARCH COMPANY
organizada y existente de conformidad con

1as leyes de

Estado de Delmare, Fstados Unidos de Anfrics

domiciliada en
Estado de Texas, Fatados Unidos de Anfrica

todos los derechos inherentes a dicha
invencién y que la citada sociedad queda
facultada para solicitar en su nombre la
patente correspondiente en la Repiiblica de
Colombia.

pet, D qeam LT :
m;-h-l‘w“ - ¥, \# #

B3P SRR S

William A. Sorem
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(/ ) CERTIFICADO NOTARIAL (INDIVIDUO)

Alos 2 diasdeimesde Abwril
de 192001, compareci personalmente ante mi,
Notario Pdblico,

Randy C, Tolwen

& quien doy fé de conocer y me consta que

In persona descrita  y firmante
del doecumento que precede, declarando ante mif
que otcrga ¢l mismo para los fines y propdsitos
que en €] se expresan.

NOTARY PUBLIC (Notario Piblico)

/‘9 CERTIFICADO _I‘IQ'I.‘ARIALl(I_l_NTDN[PU(y _

Alos 9 dias del mesde Abril
de compareci  personalments ante mi,
Notario Péblico,

0. CARISN
aquien doy fé de conocer y me consta que

la persona descrifa y firmanie
del documento que precede, declarando ante mi
quec otorga ¢l mismo para los fines y propdsitos
que en ¢ se expresan.

NOTARY PUBLIC (Notario Paiblica)

CERTIFICADO NOTARIAL (INDIVIDUQ)

Alos 9diasdelmesde Abril
de-+92001, compareci personalmente ante mi,
Notario Piblico,

IAVID A, KINTSON

aquien doy fé de conocer y me consta que

la persona descrim  y firmente
del documento que precede, declarando ante mi
que otorga <l mismo para los fines y propdsitos
que en ¢l se expresan.

NOTARY PUBLIC (Notario Piblico)
CERTIFICADO NOTARIAL (INDIVIDUO)
A los 13 dias del mes de Abril

de19 , compereci personaimente ante mi,
Notario Piblico,
KRTS .J. NYGAARD

aquien doy fé de conocer y me consta que

la persona descrim  y firmante
del documento que precede, declarando ante mf
que otorga el mismo para los fines y propésitos
que en él se expresan.

NOTARY PUBLIC (Notario Piiblico)

NOTARIAL CERTIFIQ\TE (INDIVIDUAL)

,womuil dayof pph\
49  personally appeared before me, & Notary
Public, Raudy C:Tolwerw

to me known and known i me to be the person
described in and whe executed the foregoing
document, and duly scknowledged to me

this9 % day of ApRIL-
i personally appeared before me, & Notary

Public, ) 4awhencs ), CAA LSO

to me known and known o me to be the person
described in and who executed the foregoing
document, and duly acknowledged to
me that
executcdtlwumeformeuseumdpmpoacl

this T day of Apr:
-fb"'pe::mdly wppeared b‘:'f;)e rae, & Notary

“David A. Ki

av So

to me known and wnu':l:\n‘eto qhepmn
described in and who  executed the foregaing
document, and duly acknowledged to
me that

executed the same for the uses and purpe

. D\Huhol

tomclmownmdkmwntometobetheperson
described in and who  executed the foregoing

document, and duly acknowiedged to
me that &4~

executed the same for the uses and purposes
therein expressed.

Hed




CERTIFICADO NOTARIAL (INDIVIDUO)

Alos Udiasdelmesde Ahril
deI80(C, compareci personalmente ante mi,
Noterio Piblico,

. GLENN S. GUSS
aquien daoy fé de conocer y me consta que

la persoma descria  y firmante
del documento que precede, declarando ante mi
que otorga el miamo parm los fines y propdsitos
que en ¢l s¢ expresan.

NOTA_RY PUBLIC (Notario Piiblico)

CERTIFICADO NOTARIAL (INDIVIDUO)

Alos 13dins del mes de Alwil
de compareci personalmente ante mi,
Notario Piblico,
WILLIAM A, SRRM
aquien doy fé de conocer y me consta que
la persona descrim  y firmante
del documento que precede, declarando ante mf

que otorga elnnsmopmloaﬁnelypmpésms
que en él 3¢ expresan.

NOTARY PUBLIC (Notario Piiblico)

’

f'"'\, CERTIFICADO NOTARIAL (INDIVIDUO)
4

Alos 2 dias del mesde Abril

de , comparcci  personalmente ante mi,
Notario Pdblico,
LFE 1. SHAFER

aquien doy fé de conocer y me consta que

la persona descrim  y fumante
del documento que precede, declarando ante mi
que otorga ¢l mismo pare los fines y propésitos
que en €] se expresan.

