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SU PER IN TEN D EN CIA  D E INDUSTRIA Y COM ERCIO 
DIVISION DE NUEVAS CREACIONES 
E. S. D.

Re: Expediente No. 10- 151.514
Solicitud de patente a nombre de BAKER HUGHES INCORPORATED

Yo, SILVANA MARIA LÓPEZ DÍAZ actuando como apoderada sustituta de 
acuerdo con la sustitución presentada el 23 de octubre del 2013 e identificada como 
aparece al pie de mi firma, domiciliada en la Carrera 11 No. 86-53, piso 6, obrando 
como apoderada de la sociedad BAKER HUGHES INCORPORATED, domiciliada 
en Houston, Texas, Estados Unidos de América, solicitante de la patente de la 
referencia, en respuesta al oficio N o. 13532 notificado por fijación en lista el 30 de julio 
de 2013 y de acuerdo a la solicitud de p ró rroga  p resen tada el 23 de octubre  del 

2013, m e perm ito  m anifestar:

1. Con fundamento en la facultad que confiere el artículo 34 de la Decisión 486 al 
solicitante para modificar la solicitud de patente en cualquier mom ento del trámite, 
presento junto con este memorial nuevo pliego reivindicatorío que consta de ocho 
reivindicaciones, como sigue:

l.lAdicionalm ente, todo el capitulo reivindicatorío fue ajustado a las primeras 8 
reivindicaciones de la patente US 8.210.263 concedida en los Estados Unidos.

l.ZLa reivindicación 1 ha sido modificada con el fin de definir la materia 
reivindicada de una manera más clara, eliminado los términos que se puedan 
considerar como efectos, siendo consecuente con la amable recomendación del 
señor examinador hecha en su concepto técnico.

1.3Finalmente, de las reivindicaciones 1, 3 y 5 se han eliminado los términos “por 
lo menos” y “al menos” con el fin de definir la materia reivindicada de una manera 
más precisa, en orden a la recomendación del señor examinador hecha en su 
concepto técnico.

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

No.
Fecha: 2013.12-03 15:19:13 Dep. 2020 DIR.NUEVASCR
Tra. 11 PATENTEIYII 
Act. 523 RESPUESTA

Eve: 378 FASENACIONALI 
Folios: 22



Clarke* Modet & C°
2

C O I .O M M A

En cuanto a estas modificaciones, me permito decir que las mismas no amplían de 
ninguna manera la materia objeto de la presente solicitud y se realizaron con el ánimo 
de superar las objeciones de claridad planteadas por el Examinador en su concepto 
técnico.

Adicionalmente, manifestamos que no se adjunta tasa por reivindicaciones adicionales 
toda vez que el nuevo capítulo reivindicatorío cuenta 10 reivindicaciones por las cuales 
ya se pagó la tasa correspondiente en la presentación de la solicitud.

2. Claridad de la Solicitud

Respecto a este punto, el solicitante manifiesta que mediante las modificaciones 
realizadas en el capítulo reivindicatorío quedan subsanadas la totalidad de las 
objeciones, de m odo tal que el nuevo capítulo reivindicatorío proporcionan claridad y 
concisión a la invención descrita, siguiendo las recomendaciones realizadas por el 
Examinador en su concepto técnico.

Por otro lado, el Examinador establece que las reivindicaciones 1, 2, 3, 6, 7, 8, 9 y 10 no 
son claras porque las expresiones “píldora humectante con agua”, “miniemulsión”, 
“nanoemulsión”, “emulsión”, “microemulsión”, “surfactante”, “fluido no polar”, “fluido polar”, 
“píldora de pérdida de flujo, píldoras reticulares, píldoras limpiadoras de roca de reserva, píldoras 
curadoras horizontales”, “grupo polar iónico o no iónico”, “mono o poli alcoholes ácidos, aminas 
orgánicas de bajo peso molecular, solventes de baja etoxilación”, “surfactantes no iónicos, catiónicos,

extendidos”y  “fluido de polaridad intermedia" son generales o imprecisas. N o obstante, 
resulta necesario aclarar que un experto medio en la materia se encuentra en capacidad 
de utilizar sus conocimientos básicos en el área para la interpretación de las expresiones 
arribas mencionadas, tomando como base la información divulgada en la memoria 
descriptiva de la solicitud.

La anterior afirmación encuentra sustento en el artículo 51 de la Decisión 486 de la 
Comisión de la Comunidad Andina, el cual menciona:

Articulo 51 — “jE/ alcance de la protección conferida por la patente estará 
determinado por el tenor de las reivindicaciones. La descripción y  los dibujos, o en su 
caso, el material biológico depositado, servirán para interpretarlas

Con base a lo anterior, encontramos que los términos objetados por el señor 
examinador son ampliamente conocido en el aérea técnica, sirviendo como ejemplo, los 
documentos citados la solicitud bajo estudio: L. Salagery K  E. Antón, “Microemulsiones
Iónicas”, Capítulo 8, en P. Kumary K. JL Mittal, ed. Handbook of Microemulsion Science and 
Technology, Marcel Dekker Inc. New Cork 1999, pp. 247-ISO” y “S. HL r̂ahi, A . Aserrín y  N. 
C a r # ,  7 1 / )  f *  P .

Kumary K. L. Mittal, ed., Handbook of Microemulsion Science and Technology, Marcel Dekker, 
Inc., New Cork, 1999, pp. 185-246 “ (Párr. 0024), “/. L. Salager “Fenómeno de Inversión de 
Fase de Emulsión” en Emulsions and Emulsión Stability, J. Sjohlóm Ed., Segunda Edición, Cap. 4, 
pp. 185-226, Taylor y  Francis, Londres (2006)” (Párr. 0025), o siendo explicados
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detalladamente como el término “surfactantes escindibles” como es indicado en el párrafo 
[0027] de la memoria descriptiva, donde cita: “Lo.r “surfactantes escindibles ” son una clase

(/g & .r«j «wowj a ¿z ¿7.r ^a/?! jg iga
a d i^ fa ,  ¿ ( ( /n í& íi' a /b z 6 « a  o /¡3 ̂ w g w c z a  ¿& « A ra w o /g /a , cow g / a f g  Á afgr ^ «g

g /  w a / g f i a /  jg a  fo ^ )a A '¿ /?  # «  ^ v W z W g * #  i^ j -g o /g /f /g ,  o g / a ' g  n ? w o fg r  j-g/?fA'*/awg*/g

¿g gim-Mw, o cow g /  ¿/g ¿ a fg r  ^ * g  g /  (fg gi^j'/ow  « « a  « « g p a

función"(Párr.0027). Por lo tanto esos términos establecidos como generales o 
imprecisos, para una persona medianamente versada en la materia a la luz de la 
memoria descriptiva no lo son.

Por último, no se comprende que parte de “composición”, “formación rocosa”, y  “ácido” “co- 
surfactante” no resultan claras para su Despacho, ya que estos conceptos son 
ampliamente usados en el área técnica. Una persona versada en la materia se encuentra 
en la capacidad de com prender dichos conceptos, y por ende, llevar a cabo la 
invención.

Por otro, el Examinador establece en su concepto técnico que “la reivindicación 1 esta 
faf%%/gfz%a¿¿?̂ or r&iw/W&r a a/raw^ar ̂ *g «o ¿g/?*g« g/

Sobre este particular, nos permitimos informar que el solicitante en ningún momento 
está pretendiendo definir el método reclamado por resultados a obtener por el mismo, 
como lo puede ser Subsecuentemente bombear una segunda píldora en la formación rocosa donde la 
jA/Á/ora .iWwg¿*g*fg ag*a.

Contrario a lo indicado por el Señor Examinador, el subsecuente bom beo de una 
segunda píldora no representa resultados a obtener, sino que por el contrario, 
constituyen características funcionales del m étodo que ayudan a la comprensión de la 
invención. En este sentido, se le recuerda a su Despacho que el INSTRUCTIVO 
EXAM EN D E  SOLICITUDES D E  PATENTES D E  IN V EN C IÓ N  Y M O D ELO  
D E  UTILID A D  claramente indica lo siguiente respecto a las características técnicas 
funcionales en el inciso 2.6.5.4:

'(Lar fa r » f/g w & fa .f  /gfMz'faf fo* /bf g/M*g«&M ^ # g  fo « /o r m a «

d/g.%77/&r g*  ¿/g J *  «JV 0 J * N o  ¿/g^«g* Á7 z w g « 8 0 « ,  ^)gf%

g -x p & a *  ^ * g  ¿ a y  g « # r  .raw ¿dwgrfaj f a n 2 f # w A f a f  g jffw & m z& .f.. .

L a r  m M W zfaaoM gj' ¿g&g% z w / w r  fa r a f/g w A fa .r  g.f¿rw¿A/ra/?.f j

^ ¡ara  ¿z ^ )grro«a ¿/g/ * o ^ w a /w g * /g  z%rfa¿/a g* ¿z w a /'g n a  Jga o W o  g /

^ « % 8 0 * a w f g « ^  ¿/g /b.r g^w gw /oj" fa n z f /g /z rA fO J 'j  ¿z  g « ^  g j / o i . "

Por tal razón, no entendemos cómo el hecho de mencionar un subsecuente bom beo de 
una segunda píldora, puede ser considerado como el resultado a alcanzar, si en ningún 
m om ento de las reivindicaciones se está reclamando lo que se obtiene al usar dicho 
bom beo o dicha segunda píldora, sino que por el contrario, se define claramente
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cuáles son los pasos subsecuentes que lo componen, y no el resultado que se obtiene 
por medio del mismo.

