HUMBERTORUBI—~—=—____ 0] e

ABOGADQ aTRIA ¥ 2ms Trm—
7Ne. .64 Of Ridicacigy ; rm ] ; Wealln .
Telifancs 31324 08 - 313 24 103 Fitha (ip), m,.ﬂ_& W Foifos;

-» Faxs (B71) 313 16— 47— (57 Tranity b Bn:'s 152
. el MMLW" X80 Sl & PEE T T e
. Bogotl, D.C. - Colombia i

Sefior

SUPERINTENDENTE DE INDUSTRIA Y COMERCIO

DIVISION DE NUEVAS CREACIONES

E 5 R.

REF: Expediente No.: 01-062.411
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SOLICITUD DE EXAMEN DE PATENTABLLIDAD

HUMBERTO RUBIO CAMACHO, maoyor de edad, domicliiodo en Bogotd, D.C., idenilficado con
ka cédula de cludadanika ndmero 17.192062 de Bogoli, abogado Thulado con Tajela
Profeslonal No. 50.007 del Consejo Superor de o Judicalura, actuando en carGcter de
APODERADO de ki Socledad HALLSURTON ENERGY SERVICES, INC.; domicliada en Duncan,
Okiahoma, Estados Unidos de América; respetuosamente soliclto a esa Dependencia:

1- De conformidad con lo establecido en el Ariculo 44 de ko Declién 486 de ia
Comisién de ka Comunidad Andina y estando dentro del termine legal de sels meses
contados desde ka fecha de publicacién en ka Gaceta No. 521 de 30 de Octubre de
2.002, de ia solicliud de o patente de la referencia, soliclio se sivan proceder a
efeciuar el axamen de pateniabliidad de la Invencién.

2- Para que la prasenie pefickin seqa viabis, estoy anexando el sigulente documento:
2.1. Reclbo de pago No. 03 - 14,988 de 10 de Marzo de 2.003 por la suma de $
335.000.00, de acuerdo con ka Resolucidn No. 41687 de 24 de Diclembre de
2002
3-- Por lo anterior solicito se contfinGe con el irfédmite comaspondiente.

Del Sefor Superiniendents,

(dheeer

HUMBERTO RUBIO CAMACHO

C.C. 17.192.062 de Bogoid

T.P, 50.007 Conssjo Supetior
de la Judicatura.

COb. 1M

01/448-05/M
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Bogota, D.C., 19 de enero de 2008

Doctor . 9
HUMBERTO RUBIO CAMACHO pico No. T2
Apoderado B
ASUNTO Radicacién 01-62411

Trdmte 002

Evento 001

Actuaciéon 430

Follos 016

Como resultado del examen de fondo, reallzado con fundamento en el articulo 45
de la Decision 486 de la Comisién de la Comunidad Andina, se e comunica:

1. Documentos estudlados

e Para el presente estudioc se tuvo en cuenta el capftulo descriptivo que se
encuentra en los folios 5 a 17 y el capitulo relvindicatorio que se encuentra en
los folios 18 a 24 que comprende cuarenta (40) reivindicaciones.

o De acuerdo con el follo 105 de la solicitud en estudio, se considerara la
prioridad relvindicada sobre Ia solicitud de Estados Unidos No. 08/829,959 del
1 de agosto de 2000.

2. Objeto de la Invencién

¢ La invencidn propuesta se relaciona con la perforacién de pozos y los fluidos
de servicio utilizados en la produccidon de formaciones y en la remocién de
aglutinantes del filtro depositados por los fluidos en las formaciones.

En la relvindicacién Independients 1 se define un fluldo de perforacién o de
servicio de pozos para uso en la produccion de formaciones y que deposita
aglutinantes de filtros que contienen agua, una sal soluble en agua de
densidad creciente, un agente de control de pérdidas de fluidos, un agente de
suspensién de sdlidos de polimeros hidratable y un agente puente de
particulas sélidas, la mejora en donde dicho agente puente de particulas
sélidas comprende un compuesto Inorganico que es disoluble en una solucién
de limpieza compuesta por agua y una sal de amonio.

En la relvindicacién Independlente 16 se define un método de remocion del
aglutinante del filtro de las paredes de la perforacién de un pozo que penetra
una produccién de formaciones depositadas en éste por medio de un fluldo de
perforacién o de servicio compuesto por agua, una sal soluble en agua que
incrementa la densidad, un agente de control de pérdida de fluido, un agente
de suspension de sodlidos de polimeros hidratables y un agente puente de
particulas sélidas que comprende la sigulentes etapas:
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a) Utilizacién como agente puente de particulas sdlidas en dicho servicio de
perforacién o de servicio un compuesto Inorganico que es disoluble en una
solucidn de limpleza comprendida por agua y sal de amonilo y

b) Contacto del aglutinante del filtro con una solucién de limpieza comprendida
por agua y una sal de amonio durante un periodo de tiempo tal que dicho
agente puente del 6xido metélico se disuelva por medio de éste.

En la relvindicaclén Independiente 30 se define un método para remover el
aglutinante del filtro de las paredes de una perforacién de un pozo que penetra
una produccién de formaciones depositado en éste por un fluido de perforaciéon
o de servicio que comprende las sigulentes etapas:

a) Utillzaciéon como fluldo de perforacién o de servicio, un fluido compuesto por
agua, una sal soluble en agua que aumenta la densidad seleccionada del
grupo compuesto por cloruro de sodio, bromuro de sodio, cloruro de
potasio, cloruro de caicio, bromuro de caicio y mezclas de éste, un agente
de control de pérdida de fluidos compuesto de almidén, un agente en
suspension de sdlidos de polimero hidratable compuesto por Xantan y un
agente puente de 6xido de metal de particulas sélidas que es soluble en
una solucion de sal de amonio acuoso; y

b) Del contacto de dicho aglutinante del filtro con una solucidén de {impieza
compuesta por agua y una sal de amonio por un periodo de tiempo tal que
dicho agente puente de dxido de metal se disuelva por medio de ésta.

» Los procesos de remocién de agiutinante de filtro foormado en pozos de
perforacién a causa del fluldo de perforacién se realizan convenclionalmente
mediante diferentes métodos. Uno de ellos consiste en Incluir un agente
puente de particulas sélidas soluble en &cldo, en el fluklo de perforacién o de
servicio para hacer un llenado sobre los orificios de la formacién. El
agiutinante se pone en contacto con solucidon fuertemente acida y al
permanecer en contacto con el agiutinante del filtro también corroe las
superficies metalicas y el equipo de terminacién, como las pantallas de arena,
que producen fallas. La solucién acida también puede ser Incompatible con la
produccion de formaciones y puede causar dafios a esta.

De otro lado, el agente puente de particulas sélidas también ha sldo utilizado
en fiuldos de perforacién o de servicio y el aglutinante del filtro ha sido puesto
en contacto con soluciones de sal acuosa saturadas. Sin embargo, estas
soluciones acuosas subsaturadas requleren un periodo de tlempo largo para
disolver las particulas. Asi mismo, otros tratamientos son largos, costosos y
sigue habiendo riesgo de cormosién.

Por ello, se afirma que existe la continua necesidad de tener mejores fluidos de
perforacion y de servicio, y de métodos para remover el aglutinante de! filtro
depositado por los fluidos de produccion de formaciones.

« El objeto de la invencién definido se catalogd como E21B 7/18 y E21B 43/114,
segun la Clasificacion Internacional de Patentes (IPC).

3. Claridad de la solicltud

El articulo 28 de la Decision 4868 de la Comisién de la Comunidad Andina
establece “La descripcién debera divulgar la invencién de manera suficlentemente
clara y completa para su comprensién y para que una persona capacitada en la
materia técnica comrespondiente pueda ejecutaria”.
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o El capltulo descriptivo adolece de problemas de traduccidn que desmejoran la
comprensién. Por lo tanto, se recomienda revisar y rectificar.

e En conclusion, el capltulo descriptivo no cumplirfa con el requisito de claridad
de acuerdo con el articulo 28 de la Decision 4886.

El articulo 30 de la Decisibn 486 de la Comisién de la Comunidad Andina
establece que: “Las reivindicaciones definiran la materia que se desea proteger
mediante la patente. Deben ser claras y concisas y estar enteramente sustentadas
por la descripcién.

