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@s patentable.
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RADICACION EXPEDIENTE No. 02- 76282

EL EXTRACTO DELA PRESENTE SOLICITUD DE PATENTE DE INVENCION FUE PUBLICADO
EN LA GACETA DE PROPIEDAD INDUSTRIAL No 540, DE FECHA 31 DE MAYO DE 2004, EL

TERMINO HABIL SENALADO POR LA LEY EXPIRA EL 30 DE AGOSTO DE 2004.

NOTA: Dentro del plazo de los seis (8) meses siguientes a partir de la fecha de publicacion en ia gaceta de
Propiedad Industrial, deberd solicitar y cancelar ol examen de patentabilidad so pena de que la solicitud caiga
en abandono, de acuerdo con lo establecido en el Articulo 44 de la Declsion 486/2000.
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Bogota, D. C., 24 de Marzo de 2008

Doctor

RAMIRO CASTRO DUQUE

Representante INTEVEP S.A.

ASUNTO Radicacién No. 02 -76282
Tréamite 002
Evento 001
Actuacién 430 _
Oficio Snet 3759
Folios 053

Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la Decisién 486 de la Comisién de la Comunidad Andina, se le comunica

1) Documentos estudiados:

a) Para el presente estudio se tendrdn en cuenta el capltulo descriptivo,
comprendido en los folios 5 a 18 de la solicitud en estudio.

b) Para el presente estudio se tendrén en cuenta los dibujos comprendidos
en los folios 23 a 25 de la solicitud en estudio.

c) Para el presente estudio se tendra en cuenta el capitulo reivindicatorio que
comprende 21 reivindicaciones en los folios 19 a 21 de la solicltud en
estudio.

d) Conforme lo establece los articulos 9, 10 y 11 de la decisién 486 de la
Comisién de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 28 de agosto de 2002, y en el momento de la radicacién Sl
so reclamo prioridad de la primera solicitud presentada en Estados Unidos
US 00/841508

2) Objeto de la Invenclién

a) Las reivindicaciones 1 a 21 de la solicitud en estudio se refleren a un fluido
de perforacibn espumable que comprende un solvente acuoso; un
tensioactivo; y un polisacérido.

b) El anterior producto busca proporcionar un mejor fluido de perforacién

c) Segln la Clasificacién Intemacional de Patentes, la codificacién para esta
solicitud corresponde a C 09 K 7/02



3) Claridad de la Solicltud

a) El articulo 28 de la Decisién 488 de la Comisién de la Comunidad Andina
de Naciones establece

"La descripcibn deberé divuigar Ila invencibn de manera
suficientemente clara y complela para su comprension y para que
una persona capacitada en la materia técnica correspondiente
pueda sjecutaria”

La descripclon no es clara toda vez que:

i) Los dibujos son ilegibles. Ademéds de eso trae los textos en Inglés.
Deben anexarse unos nuevos en original, en tinta negra indeleble y con
todos los textos en idioma espafiol.

i) La redaccién de la solicliud es deficlents toda vez que se trata de una
mala traduccidn del documento original. Por ejemplo, el témino
“espumable” no existe en espafiol. El término “galactomannan™ esté
incormectamente traducido. La expresién EO no tlene significado técnico
valido en espaiiol. Etc. En general el documento debe ser revisado por
un experto en el arte que haga una comecta traduccidn del escrito
original.

ili) Muchas de las unidades de medida que se emplean en la presente
solicitud, no cormesponden a las del sistema Intemacional de Unidades,
por lo que son inaceptables. Entre ellas se encuentran ppg, cPs,
galones, ples y un largo etcétera.

Por lo anterior, la pregente solicitud no cumple con el articulo 28 de la
Decisibn 486. Se deberd enviar un nuevo capftulo completo y
correctamente redactado

b) El articulo 30 de la Decisién 488 de ia Comisién de la Comunidad Andina
establecs que

*Las reivindicaclones definirdn la malerla que se desea proteger
mediante la patente. Deben ser claras y concisas y estar
enteramente sustentadas por la descripcién. Las reivindicaciones
podrén ser independientes o dependientes. Una reivindicacién serd
independiente cuando defina /a materia que se desea proteger sin
referencia a ofra reivindicacién anterior. Una reivindicacién seré
dependiente cuando defina la materia que se desea proleger
refiriéndose a una relvindicacién anterior. Una relvindicacion seré
dependiente cuando defina la materia que se desea proteger
refiriéndose & una relvindicacién anterior.- Una reivindicacién que
se refiera a dos o méds reivindicaciones anteriores se consideraréd
relvindicacién dependiente multiple.”

El capltulo relvindicatorio no es claro toda vez que:

i) Todas las observaciones hechas en el punto de la descripclén son
también aplicables aqul.

ii) No se aceptan frases ambiguas como ‘“alrededor de...". Deben
eliminarse.
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De acuerdo a lo anterior, el capitulo relvindicatorio no cumple con el
requisito de claridad de acuerdo a lo establecido en el Art. 30 de la
Declsion 486.

4) Determinacién del Estado de la Técnica
El articulo 16 de la Decisién 486 de la Comisién establece:

‘El estado de la técnica comprenderé fodo lo que haya sido
accesible al pablico por una descripcibn escrita u oral, utilizacion,
comercializacién o cualquier otro medio antes de la fecha de
presentacion de la solicitud de pafente o, en su caso, de la prioridad
reconocida.”

“Sélo para el efecto de la determinacién de la novedad, también se
considerard dentro del estado de la técnica, el contenido de una
solicitud de patente en trémite ante /a oficina nacional competente
cuya fecha de presentacion o de prioridad fuese anterior a la fecha
de presentacién o de prioridad de la solicitud de patente que se
estuviese examinando, siempre que dicho conienido este inciuido
en la solicitud de fecha anterior cuando ella se publique o hublese
transcurrido el plazo previsto en el ariiculo 40."

Consultadas las bases de datos y los archivos con que cuenta la entidad,
espeacialmente bajo las clasificaciones € 00 K 7/02 y las més cercanas a ellas, se
encontrd que antes del 28 de agosto de 2001 (fecha para determinar el estado de
la técnica) hablan sido publicados los documentos que se enumeran en la
giguiente tabla los cuales se relacionan con composiciones para fluidos de
perforacion.

De acuerdo con o establecido en el articulo 16 se determind el estado de Ia
técnica y se encontrd el siguiente antecedente:

Fecha de

(-]

N° | Documento Thulo Publicaclé
Method of treating shale and clay in hydrocarbon

D1 | WO 95 14066 formation drlling 19985.05.26

D2 | WO 0051922 Transport of solid particles 2000.09.08

D3 | us 5360 558 Slurried polymer b::‘e m and method for the 1994.11.01

5) Evaluacioén de los requisitos de patentabliidad

El articuio 14 de la Decisién 4868 de la Comisién de la Comunidad Andina
establece:

‘Los Palses Miembros oforgarén patentes para las invenciones,
sean de producto o procedimiento, en todos los campos de la
tecnologla, siempre que sean nuevas tengan nivel inventivo y sean
susceptibles de aplicacién Industriarl .

En cumplimiento con este articulo, se procedié a evaluar los requisitos de
novedad, nivel inventivo y aplicaclén industrial con el fin de establecer Ila
patentabilidad de la Invencién relvindicada en la solicitud en estudio.



a) Evaluacion de la novedad y el del Nivel Inventivo

El art. 18 de la Declsién 486 de ia Comision de la Comunidad Andina

establece:

*Una invencién se consideraré nueva cuando no estdé comprendida
en ol estado de la técnica.” “E! estado de /a técnica comprenderd
todo lo que haya sido accesible al publico por una descripcion
escrita u oral, utilizacién comercializacion o cualquier ofro medio
antes de la fecha de presentacién de la solicitud de patoente o, en su
caso, de la prioridad reconocida.”

“Sélo para el efeclo de la determinacion de la novedad, también se
consideraré dentro del estado de la técnica, el contenido de una
solicitud de patente en tramite ante la oficina nacional competents,
cuya fecha de presentacién o de prioridad fuese anterior a la fecha
de preseniacién o prioridad de /a solicitud de patenfs que se
estuviese examinando, siempre que dicho contenido esté incluido
en la soliciud de fechas de prioridad cuando ella se publique o
hubiese transcumido el plazo previsio en el articulo 40.”

El art. 18 de la Declsidn 488 de la Comisién de la Comunidad Andina
establace: -

*Se considerard que una invencién tiene nivel inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
técnica correspondiente, esa invencién no hubiese resultado obvia
ni se hubiese derivado de manera evidente del esfado de la
técnica”.

Los tres documentos enumerados (D1) WO 85 14086, (D2) WO 00 51922 y
(D3) US 5 380 558 relacionan composiciones que tienen un solvente

acuoso, un tensoactivo y polisacaridos.

Como se puede ver es

basicamente lo mismo que muestra la actual solicitud. De lo anterior, estos
tres documentos afectan directamente la patentabliidad de la presente

solicitud.
b) Resumen

En conclusiéon los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asl:

Documento

Relvindicaclones afectadas

Requisito
que afecta

D1

WO 95 14066

1-21

Novedad

Nivel
inventivo

WO 00 51922

1-21

Novedad

Nivel
inventivo

US 5 380 558

1-21

Novedad

Nivel
Inventivo

q0



6) Notificaclén

o 9!

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién de la
Comunidad Andina, se le indica que dentro del término de sesenta dias contados
a partir de la fecha de la notificacién de la presente comunicacién debe responder
a la notificacién. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los Impedimentos para la concesién, se

denegara la patente.

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

ALD( CARMENZA CESPEDES DE VERGEL

de Nuevas Creaciones

El anterior requerimiento fue notificado por fijacién en la lista, de fecha

Concepto Técnico N°

468

EXAMINADOR TECNICO

30-MAR 2006

EXAMINADOR JURIDICO
Cédigo No.

Cadigo No.
202003
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- 1-
DESCRIPTION

METHOD OF YREATING SEALE AND CLAY IN EYDROCARBON
FORMATION DRILLING

Technical rield

This invention relates to the drilling of underground
formations for the production of oil, gas, and othar
formation fluids, including water, and particularly to
the stabilization of boreholes whether or not to be
used for the recovery of formation fluids, as in the
case of mining test holes. This invention includes
the treatment of subterranean shale and clay to
prevent swelling caused by the absorption of water
from drilling fluids. It relates particularly to the

‘use of certain polymeric agents for the prevention of

swelling of shale and clay in situ by the absorption
of water, the consequant adverse effects of the
entrance of clay and shale into the drilling system,
and the adverse effects of clay and shale sloughing on
borehole stability. The polywmaric agents we use
contain both cationic and anionic monomers. The
cationic monocmers are typified by dimethyl diallyl
anmonium chloride ("DMDAACY), and the anionioc monomars
are typified by acrylic acid and 2-acrylamido-2-methyl
propane sulfonic acid ("AMPS"). The copolymars are
shown to bes effective for the above described purposes
and espacially insensitive to shear, vhile remaining
canpatible with anionic compounds such as alcohol
ether sulfate and alpha olefin sulfonate-based foaming

agents.

Background of the Invention
A good description of the problem vhich this invention
addresses in the context of drilling may be found ‘'in
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an article by Thomas W. Beihoffer et al-in the May 16,
1992 011 & Gas Jourmal, page 47 et seg, entitled
wcationio Polymer Drilling Fluid Can Sonetimes Replace
Oil=based Nud." As stated therein, "(S)hales can
become unstable when they react wvith water in the
drilling fluid. These reactive shales contain clays
that have been debhydrated over. geologic time by
overburden pressure. When the formation is exposed,
the clays osmotically imbibe water from the drilling
fluid. This leads to swelling of the shale, inducsd
stresses, loss of mechanical strength, and shale
failure." Shale orumbling into the borehole
("sloughing®) can ultimately place a burden on the
drill bit which makes it impossible to rstrieve.