Por otro lado, el Señor Examinador indica que la descripción no divulga la invención de 
manera suficientemente completa para que la persona del oficio normalmente versada 
en la materia pueda ejecutarla. Adicionalmente el examinador establece que la presente 
solicitud contiene términos imprecisos que no permiten una comparación con el estado 
de la técnica. N o obstante, vale la pena poner de presente que resulta contradictorio 
que de hecho haya sido posible realizar un análisis de novedad y nivel inventivo, lo cual 
indica que si es posible comparar la invención con el estado de la técnica. 
Adicionalmente, se hace referencia al Ejemplo 1 [Párr. 0040] de la presente solicitud, 
donde claramente se especifican y divulgan los pasos del método a reclamar y sus 
condiciones operativas.

D e esta manera, se dan por superadas las objeciones de claridad y se le solicita al Señor 
Examinador continuar con la evaluación de la presente solicitud con base al nuevo 
pliego reivindicatorío presentado.

3. Novedad de la Presente Solicitud

El examinador establece en su concepto técnico que la antigua reivindicación 1 de la 
presente solicitud carece de novedad a la luz de los documentos D I (WO 2006/051255: 
Surjactant system method) y D2 (US 2004/0063795: A ü d  based micro-emulsions of surfactants

En este sentido, me permito decir que el artículo 16 de la Decisión 486 de la Comisión 
de la Comunidad Andina establece que la invención se considera nueva cuando no está 
comprendida en el estado de la técnica. Si de acuerdo con el espíritu de la norma legal 
indicada, la invención no se considera como nueva si está “comprendida” en el estado 
de la técnica, dicha norma se está refiriendo, naturalmente, a la totalidad del invento y 
no a alguno o a algunos de los componentes. Para que la invención pierda su calidad de 
novedosa, es claro que ella, TO D A  ELLA, ha de estar contenida en el “conjunto de 
conocimientos existentes que son aplicables al proceso industrial' como define el estado de la 
técnica el Tribunal de justicia del Acuerdo de Cartagena (Proceso No. 6-IP-89, 
sentencia de 31 de octubre de 1989, publicada en Jurisprudencia del Tribunal de Justicia 
del Acuerdo de Cartagena, Tom o 11, BID-INTAL, Buenos Aires, 1994, página 60).

Esto se conoce como N O V ED A D  ABSOLUTA, de conformidad con lo cual para 
desvirtuar el requisito de novedad de una invención será necesario que lo reivindicado 
por la invención bajo estudio corresponda de forma total con lo revelado en un 
documento o anterioridad señalada, conclusión a la que se llega después de un análisis 
exhaustivo mediante una comparación entre el capítulo reivindicatorío de la invención 
en estudio y la divulgación de las referencias D I a D2.

P-2751
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Ahora bien, si un determinado elemento, condición o circunstancia de la nueva 
creación ya hace parte del estado de la técnica no quiere ello decir, desde luego, que la 
invención deba ser rechazada por carecer del requisito de novedad. N o sin razón ha 
dicho el mencionado Tribunal:

“hay que advertir que toda creación es en cierta forma, producto del estado de la técnica

conocimientos técnicos que le permitan crear nuevos procedimientos aplicables a la 
industria. .
(Ibídem, páginas 53 y 54) (subrayado por fuera del texto).

Por lo tanto, como mínimo la novedad debe contemplar los siguientes aspectos:

-  Que la invención en estudio esté contenida de forma TOTAL y ABSOLUTA en 
el documento que se menciona como anterioridad o de forma independiente en 
los documentos que se mencionan, si son varios.

-  Que la invención en estudio puede partir de conocimientos conocidos, caso en 
el cual habrá que hacer la comparación no de lo conocido sino de lo inédito y 
novedoso, teniendo que analizarse el valor agregado que aporta la invención con 
sus nuevas características al campo técnico al cual pertenece la invención en 
estudio.

Aplicando lo anterior al caso concreto, para que las razones que aduce ese Despacho 
para desvirtuar la novedad fuesen ciertas, sería forzoso que se demostrara que la 
invención de mi mandante esté comprendida en el estado de la técnica de forma 
TOTAL, lo cual no sucede con la materia reclamada en las nuevas reivindicaciones.

Con respecto al documento D I, el Examinador sostiene que D I describe ácidos láctico 
(y sus esteres y lactatos: ej. página 33, línea 14 a la página 34, línea 17), siendo estos los 
únicos ácidos que da a conocer D I, y que "las características esenciales de la composición de la 
reivindicación 1 habían sido divulgadas previamente en el documento D I”. Por otra parte, la nueva 
reivindicación 1 reclama la píldora humectante con agua comprende un acido 
seleccionado del grupo que consiste de acido minerales, ácidos orgánicos, sales 
de estos ácidos y mezclas de los mismos, la cual encuentra su debido soporte el 
capitulo descriptivo de la solicitud presentada en el párrafo [ 0008 ] (página 3, líneas 28 
a 29), el párrafo [ 0019 ] (página 7, líneas 11 a 13 , el párrafo [ 0025 ] (página 9 , líneas 
25 -26 ) , el párrafo [ 0035 ] (página 14, líneas 24 a 27 ) ,  el párrafo [ 0044 ] (página 17, 
línea 10 ) y en las antiguas reivindicaciones originales

Sin embargo, D I explícita, repetida y consistentemente divulga que sus formulaciones 
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están libres de ácido. Respetuosamente se dirige la atención del examinador a: 
“IJnicamente las formulaciones son libres de ácido y  bases (...)” (D I, Resumen); “La invención

tratamiento acuoso de un único paso (que no requiere sistemas adicionales basados en ácido o base o 
sistemas de pre-o post-tratamiento de base orgánica). (D I, Pág. 18, líneas 19 a 23) (Todo el 
énfasis es nuestro).

Adicionalmente D I también habla divulga sobre las desventajas del uso de ácido 
(página 10, líneas 9-24): “Debido a que estos productos son muy ácidos, agresivos y  altamente 
frac& zw  o o /ry .r a g g « ^  o  m & w for& r, j #  * 1 0  / / w a r  a ^ * « o f  fY&rg&r « w m #

j  ^)af%  Áz.c ^ )g rro « a .f  j /  /kj" jE f/o j"  f ^ w a i  jo * ,  ^ )n ^ )z a  « a A / r a ^ a ,

fx/n?wa¿awg«/e o)rry.Mm.r o fa*.rA¿%.r, v /k.r gj *efg.rano o^ig/rar /b
ryĵ g^a a/ a/wafg«a/«zg*A), ¿rax.gOorfg, waM^KÁẑ owj; «J"0.

cowj'zWgTWoj' ¿/g waxgra ¿w /)a*Az/¿zj-j; ^ « ^ 0 1  ¿/g 
zMggMzgMa « o  jg  Arfé* ¿ /a « a * ^ b  j"« «j-o. y i & w a i ,  ¿wa«¿/o .rg « A ¿ ^ a «  f i / o f  /o í

g/gf/oj" a/m&zfM fa/kf a ^ g r f o j "  n?/¡%zb*ad(9 rom /b j  ^ fA d & r  a k  g iá z i  y 0 r% « /a a 'o « g f  ^ W f ? a «

Por lo tanto, el solicitante sostiene respetuosamente que D I enseña lo contrario a las 
reivindicaciones modificadas. Mientras D I permite ácido láctico y derivados de los 
mismos, D I da a conocer claramente que sus formulaciones son de otro m odo libres de 
ácido. Las reivindicaciones han sido modificadas con el fin de recitar la presencia de un 
ácido, que no es el ácido láctico. Por consecuencia, las formulaciones descritas o 
sugeridas por D I, no enseñan o hacen alusión a las formulaciones reivindicadas en 
las nuevas reivindicaciones de la presente solicitud. Por lo tanto, la anterioridad D I 
anterior no enseña todas y cada una de las características técnicas de la presente 
invención, y las nuevas reivindicaciones son novedosas y tienen un nivel inventivo 
sobre D I.

En cuanto a D2, el Examinador sostiene que este documento da a conocer 
¿a# a¿%d) ag«a, ««a a«Wo, /fwj'gafAM) **

tensoactivo no iónico, un co-solvente, un solvente y  un oxidante (Resumen) ". Por otra parte, la 
nueva reivindicación 1 reclama la píldora humectante con agua comprende 
componentes que forman la emulsión in situ y el m étodo comprende formar in situ 
una emulsión formada in situ a partir de los componentes de la emulsión de formada in 
situ  ̂donde al menos parte del líquido no polar de la OEM  se incluye.

Sin embargo, el solicitante respetuosamente discrepa con el señor examinador, en el 
hecho que el D2 muestra o sugiere algo relacionado a formar una pastilla humectante 

in situ. Lo anterior se basa en que D2 sólo enseña que una microemulsión preformada 
que actúa sobre las superficies del pozo, torta de filtro y otros contaminantes: “Una ve\
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que la micro-emulsión ha tenido la oportunidad de actuar en las superficies internas del potro, así como 
en torta de filtro y  otros contaminantes, la microemulsión. junto con los sólidos desalojados y  disueltos y  
los componentes del aceite, preferiblemente se lavan delp070 utilizando agua, ya  sea sola, o mezclada

Witco 1017, disponible de Witco Chemical Company, Houston, Tex Witco 1017 que comprende una 
mezcla de ásteres de ácidos de aceite de coco y  tensoactivos no iónicos. ” D2 Párr. [0043] (El 
subrayado es nuestro.). En el documento D2 la microemulsión no se forma in situ, al 
contrario, ya se forma cuando actúa sobre las superficies del pozo, etc.; por lo que la 
microemulsión que puede disolver los sólidos y componentes de aceite ya estaba 
formada.