Las reilvindicaciones podran ser Independientes o dependlentes. Una
reivindicacion seré independiente cuando defina la materia que se desea proteger
sin referencia a otra reivindicacién anterior. Una relvindicaclén sera dependiente
cuando defina la materia que se desea proteger refirléndose a una reivindicacién
anterior. Una reivindicacién que se refiera a dos o mas relvindicaciones anteriores
se considerara una reivindicacion dependiente multiple®.

e El capftulo reivindicatorio completo presenta problemas de redaccion que
posiblemente se deban a una traduccién deficiente. Dado lo anterior, se
recomienda revisar la copia original y anexar un nuevo capitulo reivindicatorio
corregido de tal manera que la traduccion y redacclén sean comprensibles.

o Se recomienda que las relvindicaclones del capitulo se presenten en la forma
de preambulo y parte caracterizante donde en el preambulo se sitie el campo
de la invencién y contenga las caracteristicas que ya forman parte del estado
de la técnica. La parte caracterizante diferenciada del predmbulo por la
expresion “caracterizado por® deberia contener ias caracteristicas técnicas
novedosas, es decir, el aporta del inventor.

e La relvindicacidén independiente 1 resulta ser defilnlda de una manera
demasiado ampila pues se entiende que lo importante es la mejora de incluir
on el fluido de perforacidn un compuesto Inorgdnico con particularidades de
disolucién.

Dado que el estado de la técnica eatd formado por un gran niimero de fluidos
de perforacidn con diversas opclones de composicién quimica susceptible de
remocién por lavado, la solicitud en estudio podria abarcar lo conocido y ser
afectada en el estudio de la patentabilidad. Se recomienda por tanto que la
reivindicacién independiente 1 comprenda la composicién quimica del fluido.de
perforacibn mencionando la naturaleza quimica de los componentes en ella
misma.

e En las relvindicaciones 1 y 11 a 15 se incluyen caracteristicas técnicas de la
solucién de limpieza empleada para disolver el agente puente de particulas
sélidas que contiene el fluldo de perforacién.

En primer lugar, es necesario resaltar que las caracteristicas técnicas de la
soluclén de limpieza no estén relacionadas con el fluldo de perforacién ni éste
puede ser definido por la solucién de limpieza. Las caracteristicas técnicas de
la solucién de limpieza estdn mejor relaclonadas con especificaciones del
lavado que tiene el método de remocién de agiutinante como bien se realiza en
las reivindicaciones 25 a 29. Por lo tanto se recomienda eliminar las
reivindicaciones 11 a 15 dependientes del fluido de perforacién de la
reivindicacién 1.
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» En la relvindicacién independiente 16 se define un método de remocién del
aglutinants del fiitro de las paredes de la perforacién de un pozo mediante dos
etapas a) y b). La etapa a) es la utliizacién de un compuesto inorgénico v la
etapa b) es el contacto del agiutinante con una solucién de limpleza. No
obstante, la forma de redaccién de la relvindicacién es confusa no permitiendo
identificar claramente las caracteristicas técnicas novedosas de la propuesta
pues es convencional que se utllice un compuesto inorganico y se ponga en
contacto la torta con un fiujo de limpieza. Es importante que se modifique el
planteamiento de la reivindicacién citada de tal manera que las etapas técnicas
sean muy claras y permitan comprender el método de remocién y el aporte
realizado. Esto se puede lograr identificando muy blen la secuencla de etapas
del método y tamblén empleando la formalidad de preambulo y parte
caracterizante, ademés de revisar la copia original y la traduccién e incluir el
aporte novedoso.

» En las meivindicaciones 17 a 24 y 31 a 35 se intenta especificar el método a
partir de las caracteristicas técnicas del fluldo de perforacion.

Esta forma de especificacién no es apropiada ya que asi como un producto se
define por la estructura, composicién o elementos, un método debe definirse
por las etapas, secuencia y condiciones de operacién del método. No es
posible definir un producto por un método y un método mediante las
caracteristicas de un producto. De hecho la Informacién de las relvindicaclones
armriba citadas resulta Innecesaria por ser repetitiva al ya estar formulada en las
reivindicaciones 1 a 10. Por ello se recomienda eliminar dichas
reivindicaciones. .

e En conclusidon el capitulo relvindicatorio no cumplida con el requisito de
claridad de acuerdo con el articulo 30 de la Decision 486. Por lo tanto, se
recomienda realizar las modificaciones pertinentes segin las observaciones
incluldas y allegar un nuevo capituio reivindicatorio con tales modificaciones.

4. Detarminacién del estado de la técnica

E! articulo 16 de la Decisién 486 de la Comision establece: "El estado de la técnica
comprendera todo lo que haya sido accesible al pablico por una descripcién
ascrita u oral, utliizaclén, comerclallzacién o cualquier otro medio antes de la fecha
de presentacién de la solicitud de patente o, en su caso, de la proridad
reconocida.

Sélo para el efecto de la determinacién de la novedad, también se considerard
dentro del estado de la técnica, el contenido de una solicitud de patente en trdmite
ante la oficina nacional competents, cuya fecha de presentacién o de prioridad
fuese anterior a la fecha de presentacién o de prioridad de la solicitud de patente
que s& estuviese examinando, siempre que dicho contenido esté incluido en la
solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40.”

o A pesar de los defectos de claridad detallados en el numeral 3 de la presents
comunicacién, se consultaron las bases de datos con que cuenta y tiene
acceso la entidad y se considerd el 1 de agosto de 2000 como fecha para
investigar el estado de la técnica.



or

¢ De acuerdo con lo establecido en el articulo 18 se determiné al estado de la
técnica y se encontraron los siguientes antecedentes:

Fecha de
No. | Documento No. Titulo Publicaclén

*"METHOD FOR REMOVING 17 de octubre de

1 USe131661 FILTERCAKE" 2000

"WELL DRILLING AND

SERVICING FLUIDS WHICH

2 US56079805 DEPOSIT AN EASILY 4 de marzo de 1997
REMOVABLE FILTER CAKE"

Respecto al estado de la técnica:

e En el documento US8131661 (llamado D1 de aqul en adelante) se divuiga un
método para remover torta de filtro desde un pozo subterrdneo lo cual
comprende perforar el pozo con un fluido que inciuye aditivos para formar una
torta de filtro que tiene un componente degradable a la oxidaclén,
preferiblements un polimero. La torta de filtro es contactada con un precursor
que forma un agente oxidizante a temperaturas del pozo para degradar los
polimeros dentro de la torta de filtro. Alternativamente uno o més catalizadores
para actlvar el precursor de un agente oxidizante es incorporado dentro de la
torta. El catallzador activa el precursor como el precursor es fluido sobre la
torta de filtro y permanece en contacto con esta para formar un agente
oxidizante para degradar el agente que se degrada con oxidaclén vy
descomponer la torta de filtro. Las particulas remanentes de la torta de filtro
descompuesta son entonces evacuadas fuera del pozo.

En el método de D1, el fluido de perforacién preferido es una salmuera, mas
preferiblemente, una salmuera de bromuro de caiclo con un almidén catiénico
un reticulante, un almidén no catiénico, tiosulfato de sodio, 6xido de magnesio
y blopolimero de xantano.

El agente de puente dentro del fluido de perforacién puede Incluir materiales
solubles en agua o solubles en 4cldo como por ejemplo sales sdlidas en
soluciones saturadas, carbonatos, entre otros.

Los polimeros del fluido pueden ser almidones y xantanos. Altemativamente,
el polimero puede ser seleccionado desde derivados de aimidén, derivados de
celulosa y biopolimeros tales como hidroxipropil almidén, hidroxetll almidén,
carboximetii almidén y sus correspondientes derivados reticulantes;
carboximetil celulosa, hidroxletil celulosa, entre otros.

« En el documento US5807905 (llamado D2 de aqul en adelante) se divuiga un
fluido de perforacién y de servicio basado en agua alcalina el cual deposita una
torta de filtro faciimente removible y degradable sobre los {ados del hoyo de
perforacién. Los fluidos contienen uno o mas polimeros polisacaridos,
particulas de puente, y un peréxido seleccionado del grupo que consiste de
perbxidos de metales de tierras alcalinas, peréxido de zinc, y mezclas de estos.
Los fluidos depositan una torta que contiene el peréxido. La invencién ademas
provee procesos para mejorar la remocién de la torta de fiitro los cuales
comprenden depositar una torta de filtro que comprende un peréxido y hacer
esto sobre los lados del hoyo, luego contactar dicha torta con una solucién
acldica para activar el perdxido el cual degrada después de esto al polisacérido
de la torta. Preferiblemente, la torta de filtro que contlene el polimero
degradado es lavada con un fluido en el cual las particulas puente son solubles
para remover la torta entera desde los lados del hoyo perforado.
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5. Evaluacién de los requisitos de patentabllidad

El articulo 14 de la Decislén 486 de la Comisién de la Comunidad Andina
establece: "Los Palises Miembros otorgardn patentes para las invenciones, sean
de producto o de procedimiento, en todos los campos de la tecnologla, siempre
que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacién
industrial.”