Salts such as potassium chlorida have been widely used
in drilling treatments to convert the <formation
mnaterial from the sodium form by ion exchange to, for
example, the potassium form which is less vulnerable
to swelling; also the use of high concentrations of
such potassium salts affects the osmotic balance and
tends to inhibit the flow of water away from the high
potassiua salt concentrations into thsa shale.
However, it is difficult to maintain the required high
concantrations of potassium salts in the drilling
fluids. 1In addition, the physical introduction of
such salts causes difficulties vith the preparation of
the viscosifying polyneric materials typically used
for drilling. Inorganic salts can also have a harmful
effect on the environment if released. While in the
above cited Belhoffer at al paper, the use of cationic
polymers is suggested as a gsupplement for the
potassiur salts in drilling fluids, the authors do not
propose the particular polymers we use, vhich we have
found to be especially effective bacause of their

1S
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resistance to shear and their compatibility with
anionic agents, as well as their advantageous charge
density.

The reader may be interested in "The Separation of
Electrolyte Effects From Rheological Effects in
Studies of Inhibition of Shales with Natural Moisture
Contents™ by Beihoffer et al, EPE Paper 18032, which
also contains a complets description of the Roll Oven
Test refarred to below. It is incorporatad by
refarance.

Foamning agents commonly used in air-foam dri.llmg"-
generally tend to be anionic surfactants. Such
foaning materials are well known and freguently are ,
ethoxylated and sulfated, such as alcohol ether .
sulfates. They wmay be nixed with alpha olefin .

sulfonates, and commercially may be in solvents,
including organic solvents added for freeze

resistance. Polymers used in the prasence of such.

surfactants must be compatible with them. Also, the
shear forces in air drilling can be particularly high,
and any polymeric additive should be able to withstand
turbulent flow conditions, i.e. a Reynolds Number of
up to about 500,000. Nost of the contemporary
technology uses acrylamide~based copolymers that shear
easily vhen subjected to such turbulent conditions.

Sumary of the Invention

We bhave found that the permeability of subterranean
formations may be maintained during drilling, and
other contact with agqueocus fluids -- that is, shales
and clays can be inhibited from swelling, sloughing
and retarding the flow of fluids -~ by including in
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the drilling or other fluid an effective amount of a
polymer including (1) about 50 - 958 of a cationic
monomer selected from (i) dimethyl diallyl ammonium
chloride bhaving ths formula [CH=CH-CH,),N'(CH,),Cl"
("DMDAACY), (B) an acryloyloxy monomer of the formula
CH,=CR-COR'N'(CH,), or (C) an acrylamido monomar of the
forsula CH,=CR-CONR'N'(CH,),, vhere R is hydrogen or a
methyl group, and R is a connecting linear or branched
saturated hydrocarbyl group having from one to about
fiva carbon atoms, such cationic =monomers
copolymerized with (2) about 5%-50% of acrylic acid,

methacrylic acid, or a monomer of a formla
0

cn,-c—r!—m-n‘-so,- A
:

vhere R and R!' are as above, and A~ is an anion
selected from chloride and methosulfats. Among the
anionic comonomers useful in our invention are acrylic
acid, 2-acrylamido-2-methyl propyl esulfonic acid
("AMPES®), and methacrylic acid. Useful cationic
mononers in addition to DMDAAC include methylacryloxy
ethyl trimsthyl ammonium methosulfate ("METAMS"),
acryloxy ethyl trimethyl ammonium methosulfate
("AETAMBS"), methylacryloxy ethyl trimethyl ammonium
chloride ("METAC"), acryloxy ethyl trimethyl ammonium
chloride ("AETAC"), methyl acrylamido propyl trimethyl
azmzonium chloride (*MAPTAC"), and 3-acrylamido~-3-butyl
trimethyl ammonium chloride ("AMBTAC®). The
copolymers we use are compatible with foaming agents
and can withstand highly turbulent flow conditionms.

It is known that when DMDAAC polymerizes in an agqueous
medium such as in the presence of a redox catalyst, it
internally oyclizes; thus the DMDAAC copolymers we use
are randomly copolymarized oopolymers having the

SURSTITUSE SHEET (WAE2S)

By
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CEH, R
/ \ |
T T
JBC C=0
\/ h )
N+ c1* R
/\ . .
ca, 4,
—_— . b — —In

where m is the molar egquivalent of about 50% to about
95% Dby weight of the polymsr, n 1is the wmolar
equivalent of about 5% to about 30% by weight of the
polymar, and R is selected from hydrogen and methyl,
and R' is the remainder of the (meth) acrylamido or
{meth)acryloxy group of the anionic mocnomer described
above, such as 0" or CONHC(CH,),CH,80,, with an
associated hydrogen or othar common cation. These
materials can stabilize shales and clays encountered
during drilling, and they can do so under the effects
of strong mhear forces and in the presence of anionic,
cationic or nonionic materials such as foaming agents.

As has bean docunanted many times in the literature,
shales ocommonly include clays which may cause
aifficulties. Exanples are clays of the
nontmorillonite (smectite) group such as saponite,
nontronite, hectorite, and sesauconite as weall as
montmorillonite itself; the kaolin group such as
kaolinite, nacrite, dickite, and halloysite; the

_hydrousmica group such as hydrobiotite, glauconite,

{11ite and bramalite; the chlorite group such as
chlorite and chamosite, and in addition vermiculite,
attapulgite and sepiolite and nixed-layer varieties of
the above nminerals and groups. The entire
specification of Himes and Vinson patant 4,842,073 is
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incorporated herein by raference as it should be
understood that the present invention is applicable in
all respects to the oconditions and enviromment
described in the '073 patent.

Our copolymers may have average molecular wveights from
1000 to about 1,000,000 and preferably in the range of
about 20,000 to about 1,000,000. Copolymers of
acrylic acid and DMDAAC may be made by the methods
described by Boothe et al in US Patent 4,772,462, and
particularly as referenced to Butler and Angelo JACS
v 29, p 3128 (1957) or the technigue suggested in UB
Patent Re 28,543, and the other copolymers described
herein may be made in a similar manner. They may be
used in admixture with the stimulation fluid in an
amount effective to stabilize the formation against
perneability damage at least to some degree as ‘a
result of contact w:l_.th the agueous fracturing fluid.

The copolyner is generally admixed with the agqueocus -

fracturing fluid in an amount of at least about 50
parts (or at least about 0.05%) by weight per million
parts by weight of the fracturing fluid. Prefarably
our copolymer (DMDAAC/acrylic acid copolymar or other
copolymer as described herein) is present in an amount
of from about 50 to about 50,000 parts per million of
the aquecus fracturing fluid; most praferably about
1000 to about 8000 parts per million. In the case of
DMDAAC/acrylic acid copolyners, we prafer about 80-95%
DMDAAC to about 35-20% acrylic acid. Very suall
amounts have at least msome beneficial effects. An
effective amount may be determined by estimates of the
amount of clay in the formation using representative
core samples in standard core flow testing as is known
in the art or by roll oven testing as described below.
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The copolymer may be admixed with the drilling fluiad
at any time prior to contact of the fluid with the

subterranean formation. It is readily mixed with the ]

constitients of the agueous phase of drilling ur
stimulation fluid both prior to and subsequent to

hydration of the gelling agent. The most commonly |

used gelling agents presently are bentonite clays,
polysaccharides and in particular natural guar,
hydroxypropyl guar, polyacrylamide,

carboxymsthylcellulose, hydroxysthylcellulose, and !

xanthan gum, but our treating agents are compatible
vith any and all such materials as well as foaming
agents and may be used without thenm. The
polysaccharide or other gelling agent may be used in
a hydrocarbon solvent to form a "liquid gel
concentrate”. Our copolymers are also compatible with

i

such concentrates, and also, as is shown below, with.

commonly used foaming agents. The ratios of polymer
to foaming agént may vary widely, but will typically
be about 20:1 to about 1:20 by veight. -

The drilling or _trnctur:lng fluid may thus comprise,
for example, a gelling agent, a foaming agent, KC1,
and our copolymer.

Datailed Desoription of the Invention

Table I shows that the polymers we use are stable to
shear. Roll oven tests were conducted with and
vithout the samples having been subjected to shear.
All polymers wers at 400 ppm and contained 2000 ppm of
a comon anionic surfactant. Shearing was
accomplished by preparing a 2.5 gallon sample of
polymer and passing it through a ceraric choke with a
1000 psi pressure differential at 4 gallons per minute
for 30 minutes. The vater used was brine water. The
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shale samples were ground to -4 to +10 mesh. Seven
grams of sized shale vas placed vith 50 =l of test
fluid in an oven rolling jar. The jars vere rolled in
the oven for 16 hours at 125° F, then removed and
cooled. The granules were collected on a 30 mesh
screen, washed gently with distilled water and dried
at 95°* F until no further change in weight was
cbserved. The percent shale recovery was then
calculated as the weight remaining on the 30 mash
screen divided by the original weight.

Table I
Sample fhear % Recovery
83D/17MAA NO 87.50
83D/17MAA YES 88.78
90D/10MAA NO 85.77
90D/10MAA YES 88.73
85D/1SK'AA NO 87.78
85D/15K'AA YRS 88.35
85D/1SNEAA NO 80.85
85D/15NH,AA YES 88.65
95D/5MAA NO 88.87
95D/SMAA YES 88.18
85D/1SRH,AA NO 94.34
85D/1SNH,AA YES 84.94
85D/15HHAA NO 88.29
85D/1SNHAA YES 85.31
90D/10NHAA  NO 80.09
90D/10NH,AA  YES 84.96

The materials are seen to be littlae affected by shear.
Additional Roll oven tests were performed on other
polymers useful in my invention, and the results are

reported in Table II:

Table II
Copolynar § Recovery
S88DMDAAC/12ANMPS 68.1
74AETANS / 26MAA 26.3
91AETAC/SAA 70.4

91METAMS /SAA 84.2

1ol
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In Table II, "DMDAAC" is, as above, dimethyl diallyl
ammonjun chloride, "AMPS® is 2-acrylanido-2-methyl
propane sulfonic acid, "AETANS" is acryloxy ethyl
trimethyl ammonium chloride, "MAA® is methacrylic
acid, "AETAC" is acryloxy ethyl trimsethyl ammonium
chloride, PAA* is acrylic acid, and "METAMS" is
mathacryloxy ethyl trimethyl ammonium chloride. The
numbers such as 12 and 91 represant the percentages of
the monomers by weight in the copolymer.

That the DMDAAC/anionic copolymers are compatible with
foaning agents is demonstrated in Table IXII. In Table
III, the weight ratio of DMDAAC to acrylic acid in a
test polymer is written, for example, as 85D/A15,
meaning 85% by weight DMDAAC and 15% acrylic acid.
The weight ratio of polymer to foaming agent is
indicated by Poly/Fm; FW/Br msans the salinity of the
aquecus carrier in the proportion of frash water to
15% brine. The test was conducted to determine the
foam height and its stability in a procsdure as
follows: 100 cc of the test solution containing 0.32%
of the polymer/foam combination was placed in a Waring
blender and subjected to a standard agitation for 30
seconds, the material was poured into a 1000 =l
cylinder and the foan height immediately measured, and
the half-life of the foam was measured in winutes and
seconds. The half-life is the amount of time it took
for one-half of the original solution to settle out of
the foanm. .

\ot
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Table III
Exmpl Coapos TFoamr Poly/Tn n/Bx TRt Hflf
1 88D/15A" P !ﬂ.gfl.l 1600/0 580 4142
2 49D/51A P 90.9/8%.1 100/0 580 5122
3 85D/152 P 90.9/9.1 100/0 5128
4 850/152" P 90.9.9.1 -0/100 230 0:37
] 85D/16A P 90.9/9.1 0/100 230 042
6 85D/18A" P 90.9/9.1 S0/50 400 2145
7 85D/18A -] 90.9/9.1 50/80 380 2125
e 85D/15A P 90.9.9.1 100/0 570 4140
9 78D/25A q 10/90 " 0100 320 1:55
10 75D/25A q 5/95 100/0 810 5:10
11 75D/28A q 10/¢0 100/0 350 2:12
12 75D /25A q 5/95 20/80 360 2:18
13 75D/ 28A q 5/95 40/60 360 2:17
14 75D /25A q $/95 60/40 470 3:18
15 90D/10A q 10/90 40/60 400 2:35
16 90D/10A q 10/90 60/40 450 2:47
17 49D/S1A r 50.9/9.1 100/0 550 5:08
18 85D/15A r 90.9/9.1 100/0 550 4:53
19 8sD.1%a° r 90.9/9.1 io00/0 580 4104
20 49D/S1A q 7.4/92.6 100/0 530 4144
21 49p/B1A q 7.4/92.6 95/28 540 4140
22 49D /51A q 7.4/92.6 50/50 510 4115

*Very low molecular weight, i.e. about 1000 to about 10,000.

