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HUMBERTO RUBIO CAMACHO, mayor de edad, domiciiado en Bogota, D.C,
identificado con la cédula de ciudadania numero 17'192.062 de Bogota, abogado
graduado portador de la Tarjeta Profesional No. 50.007 expedida por el Consejo Superior
de la Judicatura, actuando en caracter de Apoderado de HALLIBURTON ENERGY
SERVICES, INC., domiciliado en P.O. Box 1431, Duncan, Oklahoma, Estados Unidos de
América; encontrandome dentro de la debida oportunidad procesal para dar respuesta al
auto proferido por su Despacho, mediante Oficio No.15592 y concepto Técnico No.3054,
notificado por fijacién en lista de 5 de diciembre de 2.008, me permito manifestar y
anexar:

I.- Manifiesto y Anexo:

1. Enmiendas a las reivindicaciones

El examinador ha formulado objeciones a las reivindicaciones por lo tanto con el &nimo de
brindar mayor claridad a la materia reivindicada, nos permitimos presentar un capitulo
reivindicatorio modificado donde se precisa mas la reivindicacion independiente y por
ende con estas modificaciones se puede apreciar mejor la diferencia entre el método del
documento citado y el de nuestra solicitud.

De la comparacién con el documento (D1) se puede establecer que las etapas y las
soluciones aplicadas en las respectivas etapas, no son las mismas, en D1 se trata con
una solucién de prelavado que no indica que tenga surfactantes en combinacion con
agua salada y/o salmuera, seguida de la aplicaciéon de un fluido de consolidacion y dejar
que se endurezca formando una masa permeable dura. En nuestro método después de la
aplicacion de la solucion de prelavado, sigue la inyeccion de un liquido acuoso que
comprende un surfactante para luego aplicar un fluido de consolidacién de baja
viscosidad y finalmente el fluido de pos-lavado que permanece durante un tiempo con lo
cual se realiza el curado de la resina lo cual proporciona mejores resultados en cuanto a
la forma de estabilizacion, porque cada fluido va acondicionando la formacion y va siendo
desplazado mas adentro de la formacién, para luego colocar el fluido de consolidacion de
baja viscosidad, debe ser controlada la viscosidad por esto se requiere que sea menor de
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100cP para garantizar que pueda penetrar lo suficientemente en las porciones no
consolidadas de la formacién subterranea.

Derivar nuestro método con las etapas, condiciones y soluciones y fluidos de
consolidacion como los reivindicados no son derivables de los documentos con los cuales
se esta afectando el nivel inventivo, no es suficiente que se indique la finalidad del
método y un par de etapas generales que puedan tener en comun, el método es todo el
conjunto de etapas con sus condiciones y composicion de las soluciones y fluidos a
aplicar, no se pueden concebir como elementos aislados.

Por lo tanto, el experto en el oficio que conoce la ensefianza de D1 no habria llegado al
tema reivindicado actualmente y, en consecuencia, D1 no hace que la presente invencién
sea obvia.

De manera atenta solicito a su Despacho, tener en cuenta todas y cada una de las
consideraciones expuestas anteriormente, al momento de estudiar el presente caso.

.- ANEXO:
(i) Capitulo de reivindicaciones.
.- PETICION:

Conforme a lo anterior, una vez atendidos los requerimientos y exigencias del examinador
y al tener en cuenta el capitulo reivindicatorio modificado, asi como los argumentos
expuesto, solicito muy respetuosamente a su Despacho, continuar el tramite de rigor y de
ser el caso se hagan las correspondientes observaciones con al animo de hacer lo
pertinente dentro del presente tramite, teniendo en cuenta que la presente solicitud
cumple con las exigencias establecidas en la D486.

Atentamente,

HUMBERTO RUBIO CAMACHO
C.C. 17°192.062 de Bogota
T.P. 50.007 Consejo Superior

de la Judicatura
COD. 4134
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REIVINDICACIONES

Un método para estabilizar una formacion subterranea, que comprende los

pasos de:

aplicar a la formacion subterranea una solucion de pre-lavado que

comprende un liquido acuoso y un polimero resistente al agua;

aplicar a la formacién subterranea un liquido acuoso que comprenda un

surfactante;

aplicar a la formacién subterranea un fluido de consolidacion, con una
viscosidad por debajo de 100 cP, donde dicho fluido consiste de un
componente de resina endurecible que comprende una resina endurecible y
un componente de agente de endurecimiento, el cual comprende un agente
de endurecimiento liquido, un agente de acoplamiento de silano y un

surfactante.

y aplicar a la formacién subterranea un fluido post-lavado que ademas
comprende el paso de esperar un periodo de tiempo escogido entre 6 y 48

horas, luego de aplicar el fluido de post-lavado.

El método de la reivindicacién 1, en donde la resina endurecible en el
componente de resina endurecible liquida es una resina organica que
comprende resina de bisfenol A-epiclorhidrina, resina de poliepoxido, resina
novolak, resina de poliéster, resina de fenol-aldehido, resina de uUrea-
aldehido, resina de furano, resina de uretano, glicidil éteres, o mezclas de lo

mismo.

El método de la reivindicacién 2, que ademas comprende un solvente para la
resina endurecible en el componente de la resina endurecible liquida
seleccionado de: butilglicidil éter, dipropilen glicol metil éter, dipropilen glicol
dimetil éter, dimetil formamida, dietilenglicol metil éter, etilenglicol butil éter,
dietilenglicol butil éter, metanol propilen carbonato, d’limonene, metil ésteres
de acido graso o mezclas de lo mismos

El método de la reivindicacion 1, en donde el agente de endurecimiento
liquido en el componente del agente de endurecimiento liquido comprende
aminas, aminas aromaticas, aminas alifaticas, aminas ciclo-alifaticas,
piperidina, trietilamina, bencildimetilamina, N,N-dimetilaminopiridina, 2-(N,N-
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dimetilaminometil)fenol, tris(dimetilaminometil)fenol, o mezclas de lo mismo, y
ademas un éster hidrolizable

El método de la reivindicacion 1, en donde el agente de acoplamiento de
silano en el componente del agente de endurecimiento liquido comprende N-
2-(aminoetil)-3-aminopropiltrimetoxisilano, 3-glicidoxipropiltrimetoxisilano, n-
beta- (aminoetil)-gamma-aminopropil trimetoxisilano o mezclas de lo mismo.

E! método de la reivindicacion 4, en donde el éster hidrolizable = comprende
dimetilglutarato, dimetiladipato y dimetilsuccinato, sorbitol, catechol,
dimetiltiolato, metil salicilato, dimetil salicilato, dimetilsuccinato, ter-
butilhidroperéxido, o mezclas de lo mismo.

El método de la reivindicacion 1, en donde el surfactante en el componente
del agente de endurecimiento liquido comprende ésteres de nonil fenol
fosfato etoxilados, mezclas de uno o mas surfactantes catidnicos, un
surfactante de alquil fosfonato C,-C»2, un cloruro de bencilo cuaternario de
tris-2-4-6-dimetilaminometil fenol, o uno o mas surfactantes no idnicos y un
surfactante de alquil fosfonato, 0 mezclas de lo mismo.

El método de la reivindicacion 1, en donde el agente de endurecimiento
liquido comprende ademas un fluido del vehiculo liquido.

El método de la reivindicaciéon 8, en donde el fluido del vehiculo liquido
comprende dipropilen glicol metil éter, dipropilen glicol dimetil éter, dimetil
formamida, dietilenglicol metil éter, etilenglicol butil éter, dietilenglicol butil
éter, propilen carbonato, d’limonene, metil ésteres de acido graso o mezclas
de lo mismo.