En cumplimiento con este articulo, se procedid a evaluar los requisitos de
novedad, nivel inventivo y aplicacién Industrial con el fin de establecer la
patentabllidad de la invencién reivindicada en la solicitud en estudio.

Evaluacion de la Novedad

El articulo 18 de la Decigién 488 de la Comisién de la Comunidad Andina
establece: "Una invencién se considerard nueva cuando no estd comprendida en
el estado de la técnica.” “El estado de la técnica comprenderd todo lo que haya
sido accesible al plblico por una descripcién escrita u oral, utllizacion,
comercializacién o cualquier otro medio antes de la fecha de presentacién de la
solicitud de patente 0, en su caso, de la prioridad reconocida.

Sélo para el efecto de la determinacién de la novedad, también se considerara
dentro del estado de la técnica, el contenido de una solicitud de patente en tramite
ante la oficina nacional competents, cuya fecha de presentacion o de prioridad
fuese anterior a la fecha de presentacion o de prioridad de la solicitud de patente
que se estuviese examinando, siempre que dicho contenido esté incluldo en la
solicitud de fecha anterior cuando ella se publique o hubiese transcurrido el plazo
previsto en el articulo 40.”

¢ En la relvindicacién independiente 1 se plantea que la composicién det fluido
de perforacién presenta la mejora en la naturaleza quimica del agente puente
de particulas sélidas pues comprende un compuesto inorgéanico disoluble en
una solucién de limpieza compuesta por agua y una sal de amonio. No
obstante, en D1 de menclonan modalldades de la Invencién y una de ellas
también revela una formulacién de un fluido de perforacién que presenta una
sal soluble en agua de densidad crecientse, un agente de control de pérdidas de
fluidos como almidén o hidroxletilcelulosa, un agente de suspensién de sélidos
tal como el xantano, un agente de puente de particulas como son los
carbonatos ademas de mencionarse el éxido de magnesio como componente
del fluido de perforacion.

Aun cuando D1 no menciona explicitamente que el agente puente de particulas
es disoluble en una solucién de limpleza compuesta por agua y una sal de
amonio, se deduce que también se cumple dicha caracteristica porque la
naturaleza quimica y fisica del agente puente de particulas es el mismo que el
de la solicitud y por ende tendréd el mismo comportamiento de disolverse en
una solucién de agua y sal de amonio atin cuando no sea manifiesta.

« Es importante mencionar que la forma de redaccién de la relvindicacién
independients resulta tan amplia que basicamente se entlende que la mejora
se centra en que el agente puente de particulas sélidas comprende un
compuesto Inorganico soluble en una solucién de limpieza especifica. Sin
embargo, teniendo en cuenta que las caracteristicas técnicas de la soluclén
de limpleza no pueden definir nl delimitar un fluldo de perforacién porque
cada uno tiene naturaleza independients, se comprende que lo esencial es
que el agente puente de particulas sélidas sea un compuesto inorgénico, que
segun la relvindicacidn dependiente 2 puede ser seleccionado del grupo
compuesto por 6xidos de metales, hidroxidos de metales, carbonatos de metal,
sulfatos de metales, peréxidos de metal entre otros.
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Teniendo en cuenta lo anterior, otro documento que se denominé D2 tamblén
revela que los agentes puente de particulas sélidas que puede contener un
fluido de perforacién formador de torta de filtro puede ser un peréxido de
metal alcallno, lo cual demuesira que realizar una mejora como esta no es
novedosa.

 En cuanto al método de remocién, sigue siendo recomendable realizar las
correcciones de claridad expresadas en el numeral 3 de la presente
comunicacion particularmente definiendo claramente (ademas. de las otras
etapas) la etapa de lavado con una solucidn de limpieza compuesta por agua y
una sal de amonio.

e En conclusién, el fluido de perforacion definido en las reivindicaciones 1 a 10
se encontraria afectado en el requisito de noveddd de acuerdo con el articulo
16 de la Decislon 486.

6. Conclusiones

e Los requisitos de patentabilidad de la presente solictud se encuentran
afectados asl:

No. Documento | Relvindicaclones Afectadas | Requisito que afecta
1. US6131661 1-10 Novedad
2. US56079805 1,2,5-10 Novedad

Se anexan los apartes principales de las anterioridades en el documento adjunto.

En cumplimiento del articulo 45 de la Decision 488 de la Comisién de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar
de la respuesta subsistieran los impedimentos para la concesién, se denegara la
patente.

Notiflquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero de la clrcular Gnica No. 10 de 2001.

ESPEDES DE VERGEL
Jefe de Divisibn/de Nuevas Creaciones

26 ENE. 2005
El anterior requerimiento fue notificado por fijacién en lista, de fecha

CONCEPTO EXAMINADOR TECNICO
TECNICO No. 023 Cédigo No. 202042




o
(LTI

United States Patent g m] Patent Number: 6,131,661
Conner et al. [«5] Date of Patent: Oct. 17, 2000
[$4] METHOD FOR REMOVING FILTERCAKE 4941537 7990 Lungumnlor o . —emr 166308
4960,526 111990 Cawherel —onum e — 166/300
[75] lovemtors: Richard Paul Conner; Joseph Robert :m,ssz :g::: “l" el = — l“ﬂg
m w (-] - 252M.
Murphéy, both of Spring, Tex. SIS I Ve . 166300
[73] Amignece: Tetrm Technologies Inc., The 558065 W/1993 Mondshine et —— 166300
Woodlaods, Tox. 21 10199 “"""""‘"_'.‘...‘.t:.__"_: 166300
S386874 2/1995 Lammay et al. meemerume— 166300
[21] Appl. No.: 09/127,842 ;m‘i,g: SN95 Dewson et Al - 166/300
. 1 31996 Weaver et al. o 166/291
[22] Filed:  Aug.3,1998 sﬁmu 371997 Duimon, Jr. et ol oo, sm211
[51] ot Q X218 37/00 5TEASZY  7/1998 Dobaou, Jr.etal. m.n. .. 166/300
[52] US.CL . ——..coe.... 166300; 166/307; 166312  Primery Examiner—William Noudar
[58] Fleld of Seareh ..o 166300, 305.1,  Atfornay, Ageni, or Firm—io Katherine D*Ambrosio
166307,312 5 ABSTRACT
136} Referunces Clied A method for removing filtercake from & subtecrancan
US. PATENT DOCUMENTS barchole eomprising drilling lwmh with a drilling
fluid that inchudes additives 1o a flltercaks having an
19458 12/1934 Wiar et o cmmoremeonnsa. 166721
Z2163 A0 Uneik s~ 421 fharan s ot Wil s premteor o ocs s o8
JAIGISI 6/19M Podies oo, Togna4  izing agent at downbols tomporatures to degrad the poly-
3018591 /1974 Mmerkck ... . 166/283 mem within the filiercake. Altemnatively ons or more cata-

392,173 11/1975 MK ..ommeesommmmesrre—e 106/194  lysts for activeling the precumer of an oxidixing agent is

4,144,179 embedded within the filtarcake. The catalyst sctivates the

4,259,208 precurnor as (he procursor is Rushed over the Gltsroaks and

45524524 romaina in canact with the filtercake to fonm an oxidizing

m lﬂl:; qu:d. the 'El'uhhm-amdlhh lp:l and decom-
pose reake. remaining particies of decomposed

4,554,170 61985 Brown St ol e B5YRSS

4609475 /196 Manlem el al coooo......... SSIASS Bttorcaks ars then fiushed away.

4,610,795

4853478 25 Clalms, No Drawings




U]

6,131,661

1
METHOD FOR REMOVING FILTERCAKE

FIELD OF THE INVENTION

The prasent invention relates 1o a mathod for removing
filiercake from a subtarmanean borehole, particularly o a
mecthod for Alercake romoval by coniacting the filtcrcake
with a precursor to an oxidizing ageat and mare particutarly
to a mothod of flcreako romoval in which s catalyst is
included in the formation of the filtercaka forming fluid to
accelonis the cooversion of the procumor o the oxidizing
agont.