Foamers: "p" is a solvent-containing mixture of common anionic
surfactants, namsly alcohnl sther sulfates and alkyl sulfonates,
chosan for thair ability to foam in fresh water or brine having
up to 5% salty "qg" is A commerclally avallabls nixture of aniomic
surfactants chosen for their ability to foam in brine having as
much as 23% salt; “r* is "Nsodol 91-2.5", a mixture of linsar
alechol ethoxylates having 2.5 moles EO per mole of alcohol.

Table IV also demonstrates foam heights and lives for
four additional copolymers in varied concentrations of
brine. In Table IV, the column titled "Fluid®
presents the veight ratio of fresh water to 23% brine
used in the experiment. 1In each casea, the surfactant
vas "p" as defined above.
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Control (no polymar) Fluid

BBDMDAAC/12ANPS

74ARTAMS /26MAM

S1AETAC/9AM

9METAMS/SAA

Table IV

Foan Bt
100/0
78/25
50/50
25/78
0/100

100/0
75/23
50/50
as/7s8

0/100

100/0
75728
50/50
25/75

0/100

100/0
76/25
80/50
28/75

0/100

10070
75/25
50/50
257715
0/100

Ealf Life
540
540
500
400
360

450
480
480
420
370

460
530
480
420
370

450
550
450
410
370

I B [ ]
Ay B a

The neanings of AETAMS, AETAC, and NETANS ars as indicated above.

o4
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Claims

i.

Method of treating a subterransan formation
comprising contacting the subterransan formation
vith an agqueous solution of a treatment fluid
containing a formation control additive including
a copolymar comprising (1) about 50% to about 95%
by weight of a cationic monomer selected from (a)
diallyl ammonium monomers of the foraula
(CH,=CH-CH,) N’ (CH,), Cl1° (b) acryloyloxy monomers
of the formula CH,=CR-COR'N'(CH,), A~ and (c)
acrylamido monomers of the formula
CH,=CR-CONR'N*(CH,), and (2) about 5% to about 50%
of an anionic monomer of the formula CH=CRCOR'
vhere R is hydrogen or CH,, R' is a connecting
linear or branched saturated hydrocarbyl group
having from one to about five carbon atocms, and
R! is OH or -NHR'SO,", whareby permeabllity damage
resulting from contact of the agueous fluid with
the formation is reduced.

Method of claim 1 wherein said copolymsr is
presant in an amount of at least about 10 ppm by
wveight of the treatment fluid.

Mathod of claim 1 whersin =said copolymer is
present in an amount of about 50 ppm to about
50,000 prm by weight of the treatment fluid.

Method of claim 1 wherein said copolymer is
present in an amount of from about 1000 ppm to
about 8000 parts per mnillion parts of the
treatment fluid.

Mathod of claian 1 wvharein the treatment £1luid

|0S
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7.

10.

i1.

includes a gelling agent to viscosify the
treatment fluid.

Mathod of claim 1 vherein the copolyser comprises
sbout 80% to about 95% monomer of the formula

(CH,E-cH.1) W' (CH,),; * €17,

Method of claim 1 wvherein the treatment fluid
includes a foaming agent.

Method of claim 7 wherein the foaming agent is
present in the treatment fluid in a ratio to the
copolysar of about 1:20 to about 20:1.

Method of claim 3 wvherein the copolymsr is a
copolymer of dimethyl diallyl ammonium chloride
and acrylic acid.

Nethod of claim 1 vhearein the average molecular
veight of the polymer is about 20,000 to about
1,000,000.

The method of stimunlating production of
hydrocarbons from a clay-containing subterranean
farmation comprising contacting said formation
vith an effective amount of an agqueous treatment
fluid comprising an aguecus fluid, a foaming
agent and a copolymer of acrylic acid and at
least about 50% by weight dimethyl diallyl
asmonium chloride under conditions such that
either a fracture is caused to be created ar the
flui@ contacts said formation whereby the
subsequent production of hydrocarbons is
facilitated, said formation control additive
being present in sald treatwent fluid in an

|06
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4.

1B.

a6.

-14-

effective amount vhereby permeability damage
resulting from contact of the clays in the
formation with the agueous fluid in ths treatmant
fluid is reduced.

Method of claim 11 vherein said copolymer is
present i:n an amcunt in excess of about 0.05% by
weight of sald aqueous treatment fluid.

Method of claim 11 wherein said copolymer is
present in an amount of from about 0.1 to about
5% by weight of said agueous treatment fluid.

Mathod of claim 11 vherein said copolymer is a
copolymsr of about 10% to about 20% by wveight
acrylic acid and the balance dimethyl diallyl
amnonium chlorids.

Nathod of claim 11 vherein said foaming agent is
alcohel ether sulfate mixed with alpha olefin
sulfonate and solvents.

Method of claim 11 wherein the foaming agent is
present in amount from about 0.1% to about 5%.

0¥
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1)) ABSTRACT

The invention concemns a water basod foaming composition
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tant and the polymer are selected 50 that they are oppositely
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WATER-BASED FOAMING phosphates:
COMPOSITION-METHOD FOR MAKING monoalkyl phosphates,
phosphonates.
5§ As cationic surfaciants, it is possible to cite:

This invention relates {0 an aqueous foam composition
that consists of an optimized combination of surfactants and
polymers that are water-soluble. The applications of such a
foam according to this invention vary widely, for example
for body care, farming applications, fire-fighting, under-
ground works, such a8 s0il consolidation and operations in
wells that are drilled into the subsoil: drilling, treatment of
reservoim, production of ydrocarbons. .

The use of an aqueous foam to replace a woll fluid that
circulates through a pipe lining that goes down into a well
which is drilled into the ground is known. In some cases, the
density of the aqueous fluid that is used is too high for the
typo of rock, creating an excessive hydrostatic pressure
compared 10 the fracturing resintance of tho rock rones
through which the drilling passes. The choice is then made
to use aqueous fluids with densities that are reduced by the
introduction of gas, and it is attempted to make the thus
lightened fiuid by creating the most stable
foam possible £o that it will have at lsast adequate power for
cleaning the cuttings.

Document US-5513712 describes a drilling process in
which & foam that comprises a polymer such as non-cross-
linked scrylamide and a surfactant is used, but it does not
describe a foaming composition that is stable and optimized
by achieving synergy between a specific polymer and a
specific surfactant.

Thus, this invention relates to a water-bassd foaming
composition that comprises at least one surfactant and a
polymer. The surfactant and the polymer comprise charges
of opposite sign.

The applicant has demonsirated that, surprisingly, it was
possible to control the production of a siable foam from a
camposition that is optimized in terms of surfactant con-
centration if a polymer or a copalymer with a charge that is
opposite in sign to that of the chargo of the surfactant is
combiped with said surfaciant A cationic polymer or
copolymer is combined with an anionic surfactant; an
anionic polymer or copolymer is combined with a cationic
surfactant

The surfactanis that can concoivably bo used in this
invention inchude all the standard anionic surfactants, such
as the anionic group, or:

carboxylates:
soaps of alkaline metals, alkyl or alkyl cther

carboxylates,

N-acylamino acids,
N-lcylglutlmlt_ﬁ.
N-acylpolypeptides,

sulfonates:
alkkylhenzzncsulfonates,
paraffin sulfonates,
a-olsfin sulfonatea,
petroleum sulfonates,
lignosplfonates,
mulfosuccinic derivatives,
polynaphthylmethanesclionates,
alkryl tsurides,

salfates:

alkyl sulfates,
alkyl other sulfates,

alkkylaminc salts,
quatornary ammonium salts of which nitrogen:
comprises a fatty chain, for example, alkylirimethyl or
trimethylammonium derivatives, alkyldimethyl ben-
zyhmmmmm derivatives,
comprises two fatty chains,
forms part of & heterocycke, for example, the deriva-
tives of mmo:pho mﬂml.mmm. quinolinium,
piperidinium, linium,
All the standard aninnic polymers can be used scoording
to this invention, for example:
synthetic polymers ar copolymsers that are derived from:
anionic monomers that contain carboxylate or sulfonate
or phosphste or phosphonate groups, such as the
monomers acrylate, methacrylate, itaconate,
2-acrylamido-2-mothyl-propane, sulfonate,
2-methacryloxy cthane sulfonate, 3-acrylamido-3-
methyl butanoate, styrene sulfonate, styrenc
carboxylate, vinyl sulfonate, and maleic acid salis.
synthetic copolymers that are dorived from:
an anionic mopomer, for example in those that are
doescribed above and a noutral monomer, for
oxample, acrylamide, acrylic acid, vinyl pyrmh:hn.
othylens oxide, propylene oxide, maleic anhydride

cellulose derivatives that are modified negatively, sich
as CMC,
polysaccharides such as xanthapum, alginate,
starches that are modifled negatively,
annanes that are modified negatively.

All the standard cationic polymers can be used according
1o this inveation, for exampls:

synthetic polymem or copolymers that are derived from

standard catiomic monomers, ie., of the following
geocral formula:
R1
Cume CH2
R2 where R1 or R2 comprises at least one N atom,
polyethylene imines,
polyamide amines,
polyamines,
synthetic copolymers that are derived from:
cationic monomers and neutral monomens (described
above),
natural polymers:
starches that are modified positively, chitosans,
galactomannanes that are modified positively,
cellulose derivatives that are modified positively.

The surfactant can be cationic at a concentration that is
loas than shout 5 10~ mol/l, and the polymer can be anionic.

The surfactant can be anionic at a concentration that is
less than about 5 10~ moll, and the polymer can be
catiomic.

The anionic polymer can be a copolymer such as
AM/AMPS, of which the level of the charged portion can be
between 5 and 40%, and preferably between 10 and 25 .
The surfectant can be of the DoTAB type.

The anionic polymer can be a natural polymer that is
modified negatively, for example such as CMC.

The cationic polymer can be a copolymer such as
AM/MAPTAC, of which the level of the charged portion can

]
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be between 5 and 40% and preferably between 10 and 25.
The surfactapt can be of the SDS type. .
The i ion also rclates (o a process for producing
fumhl::mr.nhﬂom;rﬁamLmdnhmon: W—M-ﬂh% Br

polymer. In the process, a surfactant and a polymer or a
copolymer of opposile charge are combined, and the poly-
mer concantration is determined to obizin a stable foam with
ss low a surfactant level as posaible.

The polymer concentration can be determined based on

the charge kevel of the polymer and the concentration of ,,

surfactant that is used. Coasidering the electrostatic natare
of the intoractions betwoen polymer and surfactant, their
respective concentrations can be a function of the ioaic forcs
of the medinm.

The foaming solution can, like well fluid (drilling,
completion and workover), also contain wolids (cuttings,
neutral colloids, . . . ) or other non-charged waler-saluble
polmam:-wnwm additives, .

Th-mnlmmllbahemrunhumdldmdvm-
tages will bocoms clearer from mdmg tho tests, by oo
meapy limiting, that are described betow.

'I'Iulﬂllmblndmmlymmmpmfwdﬂﬂul
foam compaoxitions, the two following measurements:

the foam volume VM that is formed from a given volume

of foaming solution and defined stiring conditions,
which malkes it possible to characicrize the foaming
capacity of the solution,

the drainage rale VD, which makes it possible to charsc-

terize the stability of the foam that is formed.

Viscosity was measured at the Newionian level with a
Jow-grudient viscosimetey,

Operating Procedure:

The foaming solution consists of, at least, a mixture of at
loast one surfactant with varisble concentration, at least onc
watcr-soluble polymer also of variable concentration, and
water. The pH ia adjnsted 1o abont 9 for all the teats. The
foam is obtained from 200 ml of foaming solution by stirring
with a whip. Tho speed of rotation is set at 2000 rpm. As a
poaeral ruls, the stirring time is abont 2 minutes, which is
sufficient to obtain a homogeneous foam, as well s a
maximum volume.

