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RESUMEN

El continuo agotamiento de las reservas de crudo y la falta de descubrimiento de nuevos
yacimientos han motivado a los paises, cuyas economias dependen del petroleo, a
implementar técnicas de recuperacion mejorada de petroleo (EOR). La inyeccion de agua
de baja salinidad (LoSal) es una técnica EOR que ha ganado gran importancia debido a
su gran potencial de uso y a la simpleza de su aplicacion. Las investigaciones en este tema
atribuyen la accion EOR, mostrada por el LoSal, a diversos mecanismos, relacionados
con las interacciones sustrato/crudo/salmuera, incluyendo el flujo de emulsiones. Las
emulsiones son Utiles en la recuperacion mejorada de petrdleo debido a que pueden actuar
como agentes de control de movilidad que mejoran la eficiencia de los fluidos inyectados.
En el presente trabajo, se evaluo la capacidad emulsionante de una muestra representativa
de crudo, proveniente de la regién amazodnica ecuatoriana (Campo Sacha). Para ello, se
propuso un conjunto de cinco actividades: a) la primera actividad consistié en comparar
el recobro de crudo mediante recuperacion secundaria e inyeccion de agua de baja
salinidad a través de simulacion computacional con el software Computer Modelling
Group (CMG-IMEX); b) las siguientes tres actividades consistieron en evaluar el efecto
de la reduccion de salinidad, el tipo de cation y la temperatura en la estabilidad de
emulsiones mediante pruebas de botella y un aparato de separacion de agua y aceite; c)
para la Gltima actividad, se utilizé microscopia dptica y el software ImageJ para analizar
la morfologia de las emulsiones generadas. Los resultados obtenidos en la simulacion
computacional muestran que el recobro de crudo es mayor mediante la inyeccién LoSal.
Ademas, experimentalmente, se determind que las macroemulsiones méas estables, con
una mejor dispersion de fases, se obtienen mediante la reduccion de la salinidad de la fase
acuosa o el incremento de la concentracion de cationes divalentes, tales como el calcio y
el magnesio. Por otra parte, utilizando una adaptacion a la norma ASTM D1401, se
observd que las bajas temperaturas también conducen a macroemulsiones mas estables.
Finalmente, se puede concluir que el crudo del Campo Sacha responde positivamente a
la inyeccion de agua de baja salinidad, en términos del fortalecimiento de las emulsiones,
y consecuentemente, esta técnica muestra gran potencial de aplicacion en procesos de

recuperacion mejorada locales.
Palabras clave:

LoSal, macroemulsiones, Ecuador, Recuperacion Mejorada de Petroleo.



ABSTRACT

The continued depletion of crude oil reservoirs and the lack of new oilfields discoveries
have encouraged the countries, whose economies depend on crude oil, to implement
enhanced oil recovery (EOR) techniques. Low salinity (LoSal) water flooding is an EOR
technique that has gained great importance because of its potential for use and the
simplicity of its application. Investigations on this subject attribute the enhanced oil
recovery action, shown by low salinity water flooding, to several mechanisms related to
substrate/crude/brine interactions, including emulsion flow. Emulsions are useful in
enhanced oil recovery because they can act as mobility control agents that improve the
efficiency of the injected fluid. In the present work, the emulsifying capacity of a
representative sample of an Amazonian-Ecuadorian crude oil, selected from Campo
Sacha, was evaluated. A set of five activities was proposed: a) the first activity consisted
on contrasting the crude oil recovery during high and low salinity water flooding through
a computational simulation in Computer Modelling Group (CMG-IMEX) software; b)
the following three activities consisted on evaluating the effect of salinity reduction,
cation type and temperature on emulsion stability by using bottle tests and water
separability apparatus; c) for the last activity, optical microscopy and software Image J
were used for analyzing the morphology of the generated emulsions. Results obtained by
computational simulation showed that crude oil recovery is higher during low salinity
water flooding than during high salinity water flooding. Experimentally, it was
determined that more stable macroemulsions with a better dispersion of phases is
accomplished by the reduction of aqueous phase salinity and by the increment of divalent
cations concentration, such as calcium and magnesium. On the other side, using the
modified ASTM D1401 norm, it was observed that low temperatures also lead to more
stable macroemulsions. Finally, it can be concluded that crude oil from Campo Sacha
responds positively to low salinity water flooding in terms of emulsions strengthening
and consequently, there is potential for local enhanced oil recovery processes application.
Keywords:

LoSal, macroemulsions, Ecuador, Enhanced Oil Recovery.
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Chapter 1: Purpose and significance of the study

1.1 Introduction

Petroleum is nowadays one of the pillars of the world economy. This nonrenewable
resource is important because of the vast range of products that derive from it like fuels,
polymers and petrochemicals in general. Every year, crude oil is extracted faster than new
oilfields discovering emerge. Additionally, not all petroleum in oilfields can be extracted,

mainly, because of a lack of suitable and economically viable technology.

Ecuadorian case is not quite different. With proven crude oil reserves of 8.237 billion of
barrels in 2017 1, a half of which cannot be produced through traditional oil recoveries
techniques, and a strong economic dependence on this resource, Ecuador also needs to

implement Enhanced Oil Recovery (EOR) techniques.

EOR, is a set of technologies that involves the use of fluids, or energy, for increasing the
hydrocarbon production from oilfields. 2 Increments in crude oil production during EOR
are the result of increments in capillary number, which is the ratio between the viscous
and capillary forces, and the action of mobility control agents that improve the sweep

efficiencies of injected fluids. 3

Several EOR techniques are available, whose application and effectiveness will depend
on the characteristics of reservoirs, crude oil, among others. Common EOR technologies
includes thermal, solvent injection and chemical methods 2; nevertheless, the use of these
technologies can rise considerably the price of crude oil production, forcing its use only

when crude oil prices exhibit economical profitability.

Alternative, and less expensive, EOR technologies merely based on the modification of
water chemistry have emerged, which have shown successful application both in core
flood experiments and oilfield applications. #> One of them is the low salinity (LoSal)
water flooding, which consists on injecting water with a low ionic strength. The current
knowledge on this technique suggests that, in order to observe EOR, some conditions
must be achieved, these include the presence of polar compounds in crude oil, fine clays
like kaolinite and illite, initial water with divalent cations and the generation of a salinity
shock, that is, a considerable salinity difference between the injected and the formation

water. ©



LoSal water flooding is probably the lowest cost EOR technique, and the one of most
immediate application in Amazonian crude oil reservoirs of Ecuador, because of the
considerable amounts of fresh water present in that region. When LoSal is used as
secondary recovery, it has been reported from tests in sandstones corefloods that,
recoveries can be up to 18% of Original Oil in Place (OOIP) higher than secondary
recovery using seawater. 7 On the other side, it has been reported from tests in carbonate
cores at 110°C, that when LoSal is used as tertiary recovery, it can lead to 2-5 % of
recovery of OOIP beyond the secondary recovery with high salinity water.® Such
numbers are promising by considering that every 1% of OOIP recovery in Ecuador could
lead to an additional production of 82 million barrels. With a current price of crude oil

barrel of $58.81 °, it could mean an economic benefit of 4.8 billion of dollars.

In addition, benefits of LoSal water flooding are beyond its EOR action. The reduction
of salinity provides other advantages including improvements in flow assurance and

compatibility with other EOR technologies, specially the chemical ones.

While encouraging, LoSal water flooding mechanisms of action in EOR are still a subject
of speculation and research. There are several mechanisms proposed for explaining this
phenomena including, wettability alteration, fine particle migration, increased pH,

Multicomponent lon Exchange (MIE) and emulsions flow. 610

Emulsion flow theory is based on the fact that emulsions can occur during crude oil
production because of the coaction of natural surfactants and pumping agitation.
According to this theory, if dispersed phase droplets get a similar size, or even higher,
than reservoirs pore throats (as macroemulsions), then capillary pressure will trap the
droplets creating a sort of “obstruction” that will drive the flow of liquids towards
previous unswept zones, improving in this way the mobility control. 1° Pressure response
under LoSal water flooding experiments is consistent with that theory, however, this
model is valid provided that LoSal water flooding conditions favor the formation and

prevalence of emulsions. 1°

The present work evaluates the effect of LoSal water flooding on emulsions stability,
which in turn can act as mobility control agents for local EOR processes. The particularity
of this work is that the emulsifying capacity of a selected crude oil from Campo Sacha,
operated by Petroamazonas EP, in Ecuador and its corresponding formation water have

been evaluated under lab-simulated LoSal conditions.

2



The work in this thesis is presented as follows:

Chapter 2 includes a review of the literature about (i) EOR and its state in Ecuador, (ii)
LoSal water flooding, (iii) the use of emulsions as mobility control agents and (iv) the

emulsification phenomena.

Chapter 3 details the methodology followed in the experimental set-up. First, a
computational simulation was made by using Computer Modeling Group (CMG)
software for estimating the crude oil recovery associated to LoSal water flooding and
comparing it with secondary recovery. Data considered for this exercise was taken from
Abduraman and Kunnas. %12 Then, LoSal water flooding effect on emulsion stability
was evaluated via bottle tests under simulated lab conditions, the experiments proposed
were an adaptation of the work of Wang and Alvarado.!3 Finally, the emulsions

generated were analyzed via optical microscopy and the software ImageJ.
Chapter 4 covers the results of the experimental set-up and discussions.

Finally, Chapter 5 includes the conclusions and recommendations of the research.



1.2 Objectives

General:

To probe that LoSal water flooding working conditions enhance the stability of emulsions
formed between a sample of Ecuadorian-Amazonian crude oil from Campo Sacha and its

corresponding formation water.
Specifics:

v To compare the secondary oil recovery and LoSal water flooding by using CMG
software.

v To determine the effect of LoSal conditions (salinity shock and divalent cations)
on emulsion stability.

v’ To evaluate the effect of temperature on emulsion stability.

v To analyze the morphology of the generated emulsions and its relation to the

emulsifying behavior.