NOTARY. PUBLIC (Notario Piiblico)

<5
3;‘.;{

NOTARIAL CERTIFICATE (INDIVIDUAL)

On this /0¢h day of , 2001

19~ persomally appeared before me, 2 Notary

Public, %QAM a_,%OQDJ

to me known and known to me to be the person
described in and who executed the foregoing
document, snd “ha.  duly acknowledged to

me that “f\o_-
executed the same for the uses and purposes

dayof #pr/

55,g)n this /3
lperwna.lly appeared before me, a Notary

Public, Witham f. Sovc i

to me known and known to me to be the person
described in and who executed the foregoing
document,and h e~ duly acknowledged to
me that e

executcdthesameforﬂwummd

'omhi-a“-*‘d.y of Rpnil
» _persmlly eppeared before me, a Notary
Public, | g |, Shafer

to me known and known to me to be the person
described in and who  executed the foregoing
document, and duly acknowledged to
me that No.

executed the same for the uses and purposes
therein expressed.

s«mg Hifga—

2, SUSAN Y, HOFFMAN

P “umoam

Oommission Bxphes 3 Do, o3




The State of Texas

Secretury of State
APOSTILLE
(Convention de La Haye du 5 Octobre 1961)

1. Country: United States of America

This public document

2. has been signed by JACQUELINE WEST

3. acting in the capacity of Notary Public, State of Texas

4. and bears the seal/stamp of JACQUELINE WEST, Notary Public, State of

Texas, Commission Expires: 04-26-02

CERTIFIED

5. at Austin, Texas 6. om April 17,2001

7. by the Secretary of State of Texas

8. Certificate No. N-247900

9. Seal 10. Signature:

Al

Hemwy Cuellar
Secretary of State

ST/sje
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The State of Texas

Secretary of State

APOSTILLE
(Convention de La Haye du 5 Octobre 1961)

1. Country: United States of America

This public document

2. has been signed by JANE V MOREAU

3. acting in the capacity of Notary Public, State of Texas

4. and bears the seal/stamp of JANE V MOREAU, Notary Public, State of

Texas, Commission Expires: 01-16-03

CERTIFIED

S. at Austin, Texas 6. on April 17,2001
7. by the Secretary of State of Texas

8. Certificate No. N-247901

9. Seal 10. Signature:

Hemry Cucllisr
8e:r=tlrr ofsue




TRADUCCION OFICIAL No. 007

EL ESTADO DE TEXAS
SECRETARIO DE ESTADO

JACQUELINE WEST
Notario Pablico, Estado de Texas

Mi comisidn expira 4-26-2002

YO, ELTON BOMER, Secretario de Estado del Estado de Texas, POR EL
PRESENTE CERTIFICO que de acuerdo con los registros de esta oficina

JACQUELINE WEST

estad calificada como Notario Publico para el Estado de Texas en abril 26, 1998,
por un periodo que termina en abril 26, 2002.

Fecha: marzo 17, 2000

Firmado: Elton Bomer
Secretario de Estado

Hay sello del Consulado General de Colombia en Texas [, N tERNNsM g,
o *mmn@

CONSULADO GENERAL DE COLOMBIA®[ v
HOUSTON, TEXAS W
N° 750 s

*{nﬂ- hnalint s’ LI AUALY
FRADUCTORS .
RER, ‘WONJUS L.y 120



Firmado:

JOSE DAVID RUEDA VISBAL

Consul de Colombia

Hay sello del Consulado General de Colombia en Texas

MINISTERIO DE RELACIONES EXTERIORES
SANTA FE DE BOGOTA
N° 240730

CERTIFICA la firma y el cargo del funcionario consular JOSE DAVID RUEDA

VISBAL, el dia 29 de marzo, 2000.

Hay sello del Consulado General de Colombia en Texas

Fimna) llegible

JEFE DE LEGALIZACIONES
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. CONSULADO GENERAL DE COLOMBIA

Houston, TexassMAR 2 3 2000 No. ) =) [ CONSULADG GENERAL DE COLOMBIA
. : EN HOUSTON, TEXAS
'ECI. suscrito nsul _de Colombla certifica '_Eua Pegado Impuesto de Timbre US$ 7.00
L HE_L___“Z- Pagado Derecho Consular US$ 15.00
quien autoriza el presents documento, ejercia en Ia Total Pagado uUss 22.00
fecha alll expresada las funciones de
TAL2IO (.