El método de la reivindicacion 1, en donde al fluido de consolidacion
comprende una resina basada en furano.

El método de la reivindicacion 10 en donde la resina basada en furano
comprende alcohol furfurilico, una mezcla de alcohol furfurilico con un
aldehido, una mezcla de resina de furano y resina fendlica o mezclas de lo
mismo.

El método de la reivindicacion 11, que ademas comprende un solvente para

la resina basada en furano en el componente de la resina endurecible liquida.
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El método de la reivindicacion 12, en donde el solvente comprende 2-butoxi

etanol butil acetato, furfuril acetato, o mezclas de lo mismo.

El método de la reivindicacion 1, en donde el fluido de consolidacién
comprende una resina fenélica.

El método de la reivindicacién 14, en donde la resina fendlica comprende
terpolimero de fenol, resina de formaldehido fendlico, una mezcla de resina

fenodlica o de furano, o mezclas de lo mismo.

El método de la reivindicaciéon 15, que ademas comprende un solvente para
la resina fendlica, seleccionado de: butil acetato, butil lactato, furfuril acetato,

2-butoxi etanol, o mezclas de lo mismo.

El método de la reivindicacidon 1, en donde el fluido de consolidacién

comprende una resina epoxica de alta temperatura y un solvente.

El método de la reivindicacion 17, en donde la resina epoxica de alta

temperatura seleccionada de bisfenol A-epiclorohidrin, resina poliepdxica,

resina de novolak, resina de poliéster, glicidil éteres, o mezclas de lo mismo.

El método de la reivindicacién 18, en donde el solvente se selecciona de:
dimetil sulféxido, dimetil formamida, dipropilen glicol metil éter, dipropilen
glicol dimetil éter, dimetil formamida, dietilen glicol metil éter, etilen glicol butil
éter, dietilen glicol butil éter, propilen carbonato, d’limonene, metil ésteres de

acido graso, o mezclas de lo mismo.

El método de la reivindicacién 1, en donde el liquido acuoso en la solucién de
pre-lavado comprende agua salda, salmuera, o mezclas de lo mismo.

El método de la reivindicacion 1, en donde el polimero resistente a agua es

seleccionado de: poliacrilamida, poliacrilamida hidrolizada, xantano,

escleroglucano, polisacaridos, polimeros anfotéricos hechos de archilamida,
acido acrilico y cloruro de dialildimetilamonio, terpolimeros de vinil
sulfonato/vinil amida/archilamida, copolimeros de vinil sulfonato/archilamida,
copolimeros de acido archilamida/archilamido-metilpropanosulfénico,
copolimeros de archilamida/vinilpirrolidona, celulosa de carboximetil sédico,
poli[dialquilaminoacrilato-co-acrilato-g-poli(etilendxido)], copolimero de
bromuro de acrilamida/octadecildimetil amoniometil metacrilato, terpolimero
metacrilato/vinil

de bromuro de dimetilaminoetil
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pirrolidona/hexadecildimetilamoniometil metacrilato, terpolimero  de
acrilamida/2-acrilamido-2-metil propano acido sulfonico/2-etilhexil y mezclas

de lo mismo.

El método de la reivindicacién 1, en donde el liquido acuoso que comprende

un surfactante, comprende agua salada, salmuera, 0 mezclas de lo mismo.

El método de la reivindicacion 1, en donde el liquido acuoso que comprende
un surfactante comprende un éster de nonil fenol fosfato, un surfactante
catiénico, un surfactante no idnico, surfactante de alquil fosfonato, o mezclas
de lo mismo.

El método de la reivindicacion 1, en donde el fluido de post-lavado es un

liquido que comprende agua salada, salmuera o mezclas de lo mismo.

El método de la reivindicacién 1, en donde el fluido de post-lavado

comprende un polimero resistente a agua.

El método de la reivindicacion 25, en donde el polimero resistente a agua

esta seleccionado de: poliacrilamida, poliacrilamida hidrolizada, xantano,

escleroglucano, polisacaridos, polimeros anfotéricos hechos de archilamida,
acido acrilico y cloruro de dialildimetilamonio, terpolimeros de vinil
sulfonato/vinil amida/archilamida, copolimeros de vinil sulfonato/archilamida,
copolimeros de acido archilamida/archilamido-metilpropanosulfénico,
copolimeros de archilamida/vinilpirrolidona, celulosa de carboximetil sodico,
poli[dialquilaminoacrilato-co-acrilato-g-poli(etilendxido)), copolimero  de
bromuro de acrilamida/octadecildimetil amoniometil metacrilato, terpolimero
de bromuro de dimetilaminoetil metacrilato/vinil
pirrolidona/hexadecildimetilamoniometil metacrilato, terpolimero  de
acrilamida/2-acrilamido-2-metil propano acido sulfénico/2-etilhexil y mezclas
de lo mismo.
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The present invention relates to a method of consohdat—
ing an incompetent earth' formation of loose ‘or uncon:

. -solidated sand ‘or earth particles traversed by a well bore

for the purpose of reducing or eliminating the invasion

- of particulate matter into the well bore ,during' fluid pro-
- duction - through "the formation.

" ‘concernied. 'with a sand consolidation method which in-
-volves injecting. into the formation a plastic of ‘the epoxy -

More specifically, it is

resin type, the method moreover being mdependent of the

--temperature ‘characterizing the formation.

In’ plastic' sand consohdatlon, two major,  generally

K mutually. exclusive, operatmg principles,” or techmques,v
- have been employed..

One technique. involves ﬁllmg all " of the pores . or
spaces between sand particles with-a consohdatmg plastic
or resin, such as an epoxy resin,; followed: by ﬁushmg with

"3 resin‘immiscible fluid to displace excess resin’ while
Ieaving a film of resin on the surface of the sand grains,
‘the sand’ grains then becommg cemented to one another

at ‘the point of contact but having op..n spaces between
them to provide for fluid flow.,
- Another technique of sand consolidation mvolves inject-

~ing ‘into the formation a mixture of resin and an inert
- diluent - therefor,

While the volume ‘of the mixture is
sufficient to fill all the pores between sand particles, the
volume-contributed to by the resin itself is less than the
pore volume of the formation to be {reated. Resin is

" deposited onthe surfaces of the sand partic]es', solidifies,
‘The diluent is rejected and

and cements. them together,
fills the ‘spaces between .particles, and upon finid produc-
tion is’ displaced. with the _producing’ fluid,: permeab111ty

-“thus being established without resort to a ﬂushmg step.
oIn accordance with the present invention, a combmatmn‘

of the two methods described: above is utilized.

.In a“first step there is-injected into the. formation to
: .'_’wet the sand grains a solution or. mixture compnsmg, by
~.weight, (1) about 40:to 95% of an epoxy resin having

a molecular weight in about the’ range 400 to 700 and-a

reactive- diluent’ in an- amount within. about the range
5 to 60% to reduce the viscosity of the epoxy resin be-

‘ including. that entrained in thé resin on the sand, thus -
5 providing a consolidated sand mass of hxgh compressive -

10

2

‘Following the- ﬁushmg step there is mjected into: the--v"'

formation-a curing agent to harden or solidify the resin.
The .curing ‘agent also reacts with. the reactive diluent,

strength, -

The epoxy resins smtable in the practice of the’ present
invention are well known, and-are commercially available, -
a.common class being the diglycidyl ethers of bisphenol
A obtained by reacting epichlorohydrin with bisphenol -

A in the presence of causti¢c-such as sodium- hydroxide or
potassium hydroxide. ~In  general, “these matenals may
be 1ep1esented by the formula:

wherein # is zero or an integer ofvl. or higher number.