Chapter 2: Review of the |iterature

2.1 Enhanced Oil Recovery

Crude oil production is categorized as primary, secondary and tertiary. Initially, crude oil
remains deep in the reservoirs at elevated pressures and, after drilling, it tends to ascend
as a consequence of the pressure difference (primary). With the continuous depletion of
the reservoir, the inside pressure diminishes so, fluids like water are injected in order to
maintain the internal pressure sufficiently high (secondary). After a certain time, crude
oil production decrease and water production increase, even when considerable amounts
of crude oil remains in the reservoir. This give rise to tertiary recovery and the enhanced

oil recovery methods.

Enhanced oil recovery, EOR, is a set of technologies that involves the use of fluids, or
energy, in order to increase the hydrocarbon production from oilfields above the
traditional techniques. 2 The objective of EOR methods are to reduce the capillary and
interfacial forces for improving the displacement efficiency, or to improve the sweep
efficiency by reducing the mobility ratio between the displacing and the displaced
fluid. 2 Commonly, EOR has been associated with tertiary recovery but it can also be

present at any production stage. 2
EOR methods can be classified as thermal, chemical and miscible or solvent injection.

Thermal: Thermal methods are applicable to heavy oils and deal with processes of
injection, or in-situ generation, of thermal energy for increasing the temperature of the oil
and reduce its viscosity. 1* Thermal methods includes steam injection, steam flooding,
Steam Assisted Gravity Drainage (SAGD), air injection, in-situ combustion and others. 2
The most popular thermal methods are: steam injection, with ongoing projects in heavy
oil sandstones reservoirs of Canada, Venezuela, California, Indonesia, Russia and Oman,
and in-situ combustion, with projects in heavy oil sandstone reservoirs in Canada, US,

India and Romania. 4

Chemical: The objective of chemical methods is to increase the capillary number, which
is the ratio between the viscous and the capillary forces (Eql), this is possible through an
increment of water viscosity, with polymers, and a reduction of interfacial tensions, with
alkali and surfactants. It includes surfactant-polymer (SP) flooding and alkali-surfactant-
polymer (ASP) flooding. > The most successful cases of chemical EOR, specially
polymer flooding, have been reported in China, and based on this success, other countries

5



like Oman, Canada, USA, India, Argentina, Brazil, Austria and Argentina have developed

similar projects. 14

N.=% (Eq))

Where:

N_.: capillary number

u: dynamic viscosity of the liquid

V: characteristic velocity

o: interfacial tension
Solvent injection: It is based on the miscibility of the injected fluid with the oil phase and
it involves the use of hydrocarbon miscible fluids, carbon dioxide and nitrogen & flue
gas. 2 The injection of CO, is the most popular EOR method in this group. There are
around 100 commercial CO,-EOR projects, mainly concentrated in Texas and Canada.
This EOR method is applicable for light oil in both sandstones and carbonate reservoirs.
Hydrocarbon gases are other solvents used for light oil reservoirs, which are used in EOR
projects of Alaska, Canada, Libya and Venezuela. The success of such projects is

dependent on the availability of solvent sources near the reservoirs. 14

In addition to traditional classification, it can also be considered the EOR methods by
using a chemistry-controlled water. This is the case of low salinity water flooding, whose

degree of novelty and benefits has made of it an interest topic in research and field tests.



2.1.1 State of EOR in Ecuador

In Ecuador, Ministry of Natural Non Renewable Resources is the government entity
responsible for policy decisions about hydrocarbons. Whereas that, crude oil production
in Ecuador is distributed between the National Oil Company, Petroamazonas EP, and

private companies. In 2018, the total crude oil production was 188.8 million of barrels, at
a rate of 517 200 barrels per day, of which 146.35 million were produced by

Petroamazonas EP 1°. Proven crude oil reserves in Ecuador are 8.237 billion of barrels at

2017 1, located mostly in Amazon region (See Fig 1).
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Figl._ Location of reservoirs in Ecuador.

Amazon region of Ecuador has been exploited over the forty last years, during this period
light and medium oil has been extracted, leaving remnant heavy and extra heavy oil in
the mature oilfields, whose extraction could require complex technology with
environmental precaution because these reserves are located in sensible areas, whose

perturbation would attract the objection of ecofriendly communities and media. 1©



Authors like Condor have worked on EOR screening in Ecuador. After reviewing 410
reservoirs distributed in 150 oilfields, it was concluded that an incremental of 700-750

million barrels is possible if the application of EOR methods are optimized (See Tab1). 1¢

Gas Injection Enhanced WF Thermal
N; CO, HC Immiscible | Polymer  SP/ASP Steam  Combustion
# of oilfields 3 24 3 63 16 14 7 7
Incremental reserves
{ram bls) 0.25 048 29.06 489.19 6.68 12.87 3.91 199.82

Tabl. EOR potential in Ecuador. 16

According to this approach, the most convenient EOR methods are miscible injection and
in-situ combustion. Nevertheless, due to the reservoir characteristics, the most applicable
EOR methods is miscible gas flooding followed by chemical methods, where the latter
ones could lead to a considerable increase in the production, around 1 million in some

non-producing oilfields and up to 5 million barrels in producing oilfields. ¢

Other authors like Andrade and Ayala made comparison between different EOR methods
in the field MR located in the Cuenca Oriente, concluding that the best alternative is a
chemical method (polymer flooding) due to: (i) the high water production in this zone
that can be modified and reinjected, (ii) the fewer operational problems and (iii) the higher

crude oil recovery. 7

Also, the technical feasibility of aqueous based EOR application, such as water of
controlled salinity flooding, has been reported by Ziritt and Vera, who contrasted the
conditions of reservoirs where this technique was successful with the Ecuadorian ones,
leading to the conclusion that some reservoirs of Cuenca Oriente in Ecuador compliance
with many of the conditions for the application of this technology, such as the connate
water, the concentration of divalent cations, kaolinite clay and adequate salinity and

temperature. 18

Finally, it must be pointed out that EOR methods are relatively new in Ecuador and that,
the research, development and demonstration of new technologies in this topic are still

on initial stages.



2.2 Low Salinity water flooding
Main methods for EOR depends on water because it is used as a carrier fluid for additives.
Although, in the last decades, several laboratory experiments and field tests have given

water, with an optimum composition, a significant role in EOR processes. °

Low salinity (LoSal) water flooding is an EOR technique consisting on the injection of
water having a lower salinity than the preceding one in the oilfields.

Injection of water of low salinity has been implemented (in secondary recovery) since
many decades ago because of its wide availability and low cost application. However, the
EOR potential of this technique was not recognized until Morrow and co-workers, at the
beginning of the 1990s, related incrementals of oil recoveries with the composition of
water. Since then, several coreflood tests, simulations and field applications have been

developed with a successful additional oil recovery in most of them. 2°

The use of water for crude oil production is attractive and has some advantages over other

EOR techniques *, to mention some:

e It can be applied at any stage of production cycle.

e |t requires minimal investment (provided the availability of infrastructure for
water flooding). Other EOR methods requires investment for infrastructure and
injection facilities, changes in tubing and casing, among others.

e The payback is faster even when small amount of additional oil recovery.

e The injection of a low salinity water improve the flow assurance because of the
reduction of scale formation and acidification of currents.

e |t is compatible with other EOR methods, specially the chemical ones.
2.2.1 Working conditions

Many studies have reported that the following working conditions are necessary for
observing the LoSal effect: (i) the presence of clays, (ii) the presence of polar components
in crude oil, (iii) the presence of initial or connate water, (iv) the presence of divalent ions
in the initial water and (v) a considerable difference between the salinity of the injected

and the preceding water. 2°



2.2.2 Mechanisms

In the literature, at least seventeen mechanisms have been related to LoSal effect, and

most of them are related to each other, so this section enlist only the major ones.

Wettability alteration: It is the most common suggested mechanism. Drummond and
Israelachvili (2002) showed that at pH higher than 9, wettability changes from oil wet to
water wet, but at pH below 9, which is the most usual pH range during LoSal, wettability
changes towards intermediate-wet (See Fig2). It looks promising considering that mixed-
wet cores show lower residual oil saturation, or higher oil recovery than strong water-wet

or oil wet cores. 2°
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Fig2. Wettability as a function of pH and salt concentration. 2°

Particle release theory: It has been used for explaining additional oil recovery provided
clays existence. According to this theory, if the ionic strength of the injected brine is lower
than a critical flocculation concentration that depends on divalent cations, the Electrical
Double Layer (EDL) between clays is expanded, and as a consequence, particles get
detached from the walls. Once dispersed, clays particles flow with water along high
permeability zones and become lodged in the smaller pores, then the formation
permeability is reduced and the sweep efficiency is improved. The permeability reduction
phenomena has been associated to different processes namely: migration, in which the
release and flow of clays causes the pore blockage; swelling, in which the swelling of
clays reduce the cross sectional area for flow; and swelling induced migration, that is a

combination of the previous processes (See Fig3). ©
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Fig3._ Damage in sandstones containing swelling and non-swelling clays. (i) migration,

(ii) swelling, (iii) swelling induced migration. ©

Increased pH theory: During LoSal water flooding, it is normal an increment in the pH
as a consequence of an exchange of Na™ at the rock surface and H* from injected water.
The resulting water can act in a similar way to alkaline-flooding, reacting with carboxylic

acids and generating in situ saponification (See Fig4). ©

H,O = H™ + OH

Rock-Na* 4&‘—* Rock-H® + Na™ + OH-

R-COO" + H,0

(1) Cation Exchange :

(11) Saponification reaction: R-COOH + OH-

Fig4._ Mechanisms showing how a LoSal water flooding could derive in an alkaline

flooding to promote saponification. ©

The generated surfactants can reduce the oil and water interfacial tensions, promote the
formation of emulsions and hence increase oil recovery. However, this theory is the less
probable because pH must be greater than 9 for generating soaps, which is not usual

during LoSal water flooding. 6-2°

Multicomponent lon Exchange (MIE) theory: Divalent cations, such as Ca?*and Mg?* at
clay surfaces, tend to bind to polar components of crude oil (resins and asphaltenes)
forming organometallic complexes and promoting oil wetness on rock surface. Also,
organic polar compounds are able to bind directly to rock surface. During LoSal, MIE
occurs removing organic polar compounds and organometallic complexes from the

surface and replacing them with uncomplexed cations. Several mechanisms have been
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proposed for explaining this phenomena, but just these related with cation exchange,
cation bridging, ligand bridging and water bridging are relevant to the LoSal action (See
Fig5). ©

g /A
oIL / \ 0o'-"o
S L Y
1 2 3 i ¥4
\\ | / 0O -0 Ca O-
R — N+ Ca? | Mg2*
o- o- o o
2 Ead
Cation exchange Cation bridging  Ligand bridging Water bridging