BACKGROUND OF THE INVENTION

The walls of oil and gas formations are exposed during the
process of drilling & borehols. The success{ul complstion of
a wellbore rquires the deposit of & Jow-permsabic Alicrcake
on the walls of the wellhore 1o seal the pormeable formation
exposed by the drilling bit. A filkercakn can limit drilling
Auid lcupes from the wellbore and protect the nstural for-
mation from pomibie damage by the fluids pexmesting into
the wallbore. Salids in the drilling fluid may skso damagp the
formation, particylarly drilling fines. The suspension of fine
particles thal coters the formation while the cake is being
csiablished is lmown a8 “mud spurt™ and ibe liquid thal
cnlers subacquently is known as “filirate”. Roth flitration
rate and omud spurt must be minimized when panetrating
potemtially prductive formations becanss productivity may
ba reduced by any ooe of the following: the swelling of clays
in the formation when 1they come in contact with the filirate;
pariicles transparted into the pores of the farmation that plug
flow channels and greatly reduce the permsability of the
rock; and the pressure of some reservoirs that is not great
ennugh to drive all of the aqucoun filtrato out of the pores of
the rock when the well in brught into penduction.

Contamination of the formation with drill solids in the
fuids can be avoided by [ormulating 1he diilling Auld with
other solublc solids that can be incorporated in the filiercako
and dissolvad at a later tims, thereby diluting the effect of the
insoluble solids. Sixed sali solids, in salt saturated solutions,
and fincly grovad calcium carbonate sr: cxamples of solide
purpuucly added to the drilling, workaver, or complction
fluids to farm a filtcrcake that can later he partially dimolved
by aqucous or acid Qushes.

For a filtercake to form, the drilling fuid must contain
some particles of a sizu only slighily smalicr than the poro
openings of the formation. These particles are kmown an
bridging particles and are trapped in surface pores, thereby
forming » bridgs over the formation pores. Filtercake build-
ing fiuids can also contain polymcrs for nmpension of salids
and for reducing liquid loes through the fillareake by cocap-
sulating the bridging particles. These can be sither patural or
syathetic polymers. The polymems can include ons polymer
such a5 xanthan selected Lor its Theological properties and
a sccond palymec, & starch for example, ackected for reduc-
tion of fuid lows,

Al completion of the drilling or other wall survicing, the
Oitercake musl be removed 1o allow production of the
formation fluids or honding of cement to the formation at the
completion stage. Removal of the deposited Altercaks
should be ss completo &3 possible to recover permeshility
within the formation.

Previons chemica] treatments for illercake removal bave
employed an acid to dimsclve carbonates and/or hydrolyes
polysaccharide polymers. Dobson, Ir. et al, US. Pu. No.
5,507,903, reveal u process for enbancing the removal of
flitercake by the use of inorganic peroxides s oxidizing
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agents. The process disclosed in the *905 patent incorporates
allkaline earth metal peroxides, zinc peroxides or a mixtures
thereof within the filtercaltce as an inlegral compopent

theroof and then contacts the fllicreako with an acidic
snlution. Weir of al, US. Pat. No. 1,984,668, disciose »
method of cleaning the walls of nmdded boroholes. A st
reagent is included in the mud-costing of the borebole.
Subsequently, the mud-coating is impregaated with a second
roagent that reacts with the first reagent. The ficst reagent in
gooenally s carbonate. The sccond roagent is geoornlly an
acid that reacts with the carbonate v form carbon dioxide
Bas.

Tjoo-Joe-Pin ¢t al., US. Pat. No. 5,247,995, dixclose a
mlhdhmvmlpmmgﬂm
formed on surfaces during fracturing with a viscosified fluid.
The 995 mwibod discloses removal of the Aliercaks by
pumping downhole an aquecus fluid containing onxymes
that dograde polyssccharide. The use of mon-metsllic por-
sulfases s an oxidant in fillercake moval systoms is alwo
disclosdd.

A compasition and method of removing palymeric mate-
rial from a formation is found in Hanlon, U.S. Pa1. No.
4,609,475, The method disclosed comprises contacting the
[ormation with ap oxidizing agenl and carboxylic scid. A
sourco said in he effectivo in promoting the docomposition
of the oxidizing agent is added to the aqueous solution
containing the oxidizing agent.

The addition of an alkali metal or alkslioe sarth melal salt
of hypochlorous acid, or a chlorinated te i dis-
closad in Langemeier et al, US. Pat. No. 4,941,537, for the
udmumofvmnyuflqmuﬂuﬂlhskndmihl
tertiary amino polygalactomannsn,

Mothods of flitorcako removal that incorporate a snlid
oxidising agent precursor in the filtercake sy not totally
insoluble st the (emperatures of spplication so thet some
oxidizing materials are relossed with premmture degrading of
the pulymer. Also, the materials arc only applicable in high
plI Buids, therahy limiting their use. Finally, thass compo-
sitions cannot be uwsed in formulations with significant
samounts of reducing sgeats, such s iron cootrol sgeats,
ORYRAA acavengers, or bromido or formale brincs.

A problam associaied with the uss of scid 10 sctivaie &
precursor in fleld use is that sufficient acid docs not always
contact all parts of the filtercaka. Sometimes the acid must
bo =weighied up™ (formulated with high weight brincs 0
incrasse fluid density). Thus the actual acid content is low.
As the acid is reacting with the carbonates [n the filtarcakn,
a stoichicenetric smount of acid is required, and this volume
can be groatey than the actoal expasod wellbore volume; the
acid mnat be continuonsly repleced. In some cases, the acid
initially dissolvas & amall region of the flicrcake, becanse of
the vastly increased fiuid loss of this region, the remaining
acid flows o this umell region and out into the [ormation.
What is oeeded is & mothod that attacios the filtercake in &
manner which does nol compietely remave the filtercake in
a small region and docs not requine large stoichiometric
amounts of ygont.

In the drilling and completion of & well, several operations
afier the drilling procass are ofien required befors produe-
tion can begin. Thess operations require the displacemsnt of
the drilling Ouid withowt degradation or removal of the
fikercake. What is nceded, therefore, is & method for
reenoval of filicrcake that doss not depand o the prosence
of a drilling fluid.

In the cass of horizntal open hole drilling of unconsali-
dated formaticas, it i desirblo w0 gravel pack the wellbore
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sfter drilling the zone but before 1ba filtercaks is complately
removed, The problem is that the act of gravel packing the
wellbore anmulus farther limits acid contact with the
filtercake, an it both reduces the physical volume of acid in
the 7nme and biocks its flow,

Consequenily, there remains the need for a flitercake
removal techmology that does nnt depend solely on acid
hydrolyain Ior removal of the fharcale. And there ia an
additions] need to pravide a mothod for axidixing filtercake
materials in which the oxidiring sgent is oot activated
promamuroly, ic. at ambiont tomporatures, ao that the oxi-
dizing ageal works in concert with drilling fluid formula-
tioos that have easily oxidiznd malerials.

SUMMARY OF THE INVENTION

In the method of this invention, the removal a fillercake
from a sublerranean borehole comprises the steps of drilliog
the bonehole with a drilling finid to form & filkercake com-
prising an oxidation degradablo component, contacting the
filtercake with sn organic hydroperoxide, sllowing the
crganic bydroperoxide to remain al the downbole temper-
ture for a period of ime effective to form an oxidizing agenl
x degradc the oxidation-degradabke ageatl and docomposc
the Alicrcake and flushing away the decomponaed filtarcaka.
The oxidation-degmdable component can be a polymer.

Preferably, the polymer cnmprm l\umh cellulose ar
xantheg. In one aspect, organic is thormally
activalable at the downhole tempenture of the Altercals [n
a prefered embodiment, the organic hydroperuxide is
t-hutylbydmpernxids and the barehole iempenmuns s
leant sbout 80* C. Alteruatively, the amms hydroperoxide
is selected from the group consisting of cumene
bydroperoxide, t-butyl dlhydroporxmdo. and
amylbydroperoxida, and the horehole temperaturo is at loant
about 80° C,

lnomcmbodml,mmuﬂl'ﬂlhlhmc
bydroperuxide is flushed over the filtercaks prior 1o the

organic hydroperoxiic fush. In an ahernative embodiment,
lheﬂl(emhenumpd-mMIunm fior activating the
organi hydroperoxide. Prefershly, the activating agent com-
prises an ascorbic acid. Ahermatively, the activating agent
comprisas a tertiary amine. In another embodiment, activat-
ing agent in diethrylaminoisopropanol. Altematively, the ter-
Uwy amine comprises tristhanolamine. 1o cos sspoct, e
activaling agent B & polymer comprising pandant tertiary
aminc moictics. The oxidetion-degradable polymor is func-
tiomlized with ths amine moicties. An additional sctivating
agent solocted from the gronp consisting of copper salt
salution cobolt salt solution, irom salt solution and chromium
salt solution is Jushed over the Mlisrcake,