To measure the drainage rate, which is characteristic of
lhnlabﬂ:lyoflhefoam,ﬂnfolmlhnud:tnmdmpuund
into a graduated glans funnel, and the volume of drained
solutinp is noted based on time. The drainage rate is dofined
from the empirical equation that describes the changes in the
druinags curves (Bikerman j. j. 1973):

VeV {1-exp(-kt))

V the drained volume (cm®)
V, the volume of the initial
solution (cm®)
¢ time (mimite)
_l;\:mthi-eqml.hn.k.lﬂowm.(min")im
mined,
Drainage nte VD is defined by

VD=Vo/2 (ca’/min)

" The lower VD is, the mare stable the foam.
Tested Systems:
1. Suriactants:
Dodecyltrimethylammonium bromide (DoTAB): cat-
ionic surfactant that hes the following gencral for-
mula:

CHy

sodinm dodecyl sulfate (SDS): anionic surfactant of

geusral formula:

CHy—(CHy—Cly—O0—80;.  Na*

2. Polymers:
Polyacrylamide AM (molecular weight MW abont 2.5

10° g/mol).

copolymer scrylamide/acrylamido methyl propapo sul-

fonate AM/AMPS of general fornmla:

1=

N
B
cme _
NE—C{CHy)—CHy—350y

AM/AMPS 75725 x=25% and Mw=2.8:10° g/mol
AM/AMPS 90/10 x=10% and Mw=3.2-10° g/mol
carboxymethyl ceilulose (CMC). The mean degree of

substitution of the carboxylic groups by the celinlose
cycle of the sample that is studied is close 1o 1. Its
molecular weight is about MW=2.10" g/mol,

copolymer acylamide/methyscrylamido propyltrim-

all:yllmmnmm chloride AM/MAPTAC of general

1=x

Copolymers AM/MAPTAC 75/25 (x=25) and
waights Mw

$0/10 (x=10%) have molecular

AM/MAPTAC
of about 3.10% g/mol

At 1: Single Catignic wnfectant (DITARD
DoTAB  Polymer M Viscosily
(moll) (750pm) (am® (mPa-s) (em®min)
a0 0 0 0.88 -
a0 0 088 -
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=contimued
DJdTAB Polymer VM Viscosily vD
Guolf) (50ppm) (em”) (mPu-s) (cw'/min)
s 0 1600 o8s 0
010 0 200 083 13
Those teats show that an adequate tity of surfactsut is

nesded in arder for the production of a stabls foam to take
g‘l::.m a surfactant concentration of 5.10~° {mol/), the
is formed while being stirred, but it is very unstable.

DoTAB Polymer VM VD
(mal) (150ppm)  (em (mPs - -; {cx’/min.)
510" AM o 143 —_
51074 AM 0 140 —_
sans AM 1000 1.4 -—
0.0 AM 1800 133 172

At 5§ DOTAB concentration of 5.10°® (mol/T), the foam
that i formed is after less than one mimute.

‘This test shows that for DoTAB surfactant conceatrations
lhatmlﬂﬁth:ll;oroqmlhzlbous.g’mlﬂ.i;fh
impassible to a stable even in the presence of a
certain palymer eoncentration of the polyscrylamide type.

Starting at 20.10"* mol/1 and up of surfactant, the foam
that is formed in the presence of the polyacrylamide-type
polymer is more stable than without polymer. This is duc
mainly to the increase in viscosity of the foaming
composition, as tho measurements of viscosily confirm.

LY,
510" AM/AMPS-50/10 400 308 46
5307 AM/AMPS-D0/10 1700 122 9
2010~ AM/AMPS-50/10 preciplinted -—

With 2 plygm';hr:fmm-‘im. ie., one that
comprises on a a chargo with 1 &
memammdmmmgummm
form, with between-charge interactions, at concentrations of
Icss than 5.10~ molAl of surfactant, and in perticular at
conoetrations of 5.107° and 5.10~ mol of surfactant.
Starting at and beyond 5.10~ mol/l of surfsctant
concentration, foam does not form because thers is
precipitation, very likely due to excessively strong interac-
tions between the charged polymer and the surfactant. Such
B et v;l:: a polymer l;ch a8 AM/AMPS-75/25, bowever,
sbows the importance of baving opposite charges betwoon
surfactant and polymer for forming a foaming composition.

With a less charged polymer, such as AM/AMPS-90/10
{level of charge 10%), it is noted that the fosm is produced
for concentrations that are less than 5.10~ mol]l of
surfactant, as for the polymer with a 25% charge, but for a
surfactant conceatration of sbout 5.10~ mol/l, the foaming

15
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composition is groaily optimized since a luge and very
siable volume of fonm is obtained, taking inio account the
low draimage rate that is measured.

Relative to the foam that is formed from a polyscrylamide
polymer (test 2), the foam volume is comparsble, but with
& quantity of srfactant that is four times smaller and,
moreover, with the achievement of greater stability.

‘Tast 4: Cationic Surfactant DoTAB and Carbaxymsthylcaliniosa

the
DeTAB Polymer VM Vincosity VD
(malfl) (7SO ppm) (== (mfs-5) (cm®mis)
510 cMC 450 -
510~ cuc 800 - 24
810 cuC preciplisted -
20.10° oMC prociplintnd —_ 223

This test shows that the addition of an anionic cellnlose
oatural polymer such as carboxymethylcellnlose (CMC)
with a cationic surfactant (DoTAB) makes it possible to
form foam boczuse of between-charge interactions, with a
surfactant concontration of less than 5.10~* mol/L The foam
that is formed with a concentration of 5.10~* mol/l of
DoTAB and 750 ppm of CMC is very stable. It is verified
that an excessive surfactant concentration hampers the fior-
matinn of a foam, very likely due {0 the excessively strong
interactions between the polymer and the surfactant.

‘Tt §: Catlonic Sodfactant DOTAD and Solfooated Polyacrylamids

Iafinence of the Frescace of Balt.
1R R T T S N —
DoTAB Polymer VM Viscoalty vD
(mal) (750 ppm) (em”) (mPa-s) (cm®min)

sa0* 1] 0 _—
510 0 0 —_
S0 Q 1500 _— 112 (%)
2030 a 20 —_— 20
5107 AM/AMPS-S0/10 450 [}
520 AM/AMPS-S0/10 0 ]
5107 AM/AMPS-90/10 1500 10
2010 AM/AMPS-90/10 preciplinted —_
(*) The foam beeaks slmosl instaxtanconaly.

This test confirms that the DoTAB and AM/AMPS-90/10
foaming solntion provides excellent results in terms of foam
stability, sven in the presence of sah.

That 6: Catiowic Susfactamt DYTAB and Solforeted Folyscrylumida

DeTAB Polymer VM Viscoaity vD
(i) (ppm) (eah (mPe-s) (co’min)
5107 100 «150 79

510 100 4% s

5107 100 1650 o7 08
2010 100 precipiated —_—

510 =0 50 309 s
5104 0 00 05 4“8
510 =0 1700 122 9
0107 0 pecipitand —_

510% 1500 500 46 3

1L
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~continued

Test 6: Cutionic Sarfactant DoTAB asd Solfansted Pelyserylamids
Infloeace of the AM/AMPS-90/10 Copolymer Concentmtion.

DoTAB Polymer VM Viscosity vD
{mal/D (ppm) (o) (mPa-s) (em’mis)
510~ 1500 o0 k] 3
510 1500 procipitatnd —_

nio* 1500 precipinted -

These results ahow that even a amall polymer concentra-
tion (100 ppm) is offective in stabilizing the foam. By
increasing the polymer concentration (750 ppm to 1500
ppm), the foam that is formed is also more siable. Taking
into account the strong interactions between polymer and
surfactant, the surfaciant concentration should be adapted to
the polymer concentration that is used, or vice versa. In this
example, it is posaible to determine an optimum surfectant
concentration of about 5 107> mol/l sod for a polymer
concentration of between 100 snd 1000 ppm.

This example clcarly shows the synergy between the
surfactant and the polymer and the way of optimizing the
foaming solution.

08 Polymer M \hﬂ; vD
{mal) (7Oppm) (cm”) (mPa-s (em®/min.)
510 0 0 —

110 0 0 [

510 0 500 - e
1307 a 1700 09 1
5107 a 000 - 13

‘This test shows that this solution cannot form foam with
2 low surfactant concentration and that at a higher
concentration, the foam is less stable (VD on the onder of 13
cm®min). It is noted that the measurement that is obtained
with this surfactant is a little more stable than that obtained
with DoTAB (Test 1).

Test 8: Anionic Sorfactant SDS and Catlonic Polyscrylamide
_— AMMAFTACSQ

SDS Polymer vM Viscoadty vD
(mol) (750 ppm) (o) (mPa-s) {(cm¥%mh)
510  AM/MAFPTAC 90/10 500 - 25
510  AM/MAPTAC 90/10 600 —_ 54
5107 AM/MAPTAC 50/10 200 —_ 51

In this example of foanting composition that comprises an
anionic surfactant and a cationic polymer, it is observed that
the addition of cationic polymer is very boneficial to the
formation and the stability of the foam that i formed, since
a stable foam is formed even with only 5 10~* molA of SDS

- and that with 5.10~2 mol/l of SDS, 2200 cm® of very stable

foam (VD closz o 5 cm®/min) is formed.

10

15

‘Tent 9: Anicmic Sarfactant SDS and Cationde Polyacrylamids
— AMMAPTACTSRS,

sD8 Polywer VM  Vecosly VD
(malt) (750 ppm) (")  (mPa-s) (ax'/min)
S10°  AMMAPTACTSAS 450 - 18
510° AMMAPFTACTS2S 500 - 21
510° AM/MAPTAC-TS/2S pmciphated  —

This test shows that with a more charged polymer, the
combination of s cationic polymer and an anionic surfactant
provides very stable foams at a low surfactant concentration.
At a higher concentratinn (in this case greater than or equal
to sbout 5.10~ mol/l), it is noted that the interactions are

In general, it should be noted that adding simpls electro-
lytes to the foaming composition makes il poasible o
partially screen the interactions of electrostatic origin. In this
cam, the surfactant conoentrations can be higher withont

What is claimed ia:

1. A water-baged foaming composition that comprises at
least one surfactant and & water-soluble polymer, character-
ized in that said surfactant has charges of a sign that is
oppasite to those of said polymer, said surfactant being
presont at a concentration of lsas than about 5-107* mol/1 and
said polymer being present in & concentration sufficient o
provide a stable fomm.

2. A compaosition according to claim 1, wherein the
surfactant is cationic and in which the polymer is anionic.

3. A composition sccording to claim 1, wherin the
surfactant is anionic and whersin the polymer is cationic.

4. A composition acconding to cleim 2, wherein the
anionic polymer is an acrylamide/acrylamido methane sul-
fomate copolymer (AM/AMPS), whoss level of the charged
portion is between 5 and 40%, and wherein the surfactant is
dodecyltrimethylammonium bromide (DoTAB).

5. A composition according to claim 2, wherein the
anionic polymer is a natural polymer.

6. A composition acconding to claim 3, wherein the
cationic polymer is AM/MAPTAC, whose lovel of the
charged portion is between 5 and 40%, and wherein the
surfactant is SDS.

7. A process for producing a foam from water, at lesst one
surfactant and at leasi onc polymer, wherein a surfactant
present in a concentration of kess than about 5-10~* mol/1 and
a wator-soluble polymer of opposite charge are combined,
and the polymer concentration is determined in order to
obtain 2 stable foam with the lowest surfactant level pos-
sible.

8. Procsss acconding to claim 7, wherein the polymer
concentration is determined based mainly on the charge
lavel of the polymer and the surfactant concentration used.

9. Inl“nlhlllldn]lﬂlmlollllmmwhhﬂgl
wator-basod foaming composilion comprising an amionic
surfactant and a catipnic water-soluble polymer wherein the
anionic surfactant is present in a concentration of less than

&s about 510" mol/L

10. A composition according to claim 4, wherein said
level is between 10 and 25%.
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11. A composition according to claim 5, wherein the 13. A composition sccording 0 claim 6, wherein said
natural polymer is a negatively modifisd cellulose deriva-  level is between 10 and 25%.
tive. 14. In a well that is drilled into the ground, circulating a
12. A composition according to claim 11, wherein the  foaming composition according to claim 12.
pegatively modified cellulose derivative is CMC. "+ r w9
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TRANSPORT OF SOLID PARTICULATES

FIELD OF THE INVENTION

The present invention is directed to tramsportation of solid particulates. More
particularly, the present invention is directed to a single stage method of incorporating a
foaming agent into mixtures of solid particulates and then forming a foam within the
mixture prior to transport to increase the flowability of the solid particulates.