Aunque D2 menciona emulsiones formadas i n  SÜU (Párrafos [0.028-0.029]), estos son 
sólo emulsiones problemáticas (no las microemulsiones) que están siendo eliminados 
por las microemulsiones preformadas del documento D2: “La presente invención 
proporciona una microemulsión basada en un aditivo químico y  un procedimiento para el uso de la

realización preferida, se añade la microemulsión alpo%o después del desplazamiento bruto de la OBM  
o S B M y  otros residuos sueltos por lavado con agua u otros métodos conocidos en la industria. Las

diluir, si se desea. La microemulsión tiene la propiedad ventajosa de desestabilizar la emulsión de aceite 
residual-barroy  el agua de humectación de los sólidos desplazados simultáneamente. Productos actuales

solvatar o lavar los sólidos. Se cree que la microemulsión de la presente invención realiza dos funciones 
clave. Una de ellas es la desestabilización de la emulsión de aceite (incluyendo aceite sintético en el 
SBM) externa formada in situ hecha por el hombre a través de la neutralización de ácido de los 
a g # ? / #  a  a  /ra% ¿f ¿z  a g p a  a f « /& f a  ¿z  &  ¿ m p o r f a * #

¿&r&zfar ¿p# ¿z «om/ofa, ¿z n?a¿̂ a¿zo« A/^na'a, ¿g af/*ar ¿rowo
un catalizador en la desestabilización de la emulsión. ” (Párr. [0028]). (El subrayado es nuestro)

Adicionalmente, el documento D2 divulga: “Una segunda función realizada por la micro 
w /6car .f#gWa«f&r a «zW a /a ^  ^  ^anz ̂ /a^A/ar

¿z ¿/g/ a g z /a  dk  / r a z v j  ¿/g g j^ a  ^g  ^ g i / a ^ z A y a r  Azi g w « /f /o « g j

formadas in situ y  hechas por el hombre, recubriendo los componentes, formación de cortes,etc.; y  
j&affgf%)f%Rg«fg ag«a ¿g ¿«mgffam;* ¿/g ¿zi wzm)gw«/fzo«gf ¿g /a ̂ )n?ig«/g z««g«ao* 6afg«
posible la eliminación de sustancialmente todos los sólidos contaminantes, tales como lodos, compuesto 

îanz /«¿grMj", )̂afzz/&za, (/g JoÁWbj ¿/g ¿z ̂ )g^nz¿zo« g« g / g «
^ g ^ b n z « o * , j /  g«  ¿z j j z ^ g /^ a g i  /bj- g^ M ^ oj ¿yg ̂ )g//ón3(zo«. La w z¿7B gw «/fzo« ¿/g ¿z ̂ m g « / g  z«z/g/K%f«

/awW* jg )̂*g¿g «Aá'̂ ar Ôara Azuzar /aŵ zzgi ĝ Wo, ag/Wb^f, j; jzwz/gw." (El
subrayado es nuestro). Por lo tanto, el solicitante sostiene respetuosamente que D2 que 
no divulga, enseña, sugiere ni insinúa todas y cada de las características de las 
reivindicaciones modificadas, en particular la de la formación in SÜU de la emulsión que
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se utiliza en el método para cambiar la humectabilidad de la formación de roca

Adicionalmente, el solicitante respetuosamente dirige la atención del examinador hacia 
el hecho de que la reivindicación independiente 1 se ha modificado en el presente 

documento para recitar: "la emulsión formada in situ es una mezcla homogénea

Áw ^o A zr, « « a  /á jg

elfluido no polar de la O B M , y  un agente tensoactivo", por lo que porque D2 no da a conocer 
que la emulsión formada in situ es una mezcla termodinámicamente estable, 
macroscópicamente homogénea de al menos tres componentes, y tampoco sugiere 
modificarla de tal manera que la emulsión entre dentro de esta definición.

Con base en los anteriores argumentos y al hecho que ninguno de los documentos 
citados D I a D2 da a conocer tal y como es reivindicada la invención bajo estudio, se 
dan por superadas las objeciones relacionadas con la novedad de la presente solicitud.

Habiendo atendido cabalmente las objeciones presentadas por ese despacho, 
atentamente solicitamos se conceda el privilegio de patente de invención a la solicitud 
en estudio o si el señor examinador considera que subsisten razones para objetar la 
presente invención, rogamos expedir otro examen de fondo con los debidos motivos y 
razones que sustenten su objeción con el fin de que nuestro mandante tenga la 
posibilidad de exponer sus argumentos con base en la interpretación de los artículos 45 
de la Decisión 486 -el cual otorga la facultad al examinador para emitir los exámenes de 
fondo-, 35 y 59 del Código Contencioso Administrativo que señala que: “habiéndose dado

disponibles, se tomará la decisión que será motivada al menos en forma sumaria si afecta a 
particulares” y deberá proferirse la decisión definitiva. Esta se motivará en sus aspectos de hecho y 
de derecho,y en los de conveniencia si es el caso”, respectivamente (El subrayado es nuestro).

En consecuencia, solicitamos a ese despacho pronunciarse en relación con todos los 
argumentos presentados en este memorial dando estricta aplicación al principio del 
debido proceso consagrado en el artículo 29 de la Constitución Nacional.

Señor Superintendente,

C.C. 22.468.787 de Barranquillg 
T.P. 147463 del CSJ
notificaciones @,ckrkemodet. com. co

P-2751
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REIVINDICACIONES MODIFICADAS

1. Un método para cambiar la capacidad de humectación de una 

formación rocosa previamente en contacto con un lodo a base 

de aceite (OBM por sus siglas en inglés) que comprende un 

liquido no polar, el método comprende:

bombear en la formación rocosa una pildora que humecta por 

agua, en donde la pastilla que humecta por agua 

comprende

componentes de formación de emulsión in situ que comprende: 

un agente tensoactivo; y 

un fluido polar;

poner en contacto con ello la formación rocosa con la 

pildora que humecta por agua;

formando in situ una emulsión formada in situ a partir de 

componentes de formación de emulsión in situ y algo 

del fluido no polar del OBM en donde la emulsión 

formada in situ es una mezcla termodinámicamente 

estable, macroscópicamente homogénea de tres 

componentes, en donde los tres componentes comprenden 

una fase polar del fluido polar, una fase no polar
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parcialmente del fluido no polar del OBM, y el 

tensoactivo, en donde la pildora de humectación por 

agua comprende adicionalmente un ácido seleccionado 

del grupo que consiste en ácidos minerales, ácidos 

5 orgánicos, sales de estos ácidos y mezclas de los

mismos;

Subsecuentemente bombear una segunda pildora en la formación 

rocosa donde la pildora subsecuente comprende agua.

10

2. El método para la reivindicación 1 donde la segunda pildora se

selecciona del grupo que consiste de pastillas de pérdida

de fluido, pastillas de reticulación, pastillas de limpieza 

de rocas de depósito, pastillas de curación horizontal y 

15 combinaciones de las mismas.

3. El método para la reivindicación 1 en donde el agente

tensoactivo se selecciona de entre el grupo que consiste de

tensoactivos no iónicos, tensoactivos aniónicos, 

20 tensoactivos catiónicos, tensoactivos anfoteros,

tensoactivos de fluorocarbono, tensoactivos de silicona, 

tensoactivos escindibles, tensoactivos gémini, y 

tensoactivos extendidos que contienen una extensión central 

de brazos separador no iónica y un grupo polar iónico o no 

25 iónico, y mezclas de los mismos.

4. El método para la reivindicación 3, en donde en los

tensoactivos:

0
\
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los tensoactivos no iónicos se seleccionan del grupo que 

consiste de poligilcosidos de alquilo, ásteres de

sorbitán, ásteres de glucósido de metilo, ásteres de

5 poliglicol, y etoxilatos de alcohol;

los tensoactivos aniónicos se seleccionan del grupo que 

consiste de sulfatos de alquilo de metales alcalinos, 

alquilo o sulfonatos de alquilarilo, sulfatos y 

10 sulfonatos de éter de alquilo lineales o ramificados,

sulfatos de alcohol polipropoxilado, sulfatos de

alcohol polietoxilado, alquilo o disulfonatos

alquilarilo, disulfatos de alquilo, sulfosucclnatos de 

alquilo, sulfatos de alquil éter, sulfatos de éter

15 lineales y ramificados;

los tensoactivos catiónicos se seleccionan del grupo que 

consiste en ásteres de metilo arginina, alcanolaminas, 

y alquilenediamidas; y

20

25

los tensoactivos de cadenas ampliadas comprenden brazos 

separadores propoxilados, brazos separadores

etoxilados, brazos separadores propoxilados y 

etoxilados, y mezclas de los mismos.

5. El método para la reivindicación 1 donde el fluido polar 

comprende adicionalmente solución salina.

Xv



El método de la reivindicación 1 en donde I0 5  componentes que 

forman emulsión In ^Itu comprenden, adlclonalmente, un 

fluido seleccionado del grupo que con^l^te de un fluido no 

polar, un fluido de polaridad Intermedia y mezclad de lo^ 

m l ^ m o ^ .

7. El método de la reivindicación 1 en donde el agente 

tensoactivo en la pastilla de humectación por agua e^, un 

tensoactivo Iónico y la pildora de humectación por agua 

comprende un co  ̂ tensoactivo.

El método de la reivindicación  ̂ en el que el co  ̂ tensoactivo 

e5 una ^u^tancla de superficie activa seleccionada del 

grupo que con^l^te en mono o poll^ alcoholen, ácidos 

orgánicos o aminas, polletllengllcol, ^olvente^ de

etoxilación y mezclad de I0 5  ml^mo^.
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Single-phase microemulsions (SPMEs) and in situ-formed 
microemulsions in water-wetting pills may be used to reverse 
the wettability o f subterranean rock previously drillcd withan 
oil-based mud or synthetic-based mud before pumping a higli 
fluid loss squeeze pill or crosslink pill or other water-based 
pill. This wettability reversal occurs by solubilization o f  the 
non-polar material into the microemulsion when the water- 
wetting pill contacts the non-polar material. An in situ m icro­
emulsion may be formed when one or more surfactant and a 
polar phase (e.g. water or brine), and eventually some amount 
o f  oiganic phase, contacts the reservoir formation and 
reverses the wettability encountered in the porous media. The 
microemulsions are effective for reversing the wettability that 
occurs from non-polar materials which include, bul are not 
necessarily limited to, oil-based mud, synthetic-based mud, 
paraffins, asphaltenes, emulsions, slugs, and combinations 
thereof.