In one prefared method for removing filkercake from a
subterrancan borehols, the sieps for removal of the flltercals
comprise drilling the borehole with s drilling fluid to form
a (iltercake comprising sn oxidation-degrudable component
and an activating sgont for activating a precummos of an
oxidizing agent, wherein the filtercake is free of Lho
precusor, contacting the fillercake with & precursor of
oxidizing sgent, allowing the precumsor ko remain in contact
with the ﬂlluuhbfﬂmmnmdwngly:mmwm
oxidation-degrudabls agent and decompose the
and fhushing sway the decomposed filsercake. Proferably, l.hl

oxidation-degradable component is a palymer. The polymer
can comprise siarch, ccllulose or xanthan. The activating
agent can compriso a lertiary amine. Preferably, the tertiary
amine comprisos tristhanolamine. Allernatively, the activat-
ing agent is a polymer comprising pandant tertiary amine
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moiotics. The oxidation-degradable pofymer can be func-
tGonalized with the wmine moieties. In one aspect, the
precursor is selected from alkali metal aod ammonium salbs
of permulfates, perborates, parmangamates and percarbon-
aten, Alternatively, the precurnor is solected from the group
consisting of 1-buly] hydroperoxids, cumene hydroperaxids,

t-butyl dibydroperxzoide, and amylbydroperoxide.
Pralerably, additional the stops [or this preferred mathod
inchude: inmtalling grevel pack acrecns and ool assomblics
into the borebols prior to the step of contacting the filtercake
with the precursar, determining Buid loasos and adding sand
in & ponviscusificd carrier to the burehok:.

DETAILED DESCRIFTION OF THE
INVENTION

Iz the method of this iavention, Altercale formed on the
walls of a subterranean borehole is removed by contacting
the filtencake with s precursor 10 an oxidizing agent. In oos
preferred embodiment, a eatalyst in included in the
Attercake-forming fluid to accelerate the convernion of the
precumsor 1o the oxidizing sgent. Filtercakes are tough,
almost water insoluble coatings that reduce parmeability of
formation walls. Formed during the drilling stege to limil
losses from the wellbors and ths formation from
posaible damage by fluids and solids within the wellbare,
fiercakes layers must bo removed so that the formation wall
ix restored 1o fis nalural permeability to allow for bydrocar-
hon production or comenting.

Filtercakes can he formed with polymem that encapsulate
particles or solids which form a bridge over the pores of 1he
formation. Drilling fluids as well as any bridging agents and

contained within the drilling fluid are well kaown
in the art, In the method of this invention, the preferred
drilling Buid is a brine, more preferably, a calcium bromide
brine with additives, preferably salis, carbonates
and other soluble nolids. An example of a suitsble drilling
fluid according W the present invention ises a calclum
bromide brine wilh a cationic starch, s cross-linked, non-
cationic starch, sodium thiosnifate, magnosiom oxide, and
xunthan biopatymer. The bridging agent within the drilling
Ouid may include cither water saluble or scid solublc
materinla, for example: sized salt solids in sall saturated
salutions, flaely ground carbosates found in limestoos,
marble, or dolomile; or oil soluble sich as resica, waxes and
the like. Polymers can be either natural or synthetic poly-
merx Prefarred starches and xanthans,
Altornatively, tha palymer can be sslaciod from starch
derivatives, celiulose derivatives and biopolymers such as
hydroxypropyl starch, hydroxyethyl starch, carboxymethyl
starch and their corresponding cromalinked derivatives; car-
hoxymethyl celluloae, hydroxyethyl cellulose, bydroxypro-
Pyl celiulose, methyl cellulose, diliydroxypropyl celluloss,
and their coresponding crosalinked derivatives; mmihag
gum, gellan gum, welan and the like.

In the drilling and completicn of 1 well, several operations
may bo required after the drilling process before the well in

. For these stages it is usually desirable 10 maintain
the filiercake on the wellbore thercby limiting, fluid losses o
the formation. Immedisls degrdation or removal of the
filkercake is not dewired. The drilling or completion fluid is
displaced withou! removing the filmrcaks. Known proce-
dures which are designed 10 achieve this displacement ars
belioved w0 be compatibls with the iovention. In other
situations, such sy tho cementing of a cased hole, the drilling
fiuid and ths filtercake arc removed together. The preferred
mmummpbulydqﬂmlhﬂhuﬂuﬂﬂm.lﬂ
then treat tu ramove the
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According 1o the filiercake removal method of this
2‘3.5'.".,1 component, referably  polymer  descrbed
6 compoment, y a polymer as
- Olll!l:l.lllgnmkl.ﬂlll.Id mmﬁn&bmbum

agents, a and decompose
camponent. In ane smbodiment of the method of fltsrcake
remaval, the flltercake is treated or finshed with « precursar
to an oxidizing sgemt, for example an arganic poroxids or
bydroporaxide. Prefcrably the precursor remains in coatact
with the fitercake as a soak for s time period of from one to
six or more houm Preferably the organic peroxide or
hydroperoxide is soluble or dispersible in aqueous mixtures
am) relatively ioent sl ambienl lemporatures. Becuuse of
these praperties, the arganic pernaide or hydmparoxide can
be included in the final treating Aush of weighted brines with
hnhondnmnllhhhﬁsmlhfm-hnnl Al downhaole
minres, however, the oxidative activily incresses.
Ozpntpumm:ndby&opmnduannw for the
charactaristic of increasing reactivity with increasing tom-
perature. Commercially, they aro doscribed as having &
declining balf-life ot various increasing smperatures that
carrcspond tu this incressing oxidative activity. Comse-
quently the prafarmed procumor to an oxidizing agent is
selecied 50 \bat an oxidizer is pidly generated at reservair
formation tomperstures although stabls in stomge at ambient
conditions.

Proferred precursors baving such propertiss comprise
t-butylhydroperoxide, tertiary dibuty! bhydroperoxide,
cumans hydroperoxide, or amyl-bydropercxide, especially
t-batylhydroperoxide. They can be used a8 precursoms in
diluls conuonirations. Sume chloriio sulutions are aleo stable
until activaicd al particular emperaturcs, including chiori-
nated isocysourstes, such as, for example, dichloro-s-
trinzine-2,4,6-frione or dichlomisocyanuric acid. Thus the
formation temperature actjvates the precursors in ihw deg-
radation of filtercake. Proforably, the formatiom or borchole
temperature is a1 least 80° C.

In another embodiment of this invention, the filtercake is
flushed with a flvid containing a catalyst prior to tho soak
with a precusor. The calalyst funciions as wo activating
agent for forming tho uxidizing ageat from the procumsor.
Varicus activating agenis can he melected 1o catalyzo the
decomposilion of precursors. Proferably, spacific catalynts
are used with specific precursors, for axample, tertinry
amines and axxorbic scid acl as catalysts to degrade
t-butylhydroperoxide. In one aspect, the canlyst is incinded
in the drilling fluid displacemant stags and the oxidizing
précursors are then included in a later fluah ar fushes
intended to dissolve and disperse the filercake. The Iater
fushes can include surfactants and other matorials designed
fo dinplace the polymeric components from the mufaces of
the dril] solid malarialx, such s, for example, lacioss or
methyl glycoslde.

Oxiddiring agonis formed from the precumars attack poly-
mers encapsulating the bridging particles and break down
the filtercako by remaving tha polymeric coat, with the cffect
that the rexidual flltercake solids are o longer bridged or
bonded by polymers. Preforably, the polymer s completely
dissolved 50 tha) the carbupate particlss do not bomd (o each
other. These bridging solids can then easily be di an
individual particles, oot clustered films. “I'he removal of tbe
filiercalts particles can then occur cither particle by particle
as production fluid fiows out of the formation into the
wellbore, or by the addition of a sohlbilizing flush to
dissolve the bridging solids. Although no acid is required,
aince the fliercake particles are small enough w0 Bow
through as production fluids fluw into Lthe bare, an acid flush
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is preferably injected ino the bore to dissolve the carbanats
bridging . The acid can he applied immecdiatoly,
or alicmatively, flushod over the filicrcalin ul a later time.
Allernatively, 1he acid can be gepemted in place, for
example, bylhlhmmpnnmnhpinlymli:nd

In nn lllzmuvl smbodiment, a catalyst or activating
;;m Imqnnted into the flltercale.

uly!umhﬁdmthednlhmlmdlhuwilhmhu
filtareake building materials Lo imto the filtereake &5
it is formed. Oxidation of the fltercalos occurs when a
precursor is flushed over the filtorcake and decomposes,
upon sctivation by the catalyst, into an oxidixing sgent.
Cven though the catalyat is within the fillercake, no axida-
tive aftack on the polymers of the flltercaks lakes place until
the filtarcake is contacled with the oxidizing precursor.
Specific calalysis are uscd wilh spacific procumors s
dencribed above, preferably tortiary amines or ancorbie acid
with t-butylbydroporoxide. Prafersbly, the catalyst is chemi-
cally bonded as an adduct with tergsted palymers, testiary
amines s adduces on starches or xaatham for example. For
that reasan, the decompasition of the oxidixing precumor
occurs Jocally, in the molecular region whare the oxidative
attack of the polymer is deaired.