BACKGROUND OF THE INVENTION

Solid particulates, which include but are not limited to mine tailings, ores, sand,
coal, soils, and aggregates, have conventionally been transported through pipelines or
borcholes as a shury. Typically, a liquid, such as water, is added to the particulates to
make the particulates flow. The particulates are suspended in a sufficient quantity of liquid
such tht the flow of the liquid moves the particalstes through the pipeline.

Ideally, the perticulates should remain in suspension while being transported
through pipelmes or boreholes to their final destination, Particulates such as classified or
mnclassified mine tailings may be characterized by features that limit the ability to transpart
the material as a paste, Such characteristics may include: high density or specific gravity,
poor or gapped gradation, coarse particle size, highly sorted particle size gradation, or lack
of fine particles. These features tand to prevent particulates from being made into a stable
paste consistency without the addition of fine materials, such as sands, to enhance the

As g result, these particulates must currently be transported as low-load slurries that
nmst maintgin turbulent flow conditions throughéut the transport system to prevent the
particulates from setiling out and clogging the transport pipes. Additionally, the transport
fiuid may bloed out of the shrry and canse reduced fluidity of the mixture and clogging of
the transport pipes.

Reduction of fluid cantent may produce a material that approaches the consistency
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2
of a paste, but which would also develop reduced turbulence and shear thickening
properties. This makes transport by pumping or by gravity through a transport system less
desirable and more problematic than by hydraulic transport.

One type of particulate transport is the transport of mine tailings as backfill in
mines, or to the surface to remove the tailings from the mine. The backfill mine tailings
can be transported alone, or a cement can be added to provide for a set composition. It is
desired in the art to transport mine tailings as & paste consistency, rather than by hydraulic
transport. However, the particle size distribution needs to be optimized to provide paste
consistency transportation. The particle size distribution of a mine tailing may be made to
conform to a more idealized particle size distribution by the addition of fine materials or
sand. This however increases the handling and treatment costs of the mine tailings and
increases costs to the mining operations. The ideal fill exhibits slurry-like properties of
ease of transport in pipes (i.e., low pressure losses), but paste-like properties of staying in
suspension at relatively low transport velocities with no run off

Once the shunry of perticulates arrives at the desired destination, the transport fluid
drains out. The fluid must then be pumped sway, which adds additional handling and
disposal costs to the operation. Additionally, if a cement is included with the particulates,
some cement will be present in the drain water which may then harden in the drain system,
and increase the maintenance costs of the operation. In the cases where mine tailings are
transported to the surface, 8 dam must be erected to manage and recover the water. This
adds additional cost, potential Liability, and is a potential safety hazard.

Foam suspends the particulates and reduces the amount of liquid required to
transport the material. It is known, as in US Patent No, 5,080,534 to Goodson et al., to
generate a foam from a surfactant and then mix the foam with the particulates prior to
trangport in the pipeline. Also, it has been known, as in US Patent No. 4,451,183 to
Lorenz, to inject foam which has been separately prepared into the particulates at various
points throughout the pipeline. However, these prior art methods require that the foam be
separately prepared before being added to the mixture. The separate preparation requires
additional equipment and time to prepare the foam, which adds additional cost to the
project. ’
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Mine backfilling is the process of filling voids in mines left by the underground
excavation of ore to provide structaral support for the mine or to dispose of mine tailings.
Materisls used to fill mine voids include waste rock, mine tailings, end sand. Often, sand
is mixed in with mine tailings.

Mine tailings arc the result of grinding the ore or rock fine enough to liberate
minerals through a flotation process. Because of the low content of minerals in the ground
rock, typically less than 10% by weight, almost all of the rock mined becomes mine
tailings. Mine teilings generally have consistencies similar to those of fine clay or siit.
Traditionally, large quantities of water must be added to the tailings to make them
pumpable. The tailings at final placement then must be thickened to allow the tailings to
set in place. There is a very significant cost to the thickening of mine tailings.

Once the mine tailings are pumped from the mill, they are either sent directly to a
tailings pond, sent directly to & backfill plant, or processed with a hydro-cyclone to
separate the coarse particles from the finer particles. The coarse fraction is sent to the
backfill plant, nd the fine fraction is sent to the tailings pond. A tailings pond is generally
a large srea where the tailings are left to settle and the resulting water is drained off to
clarification pands.

A method of producing mine backfill from mins tailings is to process the tailings
slurry with a bank of hydro-cyclanes to remove the coarser portion of the material. The
coarser portion (underflow) is fed into a silo and allowed to settle with some of the water
overflowing the top of the silo. The denser tailings material is removed from the silo and
pumped to a mixer, where cement is added to produce hydranlic backfill,

The backdfill, which is a slurry of typically 50% solids by weight, is poured down a
vertical hole or pipe to be deposited in the mining voids or stopes left underground.
Because it is a slurry, the backfill requires high volumes of cement to consolidate the
material, and water that does exude from the backfill must be pumped out of the mine. The
cement contents range from about 3% by weight to about 10% by weight. Using a
relatively low percentage of cement requires a much longer time for the backfill mass to be
considored "load-bearing™ or competent.
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Another method of backfill is paste backfill. Paste backfill uses a lower cement
content, usually about half of that used in the hydraulic backfill method described shove.
In addition, there is no water exuded from the fill msss to pump to the surface. The
consolidation time is reduced to a fraction of the time required to consolidate hydraulic
backfill, allowing a faster cycle time. Another advantage of using paste backfill is that it is
usually made from tota] (unclassified) tailings. This reduces the burden of maintaining a
large surface impoundment area.

Paste backfill, however, has some drewbacks. It is more difficult to transport paste
to the mine or stopes, sometimes requiring a positive displacement pump to transport the
peste through the piping. The production of paste is usually accomplished by processing
the mill tailing slury by using large vat thickeners, disc filters, or a combination of both.
This requires a large multimillion dollar capital investment.

What is needed in the art is a foaming agent which can be incorporated into the
solids mixture, then to form the foam within the mixture as a single-stage process, to
climinate the separate stages of preparation, pregeneration, and combination of a foam into
the shurry prior to transport of the solids as in a pipe.

It is therefore an object of the invention to provide a method of transporting
particulates by incorporating a foaming agent in a mixture of particulates and then
producing a foam in the mixture prior to transport through pipelines ar borcholes as a
shory.

SUMMARY OF THE INVENTION

The present invention also provides a method of excavating and transporting solid
particulates comprising: removing the solid particulates from an excavation area; mixing a
foaming agent with the solid paxticulates to form a transportsble mixture; adding water and
a binder to the transportable mixture; mixing the transportable mixture, water, and binder
to form a hydraunlic composition; and transporting the hydraulic composition to a desired
location.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method of transporting solid materials including
providing particulates, adding a foaming agent to form a mixture, and mixing said mixture
to form a foam within the mixture.

The benefit of the method of the present invention is that the steps of preparation,
pregeneration, and mixing of the foam may be eliminated.

The mixing action causes the foaming agent to foam in the mixture. The mixing
action may be provided by most commercially-availsble mixing devices.

The transporting of the mixtare may be accomplished by pumping or by
gravitational head driven pressure. Another benefit to this method of incorporating a
foaming egent imto the particulste mixture is that the pressure required to pump the
material is reduced. The foaming sgent reduces the dilatancy of the particulates in the
mixture. The use of the foxming agent therefore allows the pumping of particulates which
would have otherwise been unpumpgble,

The water content of the mixture is less than sbout 50% based on the mass of the
solid material. Preferebly, the mixtnre has s water content of about 5 to 25% to form a
paste consistency. The water demand of the material is dictated by the features of the
particle size distribution and mineralogy which are unique to each material.

Examples of solid materials that which cen be transported by the abovementioned
method include, but are not limited to, mine tailings, ores, sand, coal, soils, clays, silts,
aggregates, and mixtures thereof.

Foaming agents which can be used with the mothod of the present invention
include alksnolamides, alksnolamines, alkylaryl sulfonates, polyethylenc oxide-
polypropylene oxide block copolymers, alkylphenol ethoxylates, carbaxylates of fatty
acids, cthoxyletes of fatty acids, sulfonates of fatty acids, sulfates of fatty scids,
fluorocarbon containing surfactants, silicon contrining surfactants, olefin sulfonates, olefin

\ 20
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sulfates, hydrolyzed proteins, and mixtures thereof. A preferred foaming agent is an alpha
olefin sulfonate sold under the trademark PS-356 from Master Builders, Inc., Cleveland,
Ohio. The fosming agent is added in m amount from about 0.001% to about 0.4% based
on the mass of the solid material, preferably about 0.005% to about 0.025%.

Preferably, the foaming agent is in the form of a dry powder. This provides ease of
handling and improved storability, Liquid fomming agents could solidify in freezing
climates, thus necessitating freeze protection or thawing prior to use.

Alkanolamide foaming agents according to the present invention include, but are
not limited to, those having from about 12 to about 20 carbon atoms

Alkanolsmine fosming agents according to the present invention include, but are
not limited to, those having from about 12 to about 20 caxbon stoms.

Aﬂ:yhrylsulfomtef;uminglgmﬁwcordinshﬂmminvmﬁonhdude,but
are not limited to, those having one aryl group and having alkyl groups with about 12 to
about 20 carbon atoms.

Polyethylene oxide-polypropylene oxide block copolymer foaming sgents
according to the present invention include, but are not limited to, those having about 10 to
about 20 units of each block.

Alkylpheno} ethoxylate foeming agents according to the present invention include,
but are not limited to, those having an alkyl group of about 12 to about 20 carbon atoms.

Carboxylates of fatty acid foaming agents according to the present invention
include, but are not limited to, those in which the fatty acid moiety has about 12 to about
20 carbon atoms.

Ethoxylates of fatty acid foaming agents according to the present invention include,
but are not limited to, those in which the number of ethoxylate groups is about 10 to sbout
20 and the fatty acid moiety has sbout 12 to 20 carbon atoms.
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Sulfonates of fatty acid foaming agenis according to the present invention include,
but are not limited to, those in which the fatty acid moiety has about 12 to about 20 carbon
stoms.

Sulfates of fatty acid foaming agents according to the present invention include, but
are not limited to, those in which the fatty acid moiety has about 12 to about 20 carbon
atoms.

Fluorocarbon containing surfectant foaming agents according to the present
invention include, but sre not limited to, those having about 12 to about 20 cerbon atoms
and one or more CH; moieties are repiaced by CF; moieties,

Olefin sulfonate foaming agents scconding to the present invention include, but are
not limited to, those having about 12 to about 20 carbon atoms.

Olefin sulfate foaming agents accarding to the present inveation include, but are
not limited to, those having about 12 to about 20 carbon atoms.

Hydrolyzed protein foaming agents according to the present invention include, but
are not limited to, the derived products of hydrolysis of protsing. The relative molecular
weight of the protein can be any molecular weight that provides for foaming action in a
cementitious mixture. Preferably, the relative molecular weight ranges from about 10,000
to about 50,000. Preferred hwdrolyzed proteins are hydrolyzed gelatin, hydrolyzed
collagen, and hydrolyzed proteins derived from blood. A non-limiting exsmple of
hydrolyzed gelatin is TG222 from Milligen & Higgins (Johnstown, New York).

In the method of this invention, the steps of removing the solid particulates from en
excavation area and mixing a fosming agent with the particulates to form a transportable
mixer preferably occur in a mixing pump.

In addition to the foaming agent, there may also be added art-recognized
admixtures which have known beneficial effects. These include, but are not limited to:
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accelerators. One or more of such admixtmes may be used, either individually or as
mixtures.

A fosm stabilizing ngent may be added to the mixture to stabilize the foam to
provide & longer foam life. Foam stabilizing agents which can be used with the present
invention include pre-gelatinized starches, cellulose ethers, polyethyiene oxides, very fine
clays, natural gums, polyacrylamides, carboxyvinyl polymers, polyvinyl alcobols, a
nonpolar hydrophilic material, synthetic polyelectrolytes, silica fiume, and mixtures thereof,
A foam stabilizer may be needed becanse the transport time in the pipeline could be long
mﬂmtheopucﬁngpminthepipdinemybghisb.thucompmmiﬁngthembiﬁty
of the foam.