19 Claims, 1 Drawing Sheet



US 8,210,263 B2
Page 2

OTHER PUBLICATIONS

1  L. Salager, et al,, "Amphiphilic M ixtures versus Surfactant Struc- 
tures with Smooth Polarity Transition across Interface to Improve 
Solubilization Perform ance” , CESIO 2008— 7th World Surfactant 
Congress Paris, Jun. 22-25, 2008, pp. 1-9.
J. Harrison: “M icroemulsion Technology for Surfactants," Specialty 
Chem icals Magazine, Nov. 2004, pp. 32. 34,36.

PCT/US2008/0684 75; International Search Report and Written 
Opinión, Nov. 6, 2008. [corresponding PCT International applica­
tion].
L. Quintero e ta l , “NAF FilterC ake Removal Lising Microemulsion 
Technology," SPE-107499, European Formation Damage Confer­
ence, Scheveningen, The Netherlands, M ay 30-Jun 1, 2007, pp. 1-6.

* cited by exam iner



(F
ilt

ra
te 

Vo
lu

m
e)

/(T
ot

al
 F

lui
d 

Vo
lu

m
e)

*1
00

 
(F

ilt
ra

te 
Vo

lu
m

e)
/(T

ot
al

 F
lui

d 
V

ol
um

e)
*1

00

U.S. Patent Jul. 3, 2012 US 8,210,263 B2

Step 1: OH Based Mud Filter Cake Treatment

Brine Pill
Conventional Surfactant Pill 
Microemulsion Pill

720-1

100 -

80-

60-

40-

FIG. 1
20 -

100 400O 200 300
Time (Minutes)

Step 2: LCM Treatment
-o- Brine Pill

Conventional Surfactant Pill 
Microemulsion Pill

720-,

100 -

80-

60-
FIG.2

40-

20 -

15 20O 5 10 25 30
Time (Minutes)

/



US 8,210,263 B2
1

METHOD FOR CHANGING THE 
W ETTABILITY OF ROCK FORMATIONS

CROSS-RCFERENCES TO RELATED 
APPLICATIONS

lilis  application claims the benefit o f  U.S. Provisional 
Palenl Application No. 61/076,022 filed Jun. 26,2008, and is 
also a continuation-in-part o f U.S. Patent Application Ser.
No. 12/146,647 filed Jun. 26, 2008, which application in turn 
claims the benefit o f  U.S. Provisional Patent Application No. 
60/947,870 filed Jul. 3, 2007, and which is additionally a 
continuation-in-part application o f U.S. Ser. No. 11/866,486 
filed Oct. 3, 2007.

TECHN1CAL FIELD

The present invention relates to methods and compositions 
for changing the wettability o f rock formations, and more 
particularly relates, in one non-limiting embodiment, to 20 
methods and compositions for changing the wettability o f 
rock formations in subterranean reservoirs using aqueous 
micellar solution, mi ni emulsions, nanoemulsions, emul­
sions, or microemulsions fluids,

25
BACKGROUND

2
polyalcohols, parafllnic, or aroma tic hydrocarbons, alkyl 
benzenes, terpenes and other natural producís and mixtures o f 
these types.

When OBMs and/or SBMs (sometimes collectively 
5 referred to as non-aqueous fluids or NAFs) are used, the 

subterranean rock formations becomc oil wct and rcsistant to 
treatments using pills that are water-based. In the oilfield, a 
pill is any relatively small quantity (e.g. about 200 barréis or 
less (32 kilolitcrs)) o f a special blend of a drilling fluid used to 

1° accomplish a particular task orjob that a regular drilling fluid 
cannoí perform. Non-limiting examples include high-viscos- 
ity pills to help lift cuttings out o f  a vertical wellbore; fresh- 
water pills to dissolve encroaching salt formations; pills to 
free stuck pipe, such as to relieve differential sticking forces 

15 or to destroy filter cake; lost circulation or fluid loss pills to 
plug a thief zone or inhibit fluid from being lost into a rela­
tively high permeability zone; and crosslink pills to deliver 
and crosslink polysaccharides such as guar gums to increase 
viscosity in a certain zone to prevent or inhibit fluid loss.

It would be desirable if  compositions and methods could be 
devised toa id  and improve the abil ity to s witch or convert the 
wettability o f  a rock formation that is oil-wet into a water- 
wettable rock so that subsequently introduced water-based 
pills would perform and/or be more effective.

SUMMARY

Wetting and wettability involve the contad between a liq- 
uid and a solid surface, resulting from the intermolecular 
interactions when the two are brought together. The amount 30 
o f  wetting depends on the energies (or surface tensions) o f the 
interfaces involved such that the total energy is minimized. 
One measurement o f the degree of wetting is the contact 
angle, the angle at which the liquid-vapor interface meets the 
solid-liquid interface. If the wetting is very favorable, the 35 
contact angle will be low, and the fluid will spread to cover or 
“wet” a larger area o f the surface. If the wetting is unfavor- 
able, the contact angle will be high, and the fluid will form a 
compact, self-contained droplet on the surface. I f  the contact 
angle o f water on a surface is low, the surface may be said to 
be “water-wetted” or “water-wettable”, whereas if the contact 
angle o f  an oil droplet on a surface is low, the surface may be 
said to be “oil-wetted” or “oil-wettable".

Drilling fluids used in the drilling of subterranean oil and 
gas wells along with other drilling fluid applicalions and 
drilling procedures are known. In rotary drilling there are a 
variety o f functions and characteristics that are expected o f 
drilling fluids, also known as drilling muds, or simply 
“muds”.

Drilling fluids are typically classified according to their 
base fluid. In water-based muds, solid partióles are suspended 
in water or brine. Oil can be emulsified in the water which is 
the continuous phase. Brine-based drilling fluids, o f course 
are a water-based mud (WBM) in which the aqueous compo­
nen! is brine. Oil-based muds (OBM) are the opposite or 
inverse. Solid partidos are often suspended in oil, and water 
or brine is emulsified in the oil and therefore the oil is the 
continuous phase. Oil-based muds can be either all-oil based 
or water-in-oil macroemulsions, which are also called invert 
emulsions. In oil-based mud the oil can consi st o f  any oil that 
may i nclude, but is not limited to, diesel, mineral oil, esters, or 
alpha-olefins. OBMs as defined herein also include synthetic- 
based fluids or muds (SBMs) which are synthetically pro- 
duced rather than refined from naturally-occurring materials. 
SBMs often include, but are not necessarily limited to, olefin 
oligomers o f ethylene, esters made from vegetable fatty acids 
and alcohols, ethers and polyethers made from alcohols and

There is provided, in one non-limiting form, a method of 
changing the wettability o f  a rock formation previously con- 
tacted with an oil-based mud (OBM). Generally, under such 
conditions the rock will have become oil-wet. The method 
involves pumping a water-wetting pill into the rock forma­
tion. The water-wetting pill may be one o f severa 1 types. The 
pill may include a composition that is a conventional emul­
sión, a miniemulsion, a microemulsion or a single-phase 
microemulsion (SPME), which composition contains at least 
one surfactant, at least one non-polar fluid (this could be 
different from the non-polar fluid already that has already 
contacted the rock formation as part o f  the OBM), and at least 
one polar fluid. That is, these compositions, e.g. a microemul­
sion, are pre-formed. The second type o f water-wetting pill 
may concern in situ emulsion-forming components that 
include at least one surfactant and at least one polar fluid. That 
is, the emulsión ormicroemulsion is formed in situ downhole. 
By the use o f  one or both o f these pill types, the rock forma­
tion is thereby contacted with a composition and/or an emul­
sión as described above. In at least the case o f the in situ 
emulsion-forming components, at least some o f  the first non- 
polar fluid is incorporated into the emulsión. By this method 
the wettability o f at least part or all o f  the rock formation is 
changed to water-wet. Subsequently another pill, whose per­
formance requires water-wet surfaces, such as a water-based 
treatment pill, is pumped into the rock formation and can be 
more effective. The water-wetting pill may optionally contain 
an acid, such as a mineral acid or organic acid.

The microemulsions o f this method may involve thermo- 
dynamically stable, macroscopically homogeneous, single- 
phase microemulsions that include a polar phase, a non-polar 
phase (from the first and/or second non-polar fluid), a surfac­
tant, and optionally and a co-surfactant.

BRIEF DESCR1PTION OF THE DRAW1NGS

FIG. 1 is a graph o f the ratio o f filtrate volunte as a ratio to 
total fluid volume as a function o f time for a microemulsion 
pill at 100 psid (0.7 MPa) and 150" F. on a NAF filter cake; 
and
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FIG. 2 is a graph o f the ratio o f  fíltrate volume as a ratio to 

total fluid volume as a function o f time for a lost circulation 
material (LCM) pill after being applied to a NAF filter cake 
treated with a microemulsion pill.