In one aspect, the catalyst is & tertiry amine or
amincalimnol, such as, for cxample, tristhinolamine,
diothylaminoisopropanol, or the like. In another
embodiment, the calalylic materials sre polymeric and
become pant of the polymeric component of the Altercake, as
functional moietiss dependent from the polymeric backbone
e.g., Lhereby limiling catalyst Jows with brioe or fluds that
are lont to the formation from the fittercake tuilding fAuid.
Praferably, the catalytic moiety can be a component of one
or my combination of the polymers chosen for use in the
formation. The activating agent or catalyst can be a polymer
comprising pendmnt tertiary amino moisties. Oue preferned
activaling agent comprises an amine adduct to a starch or
vmrylngplym In a preferred ombodiment, the cala-
lyst is a diothylaminoisopropanol adduct 10 wither a starch or
xanthan.

Wixa ibe catalys! or activaling agent is incorporated
within the filicreako, decompanition of the filkercakn hogins
as the precorsor is placed in contact with the filcrcaks and
thon mmains in cootact as & soak until the fillorcake is
decomposed. Preferably, the precursor is ane that is stable al
ambient ltemperatures and decomposes ta the oxidiring
agent at downhale iomperatures, betwoon 40° C. and 120° C,
The oxidizing agent breaks down the polymeric coating on
the carbonate particles of the fillercake thareby destroying
the bridging fasturc of the filtercake. The particles can be
further reduced or dissolved by the wma of a separate acid
wash after the precumor soak.

In a preferred method of Sltercake removal, & well is
drilled using s drilling fluid that includes sn smine-
substiluted siarvh and an amine-submtituted xanthan thick-
eping agent. Prefersbly the amine i diethylaminoisopro-
panol. Ahermatively, a polymer conlaining tortisry and
quaternary functional groups, such as a copolymer of poly-
elhylenimine and ethylens oxide may be included. The
preferred amounts of polymer are 0.14 g/l to 28.6 gA. The
fiuid preforably conlains about 85.7 g/l of sixed carbonate, as
“ﬂ-ﬁlﬂﬁmdnngﬁomhﬂhqoponm
Other addilivem, wuch as gel siabilivern, clay Ueating
additivos, pH control agenis, anti-oxidants, lubricanis, non-
emulsifying ageuts, irou control agants and the liks can be
incinded as desired.

Follawing the drilling of a well, whea fuid losses are
acceptable for the proposed pumping pressures, gravel or
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packing can begin. First tha drill-in fuid is displaced
with a firt clear floid, which s otherwiro similar in tho
drilling fluid The wellboro is maintained in u slightly
overbalanced stala. Gravel pack scrovns and tonl essemblies
are run into the bore. Dun.qllull.'e.nnd-mblolo
maintain the fltercake with as Litte fluxd los 1o the prociuc-
tion formation as possibis. Fi of tho
drilling fluid, the wall is gravel packed. In a proforred
procedure, the gravel, preforably sized sand, sbout 20-30
U.S. mesh, is placed into a nonviscasified carriar, such as a
brins. As the low viscosity fluid cannot tranepart a signifl-
cant amount of solids, the concontrations are usually about
60 g/l to 360 g/l of sand per gallon of Auid and pump rates
approach 1 m3/min. The hydrostatic overbalance that arises
[rom the pumping pressure necessary to achieve these rates
is desirabk: sitcy Ibe overbalance holdw the fillercaks in
place. An oxidative precursor, preferably t-butyl
bydroparoxide, can be adkied doring the sand packing. A
preforred practics starts with small conocentrations, spproxi-
mately 0.1-0.5%, aod incroases the coacentration of the
precurnnr if thare aro no fluid loas responnes.

Once the gravel pack sand is in place, it bucomes more
difficult o insare contact of the fillercale with acidic or
other flushes. Treating fluids, particularly acids, sead to
dissolve all of the fikercake in amall arcas so that the
remaining treating fluid leaks off, or leaves, the wollbore at
those points. To one aspect of the presant invention, the
problem of & fush completely dissolving a emall area of the
fllarcake s overcome by inchuding the activator in the
fitercake. The precursor iy Qushed in w a laler time.
Alernatively, the precumor of the oxidixer in includad in the
gravel pack carrier fluid itself, combining two treatment
steps with resuliant savings in rig time. In ancther sapect of
the [ovention, afier the drill mons is completely filled with
sand and flushed with a procimor, the gravel pack can bo
flled with an acid-containing fuid to diszolve the carbonate.

Prior 10 the acid flush snd after the gravel pack is in place,
the flest roplacement Auid Is vsually displaced with a spacer
(buflier) or series of spacers, so that a cloar fiuid is Left in the
bore. In an alienative metbod, (his fuid can conlain about
0.014 g/ to 2.85 g/l by waight of a copper salt. The copper
jons, with a strong affimity for tertiary amines, are retained
in the filtorcake and funclion ss an additional sctivator to
caalyzs the breakdown of some oxidizing agents, particu-
larly organic peroxides and hydroperoxides. Alternatively,
ascorbic acid is used as the activating agent for the precur-
sor. Ascorbic acid with the addition of the copper salt will
rapidly reduce the precuniur lo an oxidizing apent. Other
meia] ions, such s cobalt, nickel, iron, and chromium could
be substituted for the copper. If fluid losses are too great
during this stop, sdditional sized carbonate can be injected
to reduce soch Josses.

The additional beoafil of the copper catalytic offect is
imporiant af tetuperaiures below 60° C. as the amines in the
flitercake con catalyze the decomposition of many oxidizing
precursom, including sodium persulfate and t-butyl bydro-
peroxide more effioctively. Amines alone with no additional
catalyst are sufficient above this boitom hole wemperniure.

Inisraction uf the oxidative precursors aod the calalysts
cmbedded in the filtorcake gencrates ihe oxidation-
degradable agent needod to decomposs the polymers of the
filllercake. The resicual filtercake solids, oo knger bridged
or bondad by polymer, can be ezsily dispsmed. Ths removal
of the particles can (hen be by cither particle by particlc as
the wull is flowed in the production direction, or by a
solubilizing flush such as an acid injected to dimolve car-
bonate. The acid can be immediately applind, squeezed at &

3
Iater time, or gensrated in plece. such ax by decomposition
of polyglycnlic acid.
EXAMPLES

Drill in fMuid formulations with & Specific Gravity (SG)
cqualing 1.44 hancd upon a CaRr., baned brine were used for
the lesln

F lati
Drili-in Fluid Based Upca CaBr,
Qoantities o gmme/licer
Dutg
Conpesent 1 2
‘Whicr 4245 249
Caliy (50 = 1.70) briaw) 20 0.9
Catisnic Sterch ] 17
Noo-Cutieaic starch 137 [}
(FL3+)
Sodiom Thicmlfids 188 288
Ouide ET ] 186
Naxthas Al4 314
Sixod Marbls powder #1 16 16
Sizod Marhle powder 16 16
Sined Marhlo powder #3 188 288
"Tartfary Amize polymar, #1 0 om
Tertlary Amilow palymar, #2 ] o
Xaciima blopelymer 14 14
Sizad Mashis powder #1 Qi o 4004)
Sinad Maskin prwder #2 (1v 1o M)
Sined Masblo powder #3 {1x ©© 44)
Tortisry amise polymer #], Folymhylegeimise copal ymer with athylens

The CaBr, brinc was a siock commercial snlntion mar-
lmdbymmnmwmummm-m

tinized eorn starch which has been reacted wilh
ne. Levels of substitotion are sbout
020 1o 040 moles amine per mole amyloss. The non-
cationic siarch was commercislly obtained a5 FL 7 PLUS, &
trademarked product of TBC-Brinadd. It is sn cpichlorohy-
drin cromlinked atarch which can bhe suhatituted with pro-
pylenc oxide, The sodinm thiosulfale and megnesfum oxide
were USP grade. The xanthan biopolymer is svailable from
severul suppliers, that used was supplied by Drilling Spe-
cialtics. The sized marblc powders arc available from
TETRA ies under the tade designation TETRA
Curb-Prime, TETRA Carb-Fine, snd TETRA Carb-Ulirs,
ruspectively. The tertiary amins polymer #1 was a
homopolymer of elllylem-imin: with about 40% of the
available nitrogsa reacted with ethylene oxide. Molacular
weight was 60,000-80,000. Tortiary amina polyaer #2 was
nhmpdymadelhﬂumwilhnbm%oflhu
available nilrogen reacied with epichlorobydrin. Molecular
weight was sbout 40,000,