Cellulose ether foam stabilizing agents sccording to the present invention include,
but are not limited to, modified cellulose ether,

There are many enmplu of commercially-available polyethylene oxide foam
stabilizing sgents acconding to the present invention, one typical example being POLYOX
(registered trade mark) renge of Union Carbide. It is preferred that the polyethylene oxides
have a weight average molecular weight greater than about 500,000.

Very fine clay foam stabilizing agents according to the present invention include,
but are not limited to, bentonite ¢lay. The definition of very fine clays is meant to include
those clays with a particle size less than about 20 microns.

Natural gum foam stabilizing agents according to the present invention include, but
are not limited to, guar gum, welan gum, and mixtures thereof.

Polyvinyl alcohol foam stabilizing agents according to the present invention
include, but are not limited to, those with a weight average molecular weight greater than
ebout 1,000. '

Synthetic polyelectrolyte foam stabilizing agents according to the present invention
include, but are not limited to, polyvinyl sulfonates with a weight average molecular
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weight greater than about 1,000, polyvinyl polymers with a weight average molecular
weight greater than about 1,000, and mixtures thereof.

Ihefomﬂhﬂizing'agmtmybeadded.d&uﬂmorincombimﬁonwithothu
foam stabilizing agents, in an amount from about 0.0001% to about 2% based on the mass
of the slurry.

Additionally, a water-reducing dispersant may be added to the mixture to disperse
the materials and thus allow for a lower water content in the mixture while still maintaining
a flowable consistency thus improving the properties of the placed fill material. Water-
reducing dispersants which may be used with the present invention include, but are not
limited to lignosulfonate salts, beta-naphthalene sulfonate-formaldehyde condensate salts,
melamine-containing water reducers, polycarboxylic salis, polycarboxylate copolymers,
polycarboxyl amines, polycarboxyl imides, and mixtures thereof. The water-reducing
dispersant is added in en amount greater than 0% to about 2% based on the mass of the
binder or cementitions system. It should be noted that the dispersant dose rate may also be
influenced by the particle size distribution and mineralogy of the solids material being
treated, and the chemistry of the admixture,

As used herein, the term binder includes those materials which will cause a mixture
to set. These include, but are not limited to cements, such as pottland or high alumina
cements, slags, fly ash, cementitious materials, lime, pozzolans, and mixtures thereof.

Further, any other additives which do not interfere with the properties of the
particulate slurry transported by the present invention may be added. “These additives may
include, but sre not limited to, cement, sct retarders, set accelerators, lime, fly ash, ground
granulated blast furnace slag, and corrosion inhibitors. The amount of binder which may
be added is determined by the amount of setting time and compregsive strength desired.
Typically, the binder or cementitious material is added in an amount greater than 0% to
about 30 % beased on the mass of the solid material.

An advantage of incorporating a foaming agent into the particulate solids mixture is
a reduction in the bleed. Bleeding is the separation of water from the mixture. It is desired

124
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that the water not bleed from the mixture, because that will cause a reduction in the
flownbility of the mixture. The incorporation of the foaming agent can reduce the bleeding
byamuchu-loo%buedpnhbomtridl.

When the material has been transported to its placement area, the air in the foam
may be removed by a variety of methods, if required. These methods include, but are not
limited to, mechanical impact as when dropped into a stope underground or when
mechanically worked by conventional earth-compacting equipment such as rollers or
sheeps-foot rollers. In addition, a chemical additive, such as a defoamer, may be
subsequently added to the transported slmry, which will cause the foem to collapse, thus
removing most of the air voids from the foamed material.

o another embodiment of the present invention, a method is provided to excavate
solid particulates, transform the solid particulates into a paste-like consistency, and then
transport the solid perticulates to a placement area. First the solid particulates are removed
ﬁmnthnmvnﬁonuuby‘npumpmdﬂmﬁmingagmtilmixedin. Some water may
be necessary to break up the solid particulates to allow initial pumping; however, the
amount of water needed does not generally exceed an amount that would lower the total
solids below paste consistency.

The foaming agent may be added to the solid particulates in & mixer separate from
the pump, or & mixing pump can be used. An example of a mixing pump is the Toyo
DP/DL wet epd pump. This type of pump is a submersible, bottom suction pump with an
agitator and water supply at the bottom. In this pump, weter is fed to the agitator to break
up thick materials or sludge and convert it to a paste to allow initial pumping. The pump is
fitted with & nozzlo to inject tho foaming agent, or any other desired admixture, in the
agitator portion of the mixer pump. The foaming agent is injected by use of a carrier,
which can be water, compressed air, or any other gas. If the foaming agent is & dry
powder, it can be dissolved in a water stream, or it can be blown in with the gas.
Alternatively, a pre-generated foam can be used in place of the in-situ foaming sgent
embodiment. The foam provides the pumpability of the transportable mine tailing mixture
slurry.
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The pump is moved about the excavation area to remove the solid particulates.
Any suitable method of moving the pump is satisfactory. The pump may be suspended
from a barge or a crane.  Alternatively, the pump may be suspended from a two-
dimensional cable pulley system which covers the excavation area. Such a cable pulley
system typically includes parallel opposed pulleys with & pullsy mounted transversely
between the parallel pulleys. The pump can move side to side on the transverse pulley and
end to end on the parallel pulleys.

From the excavation ares, the fomned solid particulates are transported to a backfill
plant. At the backfill plant, binder is added to the foxmed solid particulates. The water
content of the incoming foamed solid particulates is measured with a moisture analyzer. 1f
necessary to achieve the desired total solids lovel in the final solid particulates binder
mixture, water csn be added to the mixtare. The amoumt of water is calculated based on
the total solids of the incoming foamed solid particulates.

Traditionally, & pug mixer with two counter-rotating mixer screws, variable speed
drive, and adjustable pitch blades is used to mix binder and optional water into the solid
particulates to form a hydraulic solid particulate composition. After being mixed, the
hydraulic solid particulate composition is transported to the placement area by gravity feed
or by pumping.

In the sbove embodiment, the excavation area can be a mine tailings pond, the solid
particulates can be mine tailings, and the placement area can be a mine or & stope.

When referring to & mine throughout this specification, it is also meant to inclode a
stope.
EXAMPLES
The invention can be described by the following non-limiting exemples. In the
examples set forth below, slump is measured by ASTM C143 and C143M. Density is
measured by placing the mixture into 2 400ml cup. The tare weight of the cup is 749g.

MixA
40kg wet mine tailings

]
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12kg cement-Portland Cement from Lafarge
4kg  water

Total weight of mixture and cup 1738.5g.
Density=989.5g/400ml

The water content is varied to determine the slump.
Total water ot 5.4kg: slump: large cone 11.3 ecm
Total water at 6kg:  slump: large cone 17.8 cm

MixB

1.2kg cement-Partland Cement from Lafarge

3.9kg water

8.96ml of a polyoxyalkylene derivatized methacrylate polymer*
5.0ml of a polyoxyalkyiene derivatized methacrylate polymer*

Total weight of mixture and cup 1741.8g.

Density=992.8g/400m]

* . Polymer is FC-900 from Master Builders, Inc., Cloveland, Ohio

Next, 2 pre-generated fosm is added to the mixture.

Shump of the mixture with foam  largecone l4cm  small cone 4.4 cm
Total weight of mixture and cup 1510.3g.

Density=761.3g/400m!

Next, mixtures are prepared and tested as a plain reference and then with foaming
agents added. The slump and density of the mixtures are tested, then test cylinders are
prepared o test bleeding and compressive strength. There are prepared 4 7.6 cm x 15.2 cm
cylinders, with 1 cylinder to measure bleedwater, and 3 for compressive strength
determination.

Setl
45kg mine tailings @10.9% moisture
1.335kg cement-Portland Cement from Lafarge

\2?
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6.6kg water is added to bring the pulp density to 72% solida.

10

15

20

Set2

1A .

Slump large cone 19 cm

Total weight of mixture and cup 1571.9g.
Density=822.1g/400m]

Note: The material segregates and bleeds rapidly.

18
To the Set 1A mixture, 9ml of a 15% solution of a modified cellulose ether is

Shump large cone 19 cm

Total weight of mixture and cup 1549.1g
Density=800.1g/400mt

Note: The material segregates snd bleeds,

1C

To the Set 1B mixture, 10g PS-356 is added as a foaming agent.
Shump lerge cone 17.8

Total weight of mixture end cup 1469.6g.
Density=720.6g/400ml

Note: The mixture is stable and does not segregate.

25 The mixture is prepared as per Set 1, but with 5.4 kg additional water to produce & pulp
density of 74%.

and
30

2A
To the Set 2 mixture, a modified cellulose ether @8.87% or 1.88 g/kg of cement;

a water reducing foam stabilizer @8.87% or 1.88 g/kg of cement; and
10g PS-356 are added.

Shump lerge cone 7.6

Total weight of mixture and cup 1427.5g
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Density=678.5g/400m).

2B

14
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To Mixture 2A, 1.2kg of water is added to yield a pulp density of 72%.
large cone 15.9 cm

Total weight of mixture and cup 1421.2g.

Density=672.2g/400ml
Note: Slight bleeding is observed

The results of compressive strength and bleed testing for the above examples are
Iisted below in Table 1.
TABLE 1
Sample Bileed Test (ml of water) Compressive Strength (MPa)
(cumulative)
_ (@45 hours 3 days 3day 28 day

1A 225 50.5 026 2.39
1B 15 38 0.23 2.61

1C 3 12 1.69
2A 0 0 0.15 1.97
2B 3 3 0.12 1.76

Mix 1A shows the typical characteristics of an untreated slurry. Table 1 shows a
high amount of bleeding in that Mix 1C a nearly 90% and 80% reduction in bleeding with
the addition of the fosming agent snd foam stabilizer at 4 to 5 hours and 3 days,
respectfully. Mix 2A shows a combination of water reducer, several foam stabilizers, and
foaming agent that produced & mix that did not bleed. Also, Table 1, shows that all of the
mixtures achieved an acceptsble compressive strengths,

EXAMPLE 2
Three tests of mine tailings are made with PS-356 foaming agent supplied by
Master Builders, Inc., Cleveland, Ohio.

The moisture of the mine tailings is approximately 14% by mass of the solids with
a consistency of a looge, moist sand which has a "packing" consistency and will not flow as
a liquid.

129
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In Test #1, 1000 grams of the mine tailings is mixed with 0.25g of PS-356 in a
Hobart mixer. After approximately one minute of mixing, the material produces a mud-
like quality which allowed the material to flow and could be pumped. With continued
mixing, the density of the mix is reduced with further mixing as shown in Table 2 below.

In test #2, 1000 grams of the mine tailings is mixed with 0.1g of PS-356 in the
Hobart mixer. Afier approximately one minute of mixing, the materia} produces a mud-
like consistency which flowed and is pumpeble. With continued mixing, the density of the
mix is reduced as shown in Table 2 below.

In test #3, 1000 grams of the mine tailings were mixed with 0.05g of PS-356 in the
Hobart mixer. After approximately one minute of mixing, the material produced a mud-
like consistency that flowed and was pumpable, With continned mixing, the density of the
mix was reduced as shown in Table 2 below.

TABLE 2
[ Mix Time PS-356 P3-356 ~ PS-356
(min) 025g dose 0.1g dose 0.05g dose
Masw/400ml | Masy/ml | Mass/400ml | Maswml | Masw400ml | Mass/ml
0 856 2.14 336 2.14 856 2.14
1 4276 1818 560.5 14 637.1 1.59
2 4073 1.019 5084 127 645.9 1.61
3 3587 0.896 502.6 125 6654 1.66
4 323.1 0.807 503.8 126 nottested | nottesed

The tests results in Table 2 show that the addition of the foaming admixture can
convert a tailing material with little free moisture into a materiel that has fluid properties

20 when converted to a foamed mixture. The resulting material has lower density and better

flow characteristics than the original moist tailings starting material.

It should be apprecisted that the present invention is not limited to the specific
embodiments described sbove, but includes varistions, modifications and equivalent

25 embodiments defined by the following claims.