20'. -Generally, the epoxy resins-are obtained as a mixture

. epoxides (n=1). : .
--of proportions of -epichlorohydrin and bisphenol A, and:

.25

30

of monomeric epoxides (71=0) and of polymeric poly-
Ag is known in-the art,.by correlation

caustic, the degree of polymenzatlori can be controlled

accordingly., ‘Thus, increasing the eplchlorohydrm to bis-
""phenol A mol ratio, generally results in 2 mixture of poly---

epoxide having a’lower average molecular weight.. On

the other hand; increasing the mol ratio of sodium hydrox- -
/ide-to. epichlorohydrin generally results in a mlxture of - .

higher average molecular weight.. .
Also, as is known in the art, other halohydrms than
epichlorohydrin, such as 1,2-dichloro- 3-hydr0xypropane

" and dxchlorohydrm, can be used.

35
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. viscosity -above about 400 centipoises at thé temperature ..
" of the formation to be treated, and (2)-a normally liquid

60

low about-400 centipoises and above about 25 centipoises -

~at the temperatureé of the: formation to be treated. B
Following the injection step, a ﬂushmg operation: is

performed usmg a flushing fluid that is immiscible with

the resin.component but miscible: with the reactive diluent °

component of the solution,. -The. fliishing step ‘thus per-
forms a dual . function, ie., to drive. out.excess resin

“As a result, permeability- is-effected

of resin,

85

solution between pores.of the sand grains, and to extract -
. the reactive diluent;
- .and the:sand grains are prov1ded with a surface coatmg

70

" cinol, hydroquinone,

‘taught.

Similarly, in-place of bisphenol A there can be. used:

mononuclear di- and trihydroxy phenols, such: as resor-

diphenyl methane, trihydroxyl diphenyl dimethyl metbane,
and 4,4’ dlhydroxy biphenyl,

Parncularly useful hydroxyl intermediates and the ones
preferred in carrying out the present invention. are the
polynuclear polyhydroxy phenols, also known as the novo-
lac ‘resing.  Novolac resins containing 2 to'6, and as
many as 12, phenolic hydroxyl groups per average mole-

clue have been proposed in the preparation.of the type -
of resin herein contemplated, the use of resins contain:'.
ing-a higher number of functional groups being here gov- -

- erned by the vxscosxly requ1rements hereinabove specified. "
~The novolac resins are- 'well-known snbstances, and " o
'many are availablé commercially. * Their - preparation is .
described in ‘the literature, such as in the’ book Pheno- )
‘plasts, 1947, page:29 ‘et seq., by T. 8. Carswell..

general, these resins -are prepared.by.condénsing phenol

- with. an aldehyde in the presence of ‘an acid catalyst.
Proportions “of phenol ‘and. aldehyde -in. mol ratios .of
phenol to “aldehyde' greater than 1.1.and up to 2.5 are " -
As the aldehyde, formaldehyds is.preferred, al- ..
though the use of other aldehydes, such as’ acetaldehyde,,- e

chloral, butyraldehyde and furfural is’ pemnss1ble

effected at a temperature in the range 140° F. t0.300° F.
between the novolac resin and at least about 3 mols of
epichlorohydrin for: éach phenolic’ hydroxyl equlvalent
of the novolac regin, in. the presence of about 1 mol of

alkali metal hydromde per- phenolic’ hydroxyl equivalent-

of novolac resin. When the reaction is complete;: the
epoxy resin is isolated from the reaction mixture by re-

moval of alkali metal salt, of unreacted: alkah, epxchloro-v L

hydrin and water, and parified.

As above indicated, epoxy resins of the type herem o

contemplated -are available commercmlly For example,

3 176 768
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pyrocatechol, and ‘phloroglucinol;
polynuclear polyhydroxy phenols, such as.4,4’-dihydroxy

Similarly. kriown is the condensation reaction: of the’
- epichlorohydrin ‘with the novolac resin. . The reaction is-
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a smtable material avaxlable commelcxally can be repre-

sented as follows

{Hg— H-—CHT—O O—CHQ—KH—- g

TR0

—crxrtﬁp o
{Dow BEpoxy Novolac 438)

An addmonal example of a suitable materxal avazlable
commermally is the following:.

(ﬁi}- n—cm.-vo

CH-—mOH«@
(8]
' cﬁz,. S H—CH;—0 —o—CHr—c/H~~ H

(Shell Epon 1081)

0—CH;—CH—CH,;

The reaciive diluent component of the resin solution
‘15 a normally liquid. monoepoxide, such as is derived
from the reaction.of epichlorohydrin and a monohydroxyl
B compou_nd such as allyl alcohol, butyl alcohol and phenol
to give, respecthely allyl glycidyl ether, butyl glycidyl
ether and -phenyl glycidyl ether. .Other examples of
epoxide. reactive diluents are styrene oxide; octylene oxide;
aliphatic epoxides having the epoxide group on termmal
- garbon, such as those derived from Cr—C, «-olefins.
Aliphatic diepoxide, such as the diglycidyl ether of butane

- diol, can- also be used. :

In general, the proportion of reactwe diluent compo-

nent of the epoxy resin-reactive diluent solution will
vary depending on the molecular weight or viscosity of
-the ¢poxy resin -component, viscosity being a function
- of the molecular weight. . Thus, as the molecular weight
-of the resin increases, and hence its viscosity, more dilu-
ent ‘will be required to effect the desired degree of vis-
cosity.” On the other band, as the.temperature of the
formation - ‘increases a lesser quantity. of rsactive
. dilyent will be required -to effect the required viscosity
requirement. = As has already been indicated, the mix-
‘ture of epoxy resin and reactive diluent can consist essen-
tially of 40 to 95% epoxy resin having a molecular weight
in the range of 400 to 700, and from 5 to 60%, prefer-

ably about 15 to 35%, of reactive diluent, the percentages-

being by weight. As a specific example, an epoxidized
novolac having-a molecular-weight of 450 and a viscosity
of 1800 centipoises at 125° F., when mixed with. 20%
styrene oxide will give a solutmn having a viscosity of
. 325 centipoises at 76° F., and of 40 centipoises at 150° F.

In carrying out the invention, it is desirable that the
. ‘epoxy resin component have an initial viscosity, before
_ mixing with the reactive diluent, above about 400 centi-
.. poises at the tennpnrature of the formation. The use of
such viscous .resin component results in-a consolidated
mass of greater compresslve strength. ‘However, it is also

desirable-that in carrying out the process the viscosity of

the-solution be below about 400 cen’upmses at the tem-
.. perature of the formation.

When proce ding as thus suggested, it has been found
-that ‘the resin solution can' be injected into the forma-
. tion at reasonable’ pumping rates without causing fractur-
ing, for example, 14 barrel of resin solution per hour per
~ veitical ‘foot of formation to be treated at a pumping
c-pressure of 2,000 p.s.i.  Moreover, operating. viscosities

“below about 460 centipoises. permit the flushing fuid to
-dis perse the resin uniformly through the sand formzmon,
tbus numm:zmg channelmg
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over.a wide temperature range.

4 . o
. A particularly useful aspect of the invention is that it

permits satisfactory treatment-of unconsolidated oil-pro-
ducing formations that can vary. widely in temperature,
_including low-temperature consolidation below a temper-

ature of about 150° F, down to 76° F., and high tempera-

ture sand consolidation exceeding a temperature of about

150° F. up to 250° F. and higher.