This mixing procedure was followed for all laboratory
mmrnﬂgmmmuﬁu’eddmgﬂunm
ingredionts, the mixture was sheared with a high shear
(Silvemen type) mixer far 30 seconds, and then mixed at 500
RFM using » low shear Servodyne it for 30 mizuies. This
in intended 1o simulse mixing with a high shear contrifugal
pump, and then slow mechanical rolling of a feld mixing
unit. This mixing proccdurc was repeated after the addition
of the next threo ingmdionts, the thiosulfate, megnesivm
oxide and xamhan. A thipd miring for 30 minutes was nm
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Rheological were then measured (hasting only
lhcumphundﬁwmgtn#(‘).nndthcnmplum

*hot-rolled™ at 93" C. in a Baroid rolier oven furdlllnlnl
Fnlhmqll!‘hnlnihng the Theological

again lestad, Md-mﬂumlhmudfor'ﬁhuuh
ramoval” in 1be following manner.

The permeshility of & 5 Aloxite disk was first determined
in both directions of fiaw. This test was run at 35 kPs and 21°
C. Next, a filborcaks was built vsing a standard high
tempenutore, high pressore cell (HTHP coll). Fenn Instru-
menis and OF1, bath in Houston Tex., markot this equip-
ment. The 5u Aloxile disk was uscd & the fillering medium
and the chamber was run vpside down so thal any solids
scparating from the drill-in fluid might fall to ihe bottorn and
oot become pan of the fillercaks. The coll itsslf was filled
with the test drill-in fluid and a higher demity fluid was run
on bottom from a reservoir attached o the cell, so that the
drill-in fluid mnhlbcdurlm-.d upward,

The test was run st 93° C. for 39 bourm, with &
prossure of 3,500 kPs spplied 10 tho Auid. The Sltrate was
collected and mussured during this time. ‘The abjective for
producing a filtercake was to allow an initial spurt fRuid loss
as the fltercake is building, but then have a rapid decline as
tha filtercake limits furthar fuid loss. Al the end of the cake
building time, the cell was oooled and pressore released.
Remaining (uid wan drained from the cell and the Allercake
which had boen formed was examined.

Pollowing the visual cxemnination, the chamical treaument
for removal of the Shercake and recovery of the pormeabil-
ity ol 1be Alnxite disk was . This pant of 1he lesiing
was run in the nonmal direction, with the disk (und fltcreake
on it) at tha cell bottom and the tresting fivid carefully
poured in on top of it. This fluid was injected in the same
direction ss the drill-in Aoid to simulate the injection of &
cloan-up fluid in ficld practice. Conscquontly the permeabil-
ity determined in this direction is called the recovered
mjmpelmahmw Tho test is repeated in the opposite
direction, again a1 35 kPs and ambiont temperature. This
flow was in the production direction of an actual well and is
mﬂlhdlhemldptulm' pemmneabiliry.

1

A filtercale: a8 described sbove was prepared using for-
mulation #1 at 38* C. for beat aging and permeability
uhng.mlmunlnulknf:! hour wan (ried ming 2% by
weight of tertiary-butyl hydroperoxide and 0.3% of an
ethoxylated nonylphenol surfactant. This soak was mn at
rouvm temperaiure and 3500 kPs differential pressure. After
3 hours, less than 4 mi of fuid Altrate had been produced and
the injection permeabilily was easentially zero. ‘The cell was
loaded again with 2% t-butyl hydroperoxide and the 3 hour
tesi repeated. No addilional breakthrough of Suid was noted,
and permenbility, hoth injection and pmduction directions
wan Jems than 2%.

Test 2

Afiltercaks and test similar in all respects to Test I sbove,
except that the tsmperulare of the test was 93° C. o this case
the treating fluid broke through in 45 minutes, Aowing at
about 1 mi/min. In about 15 mimutes additional time, this
ruz bad increased to sbout 5 ml/ min. and the tost was
teroinated afier 80 ml of the treating fuid had been dis-
placed through the cell. The cell was allowed o cool and
prossure was reloased. The filtercake was visually inspecied
and found w0 be composed of discrete carbooate panticles
with oo evideoce of marches or polymers. A recovered
permeabllity test was run in the injection diroction, with
349% recovered parmeability. A recovered permeability test
was rua in the production direction, with 67% of the original
permesbility recovered.

15
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Following this atep and prior to an acid flush, 50 ml of an
iron control agem (2-thioethanol) and 0.3% surfactant were
Aushed through in the injection direction. This was done as
actual field practice would call for a spacer Buid to soparate
the oxidizing agen! stages from the hydrochloric or ydm-
bromic acida, which wro reducing in nature. Another purpose
of such a stage is 1o complex my Fe** that may bave been
genorated. Obvigusly a wide variety of ather sgents could be
used.

Afor thris buffer or spacer stage, 4 5% solution of HCl in
132 g/ml CuBr, was poured into the cell. The cell was
sealed and pressuriznd 1o 3,500 kPa, which was intended 10
simmlate the spotring (It not injection) of acid in a balanced
hydrostatic condition. After 3 hours, the botiom valve was
opened and the acid Aushed from the cell. It was noted that
the time of this acid soak was coe half thal of the acid soaks
in Tests 6 & 7 below, ldnulyonemdukwunqnucd
The recaversd permesbility was 91% in the production
direction and 95% in the injection direction.

Test 3 -

A =i similar 10 Tost 1 was run, excepl in this case,
formulation #2 was nsed; this included a cationic starch as
well =8 amine pol Soall amounts of Auid broke
through after about 2 hours. The total finid loss was about 30
mil during the fAirst threo bour ket run. Aftor Lhe first 3 bour
run, the cell was opened, ompticd of troating solution, and &
freah 60 ml of treating solution added. Again, slow fiuid loss
was noted at 72.5 m/Pa and 38° C. over the pext 3 boums
resuliing in & wial of 30 m] displaved from the cell. Visual
inspection of the fikcreake showed that a lop layer of the
polymer had bosn dimaolved, though not completely through.
This in contrast to Test 1 that showed oo such polymer
attack Permeabilities were less than 2% in both directions.
Again, an iron control agent was added as in Test 2
Following this step, the cell was loaded with a 5% HCl in
134 g/ml CaBr; brine and allowed to soak for 6 hus.
Recovored ility in the injection direction was 4%.-
Aller a socond, similar 6 bour acid soak, recovered perme-
ahﬁlhnuﬂlmﬂnpmduﬂm&nﬂmnﬂﬂlm
the injection direction.

Toal 4

A test similar to Test 1 using formulation #1, except that
boat aging, fikercake build-up and treatment saoaks were
preformed at 65° C. After 3 hours, no significant leak-off of
fluid had beag obacrved. The test chamber wua refilled with
a fresh 2.3% solution and the teat run for another 3 houm.
During the final bour of this teat, fluid began 1o leak off,
amounting 1o about 50 ml at tho end of the test. The
filtercalee was powdery on top and the polymer appeared to
be completsly removed. Permeabilities were run in both
directionn, with tho recovered ln_pclinn permeahility being
X% and tha recoversd permmahility heing 37%.

Following this test, a mixture of 5% HCl n 134 g/ml
CaBr, was Inaded in the chamber for 6 hoomw—as described
in Test 2, Recovered permesbilitins itng this treatment
wore 23% in the injcction direction and 54% in the produc-
Test 5

A test gsimilar 10 Test 4 sbove was run, bowever in the
formulation included amine suhatituted polymers with the
substitated mtarch. The formulations were the same as those
described in Test 3 uning formulation #2. Hea! aging,
fikercake build-up, and soals (as well as acid
soaks) were aguin run sl 66° C. Fluid bre wus
noted just aficr a second 3 hour sosk, as frash 2.3% t-butyl
bydroperaxide was started, and then stopped afier the fimst
hour (4 hours wtal) when fiuid totaled 50 ml. The injection
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recovered m-lnlnyw4$mdlbpmdumwv-
cred permeability was 45%. Following a singlo 6 hour acid
soak similar to that in Test 4, the rocovercd permeabilitics
were 89% in the injection direction and 72% in the produc-
tion direction.
Test 6 (for comparison 1o Test 2)

A test using formulation #{ was prepared, beat aging,
filiercake build-up, and acid soaks were rua st 93° C. No
oxidizor ac oxidative precumor was included, Rocoverd
permeability after § hen, soak with & 5% HCl aolution in 1.34
g/ml CaBr, brine at 93° C. was ks than 50% in both
directions. Afler a second 6 b reaiment with [resh acid
nhmnﬂnnwmedpmuhmymm ull-m]an-
tion direction and 90% in the production direction,

Test 7 (also fior compariscn to Test 2)

A tost using fornmlation #2 was prepared, bent aging,
filtercales build-up, and acid soaks were ron at 93° C. No
oxidizer or oxidative precumar was ron. Recovorod porme-
shility afior 6 hrs. sosk with a 5% HCl salution ja 1.34 g/ml
CaBr, brioe at 93" C. was less than 50% in both directions.
After p second 6 br. treatment with fresh acid aolutions, the
recovered permoability was 88% in the injection direction
and 93% in the production direction.