Y]
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CLAIMS

A method of transporting particulates comprising,
providing particulates;

adding a foaming agent to form a mixture; and

mixing said mixture to form a foam within the mixture.

A method according to claim 1, wherein the mixture has a water content of less
than about 50% based on the mass of the particulates.

A method according to claim 1 or claim 2, wherein the foaming agent is in the form
of a dry powder.

A method according to any one of claims 1-3, further comprising adding a foam
bilizi ¢ and mixing ssid mixt

A method according.to any one of claims 1-4, further comprising adding a water
reducing dispersant to the mixtore and mixing the mixture.

A method according to any ons of ¢laims 1-5, further comprising sdding a binder to
the mixture.

A method according to claim 6, wherein the binder is added at least one of prior to
the mixing step end after the transportation step.

A method of excavating and transporting solid particulates comprising:

o removing the solid perticulates from an excavation area;

b. mixing a foaming agent with the solid particulstes o form a transportable
mixture;

c. adding water and a binder to the transportable mixture;

" mixing the transportable mixture, water, and binder to form a hydraulic

composition; and

e. transporting the hydraulic composition to a desired location.

A method according to claim 8, wherein adding further comprises adding an
admixture.

\3)
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A method according to claim 9, wherein the admixture is selected from the group
consisting of foam stabilizing agent, water reducing dispersmats, rheological
modifying agents, accelerators, set retarders, corrosion inhibitors and mixtures
thereof.
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Tha present invention provides a method for fractur-

2
pumpad down hole into the well bare snd bsequently
into the formation.

ing subterranean formations utiizing a foam comprised 10 laxly applicable to any reservair which is generlly

of a fracturing gel component contsining a polymer and
liquid hydrocarbon mixed with water, brine, or water
snd brine, a foamer component which i compatible
with the fracturing gel component, and an energizing

classified a8 “water sensitive,” that is, a reservoir which
is slow 10 return water-based treatment fipide Such
reservolns are often characterived by low permeability,
snd modersts amounts of cley or shale. Betaines offer

15 in wells, where
phase component. wm high tempersture

BACEGROUND OF THE INVENTION Originally, ot mHmm

The use of fluide 10 trest subterranean formations  9ry polymer which was mized with water
penetrated by & well bore contsining hydrocarbons to _ fosmer befure addition of the energizing phase. How-
incresse the permeability, conductivity and production 20 Ve, the me of » dry polymer, Le., gelling agent was
from these formations s well lnown in the art. The mm_bhawh'mwhudnm“
process of tresting the formations to incresse condug- W elled as it was pumped, that &, dry polymer was
tivity through the wse of thess fiuids is known as “frac-  Ore limited to first mixing the polymer with water

turing™ the formation. Genenally, in a fmacturing "
m.mamw‘u‘wﬁﬁ”mm“m
injected into the formation at sufficlent pressure snd
mmmmmmmwid . '
-~y I'Iﬂlﬁ: :H-I, to cery anutnh fractn ﬂh“m. ing job ming the dry polymer system had to bo shan-
::ﬂmuld'hmummzmnﬂ dltmdmdmmm.ﬁedwaﬁe
proppant consists of such materials as sand, giss beads,
simtared banxzite, fine gravel end tha like. The proppent
is carried into the fractore and helps keep the formed

!
1
i
E
E
i
¥
)
e

E
!
i

1
§
i‘
E
!
:

art. The art discloses the use of slmrries, exmmisions and 4, ; lllll'll'dpﬂl]ﬂl'l:.m
ﬂmm.ltwdbumndﬂmh-lwﬂdm ing the - cxn be cromtinked
be used in place of the known slurries, emulsions and
gebs. Ses U.S. Pat. No. 3,937,283 to Blsuer.

L not have to face disposal problems of annsed Fur-
wﬂﬁ:m-m“%lﬂl M.Mhmvﬁdnmwﬁnhiun:-inv'-
emukions containing proppant is pamped coaity while belng pumped, surface pomp
mhgrm-t-ﬁlmﬁui‘:ﬂ-h noaded. However, it was discovered that
fracture formation. However, mlike the previous 55 the slurried polymer system was not compatible with
fracturing systems, the vee of foxms increases well clean gels i
up due to the fact that the foam is easily removed from tuine, g9 the foamer. It was specifically discovered that
the well becanse when the pressure i relessed or re- diesal oil end other Lquid used in the
doced, the foam expands. Various foam fracturing sys-  gystam are very efficient defosmers snd made the nse of
tn-uukmwnmtlnm. 35 the alurried system with the betxine foamer
Generally, in making & foam, & fracturing gel s fist  undesirable due to the lack of stability of the foam pro-
made from water or brine, a gelling agent, ie, a poly-  duoced.
mer and a suitable sorfactant. The water or brins may Therefore, a need exists for a foamer which is com-
contsin up to sbout 20% alcohol, for instance, mothe-  patible with the slurried polymer system utiizing a
nol In addition, the fracturing gal may be cromlinked 6 Hquid hydrocarbon Hke diesel oil and demmisifiers as
by me of known cromlinkers. After the gel is made, a The present invention provides foamen
fosmer is added and the gel with the roamerissddedto  which are compatibla with a siurried polymer system
&1 energizing phase snch s carbon dioxide or nitrogen  and provides & foam which has the desired theological
or a combination of cabon dioxide and pitrogen 10  propertiss under high temnpersture, shear and pressure.
create a foam. Various systems for the addition of the &3
evergizing phase to the gel phase have been described in SUMMARY OF THE INVENTION
the art. Indeed, various systems have besm devised The present invention provides a foamer which is
wherein the carbon dioxide is sdded as the gel 8  compatible with a frecturing gel comprising polymer
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tlurricd in diesel oll which is injected into brine o be The polymer useftl in the preparation of the sinrried
Mb:ﬁenmmm polymar companent of the present invention inclodes

component comprised

mized with brine. The i be gums can also be reacted with
mwrmmmmmﬁm:u 10 to tharchy produce derivatizad polymers useful in the
art. Simuitsnecusly, while igjecting the first fracturing ~ Present invention. Solvatable polysacobarides having
gl contponent into a well bore adding s second fosmer ~ Malecular waights of grester than sbout 200,000 are
fin sulfonste end water. After the addition of the figt _ most preferred solvatable polymccharides useful herein
and second companents snd while injecting the first and 13 have molecular weights in the range of from sabout
second companents into the well bore adding a third 200,000 to sbout 3 million. Examples of such polyssc-
encrgizing phase component of carbou dioxide or nitro-  Simsides incinde guar gum, locust bean gum, cara yum,
S£a or & mixtare of carbon dioxids and nifrogen. For- mlmndmd-ivmmb-ud{:
ther, after injecting the first, second end third compo- _ Strboxymethyl guar, hydraxyethiyl goar, sodium
nents into the well bore, mainteining a pressare on the 2 boxymethylhydroxyethyl guar, SnsT,
formation for a period of time sufficient to fracture the ~ "O0EM me
formation snd subsequently releasing the pressure on hlﬂ“hl “'III :dh’w R Thod """"I i"

. . luloae are also vaeful in the present invention. The pre-

The present invention also provides a fosm for frao- ferred polymers hydroxypre
turing subterranesn formations comprised of a fimt B sodium mbm:hmwswm mlm’m;::
csrboxymethyihy-

fracturiog gal component comprised of a polymer and f
Md:dwhhm,hhgumndhhn.n m%_"‘"""‘““

second fosmer ~comprised of a solvemt, &

betaine, en alpha-olefin sulfonate end water, and a third 37 g 1ie m’“““m"‘m O the proses ,""M“h
energlzing t comprised of carbon dios- ™ goem giability in the pressnce of Hquid hydrocarboss
ide or sitrogen ar cerbon dioxide and nitrogen. and/or demuhifiers (emmnision breakers). It has been

The present invention further provides a foamer found thet the nse of some of thase fosmens singalerty
which fs competible with and to be used with fracturing 4o not produce & fosm of good stability in the pressace
gels containing dicsel ol and demulsifiers which pro- 35 of liguid hydrocarbon solvents and/or deezmlsifiens.
duces 2 70% quality foam having & half lifo of ut least ~ One embodimant of the foamer companant of the pres-
oue bovr at 1,000 pai and 228" F. ent iuvention is comprised of a water miscible solvent,

The present inveation farther provides a fractoring an alkyibetsine, an alpha-alefin sulfonate and water.
foam composition of (1) fram sbout 0.2% to The solvent of the foamer companent can be any of

ethennl,

30% to about 509% by volume diesel oll, (7) from about  jeapropanc], sobutanol and the ke, Porther, the sol
0.1% ¢o about 26 by volimme foamer component com-  vent can be say giyool, palygiycol, glyoal ether, poly-
ﬂihbwlﬂ:thdmy.@)tmnbuﬂ_lﬂﬁbm giycol ether, glycol ester, polygiycol ester, giyeol ather
40% by volume water aor brine or a mixture of water 45 ester, polyglycol ether ester, or & mixture of sny of the
and beine or  mixture of brine sud alcohol, snd () from — ebove soivents. The preferred solvents of the roamer
about 30% to about 90% by volune energizing phast  component are ethanol, methenol and propancl, and
companeat. are in an smount of about 5% to

BRIEF DESCRIFTION OF THE DRAWINGS 470w 20% Uy weight of the total rosmer component

FIG. 18 a diagram of the fosm generation equipment The betxines of the roamer component of the pressat
used to test foamens of the present invention. invention ere of the genersl formule
RN+(CHy)CH2COO where R s & ssturated or unsstn-

DETAILED DESCRIFTION OFTHE o chuin havig frum ¢ 00 33 carbon

35 atoms dexived from natural or synthetio sources. The

The fracturing fosm composition of the presext in-  betaines are present in an amount of about 10% to sbout
vention comprises a slurvied polymer componsnt, brine 40% by weight of the total fosmer component composl-
or watar or bring and alcohol, 8 foamer component, sad  tion, The prefisrred betaine is dodeoy] betaine (leryl
an enesgizing phase component. botaine) or cocobetxine (mixture of ssturated and vomt-
The havention is directed to siurried polymer compo- @ urted betaines having from 8 1o 18 carbon stoms) de-
nents comprised of a mixture of & Hquid hydrocarbon ~ srived from natursl cocannt oil. Preferably, the cocobe-
and a polymer. For exampie, liquid kydrocarbons such taine is presmat in an amount of sbout 109 to sbout 30%
as kevosene, naphtha, ight mineral ofl, diesal oil and the by weight of the total foamer component compoaition.
like and mixtures thereof are useful in the present Inven- The alpha-clefin sulfonate usefid in the present inven-
tion. Preferably, the liquid hydrocarbon utilived is die- €5 tion is dertved from sn alpha-clefin having from 3 to 40
sel oll Preferably, the diesel oil and polymer srepresent  carbon stoms and preferably, having from 10 to 22
in equal Mounts by weight percent of the sturriad poly-  carbon atoms present in amount of sbout 1% to shout
mer companet. 20% by weight of the total foamer componant composi-
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tion. The alpha-clefin solfonate weful in the practiceof  the fosmar component to the gel, adding an energizing
the present invension may be ammonium, sodium or  phase component of carbon dioxide, nitrogen or carbon
potassiom alphs-olefin solfonats and the like. An exam-  dioxide and aftrogem to the mixture of the g
pis of sn alpha-glefin sulfonste veafll in the practiceof  and the fosmer companent; (6) after the addition of the
the present jnvention is sodium alpha-clefin sulfonate. 5 energizing phase component, injecting the mixture of

() mai p
the clent pressure on the well head vntil fracture of the
mdmmhvm“mmxnoMimmmMgm

pantan

marketed by the Pilot Chemical Company. known in the art. Further, snd if desired, a proppant
Another embodiment of the foamer component of the ~ material can be added to the mixture of the fmcturing

present invention is comprised of an ammoniom salt of 15 gal componsnt with the fosmer component before the

mn alkylether sulfate and lmramids diethanclamine  addifion of the energizing phase.