DETAI LED DESCRIPTION

It has been discovered that the oil wettability o f rock for­
mations can be reversed or changed by using a microemulsion 
or in situ-formed microemulsion water-wetting pill before 
pumping a water-based treatment pill, such as a high fluid loss 
squeeze pill or crosslink pill into wells previously drilled with 
synthetic or oil based muds (S/OBM). The majority o f fluid 
loss squeeze pills and crosslink pills are formulated as water- 
based fluids. For this reason, it is necessary to remove the 
S/OBM and achieve a reversal o f  wettability in the formation, 
which may be naturally fractured or fracture induced, before 
pumping the fluid loss pills or other pills. Other types o f pills 
besides fluid loss pills, with which the methods described 
herein would be effective include, but are not necessarily 
limited to, horizontal healer pills, reservoir rock cleaning pills 
and crosslink pills. The change in wettability from oil-wet to 
water-wet increases the filtration rate or leak off rate o f  the 
fluid loss pill into the fractures and fracture tip and forms a 
tight plug that packs and seáis the fracture voids. This method 
increases the tight packing o f  the particles o f  the fluid loss pill 
(or lost circulation pill) in the permeable and fractured for­
mation, and in consequence, improves the effectiveness o f  the 
pill.

The microemulsions may be single-phase microemulsions 
(SPMEs) formed prior to pumping to the subterranean reser­
voir, or the microemulsions may be formed in situ in the 
subterranean reservoir or an injected microemulsion could 
form a new microemulsion incorporating non-polar and polar 
fluids and optionally particles already present in the forma­
tion. This wettability changing method occurs by solubiliza­
tion of a significant portion o f  the non-polar material and 
eventually polar material into the microemulsion when the 
water-wetting pill contacts the oil-wetted rock. An in situ 
microemulsion may be formed when one or more surfactant 
and a polar phase (e.g. usually, but not limited to, water) 
contacts the reservoir formation and solubilizes all or some o f 
the non-polar fluid o f the S/OBM or S/OBM filter cake 
encountered in the porous media (e.g. rock).

By “eventually" it is meant herein that the non-polar mate­
rial and surfactant at some point later in time, such as down­
hole or separately added, contacts a polar fluid, such as res­
ervoir fluids, or a fluid o f  intermedíate polarity, such as a 
separately added alcohol or co-surfactant. By “eventually” it 
is meant that the contact is not necessary or compulsory, but 
that such eventual contact may not be ruled out. For instancc, 
inordertom ake a microemulsion it is not always necessary to 
add an alcohol co-surfactant, but in some instances (e.g. ionic 
surfactants at low tempera ture) it is often necessary o ra t least 
it makes the process easier.

The in situ microemulsion removes (at least partially) the 
S/OBM, the S/OBM filter cake, promotes reversal o f the 
wettability and at least partially removes the oil o f the filter 
cake in oil and gas wells drilled with SBM or OBM. The 
benefit o f  using a microemulsion or in situ microemulsion 
before a high fluid loss squeeze pill (or other water-based pill 
treatment) is that the rock formation and solid particles o f the 
filter cake turn from oil-wet to water-wet, which increases the 
strength o f the pill at the interface with the rock formation. 
This phenomenon of increasing rock strength is particularly 
important in the near wellbore región.

4
In the methods and compositions herein, changing the 

wettability o f the rock formation may be accomplished by 
contacting the S/OBM and other non-polar materials with an 
in situ-formed fluid o ra  pre-formed microemulsion (Winsor 
III) and/or single-phase microemulsion, such as Winsor IV or 
similar chemistry, as will be described later in more detail. 
The in situ formed emulsión fluid refers to any emulsión or 
similar type o f  composition formed downhole in situ, and 
may include, but not necessarily be limited to, conventional 
emulsions (sometimes called macroemulsions), miniemul- 
sions, all types o f  microemulsions, nanoemulsions and mix­
tures thereof. Single-phase microemulsions can be defined as 
bi-continuous phases formed by oil, water, surfactant and 
optionally a co-surfactant. In one non-limiting explanation o f 
the phenomenon, a single-phase microemulsion contacts the 
oil-based mud and other non-polar materials and still has the 
characteristic properties o f a microemulsion. It has been sur- 
prisingly discovered that this contacting may be accom- 
plishcd without circulating the well, by which is meant pum p­
ing fluid through the whole active fluid system, including the 
borehole and all the surface tanks that constitute a primary 
system. That is, the fluid with the pre-formed SPME is 
pumped as a pill into the formation or subterranean reservoir 
and allowed to contact the rock formation and soak the oil and 
non-polar materials present, with the wettability reversal 
action taking place by diffusion or hy fiow energy. In other 
non-limiting embodiments, it may be helpful to circuíate the 
fluid to remove surface damage before pumping a pre-formed 
SPME pill into the formation or subterranean reservoir. Per- 
forming this step will ensure that the activity or oil solubili­
zation capacity o f  the water-wetting pill is not compromised 
before entering a fracture or loss zone.

It has also been discovered that the microemulsion may be 
formed in situ downhole. That is, it is not necessary to form 
the microemulsion on the surface and pump it downhole. As 
noted, the litera tu re generally describes these microemul­
sions as single-phase microemulsions, referred to as Winsor 
IV case o f phase behavior, but the present method includes 
also the use o f three-phase systems in which the microemul­
sion is in equilibrium with an excess o f both the polar phase 
(brine) and non-polar phase (oil), which is usually referred to 
as the Winsor III case o f phase behavior.

More specifically, the methods and compositions herein 
involveusing an in situ-formed fluid such as a microemulsion 
for removing oil-based mud (OBM) or synthetic oil-based 
mud (SBM), and reversing the wettability o f the rock forma­
tions in the subterranean reservoirs o f oil or gas wells drilled 
with SBMs or OBMs prior to the use o f  a water-based fluid 
loss pill. The in situ fluid (e.g. microemulsion, nanoemulsion, 
etc.) may be formed when at least one surfactant and a polar 
phase (usually, but not limited to water or brine) contacts the 
OBM or other non-polar materials and solubilizes the non- 
polar material o f the OBM. It should be understood herein 
that the term OBM encompasses SBMs.

One of the benefits o f the in situ fluid formation o f the 
microemulsion is that the water-wetting pill does not require 
any oil or solvent in its initial formulation, or at least much 
less than the proportion that could be solubilized in the final 
microemulsion, which gives a higher capacity for oil or non- 
polar material incorporation or cleaning capability when con­
tacted with the OBM and other non-polar materials on the 
rock formation. Another benefit is that any particles or other 
oil-wet contamination turn from oil-wet to water-wet. Addi­
tionally, water-wetting improves damage remediation (in­
cluding. but not limited to. filter cake destruction) when min­
eral acids, organic acids, oxidizing agents, water-soluble 
enzymes (e.g. catalysts), or precursors o f these components
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5
(e.g. in situ acid generators) are spolled into a subterranean 
reservoir after the wettability reversal process, because it 
favors the contact between the acid and the particles. In one 
non-restrictive versión, it may be desirable to use acid or other 
damage removal additives but only after a wettability change 
and more likely, some time after the drilling phase. As the 
OBM (or SBM) is contacted by the water-wetting pill and 
absorbed and/or the oil-wet, non-polar materials and rock 
surfaces are converted from oil-wet to water-wet during the in 
situ formation o f a fluid, such as a microemulsion or 
nanoemulsion or precursors o f them, the blend o f surfactants 
and a polar phase (e.g. water) may also contain acids, barite 
dissolvcrs (chclants) or other precursor additives that can 
dissolve the acid-soluble particles or dissolve the barite and 
other particulares and also break down any polymeric fluid 
loss additive (if present). In many cases, the surfactant may be 
a surfactant blend and is often a surfactant and co-surfactant 
mixture, in which the co-surfactant is a short amphiphilic 
substance such as an alcohol (in non-limiting examples, pro­
panol, butanol, pentanol in their different isomerization struc- 
tures) as well as glycols, and ethoxylated and propoxylated 
alcohols or phenols. Alcohols are also noted herein as sub- 
stances o f intermedíate polarity; that is, intermedíate between 
non-polar substances such as oils and polar substances such 
as water.

In one non-limiting embodiment, the in situ-formed emul­
sión may be made using a surfactant, a polar fluid and a 
relatively small amount o f non-polar fluid and/or fluid o f 
intermedíate polarity. It has been found that it is sometimes 
helpful when forming an in situ emulsión downhole to inject 
a water solution o f  surfactant already containing some solu­
bilized oil (in a non-restrictive example only from about 2 to 
about 5% or so). In other words, the injected fluid may be 
considered as a single-phase microemulsion containing only 
2% of oil, and then once in the reservoir this fluid will solu- 
bilize the oil which is in situ on the rock formation and thus 
becomes another single-phase microemulsion containing 
much more oil, in a non-limiting instance, about 30 or 40%.

The not cffcct o f such a treatment system will improve an 
operator’s ability to pump water-based treatment pills into a 
reservoir for instancc to improve fluid loss control, and 
thereby improve production rates in producing wells or 
reduce the costly loss o f S/OBM drilling fluid in the fractured 
zone whether it be in the reservoir or above the reservoir. In 
either case, non-polar material alteration is accomplished by 
creating the in situ-formed fluid (e.g. single-phase micro­
emulsion) across the injection/production interval or pump­
ing the pre-formed SPME into the formation.

It will be appreciated that it is not necessary for all o f the 
oil-wet rock or filter cake to have its wettability reversed for 
the inventive method and its compositions to be considered 
successful. Success is obtained if  more o f the oil-wetted rock 
formation is reversed and becomes water-wetted using the 
microemulsions herein, whether not formed in situ (e.g. 
single-phase microemulsion) than if  it is not used, or i f  more 
rock surface becomes relatively more water-wet using the 
microemulsions together with a chelating agent, as compared 
to the case where no microemulsions or other similar com­
positions are used. Alternatively, the methods and composi­
tions are considered successful if at least a portion o f  the rock 
formation becomes water wet. In one non-limiting embodi­
ment at least a majority (>50%) o f the rock becomes water- 
wet. In general, o f course, it is desirable to convert as much o f 
the rock formation from oil-wet to water-wet as possible. One 
non-restrictive goal o f  the methods and compositions herein

6
is to reverse the wettability o f  the rock to obtain a higher 
percentage o f  effectiveness o f  the subsequently introduced 
treatment pills.