Fig5._ Adsorption mechanisms of crude oil and clays surfaces, directly and via cation. ©

Flow of in-situ emulsions: The low ionic strength generated during LoSal water flooding
can produce more stable emulsions, which in turn can improve mobility ratio between the
displacing and the displaced fluid. 1° Emulsions can occur naturally in oilfield operations
because of natural surfactants of crude oil, fine solids in the reservoir such as kaolinite,
and shear rate provoked by pumping systems. In Fig6, there is a representation of how
Water in Oil (W/O) emulsions can improve mobility control. Once W/O emulsions are
created, if the water droplets are of an equal or larger size than pore throats, then, capillary
pressure could trap the dispersed phase droplets, blocking later displacements and forcing
water to flow towards other unswept areas of the porous medium. This mechanisms could
provoke a similar effect than particle release but differs in that emulsion flow does not

imply a permanent formation damage. 1°
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Fig 6._ Schematic representation of EOR mechanism by flow of in-situ emulsions, where

black circles represent water. 1°

In the present work, it has been hypothesized that the last mechanism is the one explaining
the EOR action of LoSal water flooding. Hence, the following section provides detailed

information about how emulsions can act as mobility control agents, which in turn

conduct to increments in oil recovery.
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2.3 Emulsions as mobility control agents

Mobility control agents are methods for improving mobility ratio, which is defined as the
ratio between the mobility of the displacing fluid over the mobility of the displaced fluid.
During displacement, mobility ratios lower than 1 are associated with a good swept and
therefore, considered favorable; whereas that, mobility ratios greater than 1 propitiate the

formation of viscous fingering and a consequent poor oil recovery. 21

Usually, chemical methods are used to improve the mobility control. Polymer flooding
consists on the addition of polymers to the displacing fluid for increasing its viscosity and
reducing the mobility ratio. 2 Polymer flooding is a convenient EOR technique for light
and intermediate crude oil 22, but this becomes economically unviable for heavy crude
oils. Alkali and surfactant floodings are better options for EOR of heavy crude oils, both
consisting on the in situ generation of emulsions that could drive the flow of crude oil. 23
However, the requirements of chemicals limits the use of these techniques by economic

reasons too.

Another technique to increase the sweep efficiency is the use of water and oil emulsions.
McAuliffe reported that the injection of emulsions can improve the sweep efficiency in
sandstone cores by increasing the heterogeneity of the fluids flow. 2* French, Lorenz and
Bertus carried out experiments with externally and in-situ generated emulsions, obtaining
reductions in effective permeability in both cases, but with a lower reduction in the case

of in-situ generated emulsions. 2>

The mechanism suggested for explaining the additional oil recovery in emulsion flooding
is the entrainment and entrapment. The former one consists on the emulsification of crude
oil by lowering the interfacial tensions, and the entraining of the resulting emulsion as a
continuous phase. 26 And the entrapment is based on the fact that dispersed phase droplets
are not small enough to penetrate all pores, occurring entrapments between sand grains,
which cause a reduction of water mobility and an increase on sweep efficiency (See Fig
7). 2
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Fig 7._ Schematic representation of a pore throat being blocked by an oil droplet. 2°

As can be seen in Fig 9, not all emulsions are useful as mobility control agents. Dispersed
phase drops in emulsions must have an adequate size. The size of the droplets depends
on factors such as the type of crude oil, type of emulsifier, flow rate, composition of
continuous phase and interfacial properties. 27 For entrapment to occur, drops must be
slightly larger than the pore-throat constriction in the porous media. 2* If drops are too
small, then they could not act as effective plugs. On the other hand, if drops are too big,
their instability would conduct them to experience one of the demulsification steps. 2°
For that reason, macroemulsions, whose droplets have a diameter between 1 and 100 pum,

are useful mobility control agents. 2°

Emulsion stability is another parameter to take into account, since unstable emulsions
allow dispersed droplets to coalesce, and the consequent separation of phases; while more

stable emulsions are capable of experiencing entrainment and entrapment mechanisms. 28

The following section describes the emulsification and demulsification phenomena in an
attempt to define the environmental variables and processes that influence the prevalence

of emulsions in crude oil reservoirs.
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2.4 Emulsification phenomena

2.4.1 Emulsions formation

An emulsion is a system formed by two incompatible phases, one of which (dispersed or
internal phase) is immersed within the other (continuous or external phase), whose
structure is stabilized by a surface active agent called emulsifier or surfactant. The relative
proportions between dispersed and continuous phase can influence the properties of

emulsions, and constitute a parameter that can be used to classify them. 2°

Crude Oil produced from reservoirs tends to form natural emulsions with formation or
injection water because of mechanical agitation and the presence of emulsifiers. 3° If an
emulsion contains drops of water (W) dispersed in oil (O), it is called a water in oil
emulsion (W/O) or reverse emulsion. In the other side, if an emulsion contains drops of
oil (O) dispersed in water (W), it is an oil in water emulsion (O/W) or normal emulsion.
More complex cases are also possible, for example, when small droplets of water are
within oil, and in turn, the oil is within a continuous phase of water, it is considered a
W/O/W emulsion. See Fig8.

- €—— Water phase

O <€—— Ol phasc -
( }— Emulsifying O VVQ——Emulsifying

agent

agent , : ;
O <9—\\"aler-soluble b O Oil-soluble
corc material core material

wW/0 ow

<€—— Water phase €—— 01l phase

Oil phase (@) —— Water phase
— Water-soluble Oil-soluble
core material core material
W/O/W O/W/0

Fig8._ Different types of emulsions. Up, reverse and normal emulsions. Down, complex

emulsions.

Crude oil is evidently not soluble in water and the opposite case is also true. Nevertheless,
both substances are capable of forming emulsions when the proper conditions are

generated. In order to form an emulsion, three requisites are necessary:

e two immiscible liquids;

e agitation for dispersing one phase into another
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e emulsifying agents for stabilizing the droplets of dispersed phase within the

continuous phase

During petroleum exploitation, especially in secondary and tertiary recovery, all three
requisites can be present. Crude oil and water constitute the two immiscible liquids; the
agitation comes from pumps and processes of liquid injection; and the emulsifying agents

occurs natural in the components of crude oil or can be generated in situ. 3°

Emulsifying agents are substances that concentrate at the interface of two immiscible
liquids, such as crude oil and water, decrease the interfacial tension between phases and

form a film around dispersed phase drops that prevents their coalescence. 3°
There are several emulsifying agents that can be classified in the following manner 3°:

o Natural surfactants, which are macromolecules with interfacial activity formed
from the acidic components of asphaltenes, resins, naphthenic acids and
porphyrin.

e Finely divided solids or colloids that are capable of forming a physical barrier
between phases, as long as they are smaller than dispersed phase drops and
capable of being wetted by both phases. Colloids include sand, clay, minerals,
residues of corrosion, paraffin, precipitated asphaltenes, and so on.

e Chemicals added during production, whose purpose is to handle problems
associated with oil production. It includes corrosion inhibitors, biocides,

surfactants and humectant agents.
2.4.2 Stabilization of emulsions

There are three main interaction energies between emulsion drops and also, there are
many factors that contribute to the stability of emulsions.

2.4.2.1 Forces between dispersed phase drops

Interaction energies between drops can be attractive (VVan der Waals) and repulsive (steric

and electrostatic). 31

The most important Van der Waals attractions in emulsions are the London dispersion
forces that arise from charge fluctuations. Dipoles can be instantaneously generated as a
result of a charge difference within a molecule, and this temporary dipole induces other

dipoles on surrounding molecules. London dispersion forces between molecules, in
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macroscopic bodies like emulsions, are additive and can result in Van Der Waal

attractions that get strong at close distance separation between droplets (See Fig9).

h

Ga

Bom —-
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Fig9._ G4 (Van Der Waal attraction energy) as a function of h (distance separation

between droplets). 31

It can be seen that in absence of repulsion agents, such as emulsifiers, flocculation can
occurs quickly. Thus in emulsions, in order to counteract this attraction, repulsive forces

are necessary.

When charged particles in an emulsion approach each other such that their double layers
overlap, repulsion occurs. The extension of the double layer depends on the electrolyte
concentration and its valence, in such a way that, a decrease in concentration and a low

valence will produce a more extended double layer and a higher repulsion.

A schematic representation of the force — distance curve according to DLVO theory
(named after Derjaguin, Landau, Verwey and Overbeek) is shown in Fig. 10, which shows
that the sum of VVan der Waals attraction and electrostatic repulsions form a primary and
a secondary energetic minimum associated with considerable and weak flocculation,

respectively, and a maximum that prevents the close approach of the droplets.
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Fig 10._ Representation of interaction energy vs separation distance according to DLVO

theory.
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Finally, steric repulsions are produced because of the adsorption of nonionic surfactants
and polymers at the liquids interface. The thickness of hydrophilic chains produce
repulsion as a result of an unfavorable mixing of the chains, G,,;,, and a volume
restriction or elastic interaction, G,; . The combination of G,,;, , G.;and G, gives the

total energy according to the theory of steric stabilization. See Figl1.

Fig 11._ Representation of energy — distance curve according to the theory of steric

stabilization, where small G,,,;,, values are associated with thermodynamic stability.
2.4.2.2 Factors and properties influencing the stability of emulsions
Emulsion breakage depends on the following factors 3°:

Interfacial tension and the type of crude oil._ Low interfacial tensions are usually related
with stable emulsions. Some components of crude oil such as resins, asphaltenes, and
other natural emulsifiers can decrease the interfacial tension between crude oil and water,

forming stable emulsions.

Viscosity of phases._ A high viscosity of continuous phase makes difficult the
approaching of dispersed phase droplets, so making emulsions more stable.

Density difference of phases. A decrease in the rate of sedimentation is made by

decreasing the density difference between phases, making emulsions more stable.

Volume phase ratio._ Decreasing the dispersed phase volume, the distance between drops
is increased and the probability of collision between them is decreased too, so emulsion

stability gets increased.

Droplet size._ Small droplets, with a narrow size distribution, are related with stable

emulsions.

