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José Luis Salazar

Director de Division de Nuevas Creaciones (C)
SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO
E. S. D.

Referencia: Expediente No. 13.024.372
Solicitud de Patente de Invencién titulada: “Un método para el tratamiento

de sitios subterraneos adyacentes a pozos de inyeccion de agua”
Solicitante: E.I. Du Pont de Nemours and Company
RESPUESTA AL AUTO NOTIFICADO POR FIJAC|()N_EN LISTA

DEL 31 DE DICIEMBRE DE 2013, TRAMITE: 11, EVENTO: 378, OFICIO NO. 23677
(EXAMEN DE FONDO)

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi cardcter de apoderado de la sociedad en referencia, doy

respuesta al auto emanado por ese Despacho dentro del término legal:
1. Objeciones del Examinador

1.1. Claridad de las reivindicaciones

El examinador establece que no se aceptan reivindicaciones que
caractericen el uso, los resultados, ventajas o efectos, y cita el término "itiles en la

recuperacion microbiana mejorada del petrdleo” que aparece en la reivindicacion 1.

Se menciona que los siguientes términos que aparecen en las

reivindicaciones 1, 6 y 9 son de caracter general: "agente de desintoxicacion”, "agregar un



" on "non

inoculado”, -"inhibidor de corrosion”, "agente de dispersion”, "agente de degradacion”.

Se establece que en las reivindicaciones 1, 4 aparecen términos imprecisos

" n " on

"al menos”, "una o mas”, "concentraciones.”

Por 1ltimo, el examinador considera que las siguientes expresiones que
aparecen en las reivindicaciones 8 y 14 presentan resultados, usos, ventajas o efectos: “...en
donde el agente de dispersion causa la disociacion del inhibidor de corrosion del sitio
subterrdneo adyacente al pozo de inyeccion de agua y lo dispersa y diluye de modo que el
inhibidor de corrosion se vuelve no téxico para los microorganismos y el sitio subterrdneo
adyacente al pozo de inyeccion de agua es desintoxicado” y "..en donde los

microorganismos colonizan el sitio subterraneo (...) para llevar a cabo la recuperacion de

petréleo mejorada”, lo cual no es permitido.
1.2. Descripcion

Menciona el examinador que es necesario presentar el Certificado de
" Deposito para las Cepas Thauera aromatica es la cepa ATCC 9497, Pseudomonas stutzeri es

la cepa ATCC PTA-8823 y la Shewanella putrefaciens es la cepa ATCC PTA-8822.
1.3.  Novedad

El Examinador plantea que, el documento D1' (US2010/0081585) afecta la

novedad de las reivindicaciones 1 a 4, 8, 13 a 16.
En forma resumida establece lo siguiente:

"las caracteristicas esenciales del método de la reivindicacion 1 habian
sido divulgadas previamente en el documento D1, por lo tanto, la materia reivindicada no
es nueva.

Asimismo, el documento DI divulga las caracteristicas de las reivindicaciones

dependientes asi:

' "Controlling bioavailability of nutrient additions in subsurface formations"
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Reivindicacion 2, 3 y 4: La formulacion (...) en el que el inhibidor se selecciona

del grupo quimico que consiste de cloruro de sodio, nitrato de sodio, urea,

Jormiato de etilo, cloruro de benzalconio, octanol, metilparabeno, dimetilditiocarbamato de
sodio, glutaraldehido, aminas terciarias y aminas cuaternarias (Pag. 10, Reivindicacion 7).
Reivindicacidn 13: En los pozos con altas concentraciones de sulfato en el agua

de inyeccion, el crecimiento de bacterias nativas, reductoras de sulfato puede

aumentar los niveles del subproducto toxico, sulfuro de hidrégeno, en el pozo

(Pag. 5, Parr. 79).

Reivindicaciones 15y 16 Pseudomonas stutzeri cepa LH4: 15, ATCC PTA-

8823 que se encuentra en los pozos de petréleo fue utilizada como la cepa de

ensayo (Pag. 6, Pdrr. 85).

Las reivindicaciones dependientes 2 a 4, 13, 15 y 16 no mencionan alguna

caracteristica que haga nueva a la composicion de la reivindicacion 1, por lo cual se

considera que no son nuevas."

14. Nivel Inventivo

Sobre el requisito del nivel inventivo, el .Examinador establece que el
documento D1* (US2010/0081 585) afecta el nivel inventivo de las reivindicaciones 5, 6, 9 a
12.

Con relacion a la reivindicacion 1, el examinador en forma resumida

argumenta lo siguiente:

El documento DI se considera el estado de la técnica cercano a la
invencion definida en las reivindicacion 5 porque divulga el método reivindicado.
La diferencia entre la invencion, definida en la reivindicacién 5 y el método de D1
consiste en que no especifica el inhibidor de corrosion.
El efecto que logra el inhibidor de corrosion es que es un producto que actiia ya sea
Sormando peliculas sobre la superficie metdlica o bien entregando sus electrones al
medio.
Por lo tanto, el problema técnico que pretende resolver esta invencion seria jcémo

obtener un método alterno al revelado en el documento D1?

2 "Controlling bioavailability of nutrient additions in subsurface formations"



BAKER & MPKENZIE

Sin embargo, es conocimiento del técnico medianamente versado en la materia, que es
conocido que los inhibidores de corrosion son productos que actitan ya sea formando
peliculas sobre la superficie metdlica, tales como los molibdatos, fosfatos o etanolaminas, o
bien entregando sus electrones al medio.

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria los
inhibidores de corrosion, y asi, se llegaria al objeto de las reivindicacion 5 de la

solicitud. Por lo cual se considera obvia.”

Con relacion a la reivindicacion 6, el examinador en forma resumida

argumenta lo siguiente:

"....es conocimiento del técnico medianamente versado en la materia, que
es conocido el uso de este tipo de agentes para que el tratamiento quimico, tipicamente
involucra reacciones de oxidacién-reduccion (redox) que convierten quimicamente
compuestos [6xicos o peligrosos a compuestos menos toxicos o no peligrosos, que son
mds estables, menos moviles o inertes. Los agentes oxidantes mds usados para tratar
contaminantes peligrosos en el suelo, son el ozono, perdxido de hidrdgeno, hipocloritos
cloro, didxido de cloro y el reactivo de Fenton (peroxido de hidrégeno y fierro)

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria los
agentes oxidantes, y asi, se llegaria al objeto de las reivindicacion 6 de la solicitud. Por

lo cual se considera obvia."

Con relacion a las reivindicaciones 9, 10, 11 y 12 el examinador menciona

en forma resumida lo siguiente:

"....es conocimiento del técnico medianamente versado en la materia, que
es conocido que el tratamiento quimico, tipicamente involucra reacciones de oxidacion-
reduccion (redox) que convierten quimicamente compuestos toxicos o peligrosos a
compuestos menos 10xicos o no peligrosos, que son mds estables, menos méviles o
inertes. Los agentes oxidantes mds usados para tratar contaminantes peligrosos en el
suelo, son el ozono, perdxido de hidrdgeno, hipocloritos, clore, diéxido de cloro y el
reactivo de Fenton (peroxido de hidrégeno y fierro)

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria los

agentes oxidantes, y asi, se llegaria al objeto de las reivindicaciones 9 a 12 de la
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solicitud. Por lo cual se consideran obvias.
De igual manera, las reivindicaciones dependientes 8 y 14 no mencionan caracteristicas
técnicas tangibles adicionales que puedan brindarle novedad al objeto de la

reivindicacion 1, puesto que estas se encuentran redactadas en términos de efectos o

ventajas".
2. Argumentos a favor de la patentabilidad de la solicitud
2.1 Descripcion

De conformidad con la solicitud del examinador, presento con este escrito
copia del Certificado de Depdsito para las cepa Thauera aromatica que es la cepa ATTCC
9497 y Psudomonas stutzeri que es la cepa ATCC PTA-8823 y la Shewanella putrefaciens
que es la cepa ATCC PTA-8822. '

De esta forma se da por superada esta observacion.
22 Claridad del pliego reivindicatorio

Con el objeto de atender a las observaciones de claridad, y de conformidad
con el articulo 34 de la Decision 486, que permite al solicitante en cualquier momento del
tramite modificar su solicitud sin que se presente ampliacion de la invencion originalmente
presentada, me permito presentar un nuevo pliego reivindicatorio en donde en la
reivindicacion 1 se elimind la expresion "iitiles en la recuperacion microbiana mejorada

del petréleo”.

En las reivindicaciones 1, 4 se cancelaron los términos "al menos”, "una o

’

mas”.