The subterranean reservoir wettability reversal technology 
described herein has a wide range o f applications. By com- 
bining the chemical aspect o f wellbore wetting reversibility 
and/or clean up with displacement techniques, it is believed 
that subterranean reservoir disadvantages after drill-in with 
OBMs (e.g. invert emulsión fluids) may be significantly 
reduced or eliminated.

The methods and compositions herein may be used to 
reverse the wettability o f  subterranean rock, and may also 
remove, heal, and/or remediate damage caused by deposits o f 
macromolecules from crude oils, such as the case o f deposi- 
tion o f asphaltenes in the reservoir porous media. Other dam ­
age that may be removed includes any emulsions that incor­
pórate or include any non-polar material (oil and other 
hydrocarbons) from the reservoir, or introduced in the drilling 
mud, as well as other substances injected downhole.

Thus, the methods and compositions herein have the 
advantages o f  being able to reverse the wettability o f  subter­
ranean rock prior to the pumping o f a pill such as a fluid loss 
pill, to increase and improve the adherence o f the fluid loss 
pill or other pill to the formation, and as a consequence, 
improve the effectiveness o f  the pill, such as to control, pre­
vent or inhibit lost circulation. The water-wetting pill may 
also reduce formation damage, and consequently increase 
hydrocarbon recovery, and/or increase water injection rate, as 
compared with an otherwise identical method and composi­
tion without microemulsions (in situ or otherwise), e.g. 
single-phase microemulsions and/or the single-phase micro­
emulsion including an acid or other component. Microemul­
sions are thermodynamically stable, macroscopically hom o­
geneous mixtures o f  at least three components: a polar phase 
and a nonpolar phase (usually, but not limited to, water and 
organic phase) and at least one surfactant, often more than one 
surfactant, for instance with a co-surfactant such as an alco­
hol, particularly when ionic surfactants are used, as men- 
tioned in the reference: .1. L. Salager and R. E. Antón, “lonic 
Microemulsions”, Chapter 8, in P. Kumar and K. L. Mittal, 
ed. Handbook o f  Microemulsion Science and Technology, 
Marcel Dekker Inc. New York 1999, pp. 247-280. Suitable 
co-surfactants include, but are not necessarily limited to, 
mono or poly-alcohols, low molecular weight organic acids 
or amines, polyethylene glycol, low ethoxylation solvents 
such as butoxyethanol and the like, and mixtures thereof. 
Microemulsions form .spontaneously and differ markedly 
from the thermodynamically unstable macroemulsions, 
which depend upon intense mixing energy for their forma­
tion.

Microemulsions are well known in the art, and attention is 
rcspcctfully directed to S. Ezrahi, A. Aserin and N. Garti, 
“Chapter 7: Aggregation Behavior in One-Phase (Winsor IV) 
Microemulsion Systems", in P. Kumar and K. L. Mittal, ed., 
Handbook o f  Microemulsion Science and Technology, Mar­
cel Dekker, Inc., New York, 1999, pp. 185-246.

The referenced chapters describe the types o f microemul­
sion phase behavior defined by Winsor: Winsor I, Winsor II 
and Winsor III. A system or formulation is defined as: Winsor 
I when it contains a microemulsion in equilibrium with an 
excess oil phase; Winsor II when it contains a microemulsion 
in equilibrium with excess water; and Winsor III when it 
contains a middle phase microemulsion in equilibrium with 
excess water and excess oil. The author also describes Winsor 
IV as a single-phase microemulsion, with no excess oil or 
excess water. Although not wishing to be limited by any one 
theory, it is believed that the microemulsions formed in the
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7
methods and compositions herein are o f the Winsor IV type. 
which means the entire system is a microemulsion phase at 
least at first and somewhere in the process, with the possibility 
o f ending with one or two excess phases as the injected 
formulation is diluted by the reservoir fluids. The thermody­
namically stable single-phase Winsor IV microemulsion 
could evolve by a change in formulation or composition into 
the formation o f a miniemulsion or nanoemulsion, which is a 
two-phase system either Winsor I or Winsor II with submi- 
cron size droplets which could be stable for long period of 
time, but not permanently stable as a microemulsion, as 
explained in reference J. L. Salager, “Emulsión Phase Inver­
sión Phenomena” in Emulsions and Emulsión Stability. J. 
Sjoblóm Ed., 2”d Edition, Chap. 4, pp. 185-226, Taylor and 
Francis, London (2006).

Surfactants suitable for creating the in situ fluids (e.g. 
single-phase microemulsions) herein include. but are not nec­
essarily limited to non-ionic, anionic, cationic and amphot- 
eric surfactants and in particular, blends thereof. Co-solvents 
or co-surfactants such as alcohols are optional additives used 
in the microemulsion formulation. Suitable nonionic surfac­
tants include, but are not necessarily limited to, alkyl polyg- 
lycosides, sorbitan esters, methyl glucoside esters, or alcohol 
ethoxylates and mixtures thereof. In one non-restrictive ver­
sión, polyglycol esters are particularly suitable including, but 
not necessarily limited to, those described in U.S. Pat. No. 
7,238,647. Suitable anionic surfactants include, but are not 
necessarily limited to, alkali metal alkyl sulfates, alkyl or 
alkylaryl sulfonatos, linear or branched alkyl ether sulfates 
and sulfonates, alcohol polypropoxylated and/or polyethoxy- 
lated sulfates, alkyl or alkylaryl disulfonates, alkyl disulfates, 
alkyl sulphosuccinates, alkyl ether sulfates, linear and 
branched ether sulfates, and mixtures thereof. Suitable cat­
ionic surfactants include, but are not necessarily limited to, 
arginine methyl esters, alkanolamines and alkylenediamides. 
In one non-limiting embodiment at least two surfactants in a 
blend may be used to create single-phase microemulsions in 
situ, as well as the other in-situ fluids.

Suitable surfactants may also include fluorocarbon surfac­
tants, Silicon surfactants, cleavable, gemini surfactants and 
so-called extended chain surfactants containing a non-ionic 
spacer-arm central extensión and an ionic or nonionic polar 
group. “Cleavable surfactants” are a special class o f  surfac­
tants with controlled half-lives that are rendered inactive by 
cleavage o f some o f  their tailor-made weak chemical bonds, 
which break down either under acidic hydrolysis, alkaline 
hydrolysis or under the presence o f ultraviolet light, in order 
to make the material compatible with a subsequenl procedure, 
or in order to selectively remove the cleavage products, or in 
order to have the cleavage product impart a new function. 
Extended chain surfactant have a lipophilic spacer arm and a 
hydrophilic polar head. The non-ionic spacer-arm central 
extensión may be the result o f polypropoxylation, poly- 
ethoxylation, o ra  m ixtureofthe two, innon-lim itingem bodi­
ments. Alternatively, the extended chain surfactant may have 
a propoxylated spacer arm having from 2 to 20 propoxy 
moieties and an ethoxylated spacer arm having from 0 to 20 
ethoxy moieties. The extended chain surfactant may have a 
lipophilic moiety including, but not necessarily limited to, 
linear or branched, saturated or unsaturated hydrocarbon 
chains having from 8 to 50 carbón atoms. Further, the 
extended chain surfactant has a hydrophilic polar head that 
may include, but not necessarily be limited to, polyoxyethyl- 
ene, sulfate, ethoxysulfate, carboxylate, ethoxy-carboxylate, 
C6 sugar, xylitol, di-xylitol, ethoxy-xylitol, carboxylate and 
xytol. carboxylate and glucose. Further details about suitable 
extended chain surfactants may be found in U.S. Patent

8
Application Publication No. 2009-0183877 A l , incorporated 
herein in its entirety by reference.

In another non-restrictive embodiment, the SPME and in 
situ fluid formulation (e.g. macroemulsion, nanoemulsion, 
etc.) may contain a co-surfactant which may be an alcohol 
having from about 3 to about 10 carbón atoms, in another 
non-limiting embodiment from about 4 to about 6 carbón 
atoms. A specific example o f a suitable co-surfactant 
includes, but is not necessarily limited to butanol. These 
co-surfactants may be alkoxylated, e.g. ethoxylated and/or 
propoxylated, although in most cases suificient ethoxylation 
should be present to accomplish the purposes o f  the methods 
described herein. In onc non-restrictive embodiment the 
number o f ethoxy units ranges from about 3 to about 15, 
alternatively from about 6, independently up to about 10.

In one non-restrictive versión, an optional co-surfactant 
may be employed. The proportion o f co-surfactant to be used 
with the surfactant is difficult to specify in advance and may 
be influenced by a number o f interrelated factors including, 
but not necessarily limited to, the nature o fthe  surfactant, the 
nature o f the co-surfactant, the type o f drilling fluid being 
removed, displaced or otherwise contacted or affected, well­
bore conditions, and the like. In one non-limiting embodi­
ment, a fluid to be pumped includes a surfactant blend of 
polyethoxylated alkyl sulfate and polyglycerol ester (such as 
PG 8-10 ester available from Oleon N.V.) that has a molar 
ratio o f free OH/esterified OH o f 3.4/1, optionally with an 
alkyl alcohol ethoxylated with 7.5 or higher EO.