Interface ageing._ With the passage of time, the film between interphase, produced by

adsorption of natural surfactants, becomes thicker and more rigid. Film in the interphase

19



can also enlarge with the successive formation of emulsifiers in process of photolysis,

oxidation and so on, producing more stable emulsions.

Temperature._ An increase of temperature produce less stable emulsions, whether from
reduction of rigidity of: interfacial film, adsorption of natural surfactants or viscosity of

continuous phase.

Composition of brine._ Low-salinity brine is related with stable emulsions. Additionally,
the presence of divalent cations, like calcium and magnesium, can compact the films at
the interface producing more stable emulsions.

2.4.3 Emulsion breakdown

Demulsification, the separation of emulsions into their components, involves three steps:

sedimentation or creaming, flocculation and coalescence (See Fig12). 1°

Sedimentation occurs in W/O emulsions when water droplets settle down because of their
higher density than crude oil. Gravitational sedimentation is governed by Stokes’ law
(Eg2), which allows to calculate the settling velocity, v, for a solid sphere with a small
Reynolds number in a viscous fluid, without taking into account the presence of
emulsifying agents and the coaction of other demulsification stages.

_ g d*(pw—po)
TV . (Eq2)

Where:

v: settling velocity (cm/s)

g: gravity acceleration (cm/s?)

d: droplet diameter (cm)

p,,- droplet density (g/cm3)

p,- continuous phase density (g/cm?3)

U, continuous phase viscosity (P)
On the other hand, creaming is an analogous process to sedimentation that occurs in O/W
emulsions when oil droplets arise as a result of their lower density than water continuous

phase.

Flocculation, or aggregation, is sometimes the first stage in emulsion breakage. During

flocculation, dispersed phase drops tends to clump together forming aggregates. At this
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point, drops are close to each other, even joined at some points, but do not lose their

identity.

During coalescence, droplets of dispersed phase join together in order to form bigger
drops. This process is irreversible, leading to a decrease in the number of droplets. Finally,

the phase separation occurs with the correspondent emulsion breakdown.

Unresolved emulsion droplets tend to accumulate at interface and form an emulsion pad,
which is undesirable because it can slow the normal demulsification process, increase the
residual oil in the treated water and increase the Basic Sediment and Water (BS&W) of

the treated oil, among others.

Sedimentation

Flocculation Coalescence Phase Separation

Fig12._ Scheme of demulsification stages for a W/O emulsion. 1°

2.4.4 Measurement of emulsion stability

Emulsion stability refers to the capability of emulsions to resist changes over time.
Stability of emulsions is influenced by the constituents of the phases and the formation
conditions. Some properties of the droplets can be used to evaluate emulsion stability

such as concentration, size, charge, rheology, among others. 32

Visual observation can provide the first method to evaluate emulsion stability, however,
this technique can be used just to monitor gravitational separation such as sedimentation
phenomena because of the limitations of human eyes. Other phenomena like flocculation
and coalescence can be successfully measured by other instrumental methods such as

microscopy, particle size analysis, charge analysis and rheology. 32
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2.4.4.1 Optical Microscopy

Microscopy is based on the study of objects that, because of its reduced size, cannot be
analyzed directly by visual inspection. Images generated by a microscope can be several

orders of magnitude larger than the original object.

Several types of microscopes, including optical, electron, atomic force and confocal
fluorescent microcopy can be used to monitor emulsions, but for the objectives proposed

in this work, optical microscope is enough.

Using microscopy, it is possible to see and measure the size and size distribution of drops,
and so obtain information about emulsion stability and characteristics. Flocculation can
be noticed when equally-sized droplets get closer each other without forming new ones.
While on the other side, a non-flocculated emulsion will show homogenously distributed

droplets of small size. 32

Even when microscopy is a simple, intuitive, fast and cheap technique, the subjectivity

of the results make necessary the use of additional analytical sources.
2.4.4.2 Bottle tests

Phase separation methods are based on measuring the amount of resolved phase from
emulsions, either naturally or by external forcing. According to this technique, the smaller

the dispersed phase resolved volume, the more stable the emulsion is. 1°

Even when this technique provides a simple tool for measuring emulsions stability, the
demulsification process is studied as a whole, that is, it is not possible to discriminate the
occurrence of different demulsification steps. Also, this technique is not adequate for

tight-stiff emulsions or emulsions with a not sharply defined interface. 1°
2.4.4.3 Light scattering

Particle size, particle size distribution (PSD) and particles concentration in an emulsion
can be measured by light scattering techniques. Based on the operating principle, there

are two types of light scattering, static (SLS) and dynamic (DLS).

In SLS, a monochromatic light beam, typically a laser, is used to irradiate the sample and
a photon detector records the light intensity at different angles (See Fig13). SLS can be
used to measure weight average molecular weights and radius of gyration of

macromolecules in the range of 100 nm to 1 000 um. 32
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Fig 13._ Schematic representation of an SLS operating principle.

In DLS, a laser beam is used to irradiate a sample and the fluctuating intensity of scattered
light is recorded, at a certain scattering angle, as a function of time (See Fig14). By using
DLS, it is possible to measure particles sizes from 3 nm to 5 um, making it useful for

emulsion and colloids analysis.
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Fig 14._ Schematic representation of DLS operating principle

Both light scattering techniques provide information about concentration and size of the
particles thanks to the percentage and angle of backscattered light. A larger percent of
backscattered light indicates a higher concentration, while the particles size depends on

the scattering pattern. 32

In Stoke’s law (Eq 1), it is evident that the size of dispersed phase droplets influences the
stability of emulsions. Small and homogeneously distributed droplets are associated with
a stable emulsion. Therefore, emulsion stability can be measured by light scattering

through measurement of droplets size. Additionally, light scattering technique can be
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used to detect the presence of gravitational processes of demulsification, sedimentation,

through measurement of droplets concentration at different sample heights (See Fig 15).
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Fig 15._ Representation of how light scattering methods can be used to detect

sedimentation processes. 1°
2.4.4.4 Microelectrophoresis

Microelectrophoretic techniques are based on the fact that droplets surfaces exhibit
electrical charges. A sample of emulsion is placed in a cell and an electrical field,
generated by a pair of electrodes, cause charged particles to move towards oppositely
charged electrodes. Therefore, the direction and velocity of the charged particles can offer
information about the sign and magnitude of the charges (See Figl6). This technique is
used in conjunction with light scattering to monitor the movement of dispersed phase

droplets, so emulsions must be diluted (<0.1 %) in order to avoid multiple scattering. 32
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Fig 16._ Scheme of a microelectrophoresis in a capillary cell. Part of the capillary was

magnified in order to show the flow velocity profile of particles under electrical field.
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Chapter 3: Methodology

A set of five activities was planned for the development of the methodology. The first
activity was proposed in order to demonstrate that the increments in crude oil recovery
by the implementation of LoSal technology are important. The following two activities
were made to probe that LoSal water flooding working conditions, such as salinity shock
and divalent cations, affect emulsion stability. Other activity was made for evaluating the
effect of temperature on emulsion stability, since conditions at reservoirs can be harsh.
Finally, the last activity was oriented to the observation of emulsions morphology for
evaluating if the emulsions could experiencing entrapment in porous media in terms of
their dispersed phase drops sizes. Table 1 summarizes the activities developed in this

chapter.

Activity Description

Computer Modelling Group (CMG-IMEX) software
was used to compare crude oil production between
secondary recovery and LoSal water flooding for a
defined situation

1) Computational simulation of crude
oil production under secondary
recovery and LoSal water flooding

2) Evaluation of salinity shock on Bottle tests were used to determine how the reductions
emulsion stability in water salinity influence emulsion stability
3) Evaluation of monovalent and Bottle tests were used to determine how the cation type

divalent cations in emulsion stability |influence emulsion stability

4) Evaluation of temperature on Bottle tests and thermal baths were used to determine
emulsion stability how the temperature influence emulsion stability

Optical microscope and Software Image J (developed by
the National Institute of Health, USA) were used to take
micrographs and calculate the drop size distribution of
generated emulsions

5) Analysis of emulsion morphology

Table 1. Chronogram and description of activities.

The sample of crude oil used was taken on February 24 of 2019 by engineers Bryan Bravo
and Patricio Llerena, both from Overtech, under the supervision of the engineer Dixon
Taboada, Operation Superintendent of PETROAMAZON EP. The sample site was the
Lease Automatic Custody Transfer (LACT) Unit in PETROAMAZONAS EP Central
Sacha Oil Field. This LACT unit measures the oil properties for export (API, BS & W),
in the case these are not met, the load is automatically returned to the storage tank.
Sampling was taken in this unit because it is representative of the whole field as advised
by Overtech and Petroamazonas EP engineers.
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3.1 Computational simulation of crude oil production under secondary recovery and
LoSal water flooding

1. Software: Computer Modelling Group (CMG-IMEX)
2. Procedure:

For simulating LoSal water flooding, the CMG-IMEX software for simulating primary
and secondary oil recoveries in conventional and unconventional reservoirs was used. In
order to carry out this activity, it was necessary to define: (a) the reservoir geometry and
conditions, (b) components, (c) fluids and rock-fluids relations. The Model Builder
included in this software was used and the data for its 8 sections were defined in the

following manner.

A) Input/Output: This section defines the input/output parameters, such as titles, variables
and other information related to output files.

B) Reservoir: This section defines the geometry of the reservoir and some properties of
the formation such as width, porosity, permeability, temperature, pressure and saturations
of the phases.

C) Components: This sections defines the characteristic of the fluids present in the

reservoir such as densities, viscosities, compressibility, etc.

D) Rock-fluid: In this section, relative permeability curves and capillary pressures are
defined.

E) Initial conditions: In this section, the initial conditions of the reservoirs are defined.

This includes reservoir pressure, depth, water and oil contact and bubble point.

F) Numerical: This section controls the numerical aspects of the simulator, such as time

and solver methods, that can be tuned in order to get convergence.

G) Well & Recurrent Data: This section defines the parameters of the well, operation

restrictions and the dates of events such as production, flooding, among others.