"leat #8 (for comparinon to #1 and 3)

A flisrcako an described sbove was prepared wsing for-
mulation #1 at 38" C. for hoat aging and permcability
testing. Two soaks of 6 hours cach were run using 5% HC1
in 1.34 g/ml CaBr, brine st room temperaturs and 3,500 ks
differential pressure. Afier the second soak, some acid was
displaced through the Aloxite divk and permesbilitive ware
teated. These were enoutially zero in both directions. The
cell was loaded again with 5% HCI in 1.34 g/m] Calir, brine
and a third 6 hour soak ropeated. Recovered injection
permeability was 81% and recovered productinn permeabil-
ity was 950%.

The foregoing description is llustrative and explanatory

of prelermed embodiments of the invention, and variations in
the size, shape, makrials aml other dotails will become
apparcnl 10 those skilled in (be art. It is intended that all such
variations and modifications which fall within the scope or
spirit of the appended claims be embmced thereby.
What is cleimed i
L A method for removing filtercaits from a subterrancan
borehole, comprising:
drilling the bamhole with a drilling flnid w form a
ﬂllu'ah comprising an oxidation degradable compe-

cunudm; the filtercake with a finid containing a solohle
organic hydroperoxide stable at ambiend lemperaiure
lrll thermally activatable at the downhoke iemperaturo
of the Aliarcake;
allowing the arganic hydroperoxide to remain at the
downbole temperature Sor & period of time alfoctive 1o
form aa oxidizing sgenl to degrade the oxiistion
degradable |gmt and decumpose: the flltercake;
||lll|l.l.|'l|, away filtercake.
. The rmlhnd of clllm 1 whorcin the oxidation-

th'rullbln a polymer.

S.Thoml.hﬂofchimlwhninlh-plymump_
siarch, cellulose or xanthan.

4. The mathod of claim 1 wherein the organic hydmper-
oxide is t-botylhydroperoxide and the borebnle empearature
i at Jeast about BD” C.

& The msethod of claim 1 wherein the organic bydroper-
oxide is sclecind from the group consisting of cumenc
bydroperoxide, t-butyl dihydroperoxids, and
amyhhydraperoxide, and 1he borebole temperature is at leamt
about &0° C.

12
6. The method of claim 1 wherein an activating ageat for
the organic is flushod over the Alicrcake prior

to cniacting the filicrcalie with the omganic hydroperoxide.

7. The method of claim 1 wherein the Oltercake comprises
an activaling agent for activating the arganic bydroperaxide.

8. The method of claim 7 wherein the activaling agenl
comprises 41 ascorbic scid.

9. A nwmthod for removing Altencake from a sublarransan
borehols, comprising:

drilling the borehole with s drilling finid to form a

fAliercaky comprizing an oxidation degradable compo-
nent and an activating agent for activating a precumor
of an axidizing agont, wherein (he Altercaks is fres of
the precursor;

coutacting the flltercake with a fluid containing the pre-

comor of the oxidizing agent, whorein the precursor is
moluble in the fiuid, stable at ambisat lempernture and
thermally activaiablo at tha downbole icmparature of
the filtercaks o form the oxidizing agent;

allowing e precumor to remain in contact with the

filtarcake 40 form the oxidizing component o degrade
the oxidation degradable agent and decompose the
filtorcale:
flushing away the decomposed filtercako,
10. The msthod of claim 9 wherein the oxidation-
degradabls component is a polymer.
11. The method of claim 10 whercin the polymer com-
prisca starch, celiulose or xanthan.
12, 'The mathod of cleim § wherein the precursor is
salectad from the group consisting of t-instyl bydroperoxids,
cumene hydroparoxide, t-butyl dilrydroperznide, and amyl-
bydroporoxide.
13. The mathod of claim 9 further comprising the steps of
installing graval pack screeos and tool assemblies into the
borehole prior to the step of conlacting the Bliercake
with the precumnsor;
dotermining Buid losses; and
adding sand in a nonviscosified carmier to the barehole.
14. A mwthod for removing filiercake from s subterrancan
borcholke, eomprising:
drilling the barchole with a drilling fluid to form a
ﬂlhmhmmdn;mondnnn&pﬂhhmmp—
nent and an activating agent comprising a tertiary
amine for activating an organic hydroparoide;

thoreafier contacting the flltercake with s fluid containing
a soluticn of the omganic hydroparaxide;

allowing \be orgsnic hydroperoxide 1o remain ot the
downbolo tcmperature in contact with the activating
agenl in the fhercals for a period of time affective o
form ap oxidiziog sgent to degrade the oxidation
degradable component and decompose the AAltercale;

flushing ewuy the decomposed filtercaim,

18. The mothod of claim 14 wherein the Wwetiary amine

ines tricthanclumins,

186. The method of claim 15 wherein the tertiary amioe

17. The method of claim 14 wherein ibe activating agent
in & polymer comprising pendant tertiary amine moictics.

18. The mothod of claim 14 wharein the oxidation dograd-
able component is fanctionalizod with the amine moictics.

19. A meihod for removing fltsrcake froom u subterransan

drilling the borchole with a drilling fluid o form a

filercaks comprising an oxidation degradable compo-
nent and an activating sgem for activaing an organic
hydroperoxide;
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fhushing over the fikercake with an additional activating
agent comprising s motal salt sohition wherin the
meul in selectad from the group coasisting of coppor,
cobalt, nickel, chromium, iron and combinations
thereof;

thercalter comacting the filtercake with g fuitl conaining
s solation of the onganic hydmpemixida;

alknmg the arganic Ilydmpmnh o remuin at the

downhole tempemtum in contact with the activating

ageots in the filtercaice for a period of time effective to
form sn oxidizing agent to degrade the oxidation
degradshie component and decompose the filercaks;

fushing sway the decomposed filtercake.

20. A method for removing filiercals framn a subterranean

borehole, comprising the weps off

drilling the borehols with a drilling fiuid 1w form a
filtorcake comprising an oxidation degradable compo-
naont and an activating agent for activating a precurmor
of an axidizing agent, wherein the fltercaks is esnen-
tially freo of (he precurson;

installing gravel pack screans and 100l assemblies into the
barchole;

dotermining fluid lomacs;
adding sand in & non-viscosified carrier to the borehole
after (he scrocn imtallation sicp, contacting the filtercake
with the procumor of the oxidizing agent;
ing the pcursor to remain in contsct with the
filtorcake for a period of tims cffective to form the

K

mdinqlmmdqndllhuﬂmmmwlﬂ
component and decomponc the filircake;
flushing away the decomposed filtercaks,
21. Amethod far removing filtercake from a subterrancan
s baorchole, comprising:
drilling the horehole wilh a drilling OQuid o form a
filiercaks comprising an oxidation degradabls compo-
oent and an activating agent comprising a tertiary
amine for activating & precursor of an oxidiziog agent,
wherein the fikercake is easeatially free of the precur-
55,
contacting the flitercales with the precumor of the oxidiz.

nllzmt with the
mg to remain in comiact
m ted by (bs tartiary amine snd form
huﬂmqwlmdopldﬂhnmﬂnumw
compuneni xad decompose the filtercake;
flushing awny the filtorcake.
22, The methad of claim 21 whornin the tertiary aming
2n comprises tristhanolamine.
. 'l'bemhndofchm!l wherain Lhe activaling agant
is » polymer comprising peadant Lertiary amine moictics.
24. The mel.lnl of claim 23 wherein the oxidation-
degradabls polymer is functionalized with the amine mai.
15 etics.
28, The method of claim 31 wherein the precumor is
selected [rom alkali metal snd ammonium salts of
persulfatea, permanganates and percarhopates.

* ¥+ » @
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