CA460 and Steal CS-460. Lauramide DEA is also of a conduit containing base finid comprised of the

produced by the Stepan Company and s sold under the  fractmring gel component of polymer almrried in diesel
tmadeosmes of Ninal 30-LL and Ninol 40CO. Prefers-  and/ar demubifier mived with fosmer and with 2 2%

about 304 to sbout 404 by weight of the totsl fosmer  gnl there was added s complexer, ie,
, largmride DEA is in  cromlinker by the complexer pomp if desired. After the

an smount of shout 134 to shout 254 by welght of the  addition of the cmlinker, snd then carbon
total foamer dioxids was added. The mixture of the facturing gel
The component of the present in- 30 component and the energizing phase was ron throngh a
vention is comprised of carbom dioxide, pitrogen, or & heat exchanger whare the mixtnre was heated to the
mixture of carbon dinxide and Proferably, f desived , the mixtore was

hegted

pitrogen is veed as the encrgizing phase component, 40 cell was subsequently closed. The view calls are con-
dulis with valves st either end which may be opened

2 90% foam quality is ctilized. Preferably, the nitvogen  and closed. The view cells were constructed to with-
flow rate is such to maintsin & 70% quality foam. If a  stand the temperature of xt lsast 250" F. and prossure up
mixtyre of carbon dioxide and nitrogen is utilixed, then  to 2500 pei. The view cells were also constructed such
preferahly a ratio of shout 32 carbon dioxide to mitvo- 45 that a partion of a side of the view cell condnit i s
8en bs vtilized with the total flow rate sufficient to main-  observation window to allow observation of the stahil-
tain about 70% fosm quality. ity of the foam contained in the view cell conduit. The
In the practice of the prosent invention, variom prop-  foam destabilization was observed and the volune of
pant materials can be osed. For cxample, mnd, glam  lquids drained from the foam was recorded. Tests were
beads, sintered bauxite, fine gravel and the Like can be 50 performed st (1) 160" F. and 700 pai on goar polymer 40
naed. The proppant is mized with the gel before orafter  pounds/1000 gallons in 29 potassiomn chlaride (KC1 )
the foamer is added and prior to the introduction of the  aqueous soiption, pumping rate 40 milliliters per minute
energizing phase cosmponent. The amount of proppent ~  (ml/min), the carbon dioxide flow rate was 0017
utilived in the practice of the present invention can be  Ih/min, nitrogen flow rate was 2.96 standard cabic feet
varied to provide the desired smount of proppant for 55 per minute (S3CF/min), and (2) st 225° F./1000 pal on
imtroduction into the fatmation as is known in the art. guar polymar 40 pounds/1000 gallons in 29% KCl aque-
The method of fractoring & subterrancen formation  ous salntion, pomping rate wes 40 ml/min, carbon dioz-
utilizing the presont invention comprises: (1) mixing  ide flow rate was 0,018 Ih/min, nitrogen flow rate was
diesel cil or other liquid hydrocarbons with a polymer 305 SCF/min. The flow rates were calcuisted to assure

or a mixture of polymers in a butch mixer in a 1:1 ratio & a 70% fosm quality, 30% CO3, 20% N, 30% Liquid

or water, thos generating a fractoring gel 65 foam components were pumped through one view cell
(%) while pumping the fracturing pel component to the  until tempersture, preasure, and flow ates reached
well head, adding & fosmer component of the present values snd the system equilibrated. At
invention to the fractaring gel; (5) after the addition of  this paint, the other view cell was loaded with foam.

13¥
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Next, the cail was closed and foam destabilization was  om solution (artificial brine) sinrried palymer compo-
observed. Tha vahmmas of liquids dreined fram thefoam  nent with the foamer componsat of the present inven-
was recordad st five minute intervals. Foam qualityand  tlon.

TABLE 1

[ Od @g—ﬂnvﬂi) 160" F, 125 PR

1 MoDiewl  Cocobetales (10.79%) Den 0.19) 300 kr 2D min

2 Dineel Freest  Cocobeinlne (0.79%) N wmin

3 Disall Frosst  Coosbainine (0.79%) Dem (0.1%) Smin ]

& Disal Prosest  Cocsbetelon (LO) Dem (0.19%) 0

3 Disssl Fesent Cowcbetuine (1.995) Demn Q1%) >100kr 510 br

6 Dimel Prosext  AQS (L1%) Dem 0.19%) P mia *

7 Dimsl Proset  ACS QLTH) 310 br

» Disnl Pryssut  ADE O.ME) Dem (L1%) 240 b D min

9 Dissal Possent  Masom 41 £.7%) Dom @1%) >X0kr 130 Ir

10 Dizsal Proeot  Sieod CA-460 (035%5) Dem 0.19%) 330 e 140 b
MNianl 30-LL (L14%)

n Disee Prosust Dan §.1%) 1290 br
AOS-12 02%)

7 3 Dissal Frosent Dem@1%) >300kr 200 e
AO1 @2%)

13 Dissl Prowext  Cocobatplns @LS0%) Dem 8.1%) FSL)
ADOS (0.129%)

M Dicscl Peossest  Cocobotelas (0.99%) Dem Q1L1%) 148
ADS (©O.19%)
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half-life time (T1) were messured. Fosm quality was
calculated as follows: 3

What is claimed i
(Viaw Call Volomeo — Licuids LA sed of . diese] oll
P Quty — RSP TN E O] 108 1o s Sommer, s fomer compeiaed of ) from about
40- 3% to 20% by weight solvent, ssid salvent comprised
Fosm balf-life time was recorded when half of iquid ~ of an slcohol having a malecular welght of 120 or less,
drained to the bottom of a view cell conteining the  a glyool, ar mixtares thereof; (b) from sbout 10% to
foam, about 309 by welght betaine; and (o) from shouot 1% to
Various foamers were imsted on a binary foam gener-  about 20% by weight alphs-olefin sulfonate.
ator under the sbove conditions (See Table 1 for re- 45 A The fracturing gel of clsim 1 wherein the palymer
sults). Analysis of the results Indicate that diesel ofl is crosslinked.
scverely, and demnisifiers to a lesser extont, inhibit the 3. The fracturing gel of cigim 1 wherein the betaine
pesformance of foamers. Results of single fosmer exper-  Of the foamer is selected from the group camprised of
iments {(Nos. 1-5) compared to results chtained froma  betzines having from 6 to 22 carbon stoms.
mixture of varions foamers (Nos. 10-16) clearly indicsts 30 4 The fincturing gel of claim I whersin the alphs-
the superiority of the mixtures versus the same fosmer  olefin suifonste of the fosmer is sodium or ammmoninm
oompopants applied singnlsrly and separately. For ex-  alphs-olafin sulfonate.
ampls, in experiment 5, & 1.5% concentrstion of 5. The fracturing gel of claim 1 whereln the alphe-
cocobetzine had to be applied to schisve the same foemy clefin solfonste of the foamer is potasshon alphs-clefin
stability (TH105 s 1:10 hr/1000 pal 215° F.) » when 35 suifonste.
0.4% of a mixture (0.3% cocobetaine, 0.1% AOS) was 6. Tha fractuving gel of claim 1 whereln the alphs-
used in expeximent no. 14. clefin sulfonats of the fosmar has from sbout 10 to
The foam generated with the foamers of the present showt 22 earbons atoms.
invention exhibitn litle tempemature and pressore de- 7. The fracturing gol of claim 1 wherein the diesel ol
pendency, that is, temperature and pressure have zmall 60 snd polymer are present in equal amounts by weight
destabilization effects on the fosm Table 1 Mhmtcaies  poscant
that sight fommer component compositions of the pres- &. The fiacturing gul of alaim 1 additionally inclndiog
ent invention are not diesel oil or demulsifier sensitive  brine or brine and alcohol
and are compatible thevewith, Le., they have a hal Sifs 9. A fracturing foam composition comprised of:
of at least one hour st 1000 pal and 225° F. in the pres- 65 f£rom sbout 0.2% to about 3% by volume slurry poly-
ence of diese] ail and/or dermulsifiers. The testy in Table mer companent comprised of from about 30% to
1 iltustrate that very stable foams were generated veing 50% by volume Equid hydrocarbon and from 50%
2 50% diesel and 30% goar in 2potasdom chiorkis aque- to 70% volume polymer;
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from about 10% to 40% by volume water, brine or a (c) =n energizing phase component comprised of
mixtore of brine sad alcohol: carbon dloxide or nitrogen or carbon dioxide snd
from 0.1% to sbhout 2% by volume foamer compo-
nent comprised of a betaine; an olefin sulfonate,
and a solvent; and
fram shout 50% to 909% by volume energiring phase
component comprised of nitrogen, carbon dioxide
or nitroges snd carbon diaxide. alpha-olefin
10. The fracturing fosm composition of ciain 9 10 pha-olefin having from about 10 to sbout 22 carbon
wherein the polymer is comprised of galactomennas
gum, glocomsnnen gum, or cellulose amd mixtores
thereof.

20, The foam of claim 19 wherein the polymer of the
5 ﬁmﬂwhw&muaﬂw

] fractoring composition of claim et in aqnal amonnts by welght
mm&hmi:d.u:"dﬂ-ThﬂwddﬂnBMh
ine, a hydrophilic solvent comprised of an alcohal, a mmd‘ im 19 the ing gel
slycol, or mixtnres thereof, and sa alphs-clefin sulfo- 7 Imh “-"""“""‘"I MIhm:‘lu.
nste. 25. The foam of claim 19 wherein the polymer of the

11 The frectoring foam composition of claim 11 3p
wherein the alpha-olefin sulfonate of the foamer com-
ponent s an alkall metyl or ammoniom alpha-olafin
sulfonate derived from an alpha-clefin having from  betaincand an sulfonste for feacturing gels
about 10 to sboot 22 carbon atams. ”:mnh;dd%md@:x-ﬂa:m
13. The fracthwing foam composition of claim 9 producing & quality baving &
whersin the fommer component s comprised of from St lesst one hour a2 1,000 pai and 230° F.

about 10% to sbout 30% betaine by weight; from sbout ﬂ._mhu'gdmxwm&mh
5% %o sbout 20% solvent by weight; and from sbout  dditionally comprited of a solvent of an
19% to sbout 20% alphe-olefin sulfonsie by welght :
ummmmdms”m“m
wherein the mixture of brine and alcahol is contprised
of from about 1% to about 209 methanol.

15. A fosm comprising a polymer, diossl qil, carbon
dioxide or nitrogen or carbon dioxide and nitrogem, snd 35
a foamed, said foxmer comprising about 12% by weight
of the foamer mathanol, sbout 23% by weight of the
hnueanagy,wg:zgde 30. The foamer of cizim 27 wherein the alphs-clefin

sodium alpha-olefin sulfonate, and water. Miqalhﬁmﬁlmm
16. The foam of claim 15 wherein the foamer com- 0 Tifonsts having from about 10 to sbout 22 carbon

#ﬁ:ﬁ?ﬂ&lﬁwmbMSﬁw SL A fractoring foam comprising a polymer, diesel
volume foam. carbon dioxide or nitrogen mixtare theveof,

17. A foam comprised of diesel oll, polymer, sad a :nim-uh:rw:ﬁ:f--hmﬁ
foamer, sid foam being 70% quality with & half-life of 45 vent comprised of sn alcobol, & glycol, or mixtures

thereof: a betsine; and an
compeised of ammoniom salt of an alkylether sulfate i
and lsuramide dlethanolamine.
18. The foum of claim 17 wherain the rosmer is com-

fracturing gel component is crosslinked.
28, A foamer comprised of a mixture of an alkylether
sulfste and lauramids diethannlamine or a mixture of &

prised of about 309 to ahout 40% by weight ammo- 30 Kylether sulfate and lazremide diethanolamine.

nizmm salt of alkylether sifate and about 15% to 25% by
19. A foam ueed for fracturing subterrencsn forma-
tions comyprised of:

33. The ifracturing fosm camposition of clsim 32
wherein the fosmer b of an amxmoniam salt
of an alkylether mifate and Ianramids diethanolamine,

3. The fractaring fosm of claim 33 wherein the for-

55 mer is comprised of sbout 30% to about 40% by weight

(x) » fracturing gel component comprised of 8 poly-  ymmoninm mlt of alkylether sulfste and from about

mar, diesel oil, water or brine,
{b) a foamer component comprisad of solvent, beta-

15% to abomt 25% by weight lsoramide diethanol-
ne. " % & ® w
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