In one non-limiting embodiment herein, the SPME or in 
situ-formed emulsión contains a non-polar liquid, which may 
include a synthetic fluid including, but not necessarily limited 
to, ester fluids; paraffins (such as PARA-TEQ™ fluids from 
Baker Hughes Drilling Fluids) and isomerized olefins (such 
as ISO-TEQ™ from Baker Hughes Drilling Fluids). How- 
ever. diesel and mineral oils such as ESCAID 110 (from 
EXXON) or ECD 99-DW oils (from TOTAL) can also be 
used as a non-polar liquid in preparing the fluid systems of 
herein. Other suitable non-polar liquids include, but are not 
necessarily limited to, limonene, pinene and other terpenes, 
xylene, mutual solvents, and the like. As noted previously, an 
advantage o f forming the active formula (e.g. nanoemulsion, 
single-phase microemulsion, etc.) in situ is that less non-polar 
liquid needs to be used (as compared with a pre-formed 
microemulsion) since all or most o f the non-polar liquid is 
found in the non-polar materials, OBM (or SBM) itself. This 
gives a higher capacity for the microemulsion, e.g., to reverse 
the wettability o f  the rock and solubilize the oil and other 
substances o f the non-polar materials present.

It will be appreciated that the amount o f in situ fluid to be 
created or formed and the amounts o f in situ-forming com- 
ponents (polar fluid, nonpolar fluid and a surfactant and co- 
surfactant, if  present) to be added or included are difficult to 
determine and predict in advance with much accuracy since it 
is dependent upon a number o f  interrelated factors including, 
but not necessarily limited to, the brine type, the OBM or 
SBM type, the tempera tu re o f  the formation, the particular 
surfactant or surfactant blend used, etc. Nevertheless, in order 
to give some idea o f the quantities used, in one non-limiting 
embodiment, the proportion o f  non-brine components in the 
in situ fluid (e.g. single-phase microemulsion) may range 
from about 15 to about 85 volume %, even about 90 volume 
%, and in other non-limiting embodiments may range from 
about 1 to about 20 volume % in a diluted microemulsion, 
sometimes called micellar solutions, and from about 70 to 
about 95 volume % in another diluted microemulsion, some­
times called an inverse micellar solution.
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9
It is expected that hrine will be a common component o f the 

in situ fluid (e.g. single-phase microemulsion), and any o f the 
commonly used brines, and salts to make them, are expected 
to be suitable in the compositions and methods herein. 
Although water is expected to be the polar liquid used to make 
the microemulsions in situ, it will be appreciated that other 
polar liquids such as.alcohols and glycols, alone or together 
with water, may be used.

With further specificity, the methods and compositions 
herein may concern one-trip water-wetting pills designed to 
physically change an OBM (e.g. an invert emulsión) and 
other non-polar materials so that the rock becomes water-wet 
or largely water-wet. The inventive method not only physi­
cally changes the nature o f  the rock surface and any non-polar 
materials present, the resulting oil components which are 
incorporated into the single-phase microemulsion (e.g.) for­
mation in situ and then further micro-emulsified or solubi­
lized, allow for more effective introduction o f  subsequent 
water-based pills. With the conversión o f the external oil to 
internal emulsified oil in water, most o f the non-polar fluid 
and particulate material is either removed or micro-sized to 
the extent that only a minimal or reduced amount o f  non-polar 
components remain in the subterranean formation being 
treated.

In one non-limiting embodiment and in still further detail, 
the compositions and methods herein utilizes a microemul­
sion or other in situ fluid to convert an OBM and oil-wet 
particles to a water-based fluid and water-wet particles. The 
benefits o f such conversions, often called inversión, are sev- 
eral. Non-polar materials are oil wet and pose compatibility 
problems for certain completion operations, such as water 
injection and gravel packing, whereas water-based or water- 
wet components are naturally compatible with most fluid loss 
pills, injection water and brine-based gravel pack carrier flu­
ids. Additionally, WBMs and water-wet particles are ideal for 
damage remediation o f the subterranean reservoir when m in­
eral acids, organic acids, oxidizing agents, water soluble 
enzymes (catalysts) and in situ acid generators are spotted in 
a wellbore after (or during) the treatment.

In another non-limiting embodiment, the salts suitable for 
use in creating the brine include, but are not necessarily 
limited to, ammonium chloride. sodium chloride, potassium 
chloride, calcium chloride, sodium bromide, zinc bromide, 
calcium bromide, sodium fórmate, potassium fórmate, 
cesium fórmate, magnesium chloride or acetate and combi­
nations thereof. The density o f the brines may range from 
about 8.4 Ib/gal to about 17 Ib/gal (about 1 to about 2.04 
kg/liter), although other densities may be given elsewhere 
herein.

The in situ fluid (e.g. single-phase microemulsion) treat­
ment may be composed o f difíerenl brine and oil blends. 
depending on the required density o f the fluid for the well.

This technology does not require or discrimínate against 
any invert emulsión. In other words, the single-phase micro­
emulsion may he applied to reverse the wettability o f the 
reservoir previously contacted with any OBM system regard- 
less o f  base oil type or emulsifier used to formúlate the mud. 
This versatility allows an operator flexibility to formúlate the 
drilling fluid based on wellbore needs. This is not the case in 
some prior methods whereby highly specific amine emulsifi- 
ers are needed because they require acid protonation to 
reverse the wettability. In one non-limiting embodiment the 
methods and compositions are practiced in the absence of 
amine emulsifiers, such as rosin amines and/or amine emul- 
sifiers o f  the formula R-N-[(CH2CH2R'AXH]2, such as those 
defined in U.S. Pat. No. 6,989,354. In another non-limiting 
embodiment the methods and compositions described herein

10
are practiced and used in the absence o f  a propionate, particu­
larly used asa  co-surfactant and/or co-solvent as described in 
WO 2006/109016 A l.

Another important feature relative to other OBM, invert 
emulsión or other non-polar material removal methods is that 
the oil phase o f  the OBM emulsión is micro-emulsified into 
the single-phase microemulsion (or in other in situ fluid, such 
as nanoemulsion, miniemulsion or single-phase emulsión) by 
soaking, that is simple contacting, letting the diffusion pro­
duce the mixing over a time span ranging from a few minutes 
to a few days. The inventive treatment process reduces the 
energy necessary for the microemulsion to form when com ­
pared to previous methods. This efficiency eliminates or 
reduces the number o f pipe trips and decreases the time 
required to complete the well.

The invention will now be discussed with reference to the 
following Example which is not intended to limit the inven­
tion in any way, but instead is provided to ¡Ilústrate one 
non-limiting embodiment thereof.

EXAMPLE 1

The following procedure was used for Example 1.
1. A filter cake was built for 3 hours with a 500 psi (3.4 

MPa) overbalance at 150° F. (66° C .)ona  35 |im ceramic 
filter disk.

2. After building the OBM filter cake, the microemulsion 
pill treatment was applied with 100 psi (0.7 MPa) over­
balance at 150° F. (66° C.) with the outlet valve open to 
allow the pill treatment to pass through the OBM filter 
cake at the tempera tu re o f interest until all or most o f  the 
treatment filtrate had been collected or a máximum 3 
hours is reached (FIG. 1). A filtrate collected in less than 
3 hours is considered a good treatment pill

3. After the microemulsion filtrate was collected, the LCM 
pill was added in the top o f the treated filter cake and the 
cell was pressurized to 1,000 psi (6.9 MPa). The outlet 
valve was opened and filtrate from the LCM pill was 
collected for 30 minutes (FIG. 2).

F1GS. 1 and 2 show the results o f  the tests with (1) a 
microemulsion pill, (2) a conventional surfactant pill treat­
ment and (3) a brine pill (baseline). As can be seen in FIG. 2, 
the microemulsion treatment pill significantly improved the 
fluid loss o f the LCM.

A dispersión test ofsolids in water using the residual OBM 
filter cake after the treatment with the microemulsion indi- 
cates that the method described herein effectively reversed 
the wettabilty o f the filter cake from oil-wet to water-wet 
which promoted high fluid loss. In the case o f  the treatments 
with conventional surfactant pill and brine pill treatments, the 
residual OBM filter cake was oil-wet and the filtrate volumes 
were very low.

In the foregoing specification, the invention has been 
described with reference to specific embodiments thereof, 
and has been suggested as effective in providing effective 
methods and compositions for reversing the wettability o f 
subterranean reservoirs and rock formations. However, it will 
be evident that various modifications and changes may be 
made thereto without departing from the broader spirit or 
scope of the invention as set forth in the appended claims. 
Accordingly, the specification is to be regarded in an illustra- 
tive rather than a restrictive sense. For example, specific com ­
binations o f single-phase microemulsion-forming compo­
nents and other components for forming the in situ fluids, 
such as surfactants, co-surfactants, acids, solvents, non-polar 
liquids. etc. and proportions thereof falling within the 
claimed parameters, but not specifically identified or tried in
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a particular composition to reverse the wettability o f rock 
formations herein, are anticipated to be within the scope o f 
this invention. For instance. in one non-limiting embodiment. 
in the case o f oil reservoirs that are naturally oil-wet, it may be 
advantageous to use the method herein to change the wetta­
bility o f rock formations in the other direction, that is to 
change the wettability o f a rock formation previously con­
tacted with a water-based mud (WBM) using an oil-wetting 
pill.

As used herein, and in the claims, the words “comprising” 
and “comprises” is to be interpreted to mean “including but 
not limited to” .

The present invention may suitably comprise, consist or 
consist essentially o f the elements disclosed and may be 
practiced in the absence o f an elemcnt not disclosed.