Note: The numerical values considered for the simulation are detailed in Annexes A.
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3.2 Evaluation of salinity shock on emulsion stability
1. Reagents:
69 ml of formation water (characterized in Annexes B), 426 ml of crude oil (characterized

in Annexes C), and 189 ml of distilled water.
2. Materials and equipment:

Homogenizer Ultra Turrax T25 Basic, Centrifuge HERMLE Z300, 6 centrifuge tubes of
50 ml, 3 measuring cylinders of 50 ml and 6 beakers.

3. Procedure:

A) Preparation of 100 ml of diluted brine 1% and 10% (v/v): Formation water with

distilled water were mixed according to the following proportions:

e 10 ml of formation water and 90 ml of distilled water

e 1 ml of formation water and 99 ml of distilled water
B) Preparation of samples: 2 samples of 100 ml were prepared in the following manner:

e 67 ml of crude oil and 33 ml of brine

e 75 ml of crude oil and 25 ml of brine
(Procedure was repeated with diluted brines at 1 and 10% v/v)

C) Emulsions preparation: The 6 samples were collocated in the homogenizer at 8000

rpm during 3 min.

D) Measurement of emulsion stability: Emulsions samples of 45 ml were collocated in a
centrifuge at 3000 rpm 1 hour per day. Then, the volume of resolved water was registered

as a function of time during 11 days.
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3.3 Evaluation of monovalent and divalent cations on emulsion stability
1. Reagents:
402 ml of crude oil, 2378 ml of distilled water, 13.19 g of NaCl and 637 mg of CaCl,.

2. Materials and equipment:

Homogenizer Ultra Turrax T25 Basic, Centrifuge HERMLE Z300, 6 centrifuge tubes of

50 ml, 3 measuring cylinders of 50 ml and 6 beakers.
3. Procedure:

A) Preparation of synthetic brines of monovalent and divalent cations: Synthetic brine of
monovalent cation was made dissolving 13.19 g of NaCl in 1 L of distilled water, while
synthetic brine of divalent cation was made dissolving 637 mg of CaCl, in 1L of water

(Calculation for solutions preparation is shown in Annexed D).

B) Preparation of 100 ml of diluted brine 1% and 10% (v/v): Synthetic brines were mixed
with distilled water according to the following proportions:

e 10 ml of synthetic brine and 90 ml of distilled water

e 1 ml of synthetic brine and 99 ml of distilled water

C) Preparation of samples: The samples of 100 ml were prepared in the following
manner: 67 ml of crude oil and 33 ml of brine. The procedure was repeated with diluted

synthetic brines of monovalent and divalent cations at 1 and 10% v/v.

D) Emulsions preparation: The six samples were collocated in the homogenizer at 8000

rpm during 3 min.

E) Measurement of emulsion stability: Emulsions samples of 45 ml were collocated in a
centrifuge at 4000 rpm 1 hour per day. Then, the volume of resolved water was registered

as a function of time during 11 days.
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3.4 Evaluation of temperature on emulsion stability

1. Reagents:

540 ml of crude oil, 71 ml of formation water and 189 ml of distilled water.
2. Materials and equipment:

6 measuring cylinders of 100 ml and Apparatus for water and oil separability.
3. Procedure:

A) Preparation of 100 ml of diluted brine 1% and 10% (v/v): Formation water with

distilled water were mixed according to the following proportions:

e 10 ml of formation water and 90 ml of distilled water

e 1 ml of formation water and 99 ml of distilled water

B) Preparation of samples: Samples of 80 ml were prepared in the following manner:
e 60 ml of crude oil and 20 ml of brine

(Procedure was repeated with diluted brines at 1 and 10% v/v)

C) Emulsions preparation: The nine samples were collocated in the homogenizer at 1500

rpm during 5 min at 25°C.

D) Measurement of emulsion stability: Emulsions samples of 80 ml were collocated in
thermal bath at 25°C. Then, the volume of resolved water was registered every 5 min

during 1 hour. Experiments were repeated with temperatures of 54 and 72°C.

The followed norm was the ASTM D1401-02 available in Annexes E.
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3.5 Analysis of emulsion morphology

1. Reagents:

Emulsions 31100, 31010, 31001, NaCl 100%, NaCl 10%, NaCl 1%, CaCl, 100% and
CaCl, 1% generated in Methodology 3.2 and 3.3.

2. Materials and equipment:
Optical microscope, 6 slides plates for microscope and 6 pipettes.
3. Procedure:

A) Preparation of samples: Crude oil was drained from the centrifuge bottles. Then, a
small quantity of the emulsions were extracted with a spatula and collocated in the slides

plates.

B) Micrographs in optical microscopy: The samples were analyzed in the microscope

with a 10x zoom in the objective lens.

C) Measurement of drops size distribution: Images were processed by the program Image
J. Threshold was adjusted to 95% and only droplets with a circularity higher than 0.1 were

considered. Finally, the obtained data was tabulated in Microsoft Excel.

Drop size distributions are available in Annexes F.
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Chapter 4: Results and discussions

a) Simulation of secondary recovery and LoSal water flooding:

In order to make estimations about crude oil recovery, core-flood tests or simulations are

normally used. In the present work, simulation with CMG IMEX software was considered

to compare the variations in crude oil production between normal secondary recovery
(HS) and LoSal water flooding (LS) (See Figl7).
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Figl7._ Validity window for reservoir simulation in CMG IMEX, which indicates that

all the conditions have been successfully defined and the running can be executed.

A reduction in the salinity provokes changes in the relative permeability curves. LoSal

water flooding displaces curves toward water wetness (See Figl8).
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Figl8._ Relative permeability curves for water (krw) and oil (krow) in High Salinity (HS)

and Low Salinity (LS) regimes as a function of water saturation (Sw).
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The displacement in the curves leads to considerable changes in crude oil production. In

HS water flooding the cumulative production in a lapse time of 15 years (from 2010 to

2025) would be around 21.5 million of barrels, while during the same time, in LS water

flooding, the cumulative production would rise to 23 million of barrels (See Figl19).
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Fig 19._ HS (above) and LS (below) cumulative oil curves obtained from CMG.

The crude oil recovery is higher in LoSal water flooding since the first years of the

application. The total increment in LoSal is around 7% higher than in normal secondary

recovery, this increment can be considered meaningful for some projects, thence, the

implementation of this type of EOR projects should be reinforced as soon as the additional

crude oil recoveries allow to compensate the expenses associated with the injection of

fresh water.
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b) Evaluation of salinity shock on emulsion stability:

As mentioned before, crude oil and formation water are the components of emulsions
considered in the present research. However, live crude oil obtaining is a difficult task
because during normal production activities, cocktails of chemical products such as anti-
scaling and corrosion inhibitor are injected in the wells, and these modify, at some extent,
the chemistry of the original petroleum in situ. For this reason, prior to experimental set-
up, measurements of interfacial tension (IFT) were made using the Du Nouy ring method,
which consists on measuring the force applied on a ring for breaking the liquid layer. The

results are shown in Fig20.
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Fig 20._ IFT between crude oil and formation water measured by Du Nouy ring method.

It was considered that an IFT lower than 5 mN/m implies a significant influence of
chemicals additives on natural surfactants. The IFT was calculated averaging the tensions
for pushing the ring into water and pulling it back into crude oil, and the obtained value
was 28.70 mN/m, evidencing that the crude oil sample is valid for the considered

experiments.

Emulsions between crude oil and formation water were effectively created without
external emulsifiers. It is due to the presence of natural surfactants, asphaltenes, resins
and organics acids, present in the medium crude oil of Sacha oilfield (25.3 API). Also,
when the salinity of formation water was reduced, ten and one hundred times, the

emulsions were satisfactorily generated (See Fig21).
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Fig 21._ Mixture of crude oil and formation water (left). Emulsions 31100, 31010, 31001,
21100, 21010, 21001 generated at 8000 rpm with a homogenizer (right). The first two
numbers in the nomenclature refers to the volumetric ratio of crude oil and water and the

other three to the volumetric percentage of formation water in the aqueous phase.

Initially, all the water get dispersed in the crude oil and the system looks like an apparent
one phase. However, the separation of phases began after the first day. Because of the
differences of density, crude oil remains in the upper part, the resolved water in the lower
part and an emulsion layer, brown color and mayonnaise like consistency, is located
between them. The width of emulsion layer is decreased as additional water gets resolved
(See Fig22).

Crude Oil

v

Fig 22._ Scheme of water separation seen in bottle tests.

In emulsions where crude oil and water volumetric relation is 3:1, such as 31100, 31010
and 31001, the stability was analyzed by centrifugal bottle tests and the results are shown
in Fig23.
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Fig23._ Fraction of resolved water as a function of time in centrifuged bottle tests at 25°C
and 3000 rpm.

From Fig23, it is evident that reductions in the salinity of the water, from 31100 (the most
concentrated) to 31001 (the most diluted), generated stronger emulsions so, the quantity

of resolved water was lower for the emulsion with the least saline aqueous phase.

In addition, the stability of emulsions, where crude oil and water volumetric ratio is 2:1,
such as 21100, 21010 and 21001, was analyzed by centrifugal bottle tests and the results

are shown in Fig24.
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Fig24. Fraction of resolved water as a function of time in centrifuged bottle tests at 25°C
and 3,000 rpm.
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The latter emulsions exhibits the same pattern than the former ones, that is, a decrease of

aqueous phase salinity produced stronger emulsions (See Fig 25).

Fig25._ Emulsions 31001, 31010, 31100 (left) and 21001, 21010, 21100 (right) after

centrifugations.

However, the fraction of resolved water is considerable lower for emulsions where the
ratio of phases is 2:1, giving the idea that these emulsions are stronger than the former
ones. This fact could sound contradictory, taking into account that a higher amount of
dispersed phase must produce less stable emulsions because droplets have a higher
probability of encounter and experience one of the demulsification steps. Nevertheless,
higher amounts of water generated a thicker emulsion layer, probably because of a higher

migration of emulsifiers toward interface (See Fig26).

Fig26._ Emulsions 21YYY (left) and 31YYY (right) after centrifugations. Narrows

indicate the upper level of emulsion layer.
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c¢) Evaluation of cation type on emulsion stability:

Synthetic brine with monovalent cations exhibits the same tendency than formation water,
i.e. a decrease in the ionic concentration favor the formation of more stable emulsions
(See Fig 27).