In addition to the viscosity reqmrements outlined
above, it is important that the curing of. the resin occurs
Accordmoly, a. suitable
epoxy resin component of the plastic mixture is one. that
contains the preferred epoxy novolac -resin- dllustrated
above, alone, or admixed with ‘another type such as one
derived from - bisphenol A and epichlorohyd-rin.

two epoxy groups in primary position. - The use ‘of such
resin resulis in good cure, thus producing.a consolidated

mass of high compressive strength throughout a broad .

temperature range. An additional benefit ﬁowmg from

the use of the preferred epoxy movolac resin-is that the .

compressive strength of the consolidation can be retained
to a satisfactory deg’ree when the treatment is applied.to
briny wells, that. is, where brine is fpresent in the 011-
producing formation.

In'the placing of the plasnc mixture or solution of epo,{y
resin and reactive diluent in the formation to be treated,
the mixture is caused to permeate the formation by pump-
ing it into the formation through the borehole traversing
the formation.

a few inches to 5 or more feet from the well bore, that
is, in an amount of 2 to 60 gallons of mixture per ver-
tical foot of well hole in. the formation to be treated, a

generally satisfactory amount being about 1 barrel. (42

gallons) per vertical foot.

In a preferred embodiment of the mventlon, bhe un-

consolidated formation is pretreatéd with a water-remov-

As
‘stated, the prefenrcd epoxy novolac resin contains at least

Generally, sufficient mixture is” injected:
into the formation to impregnate it to a radial distance of

ing liquid to remove water from the sand grains and .

thus render them' preferentially wettable with the resm—
ous mixture rather than with water.

For this purpose, it is preferred to use an o*gamc sol-
vent which removes water from the formation by misci- . -
The solvent can then be displaced by .. - .

ble displacement.
the resin or a miscible oil flush before resin.injection.

Suitable 'solvents are-those which are miscible with brine - . =~

and either vesin or oil. ‘These inclide low molecular - . -
- weight ketones, such as acetone and methyi ethyl ketone;
aldehydes, such ‘as acetaldehyde, isobutyraldehyds, and-

formaldehyde; alcohals, such as methanol, ethanol, pro= . -

panol, isopropanol, isocbutanol, and tertiary butyl alcohol;
cthers, such as methyl propyl ether, isopropyl ether, and
The volume of prefiush fluid vsed is gen- -
erally ¥%-to five times the pore volume of the formation

n-butyl ether.

1o be consolidated, generally 1 to 15 barrels per vertical -

foot of bLorehole traversing the formation to be treated.

Also useful for the removal of water from the forma- -

tion are commonly available surfactants; such ds sul-

fonated naphthenic: acids, sulfonated higher alcohols and-
hydrocarbons, quaternary ammonium salts, silicones, and -~ .
The surfactant can be mixed directly '

heavy metal soaps.
with the resin mixture of epoxy resin and reactive diluent,

or can be mixed with oil, water, or other fluids and in- -

troduced inio the formamon as  an independent pre-

- conditioning step. ptior to the injection of the resin mix-
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" to bind the loose partxclcs into an aggregate mass.
siderable latitude is possible in the injection of fiash’ fluid -
rangu_xg frome\ml_medxate application, after the resin is -

75

ture.  Generally, an amount of surfactant rangm'g from

0.01 o 1% by weight based on resin mlxtur» is satis- j
.factory

When the formation has been treated with the aforesald -

Tesin solution to the extent indicated, a flushing fluid is
forced therethrough to extract the reactive diluent.and to
render the formation permezbie, while leaving a film of the
cementing resin on the surfaces of the particles sufficient

Con- -
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: placed toa delay" of set/'eral days. . The adva,ntage of

such flexibility will be m‘eadtly apparent to those engaged
in-completing 0il wells. K

. A suitable flushing fluid is an aliphatic or nonaromatlc .
. hydrocarbon oil, relatively free of unsaturated hydrocar-
bons, which is a solvent for the reactive diluent, but is’
1mm1sc1ble with the epoxy resin component. Examples

- of suitable flushing fiuids are kerosene, diesel oil, and the

refined petroleum oils, free of aromatlcrty and of olefinic

..~ hydrocarbons, known as the white oils. ‘An amount of

: ﬂushing fluid which is at least equal to the volume of -
resin mixture injected, up to 10 volumes of the reésin mix-

- Uture, .wxll in_most” cases be satisfactory, the preferred

. amounts being 1.5 to 4 volumes of flushing fluid per vol-
“ume of the original resinous mixture introduced.

After the forma‘uon has been flushed, there is then ins

.Jected into it a curmg agent to transform the thermoplas-
" tic resin film on the partlcle surfaces to the. thermoset,
‘tough solid state, - The cunng agent also reacts with resid- .
ual reactive diluent present in the resim, thus to give a’

stronger bond than would be obtainable rf a non—reactlve

.+ diluent were employed.

A number of curing 2 agents or acttv'ttors or catalysts

are suggested in:the art to harden the unset resin. ‘These .
" “include amines, dibasic ac:lds and. acid anhydrrdes In

‘accordance with the present invention, the. preferred class

of hardeners or ciring agents-.are the amines;. mcludmg.
‘primary,” secondary, .or tertlary amines ' ‘and mixtures .
thereof, Examples are primary ahphatrc amines, such

as diethylene triamine, ethylene diamine, triethylene tetra-

: mine, dimethylamino " propylamine,” ',and diethylamino

propylamine; cyclic aliphatic amines,' such as. piperidine,

substituted derivatives, such as triethyl amine, benzyl di-

; "methylarmne ‘dimethylamino methyl phenol; tridimethyl.
o amino methyl phenol, and u—methy‘lbenzyl dimethylamine;
.._aromatic amines, such as’ meta—xylylene diamine, - 4.4'-
- methylerie ‘dianiline, atid pyridine.

As indicated, & mixture of the various amines is pre~

ferred, - A mixture of primary and tertiary amines is even

‘more ‘preferred.- This can be-a physical mixture of two

-or more ¢ompounds, such as benzyl dimethylamine and
" diethyléne triamine; or a single compound containing both
‘primary and tertiary amine groups, as represented by di-

methyl ammopropyl amine,
In low-temperature sand consolidation treatme nt, i.e,

Tt témperatures :below. about 150°°F,, usmg the. herem—
,;above specrﬁed novolac resin, the amine curing agent
"selected is one which is. effective at these lower temper-
- ratures. Accordmgly, ;good results are obtained when the
- ‘curing ‘agent is.an aliphatic prlmary-tertlary amine, such
as clrmethylammo propylaming or -diethylamino propyl-
amine; or a-phenolic tértiary amine, such as-dimethyl"
vammo methylphenol or: trr-(d.methylanunomethyl) phe-

nol.