What is claimed is:
1. A method o f changing the wettability o f a rock formation 

previously contacted with an oil-based mud (OBM) compris­
ing a non-polar fluid, the method comprising:

pumping a water-wetting pill into the rock formation, 
where the water-wetting pill comprises 
in situ emulsion-forming components comprising: 

at least one surfactant; and 
at least one polar fluid; 

thereby contacting the rock formation with the water- 
wetting pill;

forming in situ an in situ-formed emulsión from the in situ 
emulsion-forming components and at least some o f the 
non-polar fluid o f the OBM where the in situ-formed 
emulsión is a thermodynamically stable, macroscopi­
cally homogeneous mixture o f  at least three compo­
nents, where the three components comprise a polar 
phase from the polar fluid, a non-polar phase at least 
partially from the non-polar fluid o f  the OBM, and the at 
least one surfactant, where the water-wetting pill further 
comprises an acid selected from the group consisting o f 
mineral acids, acetic acid, formic acid, polyamino car- 
boxylic acids, salts o f these acids and mixtures thereof;

changing the wettability o f at least part o f the rock forma­
tion to water-wet; and

subsequently pumping a second pill into the rock forma­
tion where the subsequent pill comprises water.

2. The method o f  claim 1 where the second pill is selected 
from the group consisting o f  fluid loss pills, crosslink pills, 
reservoir rock cleaning pills, horizontal healing pills and 
combinations thereof.

3. The method o f claim 1 where the at least one surfactant 
is selected from the group consisting o f  non-ionic surfactants, 
anionic surfactants, cationic surfactants, amphoteric surfac­
tants, fluroearbon surfactants, Silicon surfactants, cleavable, 
gemini surfactants, and extended surfactants containing a 
non-ionic spacer-arm central extensión and an ionic or non­
ionic polar group, and mixtures thereof.

4. The method o f claim 3 where in the surfactants:
the nonionic surfactants are selected from the group con­

sisting o f alkyl polyglycosides, sorbitan esters, methyl 
glucoside esters, polyglycol esters, and alcohol ethoxy­
lates;

the anionic surfactants are selected from the group consist­
ing o f alkali metal alkyl sulfates, alkyl or alkylaryl sul­
fonates, linear or branched alkyl ether sulfates and sul­
fonates, alcohol polypropoxylated sulfates, alcohol 
polyethoxylated sulfates, alkyl or alkylaryl disulfonates, 
alkyl disulfates, alkyl sulphosuccinates, alkyl ether sul­
fates, linear and branched ether sulfates:

the cationic surfactants are selected from  the group con­
sisting o f  arginine m ethyl esters, alkanolam ines, and 
alkylenediam ides; and

the extended chain surfactants com prise propoxylated 
5 spacer arm s, e thoxylated spacer arm s, propoxylated  and 

e thoxylated spacer arm s, and m ixtures thereof.
5. The method o f claim 1 where at least one polar fluid 

further comprises brine.
6. The method o f  claim 1 where the in situ emulsion- 

10 forming components further comprise a fluid selected from
the group consisting o f  a non-polar fluid, a fluid o f  in term e­
díate polarity  and m ixtures thereof.

7. The method o f claim 1 where the surfactant in the water- 
wetting pill is an ionic surfactant and the water-wetting pill

l.s further comprises a co-surfactant.
8. The method o f  claim 7 where the co-surfactant is a 

surface active substance selected from the group consisting of 
mono or poly-alcohols, organic acids or amines, polyethylene 
glycol, ethoxylation solvents and mixtures thereof.

20 9. A method of changing the wettabi lity o f  a rock formation
previously contacted with an oil-based mud (OBM) compris­
ing a non-polar fluid, the method comprising:

pum ping a w ater-w etting pill into the rock form ation, 
w here the w ater-w etting pill com prises 

25 in situ em ulsion-form ing com ponents com prising: 
at least one surfactant; and 
at least one polar brine fluid; 

thereby contacting  the rock form ation w ith the w ater- 
w etting  pill;

30 form ing in situ an in situ-form ed em ulsión from  the in 
situ-em ulsion-form ing com ponents and at least som e o f  
the non-polar fluid o f  the OBM w here the in situ-form ed 
em ulsión  is a therm odynam ically  stable, m acroscopi­
cally hom ogeneous m ixture o f  at least three com po- 

35 nents, w here the  three com ponents com prise a polar
phase from  the po la r brine fluid, a non-polar phase at 
least partially  from  the non-polar fluid o f  the OBM, and 
the at least one surfactant, w here the w ater-w etting pill 
further com prises an acid selected from  the group con- 

40 sisting  o f  m ineral acids, acetic acid, form ic acid,
polyam ino carboxylic acids, salts o f  these acids and 
m ixtures thereof;

changing the w ettability  o f  at least part o f  the rock fo rm a­
tion to w ater-w et; and 

45 subsequently  pum ping a second pill into the rock fo rm a­
tion  w here the subsequent pill com prises water.

10. The method o f claim 9 where the second pill is selected 
from the group consisting o f fluid loss pills, crosslink pills, 
horizontal healer pills, reservoir rock cleaning pills and com-

50 binations thereof.
11. The method o f claim  9 where the at least one surfactant 

is selected from  the group consisting  o f  non-ionic surfactants, 
anionic surfactants, cationic surfactants, amphoteric surfac­
tants, fluroearbon surfactants, Silicon surfactants, cleavable,

55 gem ini surfactants, and  extended surfactants contain ing  a 
non-ionic spacer-arm  central extensión and an ionic o r non­
ionic po lar group, and m ixtures thereof.

12. The method o f  claim 11 where in the surfactants:
the nonionic surfactants are selected from  the group con- 

60 sisting o f  alkyl polyglycosides. sorbitan esters, m ethyl
glucoside esters, polyglycol esters, and alcohol e thoxy­
lates;

the anionic surfactants are se lected  from  the group consist­
ing o f  alkali metal alkyl sulfates, alkyl o r  alkylaryl sul- 

65 fonates, linear o r branched alkyl e ther sulfates and su l­
fonates, alcohol polypropoxylated  sulfates, alcohol 
polyethoxylated sulfates, alkyl o r alkylaryl disulfonates,
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alkyl disulfates, alkyl sulphosuccinates. alkyl ether sul­
fates, linear and branched ether sulfates;

the cationic surfactants are selected from the group con­
sisting of arginine methyl esters, alkanolamines, and 
alkylenediamides; and

the extended chain surfactants comprise propoxylated 
spacer arms, ethoxylated spacer arms, propoxylated and 
ethoxylated spacer arms, and mixtures thereof.

13. The method o f  claim 9 where the in situ emulsion- 
forming components further comprise a fluid selected from to 
the group consisting o f a non-polar fluid, a fluid o f interme­
díate polarity and mixtures thereof.

14. The method o f claim 9 where the surfactant in the 
water-wetting pill is an ionic surfactant and the water-wetting 
pill further comprises a co-surfactant.

15. The method of claim 14 where the co-surfactant is a 
surface active substance selected from the group consisting of 
mono or poly-alcohols, organic acids or amines, polyethylene 
glycol, ethoxylation solvents and mixtures thereof.

16. A method o f  changing the wettability o f a rock forma- 20 
tion previously contacted with an oil-based mud (OBM) com­
prising a non-polar fluid, the method comprising:

pumping a water-wetting pill into the rock formation, 
where the water-wetting pill comprises 
in situ emulsion-forming components comprising: 

at least one surfactant; and 
at least one polar fluid; 

thereby contacting the rock formation with the water- 
wetting pill;

forming in situ an in situ-formed emulsión from the in situ 30 
emulsion-forming components and at least some o f  the 
non-polar fluid o f the OBM where the in situ-formed 
emulsión is a thermodynamically stable, macroscopi­
cally homogeneous mixture o f at least three compo­
nents, where the three components comprise a polar 35 
phase from the polar fluid, a non-polar phase at least 
partially from the non-polar fluid o f  the OBM, and the at 
least one surfactant, where the water-wetting pill further 
comprises an acid selected from the group consisting of 
mineral acids, acetic acid, formic acid, polyamino car- 40 
boxylic acids, salts o f  these acids and mixtures thereof;

14
changing the wettability o f  at least part o f Ihe rock forma­

tion to water-wet; and 
subsequently pumping a second pill into the rock forma­

tion where the subsequent pill comprises water, the sec- 
5 ond pill being selected from the group consisting o f  fluid

loss pills, crosslink pills, reservoir rock cleaning pills, 
horizontal healing pills and combinations thereof; 

where the at least one surfactant is selected from the group 
consisting o f non-ionic surfactants, anionic surfactants, cat­
ionic surfactants, amphoteric surfactants, fluroearbon surfac­
tants, Silicon surfactants, cleavable, gemini surfactants, and 
extended surfactants containing a non-ionic spacer-arm cen­
tral extensión and an ionic or nonionic polar group, and m ix­
tures thereof.

15 17. The method o f claim 16 where in the surfactants:
the nonionic surfactants are selected from the group con­

sisting o f alkyl polyglycosides, sorbitan esters, methyl 
glucoside esters, polyglycol esters, and alcohol ethoxy­
lates;

the anionic surfactants are selected from the group consist­
ing o f alkali metal alkyl sulfates, alkyl or alkylaryl sul­
fonates, linear or branched alkyl ether sulfates and sul­
fonates, alcohol polypropoxylated sulfates, alcohol 
polyethoxylated sulfates, alkyl oralkylaryl disulfonates, 

25 alkyl disulfates, alkyl sulphosuccinates, alkyl ether sul­
fates, linear and branched ether sulfates; 

the cationic surfactants are selected from the group con­
sisting o f arginine methyl esters, alkanolamines, and 
alkylenediamides; and 

the extended chain surfactants comprise propoxylated 
spacer arms, ethoxylated spacer arms, propoxylated and 
ethoxylated spacer arms, and mixtures thereof.

18. The method o f claim 16 where the in situ emulsion- 
forming components further comprise a fluid selected from 
the group consisting o f a non-polar fluid, a fluid o f  interme­
díate polarity and mixtures thereof.

19. The method o f claim 16 where the surfactant in the 
water-wetting pill is an ionic surfactant and the water-wetting 
pill further comprises a co-surfactant.