Centrifuged bottle tests

—e—NaCl,100%
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0,10 /_//‘—‘—‘/_‘ NaCl,1%

- .

Fraction of resolved water

0123 456 7 8 91011
Time [Days]

Fig 27._ Fraction of resolved water as a function of time in centrifuged bottle tests at
25°C and 4000 rpm. In nomenclature, the last number represent the percentage of

monovalent synthetic brine in aqueous phase.

It can be due to the fact that, most of the cations present in formation water are
monovalent, and so, formation water and synthetic brine of monovalent cation exhibit the

same behavior.

On the other hand, emulsions with divalent cations does not necessarily exhibit the same
pattern than emulsions with formation water. In fact, increments of calcium cations
produce more stable emulsions (See Fig28). This fact is in agreement with some studies

stating that divalent cations can strength emulsion layer.
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Fig28. _Fraction of resolved water as a function of time in centrifuged bottle tests at 25°C
and 4000 rpm. In nomenclature, the last number represent the percentage of divalent

synthetic brine in aqueous phase.
d) Evaluation of temperature on emulsion stability:

This experiment was carried out under the norm ASTM D1401-02, according to which
the number of revolutions for homogenization was considerable lower (~5 times) than the
one used for the previous experiments. This considerable difference produced weak
emulsions, probably because the dispersed phase drops were bigger and more
heterogeneously dispersed in the continuous phase. Emulsions created under this shear
agitation, resolved an amount of water smaller than the minimum division mark of the
cylinders after 1 hour of test at 25°C, for that reason results at this temperature were not

reported.

With increments of temperature, the kinetic of demulsification becomes considerable
faster as a result of the reduction on the viscosity of the continuous phase and the increase
in the energy of the system that increase the probability of collision between dispersed
phase drops (See Fig 30).
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Fig 30._ Test of water and oil separability. Agitation was set at 1500 rpm and
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temperatures were 54°C (above) and 72°C (below).

At the end of the tests, not all the water was resolved. It implies a limitation of this norm

on crude oils because extended periods of time could conduct to a total separation of

phases.

Agitation and temperature are parameters that strongly influence the stability of
emulsions. If agitation from pumps is not high enough, the resulting emulsions are weak,
even to prevail at ambient conditions. On the other hand, high temperatures, as the ones

occurring deep on the reservoirs, weaken emulsions to the point that these emulsions

could not prevail enough time for being mobility control agents.
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Additional tests must be carried out at high shear rates, high temperatures and during
prolonged periods of time, in order to effectively demonstrate if emulsions generated by
LoSal could resist the harsh conditions on reservoirs. Nevertheless, following the purpose
of the present research, it was shown that at low temperatures, when the kinetic of
demulsification is slow enough to make comparisons statistically meaningful, LoSal
conditions strengthen emulsions stability in Amazonian-Ecuadorian crude oils from

Campo Sacha.
e) Analysis of water in oil emulsion morphology:

Micrographies can be used to make inferences about emulsion stability. Since the
transmission of light is higher in the dispersed phase, the resulting emulsions are w/o
emulsions. A microphotography of the emulsions 31001, 31010 and 31100 is shown in
Fig3l.
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Fig 31._ Microphotography of emulsion 31001 (top), 31010 (medium) and 31100
(bottom) taken with a 4x zoom in the objective. Dispersed phase is water and the

continuous phase is crude oil.
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Emulsion 31001 shows a good dispersion of one phase into the other. The dispersed phase
droplets with an average size around 28 pum are homogeneously distributed and the

occurrence of coalescence is not significant.

In emulsion 31010, the dispersed phase drops have a heterogeneous distribution and these
droplets are significantly deformed, evidencing a high occurrence of coalescence. Also,
the mean drop diameter is 38 um, which means that the drops are slightly bigger than

drops in emulsion 31001.

In emulsion 31100, the dispersion is not good and the coalescence is high with formation
of drops with an average size of 92 um. Hence, the dilution in the formation water
conducted to emulsions with small dispersed phase drops where the coalescence was
diminished resulting in stable emulsions. This observation is in agreement with the results

of bottle tests.

A microphotography of emulsions created with synthetic brines of monovalent cations is

shown in Fig 32.
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Fig 32._ Microphotography of emulsion prepared with synthetic brines of monovalent
cations of NaCl, 1% (top), NaCl,10% (medium) and NaCl,100% (bottom) taken with

a 4x zoom in the objective.
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Only the emulsions prepared with the most diluted brine of monovalent cations created a
good distribution of dispersed phase drops with an average size of 35 pum, while in
emulsions prepared with more concentrated brines the formation of drops is not clear. For
that reason, emulsions generated with diluted brine are the most stable, similarly to

emulsions generated with formation water.

On the other hand, emulsions prepared with synthetic brines of divalent cations does not
necessarily shows the same tendency described before. A microphotography of emulsions

prepared with synthetic brines of CaCl, is shown in Fig 33.
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Fig 33._ Microphotography of emulsion made of synthetic brine full-of CaCl, diluted one

hundred times (above) and without dilution (below) with a 4x zoom in the objective.

Emulsions prepared with synthetic brines of divalent cations exhibit a good distribution

of dispersed phase drops of small size, 25 pm when diluted and 19 um without dilution.

In this case, the tendency is inverted because the increments in the calcium concentration
originated emulsions slightly more stable. Nevertheless, the difference is small and it is
preferred to interpret that small quantities of divalent cation can favor the formation of

stable emulsions.

Formation water is a mixture of different salts with a predominance of monovalent
cations. It can explain why the behavior of emulsions prepared with synthetic brines made
of monovalent cations behave similar to emulsions prepared with formation water. In
addition, divalent cations have a different effect on emulsion stability which can be

proved both by bottle tests and micrographs observations.
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Chapter 5: Conclusions

When mixed with low salinity water, crude oil from Campo Sacha can form emulsions
without the addition of external emulsifiers. This can be attributed to the presence of
natural surfactants in its composition. Micrograph observations show that the generated
emulsions correspond to macroemulsions and that their characteristics depend on the

aqueous phase composition.

At laboratory temperatures (~20°C), it was corroborated that LoSal water flooding
working conditions, such as salinity shock and the presence of divalent cations, favor the
stability of emulsions. Emulsions prepared with diluted formation water are more stable
than emulsions prepared with formation water. In addition, emulsions prepared with
synthetic brines made of divalent cations (Ca?*) exhibited a different behavior than
emulsions prepared with formation water or synthetic brines made of monovalent cations

(Na‘), because increments in divalent cations created slightly more stable emulsions.

Agitation and temperature are crucial factors in the stability of emulsions. On one side,
emulsions created at low agitation were considerably weaker than emulsions generated at
high agitations, to the point that they could be separated at environmental temperatures.
On the other hand, increments of temperature weaken the stability of emulsions

considerably, enabling an almost complete resolution of water in a short time.

LoSal water flooding is a simple and low cost EOR method, provided the existence of
secondary recovery installations in the oilfields, and can lead to considerable increments
in crude oil recovery. In our considered simulation case, the changes in permeability
curves associated to LoSal water flooding conducted to an additional recovery of 7% in

comparison to secondary recovery made with high salinity water.

The present study also points out that LoSal EOR method can be applied in some
reservoirs of similar crude oil and formation water characteristics that the one used in the
experimental set-up. The Cuenca Oriente in Ecuador fulfill the above mentioned
characteristics such as connate water with divalent cations and polar compounds in crude

oil.

It is recommended to carry out tests with Pickering emulsions stabilized with kaolinite
and illite for evaluating the effect of these clays on emulsion stability. Also, rheological
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tests and experiments with emulsions generated at high agitations maintaining high

temperatures could complement the present research.

Finally, it must be mentioned that this study faced a three-component problem (crude oil,
water and substrate) with just two of these parameters, whereby it is necessary to
implement this technique in core floods tests for estimating the crude oil recovery
associated to this technique and the effective participation of the macroemulsions

generated in its EOR action.
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Annexes

A. Data for simulation in CMG-IMEX

e Reservoir
Grid
Grid type Cartesian
K direction Down
i=11
Number of grid blocks |j=11
k=3
Block widths =500
j=11*500

Array properties

Grid top Layer 1= 8 000 ft
Layer 1=25 ft
Grid thickness Layer 2= 75 ft
Layer 3= 50 ft
Porosity Whole grid=0.2
Layer 1 (i,j,k)= 277 md
Permeability Layer 2 (i,j,k)= 1120 md

Layer 3 (i,j,k)= 700 md

Rock compressibility

4x10-6 1/psi

e Components

Components (Quick BlackOil Model)

Reservoir Temperature | 200 F
Generate data upto 3000 psi
Bubble Point Pressure |3 000 psi
Oil density 49 Ib/ft3
Gas density (Air=1) 0.792
Reference pressure 14.696 psi
Water salinity 10 000 ppm
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Rock-fluid

High Salinity
Relative permeability: Water-Oil Table

Sw krw krow

0.15 0 0.75

0.2 0.01 0.58

0.3 0.03 0.3

0.4 0.07 0.15

0.5 0.12 0.05

0.6 0.2 0.01

0.7 0.3 0
Relative permeability: Liquid-Gas

Sg krg krog
0 0 0.75
1 1 0
Low Salinity
Relative permeability: Water-Oil Table

Sw krw krow

0.15 0 0.9

0.2 0 0.78

0.3 0.01 0.55

0.4 0.025 0.35

0.5 0.05 0.2

0.6 0.1 0.1

0.7 0.2 0.05

0.85 0.4 0
Relative permeability: Liquid-Gas
Sg krg krog

0 0 0.9

1 1 0
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Initial Conditions

Initial Conditions
Pressure 4 500 psi
Depth 8 000 ft
Phase contact depth 8 151 ft
Bubble point pressure 3000 psi

Well & Recurrent Data

Well & Recurrent Data

Well Type Producer
STO surface oil
Parameter rate
Constraints | Limit/mode | Max
Value 10 000 bbl/day
Action Continuous
Well Completion Data 1111
From 1/1/2010
Dates (yearly) To 1/1/2030
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B. Physical-chemistry analysis of formation water in Campo Sacha

Fecha : Q’c, 13-Feb-19
Pozo / Punto Monitoreo: ?‘0 WASH TANK
Locacién QQ\O CENTRAL
Campo : SACHA
INa' (mg/1)* 5,292
I&l_%h (mg/l) 82
Ca™ (mg/1) 230
Ba'' (mg/l) 1
Total Fe (mg/1) -

|Ccr (mg/l) 8650
SO.Z' (mg/l) 5
Bicarbonates (mg/l HCO3) 281
TDS (Calculado) (mg/1)* 14,558
pH Condiciones Normales - 6.57
CO, Agua (mg/l) 160
H,S Gas (ppm) 200
H2S Agua ( m§.'l ) 1
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C. Characterization of crude oil of Campo Sacha
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D. Stoichiometric calculation for synthetic brines preparation.