The catalyst is mtroduced into the formatxon followmg H

6

long by 1 inch in diameter. . The sleeve is prowded w:th

means for exerting pressure on the sand pack (analogous :

to the pressure.on an incompetent formation from' the

earth above if, ‘known .as- overburden ;pressure); ’ Addl—
tional eqmpment comprises a” pressure tank for storage e

. of fluids. prior to their injections, a pump to force the ﬂurd
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" through the sand pack,-a bath for heating the Hassler cell; -
and means, such as a graduate cylinder or flask, to meas~- ‘
ure the outflow of flnids. = After the final injection of the

last fluid, the openings of the plugs. are closed (shut in) .
and the treated sand pack allowed to cure. -

_..Nevada sand, 95% passmg a'100 mesh screen and hav- -
mg grains of irregular size and-shape, was placed-in-the -

. rubber tabe and compacted by vibratinig for 15 minutes.
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Overburden-pressure was held at 2,500 p.s.i, at the in-
dicated temperatures, to sirmulate. the conditions of a

. formation . penetrated by a .borehole. Diesel “oil was’ -

flowed -through the sand pack to safurate it with the oil:
At this point, permeability in darcys was determined.
Followmg the oil saturating step, there was next m]ected

the resin solution; followed' by flushing with -diesel oil. -
- After the ﬂushmg step,. a catalyst-containing so]utron was

mjected and curmg of-the resin was eﬁected
Example I

76° F., and an epoxide equivalent of 178 - was mixed in’
equal parts by weight, with an epoxy. of diglycidyl ether
of bisphenol A having an epoxide equivalent of 173-179;

. an -average molecular welght of 340-350, and a viscosity -

- of 3,600-6,400 centipoises.at 76° F

" 'menthane dianiine; tertiary amines;- ahphatlc or ‘aromatic .

the. ﬂushmg operation by injecting a Solution ‘of the cat-

" alyst’in” a solvent such as the oil used- for ﬂushmg, the -

total | volurie of this latter mixture being again at least

- “equal“to the volume of original resin ‘mixture introduced
.~into’ the formation.” “The amount of wcatalyst used can
“yary ‘from 0.1 to 10- percent, pra fepably around 2 per-
cent-by welght based on the mxxtuxe of epoxy Tesin- and

dlluent :
"~ The’ ef‘t‘ectlveness of the method ‘herein | contemplated

. ’Js borne:out by the followmg tests and examples, .
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To this mixture of epoxy resins there was added sty- -
rene oxide in.an amount -of about 35% by: weight based .

“on’ it to give a:solution havmg a wscosxty of about 240"

‘centipoises at 76° Fi
300. cc.. of diesel. oil was pumped through the sand

pack of the-Hassler cell maintained af ‘about 76° F. over

a period of 1.hour and 25 minutes,. To the oxl-saturated

“sand, there was then injected: 140 cc. of ‘the.above résin

mixture over a period of about 3-hours. The.:resin-
treated sand'pack was then flushed with’ 500 e of dlesel

_oil, the flushing step requiring about’ 140 minutes,” Fol- -

'lowmg the flushing step, there was then pumped through’

‘the sand 400 cc. of a diesel oil solution containing 5%

of d.lmethylammopropylamme curmg agent,’ th" opera—
tion requiring about 105 minutes,

“The - Hassler cell was then shut in and allowed to set
overnight' at room temperature (76° F) and at a’ pres-
sure of 1,000 p.si.

The following day, permeabrhty of the sand core usmg
dresel oil was_determmed to be 1.10 darcys or 45% of

the original.
" . When the core was removed. from the cell, it was- found

to be completely and uniformly consolidated, with no yisi< -
- ble - channelmg No evidence of pluggmg was: noted
Average compressive. strengthbased on. representatlve L
‘ samples was determined to be 8,690 Disd. S a

- Example 2.
In this examp]e, :substantially:the same procedure was

f,followed as in'Example 1. ;The epoxy resins’ were mixed’

65

For. testing there ‘was used a Hassler cell. It com-

plugs being further adapted to. be hermetically fastened

" to a. metallic sleeve.. The sleeve and. rubber tube were
* - of such dimensions as:to hold a sand sample, of 5 feet

: iprlsed 4 tubber tube, adapted to be fitted with ¢nd' pluvs, }
.. provided with screened [inflow and’ outflow. openings’ to
- preventloss of sand under pressure, and to permit the flow
-of fluids through the sand packed in the rubber fube, the

70

with 30 percent:of butyl glycidyl ether to. give. a resin :
-solution having a viscosity of 240 centipoises at-76° F.
.Following saturation. with oil, /130 "ml. of the. solutton
“was pumped ‘through. the. sand. Flushing and: curing as "
in Example ] resulted in a.sand core having .a permea- .
bility of 0.97 darcy or approx1mately 36%. of the ongmal
‘and an average compresswe strength of 8,520 P s

Example 3

CAn epoxylated novolac tesin having an. average molec— 7

_ular weight of 425, a viscosity of about 5,000 centlpmses

75

~at: 150° F,,-and an epoxrde equivalent of 180 was ‘mixed-

w1th octylene oxxde m an amount of about 20% by wel

Epoxylated novolac resin having an average molecular _"
“weight of 640, a wscosxty of - 19,000,000 .centipoises .at
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based on the mixture to give a solution havmnr a viscosity
at 160 centipoises at '135° F.

The sand pack of the Hassler cell was oil-saturated at
135° F,  To the oil-saturated sand was injected 100 cc.
of the above resin mixture over a period of about one
“hour, The resin ireated sand was then flushed with 1,000
cc. of No. 5 white oil, which required about 3 bours.
Following the flushing step, 200 cc. of a white oil solution
‘containing 20% of dimethyl aminomethyl phenol was in-
jected, the operation requiring about 1 hour, )

The- Hassler cell was then shut in and allowsd to set
overnight at 135° F. and about 2,500 p.s.i. pressure.

The following day, the sand core had a permeability

of 0.55 darcy or 26% of the original permeability.
Representative consolidated core samples 112 inches
long were tested for initial strength and aging characteris-
tics. ‘Fhe initial strength ‘was determined ‘to be 8,820
psic
To determine aging or durability, the boiling brine test
“was ‘used. - According to this test the test samples are

Q
O
moving water from the sand grains and of rendermg

them preferentially wettable by epoxy resin.

(2) A fluid capable of washing the acetone from the

tubing and thus preventing it from diluting the epoxy
resin, a quantity similar to that of the acetone being satis-
factory. This fluid is a hydrocarbon oil, such as diesel

or crude petroleum oil; in which the acetone is soluble

10

and epoxy resin is insoluble.

- (3) Epoxy resin-reactive dﬂuent mlxture

(4) Flushing fluid for dispersion of the resin-reactive
dituent mixture thr oughout the formation,

(5) - Activator or curing agent solution. - The actlvator

- "solution is-forced into the formation by a liquid such as

15
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placed in racks and lowered into tanks containing a boil- -

ing brine solution (2.5% WNaCl  solution), Different
samples remain in the boiling brine solution from 10 to
360 days. -At the end of the time périod, the samples
“are removed. and compressive strengths determined.

“For the 360-day samples of Example 3, the strengths
were determined to be 4,600 p.sd,

Similar core samples consolidated with a typical phe-
nol-formaldehyde sand consolidating resin obtained by the
acid catalyzed reaction of phenol and formaldehyde had
no compressive strength after 15 days.

Example 4

An _epoxy resin-derived. from bisphe: ol A and epi-
chlorohydrin, and the epoxy resin descnﬁed in Example
3, were mixed with octylene oxide and methyl Nadic an-
hydnde (methyl dicyclo-(2,2,1)+ S-heptene - 2,3 - dicar-
boxylic anhydride). The epoxy resin derived from bis-
- phenol A had a molecular weight of 350 to 400 and an
.epoxide equivalent: of 175-210. The resulting mixture
contzuned the follong welght percent of each com-
- ponent

. DR » Percent
Epoxylated novolac resin ______________________ 28.6
Bisphenol A -epoxy. resm ______________________ 143
Octylene 0Xide mcc o s e 143
Methyl “Nadlc” anhydride - 42.8

In thxs example, substantlally the same procedure was
_used as in Example 3.
The Hassler cell was shut in and allowed to set over-
night-at 200° F. and 1,000 p.s.i. pressure.
The following day the core was determined to have a
-permeability of 1.61 darcys or 63% of the ongmal perme-
-ability and 2. compressive strength of 7,000 p.sd.
- The various finids, including the resin-diluent mixture,
-may be injected into the formation through a piping
stringer or pxoduclng tubing placed in the well bore pro-
" vided with a casing, The formation to be treated may be
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" temperature of the formation was 138° F.- A 5 foot in- -
terval of the cased borehole, extending from about 5,200 .