La expresion "concentraciones” también fue cancelada de la reivindicacion
1, y se efectiio una modificacion en el siguiente parrafo de la reivindicacion 1 de la

siguiente forma:
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"...en donde antes del tratamiento de (a) un inhibidor de corrosion y sus
productos de degradacion si existen, han sido adsorbidos dentro de la zona y se ha creado
una zona téxica para los microorganismos usados en los procesos de recuperacion

mejorada de petréleo,; "

La anterior modificacién se encuentra sustentada en la pagina 9, parrafo 2

de la memoria descriptiva originalmente presentada.

Con relacion a la observacion de las reivindicaciones 1, 6 y 9, en cuanto a
que los siguientes términos son generales: "agente de desintoxicacion”, "inhibidor de
corrosion”, "agente de dispersion”, "agente de degradacion”, informamos a su Despacho
que se utilizé las limitaciones de las reivindicaciones 2, 5, 7 para modificar estas

reivindicaciones.

Respecto a la observacion de que las reivindicaciones 8 y 14 presentan
resultados, usos, ventajas o efectos, aclaramos a su Despacho que estas reivindicaciones son

reivindicaciones dependientes que limitan ademas la reivindicacion 1.

Por otro lado, aclaramos que dichas expresiones pueden aparecer en las
reivindicaciones junto con las caracteristicas técnicas esenciales de las reivindicaciones, tal
como se menciona en la pagina 71° de la Guia para Examen de Solicitudes de Patente de
Invencién y Modelo de Utilidad expedida por la Superintendencia de Industria y Comercio,

donde textualmente se establece lo siguiente:

2658 Reivindicaciones definidas por el resultado a alcanzar

Como se menciona anteriormente, las reivindicaciones deben definir la
invencion por sus caracteristicas técnicas esenciales, estructurales.

El examinador no admitird que la reivindicacion defina la invencién por el
resultado a alcanzar (del tipo: “Aparato de destilacién caracterizado porque. tiene un
rendimiento del 99%), puesto que en realidad equivaldria a definir el problema técnico a

resolver y el alcance de la reivindicacion, incluiria no sélo la solucién propuesta por el

? Guia para Examen expedida por la Superintendencia de Industria y Comercio, mayo de 2012.
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solicitante, sino todas las alternativas presentes o futuras que lleguen a ese resultado.
El resultado a alcanzar no es una caracteristica técnica de la invencion. Puede
aparecer en la reivindicacion, pero siempre acompaiiando las caracteristicas técnicas

quie definen la invencion.”

De acuerdo a las modificaciones efectuadas, y a lo anteriormente expuesto,
se puede concluir que el capitulo reivindicatorio que se presenta con éste escrito cumple a

cabalidad con.el articulo 30 de la Decision 486.
2.3 Novedad

La novedad de una solicitud esta legalmente definida en el Articulo 16 de la
Decision 486 asi: “una invencion se considerara nueva, cuando no estd comprendida en el
estado de la técnica. El estado de la técnica comprenderd todo lo que haya sido accesible
al puiblico por uma descripcion escrita u oral, utilizacion, comercializacién o cualquier otro
medio antes de la fecha de presentacion de la solicitud de patente o, en su caso de la

prioridad reconocida...”

En virtud de la anterior definicion, consideramos que el documento D1 no

constituye documento del arte previo que afecte la novedad de la presente solicitud.
En particular mi representada presenta los siguientes argumentos:

El documento D1 (US2010/0081585) revela un proceso para mejorar la

recuperacién del petréleo en el cual una composicién nutricional inhibida (INC) se

inyecta en el sitio de inyeccién de la formacion del petrdleo. La presencia de
concentraciones nutricionales inhibitorias previenen el crecimiento de microorganismos en
o cerca del sitio de inyeccion y permite su paso adicional en formaciones mas profundas que

contienen petroleo.

De acuerdo con el documento D1, a medida que la composicion nutricional
inhibitoria (INC) pasa a través de la formacién de petréleo lejos del sitio de inyeccion, este
se diluye continnamente por las capas de agua existentes en la formacion. Al calcular la

velocidad de dilucion de la composicion nutricional inhibida (INC) durante el camino a
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través de la formacion y la distancia que se requiere para viajar y obtener el sitio objetivo
deseado, se diseiia la composicion de INC de tal forma que cuando los nutrientes alcanzan
el sitio objetivo, estos han sido diluidos y no son mas inhibitorios. De esta forma se permite

que los microorganismos nativos presentes en el sitio crezcan.

Adicionalmente, los microorganismos especificos pueden también ser
inyectados en el pozo junto con la composicion nutricional inhibitoria (INC). Debido a que
estos microorganismos no pueden consumir la composicién nutricional inhibitoria (INC),
estos también transitan desde el sitio de inyeccién en formaciones subterraneas mas
profundas. La invencion de mi representada, por lo tanto, proporciona para penetraciones
mas profundas de nutrientes y microorganismos en la formacion subterranea que contiene
petroleo que resulta en la liberacion de petroleo desde sitios mas lejanos del sitio de

inyeccién para mejorar la liberacion y recuperacion el petroleo.

El documento D1 es contrario a la solicitud en estudio, ya que la presente
invencion se relaciona con un método de desintoxicacion en una zona adyacente a un pozo
de inyeccion de agua, de tal forma que el indculo de microbios agregados pueden
posteriormente sobrevivir y crecer en un medio desintoxicado. Las presentes
reivindicaciones no se dirigen a la inhibicion de microbios en una zona cerca al sitio de
inyeccion sino que permiten el crecimiento microbiano en una zona adyacente a un pozo de

inyeccion de agua.

De conformidad con lo anteriormente expuesto, se puede concliir que la

presente invencion es novedosa con relacién a D1.
24 Nivel inventivo

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18
de la Decision 486 y se establece cuando “si para una persona del oficio normalmente
versada en la materia técnica correspondiente, esa invencion no hubiese resultado obvia ni
se hubiese derivado de manera evidente del estado de la técnica”.

De conformidad con las explicaciones dadas en el punto anterior, el
documento del arte previo citado no afecta el nivel inventivo de la presente solicitud por

cuanto no es posible derivar la presente invencion a partir de las ensefianzas presentadas en
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dicho documento.

En este orden de ideas tenemos que la invencidn propuesta por el solicitante
si cumple con los requisitos de patentabilidad y de esta manera es susceptible de ostentar el

titulo de patente de invencion.

3. Solicitudes concedidas en otros paises para esta misma invencién.

A manera informativa, pongo en conocimiento del Examinador que la patente US 8,371,377
del 12 de febrero de 2013 equivalentes a la presente solicitud colombiana ha sido otorgada.
Aun cuando entiendo que estas decisiones de ninguna manera obligan al Despacho para
decidir de igual forma, considero que por tratarse de una pregunta factica la determinacién
de la existencia de novedad, nivel inventivo y aplicacion industrial, las decisiones de otras

oficinas de patentes constituyen un antecedente persuasivo en la materia.
En virtud de lo anterior, solicito que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencién para el

invento que se tramita en este expediente.

Atentamente,

ALYARO CORREA ORDONEZ
C.Q. No. 79.143.366 de Usaquén
T.P.20.281

Anexos: Capitulo reivindicatorio modificado conformado por 12 reivindicaciones
Copia de la Patente US 8,371,377
Copia del certificado de deposito para las cepas ATTCC 9497, ATCC
PTA-8823 y la ATCC PTA-8822 junto con su traduccién simple al
castellano.

BOGMGT/BOGDMS-#2014282-V1-P2013_000001-MEMORIAL_RESPUESTA_A_FONDO.DOC



REIVINDICACIONES SOLICITUD 13.024.372

1. Un método que comprende en orden las etapas de:

a) tratar un sitio subterraneo en una zona adyacente a un pozo de inyeccién

de agua con un agente de desintoxicacion; y,

b) agregar un inoculado de microorganismos en donde los microorganismos
comprenden especies de: Comamonas, Fusibacter, Marinobacterium, Petrotoga,

Shewanella, Pseudomonas, Vibrio; Petrotoga, Thauera, y Microbulbifer,

en donde antes del tratamiento de (a) un inhibidor de corrosién y sus productos
de degradacién si existen, han sido adsorbidos dentro de la zona y se ha creado una
zona téxica para los microorganismos usados en los procesos de recuperacion

mejorada de petréleo;

en donde el inhibidor de corrosién es un compuesto organico seleccionado del
grupo que consiste de fosfonatos organicos, compuestos de nitrégeno- organico tal
como aminas, acidos organicos y sus sales y ésteres, acidos carboxilcos y sus sales y
ésteres, acidos sulfénicos y sus sales, alcoholes acetilénicos, azoles organicos,
gluteraldehidos, sulfato de tetrahidroximetil fosfonio (THPS), bistiocianato de acroleina,
hidrocloruro de dodecilguanina, formaldehido, clorofenoles, secuestrantes organicos de

oxigeno y varios tensoactivos no iénicos, y combinaciones de los anteriores;

en donde el inhibidor de corrosién es un compuesto.inorganico seleccionado del

grupo que consiste de cloro, hipoclorito, bromo, hipobromuro, diéxido de cloro,

40



hidracina, antraquinona, fosfatos, sulfito de sodio, sales que contienen cromo,

molibdato, o cinc, y combinaciones de estos.