By considering that the most representative salts present in formation water are NaCl,
CaCl,, MgCl,, NaHCO5, and that the concentrations of salts in formation water are in ppm
(w/v). Then:

mgCa 110.98 mgCaCl, 36 mg CaCl,

230 = .86
L " 40.08 mg Ca L
mg Mg 95.205 mg MgCl, mg MgCl,
X =3212 ——
L 24.305 mg Mg L
mg Cl 58.44 mg NaCl mg NacCl
8003.94 X =13194.65 ——

L 35.45 mgCl

mgNa 83.97 mgNaHCO; 370 mg NaHCO;

LS = 5o mgNa L

In the case of samples with kaolinite, the clay was added depending on the mass of the

crude oil-water mix.

For 100 __* 0.0001 91.24 ¢(0.0001) 0.00912 9
: = . —) = = . =
o PP 91 4 g+ x X =T 1 20.0001 g=~-ms
For 1000 X 0.001 90.14 (0.001) 0.0902 90
P — . e d = = . =
or T PP G0 14 g + x =T 10001 AR
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E. ASTM D1401-02

‘ﬂﬂ;[p) Designation: D 1401 — 02

WNTFAWATINESL

Standard Test Method for

#n Amacican hebonsl Shanded

Water Separability of Petroleum Qils and Synthetic Fluids’

This standurd tx sowed under Lhe fiaed dedgnation [ 1801 ke sunbey inenodisldy Tulliwizg e dodgnation iakoeies he yoar of

|rr|pr:|| ldq:l.r:n-:l :Llhc-\.::d'm-_um the yer of lat
kv ) il i o

Thér mizadard bar bavn spprosed jor we by ag

A i } el ok
I
wnce Lhe laal revision o resppooval

Ihe yeus of lasl sappeoval A

af the ap

1. Scope

1.1 This test methed covers measmement of the ability of
peralenm oils or synthedc fuids to s=pamte Tom water.

Hore, | —Akhoesh devaloped specifically for seam-nrhing cils knving
viscouties of 26,590 <5t (o5} 2t 40°C, this test mathod can b mad
to st oils of ofar types heving warious viscoudties and symetic fnids. It
i recomgmanded, howgre, that the test ®empertoe bo mised to 82 + 10
whan testing products more viscous than 80 o5t {mor's) ab 40°C. For
h:.g;hnru:-mm il whars thare & Deeficen mixing of ol and watr,
Tust Mathod D 2711, is mcommended

Ethqm1mmm:hu"5"3mdmbnnud.

Tihen testimg synthetc fhids whese relative dessities ar greader tham
that of waier, & procedors is mckanged, bt it should be noted that the
wainr will probably float on the eemision or Liguid.

12 The values sfated in 51 units are to be regarded as the
standard The values given in parsmtheses are for information
only.

13 Thes stondard does mov purpart fo address all gf o
ugfety comcerms, [ any, asocioed with it wse I in o
responsibiiny of the user qf this standord fo extablish appro-
prigte sgfety and health practices and determing the appiic-
bility of repulgtory limitations prior f0 uwse. For specific
[TeCAUIMDATY stafements, see §.3-5.5.

1. Referenced Docnments

11 ASTAW Seondards:

D 665 Test Method for Busi-Preventing Characteristics of
Inhibited Mmeral 04l in the Presence of Water

D 114] Practice for the Prepamtion of Substinaie Ccean
Water’

L 1183 Specification for Feagent Water!

D 2711 Test Method for Demulsibility Characteristics of
Lubricating Ols?

D 4037 Practice for Mamual Sampling of Petroleum and
Petroleum Productz"

'nLtI:l.m:hll]'n:uldn'I}:_hJ:itlimdAHTH Cosrsllee [N on
Petroleies Prosliscts el [elricasts sl @ the dnad ilslaty ol Bel il
DL OO 0T om Cormmion and Walen'Acr Soperabiility

Cusrenl edblion spprovald Mo 10, 2000 Pehitshel Docember W02 Orgizadly
ppruved ie 964, Lad prevases adithe spproved m 1996 a0 140198

* Anmual Bk off ATTM Standarh, Wl 0501

¥ dnmual Book off ASTM Standarh, Wl 11202

¥ Anmual Book off ASTM Standorsh, Wl 1101

" dnmual Book off ASTM Standarh, Wl 0502

o Digfirene.

1. Spmmary of Test Method

31 A test specimen consisting of a 40-mL sample and a
4-m1. guanitty of distlled water (Mote 3) are stimed for 5 min
at 32°C (Wote 1) in a graduated cylinder The fime required for
the separation of the emnlsion thus formed is recorded either
after every 5 min or at the specification time limdt. If complets
separation of emvnlsion reduction to 3 ml or less does not oocur
after standing for 30 mn or some other specification time Hmit,
the wolumes of ofl (o7 fuid), water, and emuolsion remaining at
the fims are repamzd

4. Sigmificance and Use

41 This test methed provides a poide for defermining the
waier separatson characteristcs of odls subject i watsr con-
faminaton and torbalence. It is used for specificaden of new
oils and monifoning of in-service oils

5. Apparatos

5.1 Cyiinder, 100-ml., zraduated from 5 to 100 ml in
1 0-ml. divisions, made of glass, heat-resismnt glass® ar a
chemical eguivalent. The inside diamster shall be no less than
17 mm and no more than 30 mm troushost its length,
measurzd from the top to a pomi § mm fom the botom of te
cylinder. The overall height of the cylinder shall be 1235 to 260
mm The graduation shall not be in ermor by more than | ml at
amy point on the scale.

5.2 Heating Barh, suficientdy large and deep to permit the
mmersion of at least o test cylinders in the bath liquid up o
their §3-ml. praduations The bath shall be capable of being
mainiained at a iemperanre of 34 + 12 (Wotz 1), and shall be
firted with clamps which bold the cylindsr in a position so that
the lpngitodinal axiz of the paddle comesponds to the vertical
cemter ling of the cylindsr duning the stiming operation. The
clamps shall hald the cylindsr secmely while its contents ars
being stmed.

5.3 Sirring Paddle, made of chromium-plated or siinless
steel and conformimg to the following dimensions:

[ T 12D = 15 [8Fs = Wa)
WIS, i iR 10 = 08 % = )
Thicifaas, e (I 1.5 V)

* Fumuelicule @lexe has been foerd sstisfaciory fon this purpose

Copsrighl 8 ASTH intwrraiomal, 100 Barr Hacbor Orive, PO Dos CT00, Wt Conmhohochen, PA. P08 2555, Unisd Swlaa.
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It is mouwied on a wertical shaft of sl meml, approx-
mately § mm (%% In) = diaeseter, coonected to a dove
mgchanism which retates the paddle oz s longimdinal axiz at
1300 = 175 rpzn. The apparams is of sach desigs that, whea the
rylimder iz clamped in poston and the paddle assembly is
lowrared into the cylinder, a poaithve stop engeges and holds the
msambly whan the lower edge of the paddls is § mm from the
botiom of the cylinder. Dering the operation of the stmer, the
canter of the bottom &dge of the paddle chall not dewiate meme
than | mom frops the axis of roftdon. When not in oparation, the
paddles zsembly can be Lfied vartcally fo clear the top of the
graduated cylindar.

6. Feagears

6.1 Puriny of Reogemr—7Feagant prade chamicals shall b
usad m all wsts. Unless otherwise indicated, if is ixended that
all magemis shall comfnom to the specifications of the Comprit-
tee oo Amalytical Reageats of the Amsrican Chemical Sociaty,
whare such specifications ame available.” Other grades may ba
nsed, provided it is first ascartaimed that the reagemt b of
sufficienity high perity to parmt i nse withont lessening the
accuracy of the determinatiom.

6.1 Puriy of Barer—Unless ofherwise mdicated, reforsmce
1o water shall be nndarstond to mean reagent water 2 defined
by Type 11 in Specification I 1193,

6.3 Cleomng Sofvents, Lighr-fipdrocarbon, mch a procipi-
tation naphtia (Warnine—Health karard) for petreleum otls.
Uso othar approprizte solvents for dissobang synthetic flwids.

64 Acetone, (Warmisp—Hsealth bazard, Flazmpabls)

6.3 Cleeumg Reagers, Clsaning by sither hot NOCHRO-
MIN* (Warmimp—Corrosive. Health hazard oxidizer) or a
24h soak af rocm temperztoe i MICRO® solstion gave
acceptable, stztistically equivalent results @ romd-robin fest-
ing

7. Sampling

7.1 The test is vary weositive to mmall amounts of contami-
nattcm. Take samples i accordancs with Practics IV 20357,

B. Preparatien of Apparams

Bl Clean the gradesed cylinder by removing any film of
oil {or finid) with cleaning sobwent followed by 2 wash st
with acetone and thez with t2p water The glassware shall ke
ferther cloaned with a mitable cleanimg reagent Rimse thor-

. Chomical, dwiricos Chamical Sockere nanr, Amaoes
Chenicsl Soocty, Wehngios, IC. For nggpaton on L oty of rogests oot
kxicd by the Ancren Chomical Socdy, sx Asaier Sdoadands for Laformmny
Chemicelr, B [ Feole, Dorss, UE, end e Pieted Sinse Fhormsoopai
amal Nedizne! Farmuizny, U 8. Plermscopesl Convendis, e (UERC), Rechvlls,
el

1 The sole myeree ol sepply of MOCHROMTE krews 1o e commiter i ks
Errr: o G, [aborwiornics I, T00-H Poric Asc, Talvoma Park, D 206502 17 pon
e peare ol alieestive mpplion, pleoe povide thin elomestion & ART
liomaizorel Hosdqueicn Yo comments will reccies cacfill commidensian o o
mering of the ropoexhic rhrecl cozersiies 7, which you may sbiend