=IEho De T ARSamsamas

y que fa firma y sello que en el documento aparecel B i IO G0 SR ox
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The ginf Wexas
Secretary of State

., I, ELTON BOMER, Secretary of State of the State/@f Bgas®
DO HEREBY CERTIFY that according to the records ofghp¥
' 2

" JACQUELINE WEST

qualified as a Notary Public for the State of Texas on April 26, 1998,
for a term ending on April 26, 2002.

Ao BccAfan 3

% I SANTAFE DE ROGOTA, HAGO CIMTAR QIR

" s FITOSTATICA CODMIDR COBEL O
ot HE TENDO & LA VATA

i PO :




o
Losabajofirmades, Gary ;B. Lawsoh, Secretdrio Theundersigned,  (Gury D, Lamon, Assistant Secretsry

Agistents

-

ay

con domicillo en EXXONMOBIL UPSTREAM RESEARCH-
£falo:Speedvay. '
21897 ey

COMPANY
;120 x .
°3a con!‘:zi'mi%]'a?con las

orgnnizada ezi's:%eh
leyeg del Estado de Delanre «U.A..
nombramoa. por ¢l presgnte 2, JOS LLb REDA CAMACHO,

y/o JOSE ANTONIO LLORBDA y/o AURA DUENAS
RODRIGUEZ, y/o QUSTAVO TAMAYO, y/o ANGELA
MARIA RESTREPO y/0 ALICIA LLOREDA, domicllisdos en
Bogotd, Cnlmi:hh.eonoﬂnlnnmdlchlnludld Calle72 No. 5-
83, phso 6o., nuﬂhuuprumtlnluleﬂluyverdldmm
Bogoti,con facultades pars recibir notificaciones y nombrir
npodmdnlju:lldllunutnjudldlls con el fin de der
cumplimientd al parigrafo 10. dolnrl.lmloSﬂd:ldsmtoﬂO
de1971.

Loa doctores JOSE LLOREDA CAMACHO, y/o JOSE
ANTONIO LLOREDA, y/o AURA DUENAS RODRIGUEZ,
y/o GUSTAVO TAMAYO; y/o ANGELA MARIA RESTREPO
y/o ALICIA LLOREDA, o los spoderados que cualquiers dé

dulg.ne. quedan especialmente facultados pul

L esenfarnos ante. las autoridades colombianas,
ndm!mlmﬂns. ludu:nlu 0 demllc!n. en todos los irfimites
relativos & 1a propledad Industrial, & cuyo efecto les facuitamas
para dar ante 'dichas autoridades todos los pasos necesarios al
obleto' Indlcado; elevar solleitudes, declaraclones y reclamos;
formuylar descripciones, enmiendas, oposiclones y apelaciones;
instay cancelaciones y amparos adminlstrativos; sbonar
todos ios impuestos y cuotas y efectuar todo otro pago
determlmdoporlllcrndblttouniloudocumentmyvdmu
dando el deéscargo respectivo; llenar cunlesquiera  otros
requisitos y tomar, en fin, todds las medidas que creyeren
conducentes al reaguardo de nuestros intercses; y en caso de
producirse oponlclén pasando los antecedentes a los
tribunales, quedan facultados pars tamar intervencién como
demandantes - 0 demandados ante los jueces ‘que sean
competentea, pudiendo transar, someter-a frbitros, desistir,
percibir y apelar, con todas las demds facultades que resulten
necesarias; ypoul presente declaramos desde ahora vilido y
cuanto dichos representantes y/o los apoderados qua

L qulers de ellos nombre hicleren en nuestro beneficio,

Asimismo, facultamos s los doctores JOSE LLOREDA
CAMACHO, y/o JOBE ANTONIO LLOREDA, y/o AURA
DUERAS RODRIGUEZ, y/o GUSTAVO TAMAYO, y/o
ANGELA MARIA RESTREPO y/o ALICIA LLOREDA, para
olicitar en .la Oficind de ‘Prapledad - Industrial la
fotocolizdeidn de exte documents y de cualquier podei que
un.lqulindeeﬂou omhelnombrenuestm, as! como pars
lultitulnlpruunte

Dadoyfimado«15 dfas de Marzo 2000, .

Y

of EXXINYDBIL UPSTREAM RESEARCH COMPANY
3120 Buffalo Speedway
P. 0. Box 2189

Houston, Texas 77252-2189, organirzed and existing
under t‘he lawes of the State of Delaware, United

L KA £L.OREDA CAMACHO, and/or JOSE
ANTONIO LLOREDA, and/or AURA DUENAS
RODRIGUERZ, snd/or GUSTAVO TAMAYO, snd/or
ANGELA MARIA RESTREPO and/ar ALICIA LLOREDA, of
Bogotd, Colombis, with offices in sald town, Calle 72 No. 5-83,
Sixth Floor, pur true and lagal reprasentatives in Bogotd, with
power to receive notifications end to appoint judiclal or
extrajudicial agents, so as to comply with paragraph 1 of article
543 of decree 4100 1971.