2. El método de la reivindicacion 1 en donde el inhibidor de corrosiébn comprende

compuestos de amonio cuaternario o sus productos de la degradacion.

3. El método de la reivindicacién 2 en donde el compuesto de amonio cuaternario
es seleccionado del grupo que consiste de cloruro de benzalconio, sales de amonio bis-

cuaternario, compuestos de nitrégeno cuaternario y compuestos de imidazolina.

4, El método de la reivindicacién 1 en donde el agente desintoxicante de (a) es un
agente de dispersion; en donde el agente de dispersion es un acido del grupo que
consiste de acido clorhidrico, acido nitrico, acido fluorhidrico, acido acético y acido

oxalico.

5. El método de la reivindicacion 4 en donde el agente de dispersién causa la
disociacion del inhibidor de corrosion del sitio subterraneo adyacente al pozo de
inyeccion de agua y lo dispersa y diluye de modo que el inhibidor de corrosién se
vuelve no toxico para los microorganismos y el sitio subterraneo adyacente al pozo de

inyeccion de agua es desintoxicado.

6. El método de la reivindicacion 1 en donde el agente desintoxicante es un agente
de degradacion; en donde el agente de degradacion es un agente oxidante fuerte
seleccionado del grupo que consiste de nitratos, nitritos, cloratos, percloratos, cloritos, y

combinaciones de estos.



7. El método de la reivindicacion 1 en donde el agente desintoxicante es tanto un

agente de dispersion como un agente de degradacion.

8. El método de la reivindicacion 7 en donde el agente desintoxicante es peréxido o

perclorato de hidrégeno.

9. El método de la reivindicacién 1 en donde el inhibidor de corrosién es un

inhibidor del crecimiento de bacterias reductoras del sulfato.

10. El método de la reivindicacién 1 en donde los microorganismos colonizan el sitio

subterraneo desintoxicado adyacente al pozo de inyecciéon de agua para llevar a cabo

la recuperacion de petréleo mejorada.

11.  El método de la reivindicacién 1 en donde el inéculo comprende uno o mas de
Comamonas terrigena, Fusibacter paucivorans, Marinobacterium georgiense, Petrotoga
miotherma, Shewanella putrefaciens, Pseudomonas stutzer, Vibrio alginolyticus,

Thauera aromatica, Thauera chlorobenzoica y Microbulbifer hydrolyticus.

12. El método de la reivindicacion 11 en donde la Thauera aromatica es la cepa
ATCC 9497, la Pseudomonas stutzeri es la cepa ATCC PTA-8823, y la Shewanella

putrefaciens es la cepa ATCC PTA-8822.

BOGMGT/BOGDMS-#2020114-V1-P2013_000001-REIVINDICACIONES_MODIFICADAS DOCX
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1
METHOD FOR PRE-TREATMENT OF
SUBTERRANEAN SITES ADJACENT TO
WATER INJECTION WELLS

FIELD OF TIE INVENTION

The invention relales to the field of microbial enhanced oil
recovery and bioremediation of subterranean contaminated
sites. Specifically, it relates to methods of treating the toxic
chemicals accumulated in subterranean sites adjacent to the
water injection wells prior to introduction of microbial
inocula for microbial enhanced oil recovery or bioremedia-
tion of these sites.

BACKGROUND OF THE INVENTION

Traditional oil recovery techniques which utilize only the
natural forces present at an oil well site, allow recovery of
only a minor portion of the crude oil present in an oil reser-
voir. OQil well site generally refers to any location where wells
have been drilled into a subterranean rock containing oil with
the intent to produce oil from that subterranean rock. An oil
reservoir typically refers to a deposit of subterranean oil.
Supplemental recovery methods such as walter flooding have
been used to force oil through the subterranean location
toward the production well and thus improve recovery of the
crude oil (Lyne, N.J., 2001, “Non-technical guide to petro-
leum geology, exploration, drilling, and production”, 2nd
edition, Pen Well Corp., 'Tulsa, Okla., USA).

To meet the rising global demand on energy, there is a need
to further increase production of crude oil from oil reservoirs.
An additional supplemental technique nsed for enhancing oil
recovery from oil reservoirs is known as Microbial Enhanced
Oil Recovery (MEOR) as described in U.S. Pat. No. 7,484,
560. MEOR, which has the potential to be a cost-effective
method for enhanced oil recovery, involves either stimulating
the indigenous oil reservoir microorganisms or injecting spe-
cifically selected microorganisms into the oil reservoir to
produce metabolic effects that lead to improved oil recovery.

The production of oil and gas from subterranean oil reser-
voirs requires installing various equipment and pipclines on
the surface or the sublerranean sites of (he oil reservoir which
come in contact with corrosive fluids in gas- and oil-field
applications. Thus, oil recovery is facilitated by preserving
the integrity of the equipment needed (o provide water for
water injection wells and to convey oil and water from the
production wells. As a result, corrosion can be a significant
problem in the petroleum industry because of the cost and
downtime associated with replacement of corroded equip-
ment.

Sulfate reducing bacteria (SRB) microorganisms, which
produce hydrogen sulfide (H,S), arec amongst the major con-
tributors to corrosion of ferrous metal surfaces and oil recov-
ery equipment. These microorganisms can cause souring,
corrosion and, plugging and thus can have negative impact on
a MEOR or a bioremediation process. Bioremediation refers
to processes that use microorganisms to cleannp oil spills or
other contaminants from either the surface or the subterra-
nean sites of soil.

‘1o combat corrosion, corrosion inhibitors—which are
chemicals or agents that decrease the corrosion rate of a metal
or an alloy and are ofien toxic to microorganisms—are used
to preserve the water injection and oil recovery equipment in
such wells. In the practice of the present invention a water
injection well is a well through which water is pumped down
into an il producing reservoir for pressure mainlenance,
water flooding, or enhanced oil recovery. The significant
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classes of corrosion inhibitors include compounds such as:
inorganic and organic corrosion inhibitors, For example,
organic phosphonates, organic nitrogen compounds, organic
acids and their salts and esters (Chang, R. J. et al., Corrosion
Inhibitors, 2006, Specialty Chemicals, SR1 Consulting).

US2006/0013798 describes using bis-quaternary ammo-
nium salts as corrosion inhibitors to preserve metal surfaces
in contact with the fluids (o extend the life of these capital
assets.

U.S. Pat. No. 6,984,610 describes methods to clean up oil
shudge and drilling mnd residues from well cuttings, surface
oil well drilling and production equipment through applica-
tion of acids, pressure fracturing and acid-based microemu-
lation for enhanced oil recovery.-

WO02008/070990 describes preconditioning of oil wells
using preconditioning agents such as methyl ethy! ketone,
methyl propyl ketone and methyl tertiary-buty! ether in the
injection water to improve oil recovery. Mechanisms such as
maodifying the viscosity of the oil in the reservoir and enliv-
ening the heavy oil were attributed to this method.

US2009/0071653 describes wsing surfactants, caustic
agents, anti-caking agents and abrasive agents to prevent or
remove the build-up of fluid films on the processing equip-
ment (o increase the well’s capacity.

Studies indicate that long-term addition of chemicals or
agents used to control undesirable events such as corrosion,
scale, microbial activities, and foam formation in the water
supply of a water injection well does not lead to their accu-
mulation in high enough concentrations to adversely affect
the microorganisms used in MEOR (Carolet, J-L. in: Ollivier
and Magot ed., “Petroleum Microbiology™, chapter 8, pages
164-165, 2005, ASM press, Washington, D.C.).

However, viability of microorganisms used in MEOR or
bioremediation processes is a concern. It can be desirable to
modify MIEOR or bioremediation treatments such that the
viability of microorganisms used during MEOR is main-
tained throughout the oil recovery process such that MEOR or
bioremediation processes become more effective.

SUMMARY OF THE INVENTION

‘I'he present disclosure relates to a method for improving
the effectiveness of a MIEOR or-bioremediation process by
detoxilying sublerranean sites adjacent 1o oil wells, wherein
the wells have been previously treated with corrosion inhibi-
tors prior to inoculation of the microorganisms required for
MIEOR or bioremediation.