505905 feet down the well, was perforated and isolated by’
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isolated by.positioning a packer just above it, and a packer .

just-below it, Perforations are made in the casing be-
tween the packers to provide fluid intercommunication be-
‘tween formation, cased well bore, and tubing.

. In accordance with a preferred embodiment of the in- g

" -vention, the tubing is filled with an inert{ fluid, such as
- diesel oil“or fluid like that to-be produced. The fluid in
the tubing serves to. establish initial injection, i.e., by its
.use pumpability of the subsequent fluids into the forma-
tion can be. determined, and any undesirable fluids in the

- formation 1o be ireated are displaced.

" Treatment then continues by pumping into the tubing

“the following fluids in sequence, each succeeding fluid-

'pushmg the precedmo ‘one out into:the formation:
(1) A suitable agent, such-as acetons, capable of re-

diesel or salt water, which later is permitted to fill the

tubing and then to provide a hydrostatic head which is
at 1e~nst eaual to the formation pressure and thereby pre--
venting the injected fluid from being forced back into-

the borghole,
In practice, the. various: fluids are pumped into the

tubing at a fast rate consistent with the equipment used .

and the objectives. desired. Accordingly, the. plastic-
reactive diluent mixture is injected at a rate sufficiently
controlled to effect uniform dispersion of -it throughout
the formation.
rate of injection of about 34 barrel to. 5 barrels, pref-
erably ¥2 barrel to 1 barrel, per hour per linear foot of
borehole opposite the formation to be treated. is satisfac-
tory. The other fluids can be injected at a rate equal to
that of the resin mixture ranging up to 20 times this rate,
a good operable rate being about 6 times that of the
IBS]I]

1t is also desirable to keep the various fluids separate
in the tubing, and minimize intermixing. It is particu-

larly desirable that the resin-reactive dilitent mixture be. k

forced into the formation relatively uncontaminated.
This can be effected by the use of separation means, such
as sweep plugs, that keep the various fluids separated.

Therefore, it will ‘often be advantageous to insert sweep -

plugs into the tubing just before and after the plastic-

reactive diluent mixture is pumped into- the tubing,
The following example illustrates low temperatore sand

consolidation of an unconsolidated earth formation,

i Exar_nplé 5

In the Louisiana Gulf Coast area a well was completed
offshore in a typical miocene formation that had ex-
hibited severe sand problems in other wells nearby,  The

means of packers. A producing tube having a capacity
of approximately 30 barrels was installed. .The tubing
was filled to capacity with 30 barrels of diesel oil. 15
barrels of acetone were pumped into the tubing, thus dis-
placing ‘15 barrels of diesel oil from the tubing into ‘the
formation,”

a total of 25 barrels of diesel ‘oil being thus forced out

into the formation. At this stage a sweep plug was in-’

serted in the tubing, after which 5 barrels of the epoxy-
reactive diluent plastic mixture were added to the tubing.
The sweep plug serves to keep diesel introduced in the
rrevious step separate from the resin mixture.
epoXy resin component of the plastic. mixture. was' an
epoxidized novolac resin having a molecular weight of
425 and an epoxide equivalent of 178.
diluent was styrene oxide, present in an -amcunt of 20

percent, by weight, the epoxy resin ‘being present.in an - -

amount of 80% by weight.
Pressuring “of the plastic nnxture caused a dlsplace-
ment out into the formation. of 30 barrels of diesel oil.

At this point another sweep plug was installed to isolate -
135 barrels. of -

the resin mixture from subsequent finids. -

It has been found that a resin mixture .

Next there was pumped into the tubing 10 .
. barrels of diesel fuel to wash out the acetone from the -
tubing and prevent mixing with resin in the next step, '

The "

The reactive .




" diesel were. then mjected mto the tubing d1sp1ac1ng 15
" barrels:of acetone from the tubing: into the formation.

15 barrels of -activatorsolution .contdining 5 percent

! drmethyl amino propylamme in dlesel were then mjected

mto the tubing..
" 'The. activator solution and ﬂushmg dresel oil ﬂmd be-

fore it were forced intothe formation by pressuring with
<30 barrels of drilling fluid ‘(salt water).
“:soluticn was at the bottom of 'the tubing, i.e., after 10 -
- barrels of the actlvator solution had entered the tubing,
. the pumpmg rate was slowed -to. 2 barrel per hour per .
~-:linear foot in order to obtain: good distribution of- ‘the
. ~-resin. mixture into the: formation.. = Aftet resin injection,
“ . the pumping rate of the subsequent fluids into the forma-
tion was ‘incréased to' 3 barrels: per linear foot.

When the resin

. At the end, thé tubing contained 30 barrels of® salt
water,-thus forming'a hydrostatic head for the formation.
The formation contained. 30 barrels of diesel oil, 15 bar-
rels of acetone, 10 barrels of diesel oil, 5 barrels of resin,
15 barrels of diesel oil, and 15 barrels of activator solu-

“tion.  The well was shut in for a period of 4 hours. after
- which- production ‘was initiated from the treated.zone.

For ready understanding, the steps involved in this ex-
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ample, showmg the. location ‘of the various fluids in the -

“tubing and in the formation, may be summanzed as’ fol-

- lows, The numerals refer to barrels.
Tubing Formation -
I --| 30 Diesel: : oo
Moot ({1 0RLORO: oo 15 Diesel.
e '|{10 Diesel_... A
B0 1 I 15 Acetone. . 25 Diesel,
E 5 Diesel._.
) 5 Resin___ . e
I AU Sywveep Flue.- =] 180 Ditesat.
15 Acetone. .. o1
15 Diesel. . . .
Sweep Pluj -
Ve esin_ ... -1¢30 Diesel, 15 Acetone,
Sweep Plug. - :
10 Diesel__ .. - -
i oL {15 Activator 40 Diesel, 16 Acetone,
B A 15 Diesel__.___ 5 Resgin,
VII ! {30 Drilling Flui 65 Diesel, 15 Acetone,’
e Hydrostatrc Head.......| § Resin, 15 Activator.

IWhen 10 barrels of actwator had been injected, resin solution wes

introduced at a rate of 24 barrels per hour, the other finids havmg been

injected at a rate of 15 barrols per hour.