Doctors JOSE LLOREDA CAMACHO, and/ar JOSE
ANTONIO LLOREDA, and/or AURA DUENAS
RODRIGUEZ, and/or GUSTAVO TAMAYO, and/or
ANGELA MARIA RESTREPO and/or ALICIA LLOREDA, or
the agents by any one of them appointed, are especially
empowered to represent us before the administritive, judicial
or polica authoritles of Colombis, in all proceedings pertaining
to industrial property, for which purpose we authorize them to
take before the sald authorities all the necessary steps to the
sald end; to file petitions, declarations, claims, cancellstions
and administrative injunction proceedings; to draw up
specifications; to make amendments, oppositions and appeals,
to pay all installments and effect all other payments prescribed
by law; to recelve proper receipts, to comply with all other
requirements and, In shart, ta take all those measures which
they may deem fit for the protection of our interests; and in case .
of oppositiom where the the proceedings be passed over to the
courts, we autharize said sgents to act on our behalf as
complainants as well as defendants, before tha competent
judges, with full powers to make arangements, to submit to
arbitrators, to desist, to collect, to appeal and, in short, with all
such further powers as may be required; and we hereby declare
from now on valid and good all that said representatives and/or
the agents by any one of them appointed may do for our benefit.

We also authorize doctors JOSE LLOREDA
CAMACHO, and/or JOSE ONIO LLOREDA, and/or
AURA DUENAS RODRIGUEZ, ank
and/or ANGELA MARIA RE
LLOREDA, to apply for protoce
of any power of attorney
name, before the Office
substitute these presents.

G!vén

Gary D. ’

NOTARY SHOULD EXECUTE OTHER SIDE
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CERTIFICADO NOTARIAL (INDIVIDUO)
Batados Unidos de América

Estaidods {u.

Condadode

Ales  dimadelmesde del9
comparect pernonalments ante mf, Notarlo Péblico
eny por & condado antes citado,

squien doy fede conocer y me conata que es/aon

Ia persona descrits y firmante del documento que preceds,
declarando ants m{ que ctorga ol .mismo pars los fines y
propésitos que en &l se expresan.

Notary Public (Notario Pbilco).

CERTIFICADO NOTARIAL (INDIVIDUO)
Estados Unidos de América

Estado de {u

Condadode

Alos  dissdelmesde del9
comparee! personalmente ante mi, Notario Pdblico
eny par el condedo antes citado,

aquien doy fe de conocer y me consta que et/son

la persona descrita y firmante del documento que precede,
declarando ante mf que otorga el mismo para los fines y
propésitos quéen é seexpresan,

Notary Public (Notario Pablico).

CERTIFICADO NOTARIAL (SOCIEDAD)

Estados Unidos de América
Bstadade Téxas {.. .
Condadode Harris .

Gary D. Lawson » agqulenconozcoyde
qulen me corista que finmm6 el anterior documento, y quien
debidamente juramentado declard y dijo que & e

Secretario Asistente de ExxonMobil

Upstream Research Company
I compafi(s nombrads en o documento, que antecede, una
socledad debidaments ¥ existente conforme a lus
leyesdel Estadode Delaware

Estados Unidos de América, domlclllldlmlldudllldl-

Houston, Texas , Condadode Harrias .
Bstadode Texas
Unidos de América ylegalmente cmutltu!dn
duracién que adn no ha determin
witorizado por dicha Compattia pura
telio estampado por £ al pie de tnl
epresentacién de la expresada Com;
dhyquaelobietnpnnelcullieenn
1std comp: o dentro del deld socletadi\t = =

b ] P R
U suscrito Notario ha visto los Es “vf. Ny
Irmadosen Houstom ,Estadodg H— :
on fechaNoviexinn 12, 1964,y HH '-
on l1a leghlscién de dicho Estado Is aht
uramentada 48 prusba suficlents de que Id
1la versa son élertos o verdaderos, delo cuw

{otary Public (Notario Pdblico).

q...

tecilddnited States of America, and

NOTARIAL CERTIFICATE {(INDIVIDUAL)

Stateof

County of

Onthis  dayof personally
Wbd:mmt.aNomyPuhllc.inlndhrﬂmnbwe
mentioned county,

United States of America {
a8,

to me known to be the person described in and who
executed the foregoing document, asid whe duly scknowledged
tome that mtdmhﬂwummdpurpm
therein expressed.