In one aspect the present invention is an oil recovery
method comprising the steps of:

a) treating a subterranean site in a zone adjacent to a water
injection well with a detoxifying agent wherein, prior to
the treatment, corrosion inhibitors and their degradation
products have been adsorbed into the zone and have
accumulated to concentrations that are toxic to microor-
ganisms used in microbial enhanced oil recovery and/or
bioremediation processes, and thereby have formed a
toxic zone, and

b) adding an inoculum of microorganisms wherein the
microorganisms comprise one or more species of:
Comamonas, Fusibacter, Marinobacterium, Petrotoga,
Shewanella, Pseudomonas, Vibrio, Petrotoga, Thauerua,
and Microbulbifer uselul in microbial enhanced oil
recovery to the water injection well;

wherein the corrosion inhibitor comprises an organic com-
pound sclected from (he group consisting of organic phos-
phonates, organic nitrogen compounds such as amines,
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organic acids and their salts and esters, carboxylic acids and
their salts and eslers, sulfonic acids and their salts.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is the schematic representation of a water injection
well and the subterranean sites adjacent 10 the water injection
well. (1) is the flow of injection water into the well casing (7),
(2 and 3) are rock layers, (4) is the perforations in the casing,
(5) is the well bore, (6) is the face of the rock layer made by
the well bore, (7) is the well casing, (8) is one side of the
watered zone (hat is axis-symmetric with the injection well,
shown by a dotted box in the rock layer (3).

FIG. 2 is the schematic of a model system vsed to simulate
formation of a toxic zone. (9) is a long slim tube; (10) is a
pressure vessel 1o constrain the slim tube; (11 and 12) are the
opposite ends of the pressurized vessel; (13) is a pump; (14)
is the feed reservoir; (15) is the water inlet for the pressure

vessel; (16) is (he back pressure regulator; (17) is the high ,

pressure air supply; (18) is an inlet fitting connecting the slim
tube inside the pressure vessel to the pump and pressure
transducers; (21) is an outlet fitting connecting the slim tube
inside the pressure vessel to the back pressure regulator and
the low side of the differential pressure transducer; (19) is a
differential pressure transducer; and (20) is an absolute pres-
sure transducer. )

FIG. 3 depicts titration of amine coated core sand; ¢ rep-
resent amine coated sand and [T represent first derivative of
the titration curve (central differences).

FIG. 4 depictstitration of brine and core sand with 1N LICI;
B represent brine #1 with 10 grams of core sand; diamonds ¢

represent brine #1 only; E§ represents the slope of brine #1
with 10 grams of core sand; and A represents the slope of
brine #1 only.

FIG. 5 depicts titration of brine and core sand with 10%
nitric acid; 4 represent the concentration of amine observed
in solution for a given pH.

FIG. 6 depicts titration of brine and core sand with 10%
acetic acid; ¢ represent the concentration of amine ohserved
in solution for a given pH.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present invention is a method for detoxi-
Iying the corrosion inhibitors and their degradation products
in a subtcrrancan site adjacent to a water injection well of an
oil well site. Applicants have found that oil recovery process-

ing aids—snch as corrosion inhibitors, for example—can s

accumulate in the area adjacent to the water injection well and
build to concentrations that are toxic (o microorganisms used
in MEOR or bioremediation. As the term is used herein,
“detoxilying” or “detoxification of” a water injection sile
means reinoving or reducing the toxicity caused by corrosion
inhibitors and their degradation products (o microorganisms
to allow their growth and activity of said microorganisms,
used in MEOR or bioremediation.

For the purposes of (he present invention, the term “loxic
zone” refers to a subterranean site adjacent to the water injec-
tion well comprising toxic concentrations of agents such as
carrosion inhibitors or their degraded products which have
adverse effects on growth and metabolic activities ol micro-
organisms used in MEOR and/or bioremediation. A toxic
agent, as the term is used herein, is any chemical or biological
agent that adversely alfects growth and metabolic functions
of microorganisms used in MEOR and/or bioremediation.
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FIG. 1 is a schematic of a sublerranean site adjacent to a
water injection well. The injection water (1) flows into the
well casing (7) which is inside the well bore (5) drilled
through rock layers (2 and 3). A gap exists between the well
casing (7) and the face (6) of the rock layer made by the well
bore (5). Rock layer (2) represents impermeable rock above
and below a permeable rock (3) that holds or traps the oil. The
injection water (1) flows down the well casing (7) and passes
through perforations in the casing (5) and into fractures (4) in
the permeable rock (3). This injection water then flows
through the permeable rock layer (3) and displaces oil from a
watered zone (8) adjacent to the well bore. This zone extends
radially out from the well bore (5) in all directions in the
permeable rock layer (3). While the volume of permeable
rock (3) encompassed by the dash line (8) is illustrated only
on one side of the well bore it actually exists on all sides ofthe
well bore. This watered zone represents the subterrancan site
adjacent to the water injection well.

Corrosion inhibitors that can accumulate to levels that are
toxic to microorganisms used in MEOR are, for cxample:
inorganic corrosion inhibitors such as chiorine, hypochlorite,
bromine, hypobromide and chlorine dioxide. Those used to
combat corrosion caused by SR microorganisms include,
but are not limited to: nitrates {e.g., calcium or sodium salls),
nitrite, molybdate, (or a combination of nitrate, nitrite and
molybdate), anfhraquinone, phosphates, salts containing
chrome and zince and other inorganics, including hydrazine
and sodium sulfite (Sanders and Sturman, chapter 9, page
191, in: “Petroleum microbiology” page 191, supra and
Schwermer, C. U, etal., Appl. Environ. Microbiol., 74: 2841-
2851, 2008).

Organic compounds used as corrosion inhibitors include:
acetylenic alcohols, organic azoles, gluteraldehyde, tetrahy-
droxymethy! phophonivm sulfatc (THPS), bisthiocyanate
acrolein, dodecylguanine hydrochloride, formaldehyde,
chlorophenols, organic oxygen scavengers and various non-
ionic surfactants.

Other organic corrosion inhibitors include, but are not lim-
ited to: organic phosphonates, organic nitrogen compounds
inchiding primary, secondary, tertiary or quaternary ammo-
nium compounds (hercinafter referred to generically as
“amines”), organic acids and their salts and esters, carboxylic
acids and their salts and esters, sulfonic acids and their salts.

Applicants have determined that corrosion inhibitors can
accumulate by adsorption into or on the subterranean sile
(e.g., sand stone, unconsolidated sand or limestone) or into
the oil that has been trapped in the oil reservoir subterranean
site. Long-term addition of these chemicals results in their
accumulation and formation of a toxic zone in subterranean
sites adjacent to the water well with adverse effects on micro-
bial inoculaintended for MEOR and/or bioremediation appli-
cations.

A model system to simulate formation of a toxic zone can
be used to study its effects on the survival of microorganisms.
For example, a model system called a slim tube can be set up
and packed with core sand from an oil well site. The model
system as described herein can be set up using tubing, valves
and fittings compatible with the crude oil or the hydraulic
solution used that can withstand the range of applied pressure
during the process. An absolute pressure transducer, differ-
ential pressure transducer and back pressure regulator for
Example made by (Cole Plamer, Vernon hill, IL and Serta,
Boxborough, Mass) are required and are commercially avail-
able to those skilled in the ant.

The model toxic zone can be established using solutions of
amines and/or amine mixtures and flushing them through a
tube packed with core sand from an oil reservoir. Other cor-
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rosion inhibitors suitable for use in constructing a model can
comprise organic phosphonates or anthraquinone or phos-
phates. The concentration of the corrosion inhibitors used 1o
create the model toxic zone may be from 0.01 to 100 parts per
million.

Detoxification of the toxic zone involves degradation, des-
orption or dispersion of the accumulated toxic chemicals or
agents using detoxifying agents. The term “detoxifying
agent” therefore refers to any chemical that either disperses or
destroys (he toxic chemicals and agents described herein and
renders them non-toxic to microorganisms.

Detoxification of the chemicals accomulated in the toxic
zone may be achieved using a degradation agent. A degrada-
tion agent, as the term is used herein, is an agent that destroys
or assists in the destruction of toxic agents found in the toxic
zone. Degradation agents can include, for example, strong
oxidizers that chemically react with corrosion inhibitors
when added to the injection water and degrade them into less
toxic or non-toxic products. Degradation agents include
strong oxidizing agents such as, for example, nitrates, nitrites,
chlorates, percholorates and chlorites.