“We claim?y - i
_ 1. Method of consohdatmg an mcompetent earth forma-

“'tion of ‘loose. sand ‘particles traversed by a borehole,

which' comiprises injecting through' said borehole into said

-~ earth formation a mixture comprlsmg, by weight, about
. 40.t0'95% of an epoxy resin having a molecular weight

of ‘about 400=700 and a:viscosity at the temperature of

i-the earth formation above about 400 centipoises, and a

normally liquid - reactive diluent in-an amount within
about.the range 5 to 60% to reduce the viscosity of the

the treated formation with a flushing fluid-that is substan-

with-the reactive diluent to impart permeability to' the

_treated formation by displacing the epoXxy retsin while
“.leaving a film of epoxy resin around the: sand: particles
- and to eXtract the reactive diluent; then contacting said

epoxy resin film with a curifig agent to harden the resin.
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pnses injecting separately through: sard borehole mto sard.= .

formation ‘the following matenals in sequence:

(1) a water-removing liquid to render the forrnatron

. preferentially wettable: by ‘the €poxy resin;

(2) an epoxy resin mixture compnsmg, by werght-‘:

‘about 40 to 95% of an epoxy-resin having a molec-
ular wweight of about 400~700 and a.viscosity above
-about-400 centipoises at the | temperature of the earth

. the. viscosity of the. resin below about 400 but above
about 25. centrporses at the temperature of the earth
formation;

- (3).a flushing fAnid that is substantra.lly immiscible wrth--":

said ‘epoxy .resin’ but . is miscible with the reactive
diluent- to impart premeability .to the treated .forma-
tion by dlsplacmg the epoxy. resin while leaving a

film of -epoxy resin-around the sand particles and o

extract the reactive dituent; and
(4) a curing agent to harden the resin.

6. Method accordmg to claim 5, wherein the reactlve
diluent is presént in the epoxy resm mlxture in an amount i

of about 15 to 35%.

7. ‘Method accordmg to claim 6, wherein the water-i
removmg hqurd is acetone and the- curmg agent is'an -

amine.

" 8. Method accordmg to claim 7, wherein the amine cur- -
ing agent is a mixture of primary. and tertlary ammes and -

the epoxy resin is an epoxidized novolac resin.
9.- Method ‘according to claim 5, which includes m]ect-

ing through the borehole and into the formation: the
water-removing liquid.in an amount of 1 to' 5. times the’
pOre volume of the formation to be treated; the epoxy .-
_resin mixture, in an amount of 2 to 60 gallons per:vertica,
- foot of well hole in ‘the formation to be treated; and
the flushing fluid; in an amount of 1.5 to 4 volumes per..”

- - volume of the epoxy resin mixture.
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- EPOXY. resin below about 400 but above about 25 centi~-
'+ poises at the-temperature of the earth formation, flushing
60
- tially immiscible with said epoxy:resin but is- miscible -
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2." Method - according to claim 1 wherein the epoxy

- ‘tesin is epoxidized novolac.

3. 'Method accordmg to claim 2 wherem the cunng o

agent is-an amine.

4, Method according to clalm 3 wherem the reac’u've
diluent is styrene oxide.

5. Method of consohdatlng an incompetent earth forma-

- " tion -of loose sand -particles, traversed by a borehole by -

cementing them * together-with epoxy.resm which com-

70

10.- Method according to- claun 9, wherem the Water—v

removing liquid is acetone.

11. Method accordmg to claim 9, wherem the reactlve
diluent is present in‘the ¢ epoxy resin mixture in ah amount, "
of 15 to 35%, the epoxy resin is epoxxdxzed novolac-and -
the curing agent is a mxxture of prlmary and tertiary -

amines.
12. Method accordmg to clalm 11, whereln the tempera-
ture of the formation is below' about 150° F. :

13. Method - of -consolidating an oil-producing. earth -
‘formation of loose sand particles traversed by a borehole.
. provided with producing: tubing having fluid: intercom-
-munication with said formation, which comprises filling

said tubing with an inert hydrocarbon fluid ‘to establish

initial injection, and then effécting the followmg ‘opera-

tions in sequence;
(1) pumping into the tubing and into. the: formation
--a water-removing liquid to rtender  the formatmn
preferentlally wettable by epoxy resin; *

(2) pumping into the tubing and into. the formatlon. ‘
an epoxy-resin immiscible hydrocarbon fluid to wash™ -

the water-removmg liquid from the . tubmg,

(3) pumping into said. tubing and into-the forniation :

an epoxy resin-reactive diluent mixture, said mixture

S containing, by weight, about 40 to 95% of an.epoxy

- .resin having a molecular weight of about 400-700
-and a viscosity at the temperature of the earth for-

" mation above about 400 centxpmses, and a normally:

liquid Teactive diluent in-an amount within about
the .range 5 to. 60% to reduce the viscosity of the
. epoxy resin ‘below ‘about 400 but above:about 25

-centipoises at the temperature of the’ earth forma- e

tion;

(4) pumping :into_the tubing and into the: formatron' »v
a flushing fluid to spread the epoxy ‘resin-reactive . :

diluent mixture through' the formation and thus pro-
vide permeability, said flushing ﬂuld bemg unrmsc1b1e

.V'formatlon and a normally liquid reactive diluent in:
an amount within about the range 5 to'60% to reduce




3,176,768

1 1
w1th the epoxy resm, but mlscxble with the reactive
- diluent;

(5 ) pumping into said tubing and into the formation a
solution .of ‘an- epoxide resin curing agent capable
of rea_ctmg with thé reactive diluent; and

- (6) maintaining -within said tubing a hydrostatlc head
at least equal to the fluid pressure in the treated
formation.

14. Process accordmg to claim 13 wherein the water-
removing agent is acetone.

15. Process according to clalm ‘14, wherein the reactive
diluent is styrene oxide. .

16. Process. according to claim 13 which includes
pumping the epoxy resin-reactive diluent mixture into the
formation -at a rate of abont 32 barrel to 1 barrel per
hour per vertical foot of ‘borehole traversing the forma-
tion, :

17. Process accordmg to claim 16 wherein the epoxy
resin is‘'an epoxidized novolac resin.

" 18. Process. according to claim 17, wherein the water-

ot
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removing liquid is acetone, and the epoxy resin curing o

agent is 4 mixture of primary and tertiary amines.

19. Process according to claim 17, wherein the armne .

curing agent is dimethylaminopropylamine.”

20. Process according to clalm 19, wherein the reactlve -

diluent is octylene ox1de
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comisidon de la Comunidad Andina, se le comunica:

1. Documentos estudiados

1.1 Descripcion: Folios: 5 a 17
1.2. Reivindicaciones:  Folios: 18 a 27

Folios: 78 a 81 (modificacién)
1.3. Prioridad: 23 de mayo de 2003, US No. 10/444,408
1.4. Rta. del solicitante: Folios: 76 y 77

2. Objeto de la invencién

e ElTitulo de la solicitud es: “METODOS PARA CONTROLAR PRODUCCION

DE AGUA Y MATERIAL PARTICULADO?” (Folio 1).



e La presente invencién se relaciona con métodos mejorados para estabilizar
regiones no consolidadas de una formacion subterranea y para controlar la
produccién de agua.

Enla Reivindicacion Independiente 1 se plantea un método para estabilizar
una formacién subterranea, que comprende los pasos de:

Aplicar a la formacion subterranea una solucion de pre-lavado que comprende
un liquido acuoso y
un polimero resistente al agua;

Aplicar a la formacién subterranea un liquido acuoso que comprenda
un surfactante;

Aplicar a la formacién subterranea un fluido de consolidacion, con una
viscosidad por debajo de 100 cP, donde dicho fluido consiste de
un componente de resina endurecible que comprende
una resina endurecible y
un componente de agente de endurecimiento, el cual
. comprende un agente de endurecimiento liquido,
un agente de acoplamiento de silano y
un surfactante; Y

Aplicar a la formacién subterranea un liquido post-lavado que ademas
comprende el paso de esperar un periodo de tiempo escogido entre 6 y 48
horas, luego de aplicar el fluido de post-lavado.

o El problema planteado consiste en desarrollar un proceso mejorado para
estabilizar regiones no consolidadas, controlar la produccién de agua vy
migracion de arena en zonas productoras subterraneas.

o Elobjeto de lainvencion se catalogd como E21B 43/02, segun la Clasificacion
Internacional de Patentes (IPC).