NOTARIAL CERTIFICATE (INDIVIDUAL)

United States of Amerlea .

Stateof {u.

Countyof

Onthls  dayof , 19 , pérsonally
lppnndbefmnma.lNomyPuhﬂc.lnmdhrﬂnlbwe
mentioned county,

to me known to be the person deacribed in and who
executed the foregoing document, and who duly acknowledged
tome that - expcutad same for the uses and purpases
thereln expressed.

NOTARIAL CERTIFICATE (CORPORATION) .

United States of America

Staleo!nf ‘Teaxas {n.

Countyo! parr

Onthis 15 dayof Merchof , 192000 , personally

came Gary D. Lawson

tomeknown, and knowntome tobethepmonwhoupadthe
nstrument whobdn;bymdulywumdlddmu

and say thathe Is the

Asgi of BoonMobil Upstresm

Assistant Secretary i Ups

the company named within, s

.lcuwnuonorgmhedmdadlﬂngunduthnlmonhe

Btateofl Delaware ,United States of

- America, domilciled at the City of ihmm.'l'em ’

Countyof Haxris Stateof Texas
not yet explred; that the deponent s suthorized by sald
pany to confer this power of attarney; that the seal affixed
to by the deponent in the nsme and on behalf of sald
tion ls the corporute seal thereof; and that the purpose
which this instrument is granted s included within the

; porate purposes of the Company.

The undersigned Notary Public has seen the articles of

ufllldCurponﬂon::wu:fedllhm ,
Junderdate
o sy Bag B

snd hereby certifies that under the laws
foregoing acknowledment is sufficlent proof that the facts
ﬂmelnnmhlnadmuue which hesttests.

Btateof Texng

legally constituted for s perlodol
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Industria y Comercio

SUPERINTENDENCIA

2do. EXAMEN DE FORMA PATENTE DE INVENCION

Folio 267

Radicacién no 01-11417

Concepto Técnico no 426
Clasificacién Intemacional de Patentas: E21D 1/08; E218 23/00

Practicado el examen de acuerdo a lo establecido en el Art. 38 de la Declsién 486 se

determind que esta solicitud de Patents de Invencién:

su/non Contiene un resumen de la invencidn (Art26-e).
SI{«+] NO[ ] Contiene e thulo 0 nombre de la invencion (Art27-d).
SI] O[ ] Contlene la descripcidn de la invencién (Art26-b).

SI{«] NO[ ] NO ES APLICABLE [ ] Contiene los dibujos necesarios para
comprender la invencion (Art26-d)

SI['AO[ ] Contiens una o més re . {Arl26-c).

SI[ ] NO[ ] NO ES APLICABLE [#] Han sido desamoliados o8 productos y/o
procedimientos a partir de recursos genéticos 0 de sus productos
derivados de los que cualquiera de los Paises Miembros es pals de
origen. (Art. 26- h).

SI[ ] NO[] NOES APLICABLE [~1 Los produtios y/o procedimientos han sido
obtanidos o desarroliados a parfir de los conocimientos tradicionales
do las comuniiades indigenas, afroamesicanas, o locales de los
palses miembros, de acuerdo & lo establecido en la Declsién 301 y

modificaciones y reglamentaciones vigenias.(Art26-).

SI[ ] NO| La invencién se reflere & un producto relativo a un maierial bloldgico.
(Art.26-J).

su/non NO ES APLICABLE { | La prioridad coincide con la maleria
reivindicada.

8i[«] NO[ ] CUMPLELOS REQUISITOS TECNICOS

OBSERVACIONES Y OTROS: SI[ | NO [ ] ver hoja(s) anexa(s)
]

EXAMINADOR TECNICO
202051

Bogoti D. C., febrero 14 de 2003

,VN
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Industria y Comercio

SUPERINTENDENCIA

Folio 268

2020
Bogota DC

Doclor{a)
JOSE ANTONIO LLOREDA
Apoderado(a)

REFERENCIA: Radicacidn No. 01-11417

Tramite 002
Evento 001
Actuacidn 416
Oficlo No. 529
Folios 001

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, reine los requisitos de forma establecidos en los
artfculos 26 y 27 de la Decisién 486 de la Comisién de la Comunidad Andina, y en las
demds disposiciones vigentes sobre la materia, se envia el extracto de la solicitud a la
Oficina de Comunicaciones para efecto de su publicacién en la Gaceta de Propledad
Industrial, conforme lo establece el articulo 40 de la misma Decision.

Bed en BogotdDc, 11 M
/
ALIX CESPEDES DE VERGEL

Jefe de la Division de Nuevas Creaciones

202051