Detoxification of the chemicals accumulated at the toxic
zone may also be achieved using a dispersing agent. A “dis-
persing agenl” as (he term is used herein includes any chemi-
cal that lowers the pl1 of the solution, ionizes the amines and
solubilizes them into the water during water flooding and
allows for natural dispersion and diffusion to lower the con-
cenlration where it is no longer toxic to MEOR or bioreme-
diation microorganisms. For example, amines are fairly non-
reactive under mild conditions, however, they beconie
ionized at fower pI. Thus treatment of the amines with an
acid increases their solubility and releases them from oil
and/or from rocks and disperses them from the toxic zone.
The solubilized amines may therefore enter into the water
flowing through the well. A combination of radial flow, dis-
persion and desorption may allow the solubilized amines to
be diluted and dispersed over a large area (from at least 10 to
about 200 feet (from at least 3 meters 1o about 7 meters)) of
the oil well. l'ollowing dilution and dispersion of the amines
over a much larger area, their concentrations within the sub-
terranean site of the well would have been consequently
reduced 1o non-toxic levels for MEOR or bioremediation
microorganisms. However, even if the amines concentrations
were still at toxic levels, the toxic zone in the subterranean site
adjacent (o the injector well will have become non-toxic to
microorganisms. Thus, the microbial inoculum may pass
through the subterranean site adjacent to the water injection
well without encountering toxic levels of the aminces.

In another embodiment, hydrogen peroxide may be added

to the toxic zone, as both a degradation and a dispersing agent, 3

from about 1,000 parts per million to 70,000 parts per miflion
by volume of water. In another embodiment, perchlorates
may be added, as both a degradation and a dispersing agent,
from about 1 parts per million to about 10,000 parts per
million.

In another embodiment, any acid capable of lowering (he
pllatleast 1 unit less than the equivalence point of the amine
(as measured in the xamples below) may be used. The acid
used to jonize the amines may include, but is not limited to,
nitric acid, acetic acid, oxalic acid, hydrofluoric acid, and
hydrochloric acid. Acid may be added from about 0.1
weight % to about 20 weight % to the water that is being
pumped ino the toxic zone.

In a MEOR process, viable microorganisms are added to
the water being injected into the water injection well. The
term “inoculum of microorganisms” refers (o the concentra-
tion of viahle microorganisms added. These microorganisms
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colonize, that is to grow and propagate, at the subterranean
sites adjacent Lo the water injection well lo perform their
MEOR.

Microorganisms useful for this application may comprise
classes of facultalive acrobes, obligale anacrobes and denitri-
fiers. The inoculum may comprise of only one particular
species or may comprise two or more species of the same
genera or a combination of different genera of microorgan-
isms.

‘I'he inoculum may be produced nnder aerobic or anaerabic
conditions depending on the particular microorganism(s)
used. Techniques and various suitable growlh media for
growth and maintenance of aerobic and anaerobic cultures are
well known in the art and have been described in “Manual of
Industrial Microbiology and Biotechnology” (A. L. Demain
and N.A. Solomon, ASM Press, Washington, D.C., 1986) and
“Isolation of 13iotechnological Organisms from Nature”, (La-
beda, D. P ed. p 117-140, McGraw-Hill Publishers, 1990).

Examples of microorganisms useful in MEOR in this
application include, but are not limited to: Comamonas ter-
rigena, Fusibacter paucivorans, Marinobacterivm geor-
giense, Petrotoga miotherma, Shewanella putrefaciens,
Pseudomonas stutzeri, Vibrio alginolvticus, Thauera aro-
matica, Thauera chlovobenzoica and Microbulbifer hydro-
Ipticus.

In one embodiment an inoculum of Shewanella putrefa-
ciens (AI'CC P'TA-8822) may be used to inoculate the slim
tube test. In another embodiment Pseudomonas stutzeri
(ATCC PTA8823) may be used to inoculate the slim tube. In
another embodiment Thauera aromatica (ATCC9497) may
be wsed to inoculate the slim tube.

The inoculum of microorganisms useful for bioremedia-
tion may comprise, but are not limited to, various species of:
Corynebacteria, Pseudononas, Achromobacter, Acineto-
bacter, Arthrobacter, Bacillus, Nocardia, Vibrio, etc. Addi-
tional useful microorganisms for bioremediation are known
and have heen cited, for example, in Table 1 of U.S. Pat. No.
5,756,304, columns 30 and 31.

Theinoculum forinjecting into the water well injection site
may comprise one or more of the microorganisms listed
above.

EXAMPLES

The present invention is further defined in the following
Examples. It should be understood that (hese Examples,
while indicating preferred embodiments of the invention, are
given by way of'illustration only. From the above discussion
and these Examples, one skilled in (he art can ascertain the
essential characteristics of this invention, and make various
changes and modifications to the invention to adapt it to
various uses and conditions.

General Methods

Chemicals and Materials

All reagents, and materials used for the growth and main-
tenance of microbial cells were obtained from Aldrich
Chemicals (Milwaukee, Wis.), DIFCO Laboratories (Detroit,
Mich.), GIBCO/BRL (Gaithersburg, Md.), or Sigma Chemi-
cal Company (St. Louis, Mo.), unless otherwise specified.
Amines Analysis

Concentration of amines, in media and water, were ana-
lyzed by gas chraomatography (GC). An Agilent Model 5890
(Agilent, Wilmington, Del.), GC equipped with a flame pho-
toionization detector and asplit/splitless injector, a DB-FFAP
column (30 meter lengthx0.32 millimeter (mm) depthx0.25



7

micrometer particle size). The equipment had an Agilent ALS
Autoinjeclor, 6890 Model Series with a 10 milliliter (mt)
syringe. The system was calibrated using a sample of N,N-
Dimethyl-1-Dodecaneamine (Aldrich). Helinm was used as
the carrier gas. A temperature gradient of 50 degrees Celsius
(°C.)t0250°C. at 30° C. increase per minute (imin) was use.
Retention times (in minutes, min) for various chemicals of
interest included: N,N-Dimethyl-1-Dodecaneamine (8.08
min); N,N-Dimethyl-1-Tetradecaneantine (8.85 min); N,N-
Dimethyl-1-Iexadecane-amine (9.90 min); N,N-Dimethyl-
1-Octadecaneamine (10.26 min) and N-Methyl,N-Benzyl)-
1-Tetradecaneamine (11.40 min).

Fxample |

Establishing a Toxic Zone in Core Sand from an Oil
Well Using a Mixture of Amines in a Model System

A sample of the sand obtained from the Schrader Biuff
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formation at the Milne Point Unit of the Alaska North Slope 20

was cleaned by washing with a solvent made up of a 50/50
(volume/volume) mixture of methanol and toluene. ‘The sol-

8
TABLE 1

Ingredients of Brine #1

(no nutrient brinc - gram per liter (gr/L) of tap water

NallCO, 1.38 grams (gr)
CaCl,*611,0 0.39 gr

MgCly*6H,0 0.220 gr

KC! 0.090 gr

NaCl 11.60 gr

NaHCO, 1.38 gr

Trace metals toml

Trace vitamins tml

Na,;(PO,) 0.017 gr (=10 parts per million {(ppm) PO,}
NH4Cl 0.029 gr (=10 ppm NH,)
Acetate 0.2 gr (200 ppm acetale)

The pH of brine #1 was adjusted to 7.0 with either ICl or NaOl and the solution was filter
sterilized.

TABLE 2

Concentration of the amines added to Brine #1

Minor  other  NN-Dimethyl-1-  NN-Dimelhyl-1-

NN-Dimethyl- N-methyIN-

amine  antine  Dodecaneamine tefradecaneamine  Methanethioamide 22 Caprolactam  Benzyl-1-tetradecaneamine

Sample PPM  PPM PPM PPM PPM PPM PPM
Brine #1 w/ 25 134 23 1 0 0 2
amine

vent was subsequently drained and then evaporated off the
care sand to praduce clean, dry, flow able core sand. This core
sand was sieved to remove particles with less than one
micrometer in size and was then packed tightly into a four
foot (121.92 cm) long flexible slim tube (9) and compacted by
vibration using a laboratory engraver. Both ends of the slim
tubes were capped to keep the core sand in it. The complete
apparatus is shown in IFIG. 2. Tubing that can sustain the
amount of pressures used in the slim tube, was connected to
the end caps. The slim tube (9) was mounted into the pressure
vessel (10) with tubing passing through the ends (11 and 12)
of the pressure vessel using pressure fittings (18 and 21).
Additional fittings and tubing were used 1o connect the inlet
of the slim tube (11) to a pressure pump (13) and a feed
reservoir (14).