3. Determinacion del Estado de Ia Téchica

¢ Lafecha que se ha tenido en cuenta para determinar el Estado de la Técnica
es:

Fecha de presentacion de la solicitud prioritaria: 23 de mayo de 2003

e Teniendo en cuenta la fecha indicada se realiz6 la busqueda en el estado de la
técnica de documentos relacionados con la solicitud encontrandose los
siguientes documentos:

Fecha de

N° | Documento Titulo . .
publicacion

‘METHODS OF CONSOLIDATING

D3| US4042032 INCOMPETENT SUBTERRANEAN | 16 de agosto de

FORMATIONS USING AQUEOUS 1977
TREATING SOLUTIONS”
D4 | US3176768 “SAND CONSOLIDATION” 6 de abril de

1965




Respecto al estado de la técnica:

En el documento US4042032 (D3 de aqui en adelante) se divulga la existencia de
un método de consolidacion de arenas en una formacidén penetrada por un pozo,
que comprende:

Contactar dicha formacion con una solucion acuosa de pre-lavado para
condicionar dicha formacién y que permita aceptar el fluido de consolidacion;

Contactar dicha formacién con un fluido de consolidacién organico;

Contactar dicha formacion con una soluciéon espaciadora acuosa de modo que
dicho fluido de consolidacién es distribuido dentro de la formacion y exceso del
fluido de consolidacion es lavado.

Causar el endurecimiento de dicho fluido de consolidacidén de modo que se
produzca una masa permeable y dura en dicha formaciéon que impide el
movimiento o pérdida de arenas con la produccion de petréleo (Columna 2, lineas
47-51; Reivindicacion 1).

En D3 se ensefia que los liquidos acuosos usados como soluciones de
tratamiento pueden ser salmueras, agua de mar o similares (Columna 6, lineas
55-63). Una soluciéon acuosa de pre-lavado es introducida primero en la
formacién subterranea para condicionar el material siliceo; puede utilizarse una
salmuera que contenga agua, sal inorganica soluble y un agente surfactante
catidnico.

En D3 se ensefia que una variedad de fluidos de consolidacion pueden ser
empleados, particularmente deseables son las que comprenden una resina
endurecible organica y un agente de acoplamiento resina-arena. Las resinas
organicas posibles de incluir son las epéxicas, resinas fenol-aldehido y resinas
de furfuril alcohol. Las resinas pueden estar disponibles en viscosidades de 10 a
500 cP a 80°F (Columna 3, lineas 31-50). El agente de acoplamiento puede ser
un compuesto de amino silano (Columna 4, lineas 46-60). El agente de
endurecimiento puede ser incluido en la composicion del fluido de consolidacion
(Columna 5, lineas 36-37). Las composiciones de consolidacion preferiblemente
incluyen surfactantes (Columna 6, lineas 13-14). Particularmente son Utiles los
surfactantes cationicos los cuales son conocidos como surfactantes no
emulsificadores (Columna 6, lineas 21-23).

En D3 se ensena que el fluido de consolidacion es desplazado en la formacién
por una solucién espaciadora acuosa que ademas funciona para lavar el exceso
de fluido de consolidacién y para distribuir o esparcirlo dentro de la formacion.
Esta solucién es una salmuera y un agente surfactante catiénico (Columna 8,
lineas 16-23).

En D3 se ensefa que después de afadir la solucién espaciadora y de lavado, se
anade una solucién acuosa que contiene un fiuido que causa el endurecimiento
del fluido de consolidaciéon en la formacion (Columna 8, lineas 29-31).



4.1.

En el documento US3176768 (D4 de aqui en adelante) se divulga un método de
consolidacién en una formacién subterranea que reduce la invasion de material
particulado en el pozo de perforacién y que comprende:

Inyectar un liquido para acondicionar la formacion de modo que se torne
humectable al contacto de la resina epodxica;

Inyectar una resina epoxica;
Lavar la formacion tratada con un fluido de lavado inmiscible con dicha resina;

Inyectar en la formaciébn un agente de curado para endurecer la resina
(Reivindicacion 1).

En D4 se ensefia que para la remocion de agua desde la formacién son comunes
los surfactantes, entre los que se encuentran las sales de amonio cuaternario.
Los surfactantes pueden ser mezclados directamente con la mezcla de resina
epoxica o pueden ser mezclados con agua u otros fluidos e introducidos en la
formacién subterrdnea como un paso de precondicionamiento independiente
y previo a la inyeccion de la resina (Columna 4, lineas 60-65).

4. Analisis de patentabilidad (articulo 14 D 486)

Nivel inventivo (articulo18 D 486)

e Eltécnico

El técnico de nivel medio versado en la materia encargado de resolver el
problema técnico puede ser un ingeniero quimico que trabaje en la industria
del petroleo y que atiende a planes de mejoramiento normalmente
formulados por las empresas.

e El problema técnico
El problema técnico que se espera solucionar con la invencién de la solicitud
es plenamente reconocido por un técnico de nivel medio versado en la
materia tal como se puede verificar con las anterioridades citadas.

e La solucién técnica

El método para estabilizar una formacién subterranea (Reivindicaciones 1 a
26)

De acuerdo con la reivindicacion independiente 1 se entiende que el principio
técnico sobre el cual se fundamenta la propuesta consiste en desarrollar un
meétodo para estabilizar y controlar la produccion de agua y material
particulado en una formacién subterranea, que comprende las etapas de
aplicacion de un fluido de prelavado, un fluido surfactante acuoso, un fluido
de consolidacién y un fluido de postlavado. No obstante, en D3 se encuentra
un método para estabilizar formaciones subterraneas que también incluyen ia



inyeccion de fluido de prelavado, la inyeccién de una composicién que sirve
como fluido de consolidacion, la aplicacién de un fluido de postlavado y el
endurecimiento de la resina en la formacion subterranea.

Una diferencia encontrada entre la invencion de la solicitud y D3 es que esta
anterioridad no hace mencion de la inyeccién de surfactantes como una
etapa previa a la inyeccion del fluido de consolidacién. No obstante, D4 si
presenta dicha sugerencia como etapa previa a la inyeccion de la resina en la
formacién subterranea.

Asi las cosas, si un técnico de nivel medio versado en la materia tuviera
acceso a las ensefianzas contenidas en D3 y D4, podria verse motivado a
combinarlos y realizar ensayos con la etapa de incorporacién de surfactante
previo a la inyeccion de fluido de consolidacion y desarrollar métodos
equivalentes a los de la solicitud y que resuelvan el problema técnico. Por lo
tanto, la propuesta no parece generar un efecto sorprendente que evidencie
un salto tecnolégico respecto al estado de Ia técnica.

En conclusion, el método de la invencion se encuentra afectado en su nivel
inventivo ya que se deriva de manera evidente del estado de la técnica y
puede ser obvio para un técnico de nivel medio versado en la materia. Por lo
tanto, no cumpliria con el requisito enunciado en el articulo 18 de la Decisién
486.

5. Conclusion

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

A

N° Documento N° Reivindicaciones Requisito que afecta
afectadas

D3 US4042032 _ .

D4 US3176768 1-26 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 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 concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL

Jefe de Divigion de Nuevas Creaciones

El anteric

requerimiento fue notificado por fijacién en lista, de fecha
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