Additional fittings and tubing connected the inlet of the
slim tube to an absolute pressure transducer (20) and the high
pressure side of a differential pressure transducer (19). Fit-
tings and tubing connected the outlet of the slim tube (12) to
the low pressure side of a differential pressure transducer (19)
and to a back pressure regulator (16). The signals from the
differential pressure and the absolule pressure transducer
were ported to a computer and the pressure readings were
monitored and periodically recorded. The pressure vessel
(10) around the slim tube was filled with water through a
water port (15). This water was then slowly pressurized with
air (17) to a pressure of about 105 per square inch (psi) (0.72
mega Pascal) while brine #1 from the feed reservoir (14)
(Table 1) flowed through the slim tube and lefi the slim tube
through the back pressure regulator (16). This operation was
performed such that the pressure in the slim tube was always
510 20 psi (0.034-0.137 mega Pascal) below the pressure in
the pressure vessel (10).

35
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60

Once the pressure inside and outside the slim tube was
established, one pore volume of the crude oil from an oil
reservoir of the Milne Point Unit-of the Alaskan North Slope
was pumped into the slim tube. This process was performed in
several hours (h). Once the crude oil had saturated the core
sand in the slim tube and was observed in the effluent, the flow
was stopped and the oil was allowed to age in the core sand for
3 wecks. At the end of this time, brine #1 was pumped through
the slim tube at a rate of ~1.5-3.5 milliliter per hour (imi/h) (~1
pore volume every 20 h). Samples were taken from the efflu-
ent and the concentration of natural microflora in them was
determined.

After 51 pore volumes of flow through the slim tube the
concentration of natural microflora in the system was about
1x107 colony forming units per milliliter (CFU/ml). At this
point, a mixture of amines (hereafier amines/brine mixture)
was added at 1 50 ppm concentration to brine #1. The approxi-
mate composition of the mixture of amines (Table 2) con-
sisted of 7 different amine components that were identified.
l'ive were identified by Mass Spectrometry (Agilent Tech-
nologies, Inc. Santa Clara, Calit.) as N-N-dimethyl-1-dode-
cancamine, N-N-dimethyl-1-tetradccane-amine, N-N-dim-
ethyl-methane-thioamide, caprolactam and N-methyl-N-
benzyl-1-tetradecaneamine. 1wo of the components were
identified as amines but specific chemical formulas could not
beassigned (o Mhem because the Mass Spectral Fragmentation
patterns could not be deciphered. These are labeled in'Table 2
as “minor amine™ and “other amine”. Analysis of the effluent
from the slim tube did not indicate presence of any amines in
it. The experiment was continued by pumping 150 ppm of the
mixture of amines in brine #1 through the slim tube.

After 77 pore volumes of the mixture of brine #1 with 150
ppm of mixture ol amines was pumped into the slim tube no
amines were observed in the effluent.

72
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After 80 pore volumes of the mixture of brine #1 with 150
ppm of mixture of amines was pumped into the stim tube a
total of about 1 gr of the mixture of amines had flowed
throngh the slim tube. At this point, 80 ppm of amines was
finally abserved in the eflluent of the slim tube. This very long
delay in sceing the amines in the ¢fMuent means that virtually
all the amines had been trapped in the slim tabe. In addition,
at this time, no natural microflora could be seen in the eflluent
indicating that the slim tube had become toxic enough to kill
all existing microflora. At this point, pumping the amines-free
brine#1 was started in an attempt to flush the amines ot af the
slim tube and to make it less toxic.

Afier 24 pore volumes of the amines-free brine# 1 had been
pumped through the slim tube, 51 ppm of amines was
detected in the effluent. The slim tube was then inoculated
with one pore volume of Shewanella putrefaciens (ATCC
PTA-8822) at a concentration of approximatcly 1x10° CFU/
ml. This inoculation was not allowed to remain in the slim
tube. Instead, amines-free brineff1 was flushed through the
slim tube immediately afier the inoculation. Consequently
the microbes resided in the slim tube for only a few hours
during the transit through it. Thus, it was anticipated (hat the
microorganisms’ concentration in the etfiuent conld be mea-
sured in the elMuent cluting the slim (ube. However, remark-
ably no microorganisms (representing about a 9 log kill) were
detected in the slim tube effluent despite the short residence
time of the inoculum in the stim tube. This experiment con-
firmed that a toxic zone had been established in the slim tube.
In a continued attempt to detoxify the slim tube, brine #1
alone was continnously pumped through it.

Afier 79 pore volumes of the amines-free brine #1 had been
pumped through the slim mbe, the amines concentration in
the effluent of the slim tube was measured at 30 ppm. The slim
tube was inoculated with another pore volume of Skewanella
putrefaciens (at 1x10° CFU/m1). The CFU/m] in an efiluent
sample was about 1x10* showing more than a 5 log kill of this
microorganism had occurred immediately following inocula-
tion. This experiment underlined the continued toxic effect of
the amines despite extended washing of the tube with the
amines-free brineft] solution.

Afier 108 pore volumes of the amines-free brine #1 had
been pumped through the slim (ube, the amine concentration
in the eftluent was measured at 5 ppm. The slim tube was
inoculated with an additional one pore volume of Shewanella
putrefaciens containing 1x10° CFU/m!. The CFU/ml in (he
efttuent sample of the slim tube immediately following inocu-
lation indicated a 4-5 log kill of this microorganism despite
the extended washing with the amines-frec brine#1 and (he
decrease in the amines concentration in the effluent. These
results further confirmed the continued toxic effect of the
mixture of amines accumulated in the slim tube.

Afier 143 pore volumes of the amines-free brine #1 had
been pumped through the slim tube one pore volume of an
inexpensive odorless mineral spirits (OMS)(Parks OMS, Zin-
sser Co., Inc., Somerset Jew Jersey #2035 CAS #8052-41-3)
was pumped through the slim tube in an attempt (o remove (he
remaining mixture of amines. After this flush of OMS, pump-
ing of amines-free brine #1 through the slim tube was con-
tinued.

After 149 pore volumes of amines-free brine #1 had been
pumped through the slim tube, the amines concentration in
the effluent was measured at 4 ppm and the slim tube was
inoculated with an additional one pore volume of Shewanella
putrefaciens (1x10° CFU/ml). A count of microorganisms in
the sample of the slim tube’s effluent showed a 2-3 log kill (99
10 99.9%) despite the OMS {lush and the extended washing
with the amines-free brine# 1. These results confirmed that the
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toxic zone in the slim tube was still killing virtually all the
microorganisms added to the tube.

After 168 pore volumes of the amines-free brine #1 had
been pnmped through the slim tube, one pore volume of a
solution of 10% HCI in water was pumped through the stim

tube to remove the amines. After this acid wash, the amines--

free brine #1 was continuously pumped through the slim tube.

Following the acid wash treatment, an additional 2 pore
volumes of the amines-free brine #1 was pumped through the
slim tube and the amines concentration in the effluent was
measured at 0.5 ppm. The slim tube was then inoculated with
an additional one pore volume of Shewanella putrefaciens
(1x10° CrU/m}). The CFU/ml in the efffuent showed about a
0.4 log kill of this microorganism. These results underlined
survival of more microorganisms following the acid wash of
the slim tube and the effectiveness ofusing an acid to detoxify
the toxic zone in the slim tube. Table 3 below summarizes
results of the various tests described above.

TABLE 3

Summary of the amount of amine observed in the slim tube’s eftfluent and
the fraction of the microorganisims kitled (log kill) during residence in the

slim fube.
Total Pore
volume of fnid ppm
puinped anunes fog kill
through slim in the after
tube effluent inoculating
51 0 0
131 80.5 nd amines flood
slopped
155 51.1 9.6
210 295 53 (at least)}
239 4.7 435 (at least)
274 " OMS flooded
~1 porc volume
280 4.2 24
299 10% HCL flooded
for 1 PV
301 0.5 0.4
PV = pore volume;
nd = not detected
Example 2

Removal of N N-Dimethyl-1-Dodecanamine from
Core Sand Through their Ionization at Low pH
Using Hydrochloric Acid

38 milligrams (mg) of N N-Dimethyl-1-Dodecanamine
(hereafter referred to as “the amine™) was added to 10.210 gr
of Pentane. This solution was added to 10.1845 gr of specific
sand layers (Oa and Ob) obtained from the Schrader Bluff
formation of the Milne Point Unit of the Alaskan North slope.
The oil content of the sand was first removed using a mixture
of methanol and toluene (50/50, volume/volume) as solvent
washes. The solvent mixture was subsequently evaporated off
the core sand to produce clean, dry, flowable core sand. This
sand was mixed with the amine and pentane solution to pro-
duce a slurry. This slarry was thoroughly mixed and the
pentane was evaporated off leaving the amine on the sand
(hereafter referred to as sand/amine mixture). 100 ml of brine
#2 (Table 3) was added to (he sand/amine mixture (o create the
sand/amine/brine mixture. The initial pH of the sand/amine/
brine mixture was 8.4. The concentration of the amine in the
water should have been 380 ppm if all the amine were dis-
solved in brine #2. Analysis of a sample of sand/amine/brine

N
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mixture by GC did not reveal the presence of any amines in
the test sample (i.e., the amine conc. was ~<1 ppm). The facl
that the amine was not detected underlined its strong binding
to the sand particles. 0.1 ml of 1 normal (N) HCl was added to
this solution, and the pH and the amine concentration was
measured again. This step was repeated several times and the
analyses results are shown in both Table 4 and in FIG. 3.
Complete ionization and solubilization of (he amine in the
water was observed at pHl below ~6.0. This is a surprising
finding since the pKa of T1Cl is ~6.2 (Langes 11andbook of’
Chemistry, 14" edition, page 8.14, 1992, McGraw-Hill, Inc.,
New York). Therefore, the concentration of the HCl required
for this step to completely ionize the amine and removed it
from the toxic core sand may be further reduced scveral
orders of magnitude from the 10% concentration used in this
example. The data underlines the remarkable efficiency of an
acid at ionizing and removing the amine from the sand.

TABIT 3

Composition of brine #2 (gr/L. of deionized water)
NaHCO, 138 gr
CaCl;*6H,0 0.39 gr
MgCL*6H,0 0.220 gr
KCl 0.090 gr
NaCl 11.60 gr

TABLE 4

Amine concentration measured in Example 2

N-N- First
dimethyl-1- derivative
dodeanamine (change in
(ppm) in sliss  amine/change IN HCY
sample tube effluent in pH) pH (ml)
Amine tifrate st 0.00 8.14 0.00
Amine titrate 1 46.41 63.75 737 0.10
Amine tifrate 2 59.29 63.42 7.21 0.10
Amine tilrate 3 67.97 2434 7.03 0.10
Antine titrate 4 T4.38 160.35 6.59 0.10
Antine titrate 5 212.28 412,18 6.13 0.10
Amine titrate 6 288.72 679.86 607 0.10
Amine titrate 7 273.47 -148.78 6.04 0.05
Amine titrate 8 275.33 11935 5.08 0.05
Amine titrate 9 303.31 65.00 579 0.05
Amine titsate 10 314.21 1517 539 003
Amine titrate 1t 328.48 324 4.13 0.05
Amine titrate 12 321.33 11.80 3.19 0.05
Amine titrate 13 342.88 47.42 2.9t 0.03
Amine titrate 14 342.67 -6.52 2.74 0.03
Amine titeate 15 340.92 79.86 2.61 0.05
Amine titrate 16 369.02 80.22 241 0.10
Amine titrate 17 368.19 225 2.27 0.10
Amine titrate 18 369.54 7.51 2,18 0.10
Aminc titrate 19 369.47 0.12 210 0.10
Amine titrate 20 369.56 2.04 0.10
Example 3

Capacity of Core Sand to Newtralize Acid

A. Titration of Brine #2 in the Absence of Core Sand

The intent of this experiment was to determine the capacity
of the core sand described in Example 2 to neutralize the HC1
intended to ionize the amine accomulated in the sand.

To setup a contro] test, 100 ml of brine #2 was titrated with
1 NIICltoinitial pIT1of8.1. Analiquot (0.1 ml) of INHCl was
added to the brine #2 and the pll was measured. The TICI
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addition was repeated several times and the pI] was measured
after each addition. Results of these analyses are shown in
both Table 5 and in FIG. 4. The data indicated that about 2.25
milliequivalents of HC] were needed to achieve the equiva-
lence point of about pIl 4 corresponding to about 100%
recovery of the carbonate present in brine #2.

TABLE S

Titration of synthetic injection brine #2 in the absence of the amine

First

derivative of IN HCI
sample pll pH (mi)
Addition 1 8.10 0.00
Addition 2 7.67 0.73 0.10
Addition 3 137 0.49 0.10
Addition 4 7.18 0.35 0.10
Addition 5 7.02 0.29 0.10
Addition 6 6.89 0.23 0.10
Addition 7 6.79 0.21 0.10
Addition 8 6.68 0.19 0.10
Addition 9 6.60 017 0.10
Addition 10 6.51 015 0.10
Addition 11 6.45 0.15 0.10
Addition 12 6.36 0.18 0.10
Addition 13 6.27 0.18 0.10
Addition 14 6.18 0.18 0.10
Addition 15 6.09 0.17 0.10
Addition 16 6.01 017 0.10
Addition 17 592 0.18 0.10
Addition 18 5.83 0.19 0.10
Addition 19 573 0.33 0.10
Addition 20 5.50 0.32 0.10
Addition 21 5.41 0.33 0.10
Addition 22 517 0.74 0.10
Addition 23 4.67 1.94 0.10
Addition 24 3.23 1.86 0.10
Addirion 25 2.81 0.62 0.10
Addition 26 2.61 0.36 0.10
Addition 27 245 0.25 010
Addition 28 236 0.17 0.10
Addition 29 228 0.10

B. Titration of Brine #2 with Core Sand

100 m! of brine #2 plus 10-gr of the same core sand
(brine/sand mixture) used in Bxample 2, was titrated with 1N
HCI. The initial pH of the brine/sand mixture was 7.88. 0.1 ml
aliquots of IN T1Cl were added to this mixture repeatedly, and
the pIT was measured after each TIC] addition. The results
shown in both Table 6 and in FIG. 4 indicated that addition of
0.3 milliequivalents of HC! was needed to achieve the equiva-
lence point with 10 gr of sand present. ‘The data obtained in
this experiment underlines the slight capacity of the core sand
to neutralize the added HCL Consequently a small concen-
tration of an acid, such as FICl, ionized the amine associated
with the core sand without getting neutralized by reaction
with the sand.

TABLE 6

Titration of brine #2 and 10 gr of core sand

Brine contained
1.87 gr NaHCO,

2.60 mtof IN Used 10.103 gr of core sand

Sample HCL at pH Slope of pH (first derivative)  ml INJCI
1 7.8 0.00
2 7.55 0.53 0.10
3 735 0.36 0.10
4 7.19 0.30 0.10
5 705 0.24 0.10
6 6.95 0.20 0.10
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TABLE 6-continued TABLE 7
Titration of brine #2 and 10 gr of core sand Amnine concentraiion measured in Example 4
Brine comtained ppm N-N-
1.87 gr NalICO, 5 dimethyl-1-
260miof IN  Used 10.103 gr of core sand sample dodeanamine pH ml 10% HNOy
Sample HCL at pli Slope of plI {first derivative)  ml INIICI
* 2
7 6.85 0.18 0.10 s‘“l‘* 1?3 g;g 2 ,
8 6.77 0.18 0.10 ) ) 7 ol
9 6.67 0.17 0.10 10 2 211 g -
10 6.60 0.14 0.10 3 216 742 0.1
1 6.53 0.14 0.10 4 235 7.25 0.1
12 6.46 0.13 0.10 5 540 7.2 0.1
13 6.40 0.12 0.10 6 745 7.29 0.1
14 6.34 0.13 0.10 7 1153 7.33 0.1
15 6.27 0.13 0.10 is 3 1210 7.0 0.1
16 6.21 0.13 0.10 9 1327 718 01
17 6.14 0.15 0.10 . : :
18 6.06 016 0.10 10 1315 .1 0.1
10 508 016 010 1 1413 6.99 0.1
20 5.90 0.17 0.10 12 1667 6.85 o1
21 5.81 0.21 0.10 R 13 1897 673 0.1
22 5.69 0.29 0.10 20 14 1853 6.64 0.1
23 5.52 0.34 0.10 15 1858 6.59 0.1
24 5.35 0.45 0.10 16 1788 6.28 0.2
25 507 0.80 0.10 ) -
26 4.55 1.14 0.10 l; :;;2 ;'36 gf
7 393 113 0.10 ! 3 . 2
28 3.42 0.86 0.10 25
29 3.07 0.52 0.10
30 2.90 0.33 0.10
31 2.74 0.24 0.10 Examnle 5
32 2.66 0.29 0.10 “Xampie
33 2.45 0.34 0.20
34 232 023 0.20 30 )
35 2.22 0.18 0.20 Removal of N—N-Dimcthyl-1-Dodecanamine from
36 214 020 Core Sand Through its lonization at Low pH Using
10% Acetic Acid
Example 4 35

Removal of N—N-Dimethyl-1-Dodecanamine from
Core Sand Through their lonization at Low pH
Using 10% Nitric Acid

The procedure outlined in Example 2 was used to produce
the sand/amine mixture except that 519 mg of the amine, 10
gr of Pentane. and 60.062 gr of sand from the Oa and Ob
layers were used. 29.065 gr of this sand/amine mixture was
added 1o 100 mlof brine #2 (Table 3) to create the sand/amine/
brine mixture. The initial pl1 of the sand/amine/brine mixture
was 8.28. The concentration of the amine in the water should
have been about 2000 ppm if all the amine was dissolved in
brine #2. Instead, analysis of a sample of brine #2 in contact
with the sand/amine/brine mixture as described above
showed that the amine concentration was ~85 ppm, i.e., far
less than what was expected. The fact that only a small
amount of the amine was detected in brine #2 underlined the
strong binding of the amine to the sand particles. 0.1 mlof 10
weight percent (wt %) nitric acid in water was added to this
solution, and the pIT and the amine concentration were mea-
sured again. This step was repeated several times and the
analyses results are shown in both Table 7 and in FIG. 5.
Complete ionization and solubilization in the water of the
amine was observed at a pIl below ~6.7. This is a surprising
finding since the pKa of nitric acid is ~1.37 (Langes Hand-
book of Chemistry, 14™ edition, page 8.15, 1992, McGraw-
[Till, Inc., New York), the concentration of the nitric acid
required for this step may be further reduced several orders of
magnitude from the 10 wt % used in this experiment without
any negative impact on removal of the amines from the core
sand.
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The same procedure outlined in Example 4 was repeated
here to produce the sand/amine mixture. 30.85 grams (gr) of
the sand/amine mixture was added to 100 ml of brine #2
(Table 3) to create the sand/amine/brine mixture. The initial
pH of the sand/amine/brine mixture was 8.52. The concen-
tration of the amine in the water should have been about 2000
ppm if all the amine were dissolved in brine #2. Instead,
analysis of brine #2 in contact with the sand/amine/brine
mixture, as described above, showed that the amine concen-
tration was ~67 ppm, i.e., far less than what was expected. The
fact that only a small amount of the amine was detected in (he
brine #2 underlined the strong binding of the amine to the
sand particles. 0.1 ml of 10 wt % acetic acid was added to this
solution, and the plIT and the amine concentralion were mea-
sured again. This step was repeated several times and the
analyses results are shown in both Table 8 and in TIG. 6.
Complete ionization and solubilization in the water of the
amine was observed at pH below ~6.7. This is a surprising
finding since the pKa of acetic acid is 4.756 (T.anges ITand-
book of Chemistry, 14” edition, page 8.19, 1992, McGraw-
Hill, Inc., New York). Consequently, the concentration of the
acetic acid required for this step may be further reduced
significantly from what was used in this example without any
negalive impact on removal of the amine from the core sand.

The observations described above illustrate that a weak
organic acid, like acctic acid can be as effective as a strong
inorganic acid, like hydrochloric acid, at ionizing and sepa-
rating the amines {rom the toxic core sand. It can therefore he
concluded that to remove the toxic zone from a subterranean
site, any acid that decreases the pH of a solution below about
6.7 can be used.
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TABLE 8

Amine concentration measured in Example

ppm N-N-
dimethyl-1-
sample dodeanamine pH ml 10% acetic acid
start 67 8.52 a
1 63 8.01 0.1
2 107 7.41 0.1
3 215 7.4 0.1
4 497 7.37 0.1
5 512 7.23 Qa1
6 969 7.12 0.1
7 1239 6.98 0.1
8 1453 6.89 a.1
9 1583 6.75 0.1
10 1579 6.56 .1
1t 1616 6.39 0.1
12 1759 6.4 0.1
13 1736 6.02 0.2
14 1718 5.4 0.2
15 1743 5.04 0.2
16 1931 4.86 0.2
17 1995 4.73 0.2
18 1913 4.61 0.2
19 1881 4.52 0.2
20 1837 4.43 0.2
21 1885 4.36 0.3

What is claimed is:

1. A method comprising the steps of:

a) treating a sublerranean site in a zone adjacent to a water
injection well with a detoxifying agent to detoxify the
zone wherein, prior to the treatment, corrosion inhibitors
and their degradation products have been adsorbed into
the zone and have accumulated to concentrations that are
toxic to microorganisms used in microbial enhanced oil
recovery and bioremediation processes, and thereby
have formed a toxic zong, and

b) adding an inoculum of microorganisms wherein the
microorganisms comprise one or more species of:
Comamonas, Fusibacier, Marinobacterium, Pelrotoga,
Shewanella, Pseudomonas, Vibrio, Petrotoga, Thauera,
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and Microbulbifer uwseful in microbial enhanced oil
recovery to the water injection well;

wherein the detoxifying agent is also a dispersing agent

selected from the gronp consisting of hydrochloric acid,
nitric acid, hydrofluoric acid, acetic acid and oxalic acid;
and

wherein the corrosion inhibitor comprises an organic com-

pound selected from the group consisting of organic
phosphonates, organic nitrogen compounds, organic
acids and their salts and esters, carboxylic acids and their
salts and esters, sulfonic acids and their salts.

2. The method of claim 1 wherein the corrosion inhibitor
comprises an organic nitrogen compound, wherein the
organic nifrogen compound comprises qualernary ammo-
nium compounds or their degradation products.

3. The method of claim 2 wherein the quaternary ammo-
nium compound is sclecled from the group consisting of
benzalkonium chloride, bis-quaternary ammonium salts,
quatemary nitrogen compounds and imidazoline compounds.

4. The method of claim 1 wherein the dispersing agent
causes disassociation of the corrosion inhibitor from the sub-
terranean site adjacent to the water injection well and dis-
perses and dilutes it such that the corrosion inhibitor becomes
non-loxic lo the microorganisms and the subterrancan site
adjacent to the water injection well is detoxified.

5. The method of claim 4 wherein the dispersing agent is
hydrochloric acid.

6. The method of claim 4 wherein the dispersing agent is
nitric acid.

7. The method of claim 4 wherein the microorganisms
colonize the detoxified subterrancan sitc adjacent to the water
injection well to perform microbial enhanced oil recovery.

8. The method of claim 1 wherein the acid is at a concen-
tration from about 0.1 weight percent to about 20 weight
percent.

9. The method of claim 1 wherein the corrosion inhibitor of
step (i) is a growth inhibitor of sulfate reducing bacteria.

10. The method of claim 1, wherein the organic nitrogen
componnd is an amine.

* ok ok Kk of
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E-301/317, 200 Powder Mill Road

P.O. Box 80301

Wilmington, DE 19880-0301

Depositado a nombre de: E.l. du Pont de Nemours and Company

Fecha de recepcion del cultivo por la ATCC®: 17 de diciembre.de 2008

Referencia de identificacion del Depositante Designacion depésito patente ATCC

Thauera aromatica AL9-8 PTA-9497



E! deposito fue recibido por esta Autoridad Depositaria Internacional y ha sido

aceptada.

La cepa se hara disponible si una oficina signataria del Tratado de Budapest
certifica su derecho para recibir, o si una patente Estadounidense es emitida y
esta cita la epa; y la ATCC® es instruida por la Oficina de Marcas y Patentes de
los Estados Unidos o el depositante para liberar dicha cepa.

Si el depdsito muere o es destruido durante el término efectivo'de la patente, sera
su responsabilidad remplazarlo con material viable. También es su
respbnsabilidad suministrar una cantidad suficiente para la distribucién durante el
término del depdsito. La ATCC® distribuira el material durante 30 afios o 5 afios
después de la solicitud mas reciente para el depésito, lo que sea mas largo. Los

Estados Unidos y muchos otros paises son signatarios del Tratado de Budapest.

Se le informara de las solicitudes por la cepa durante los 30 afios desde la fecha

de depésito.

El deposito fue ensayado el 3 de octubre de 2007 y en esa fecha, el cultivo fue

viable.

Autoridad Depositaria internacional: American Type Culture Collection, Manassas,
VA, USA

Firma de la persona autorizada para representar la ATCC®:

Latha Ramakrishnana rimado digitaimente por Roxane Colins ~ Fecha: 7 de octubre de 2008
DN: cn=Latha Ramakrishnan, 0=ATCC,
ou=IP, Licensing and Services,

email=framakrishnan@atcc.orqg, c=US

Fecha: 2008.10.07 13:54:59 -04'00'
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cc: Chris Lhulier

Caso o Expediente No. CL4140
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