+Th:lkmdlwrrdmﬁutmhlkmmlhllmcu
Iiermsinored Proects Corp, B0 Box W), Burfingion, KT G804, I you sre msere
ol sborstie appiies, peee povide i om0 45T Inkeressonsd
H o Yo will rrove carcful coroadawtion & & mexing of e

reqmemibls ieckracal corzrifiee | which you mury afed

Clserrussd SETH | el
Pl by =F cruie e =8 LW

il s ==
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cughly with tap water and then with reagent watr. Inspect the
cylinders for azy msidus or water droplets adberimg to the
mside walls, Both conditiozs indicate a need for additicnal
cleaning

81 Clean the stiring paddle and shaft with absechent cotton
or tssne wet with chaning solvent and air dry. Care mmst be
taken not to bend or misalign the paddle amembly doring the
cluaming operation.
9. Procedure

2.1 Heat the bath liguid o 34 *+ 1°C (Mot 1) and puadntain
it at that semperatre throeghoot the et Add reagunt water
(Mobe I and Notue 3) to the graduated cylinder up to the £0-mL
mork and then add to the same cylinder a mprusanmtive sample
of the of {or fwid) ender tect undl the top level of the oil
reaches the Bl-mL mark on the cylindar. Flace the cylinder in
the bath and allow the contents to reach bath tezaperatme.
Huatimg fime may wary with type of equipment and can reach
up to 3 min

Mo 2—IT inssal walareetric mermremenls o= mmle ol soaws lempers-
lure, expassion gecurtag o the clevaied o8l lemperatoes: will have e
cotideral For cumnple, there will Be & balal velumeri capansesn ol
il I o 3 ml al B0 Cornsfai 1o cach velume realing & BI7C,

vkl B mule &0 that the wotal ol e veleme eemlings nmde
fisr oils (or Auidl wetes, nd cookdon docs ol encced Bl ml. &n
e peaisdas which windkl aviid the coerediaom is b mals e
inilial valurseieiz mesurement gl the 103 Emperaie

HWom 3—& | %sadion chlonds (Hal [ solution or svathclic s waler,
mx described in Peactice T 1181 or Tew Mothod D 665, can be weal in
place of dEwdlie] walsr when edng cernin ok of lels wed in mesine
spplisaliond

82 Clamp the cylinder n place dimcily mnder the stirmng
paddla. Lower the paddle into the cylinder wmtil the stop
engagss af the reqeired depth St the stirmer and a stop wanch
simuttaneously and admst the stiorer, . required, to a speed of
1303) *+ 15 pm. At the wnd of § min, wop the stiorer and raiwe
the stming assenzbly nodl it is ost clear of the gradwmte. Wips
the paddle with & policemam (Mote 4, allowing the liged thos
removed fo drop back into the cylmder Esmowm the cylinder
from the reteming clamps and tramsfer it camfolly te another
section of the bath At 5-mxin iwtervals, or at the specification
tme limit idemtified for the prodoct being tested, lift the
cylinder oot of the bath (see Mot ), inepect, and mcond the
wolmss of the odl (or Buid), water, 2nd ammlsion bayars.

Mok 8—The puliccimas thould be male ol masnisl resssal o e ol
off ik

More 50U is sl nocesaary o BN e cpbnders ol of the bath [
ingperim il the heating buth is comtneial with o less o rens
wide thal allrws R choar visual mapaciion of the el (Muid), wels, sl
emubion Eye wolunsi wlale the cylinle semmind immesaed in e Balh

18. Eepori

101 Recardirey Mecnmeserss ot §-mie Infervale—ERecond
the tiese untl either () the product paases the water separa-
kility reqairements It i being tested agamst, or (F) the test limit
fior water sepamability is excesded (uwnally 3-ml. smolzion or
less for 30 min at 54°C and #0 min at §2°C). The i
wohims to be repored 2 the o per is 43 mL (see Not &)
For nniformity, st menlts may be opored in the mammer
shoom in the following sxamples:

Lamr e e “males Bt TF S0 AT
il by Fimuin, 137 MEDN ©30 100 MO
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Liss =f Chevi—Calkunis Bu mesn e el = mrrss. Cnisr oeeck of s oo poing 4 on e oedineds ared merss o s Sght on B sbeces B point 5 Comppuis
e ocwis e dSevinior poicts O erd O, fom s mean el ekl s devinlor ponis el withic Be repeaibidy sres, Sen Bs et sos withic e crscieicn of

Ermmpie—te ol fan smulsion of $0-80-0 (10 min| sed $0-40-0 (15 mie). T mees ek el w125 mis | 8] o~d B derdebon from Be meesn i #2258 {06 end =28

o=h
Trsss poiris Bl wiin s sresabity s
Lms thin graph similedy for e ssoroducibilfy of mesrm of difersnt mtomiorss.

FI3. 1 Chart for Dedsrmining Tect Frecicion

R T Compleis sscenefios cooumed in A1 miee boos Fan
A mi ol suimion Bed remrss stk 15 min

Fe-38-3 G Compisis sscereiios Fed not cooomed, b B
sruimios wduses = T el e B leel aae sried

IE-IEE (B0 Mors Twe 3 ml of smubscon enness o fse 0
mime—30 el of o, 35 ml of wwisr, sndl B ml of
TR

4-Er-3 30 Compleis ssramniios faxl not cooormsd bl e AT
wion Eywr reduces i F mloor Eee wSee 0 mie

L g il ] The scsulsicn ke educsd 0 3 ml or = eflsr 30

mic. The scxdmcn mperwi 225 min oooseded 2 mil,
H for somrpis, O-38-44 o 0T

]Ull Reoording Meamrements & fhwe Spectficanon Time
H:qu.m iniy—Recond the wolmmes for oil (or foid)
watar, #md smulzion layers at the specification ttme limit and
-:htnm.ﬁ.nwhn‘ﬂm:[!jﬂmpnﬂnctmmﬂuwaﬁrﬂpmhlhq
mquiTamaats it is being tevted against, or () the test Lt for
watar weparability i excesded {mrually 3-ml emmlsiom or beass
for 30 min at 74°C and §0 miz at §2°C). The maxizmm volums
in b moported as the of lper is 43 ml (s Mot §). For
mmifnrmity, st menls may be reporied n the mesmer shown i
the examples prowided in 10.1.

10.2 The appearance of sach layer may be descmibed i the
fellowring: tarms:

1021 &l for (%S Rich) Layer:

10.2.1.1 Clear.

10.2.1.2 Haxy (Mobe 7).

10.2.1.3 Cloudy (or milky) (Mobe 7).
10.2.1.4 Combimaticss of 10.2.1.1-10.2.13.

10.2.2 Warer or Water-Rich Layver:
18221 Clear

10.2.2.2 Lacy or bubhles present, or both.
10.2.2.3 Haxy (Mobs T)

10.2.2.4 Cloudy (or milky) (Mot 7).
10.2.2.5 Combimatioms of 10.2.2.1-10.2.2.4,

Einervaed ST | vl
Feruie b | i o il 0T

—
= e HE
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10.23 Emmlsion:
10.23.1 Looss and lacy.

102332 Cloudy (or milky) (Mot B)
10.23.3 Creamy (Hke mayonmadse) (Bode )
10.23.4% Combinations of 10.2.3.1-10.23 .3,

Mere &—Cermin oik may produce s haey gl leyver In singtions wlees
I]:l:n::l:l.u‘:mc:tu-l"ﬂh:ﬂll.l.:llwﬂ:llh’hn 3 ialy I
[ 3 q:lp::h:l::ﬂ:l:l.lHl:l:n:F:ﬂ:llnml I there awe I-:ll.iw:rl
.—ld'lhupplqznmlbﬂnl.,ﬁuhnmb:ml
e crulsion byer
Mre T—A haey baper o deBnsl e lemg irasslucent snd o cloudy liver

Morr B—The principal difeecsce Between chmaly ad cresmy emul-
swinems s that the Former = il Nl e probulidy cstable while (e T
Bt & thick comsdsiensy smd & peobshly sishle A choudy emuolsion will
resaliby Bow from e inclingd geaduste while a cceny cmalsion will nal

103 The appeammce of the oil'emulvion and waber’
smmlvion ivturfaces may be devcribed in the: following termes:

10.3.1 Wall-defmed, sharp.

1032 Tli-defmed, tobbles.

10.33 Ili-defmed, lacs.

104 Report the test temperabere if other than 34°C and the
squeons medim i cther then distlled water.

11. Precizion and Bias

111 Precroon—The precicion of this st method was
obtained on steam-tarbing odls having wiscosites of 26.8 to B0
FStl:mml-'ijat#}'Emﬂ.utqﬁmmimLahmnmhdm
i the test completon. This precision is sxpressed graphicalby
in Fig. 1. The graph shows the masimnm allowable deviaton
in mimtes for repeatability and reprodocibiling (95 % coofi-
dence) from mxean eemulsion test reselts for thees cdls. It may
not be appbcable to other oils or Emids.

L i~ B TF D0 T DT
il b Flmmin, 137 MEEN 3 10D T
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112 Fugr—The proceders in this test method for measering 1Y, Keywords

water wepemability has oo bias becamse the valse for watr 121 emnlsics; petrcleums oils; steam-tarbing odls; synthetic
separability is defned cnly in termos of the test methed. Emids; water weparshility
ALTH ‘mkmE = Fm veicEy of @~y ol ngnls resedsd o7 monecion FTN ATy e nerioned

in Boim wimocerd Lisers of S siande ' s axpressy sdeesd B deisrninesos of B aiicEy of iy oo’ peisst rigtis and B i
of idengecsn of sch ighis, are attrsly e own esponmbity.

. Fham o ol oy B by e me be o Fes years A’
o ol owrieed, 8T Four e TEERC & e oy aeviEoyT of Shie Elesdiand’ oy for addficna’ s nde sy
- i moikd’ b b ASTE Yo i Wil mowres cawils' conmosrwdon &l poesing of Be

whiot fou mey sieed ¥ Fou ssl B pour S nol ¥ inir haarng yoo shouls

' THEF pour vEEE Doen & e ASTY Commmilss o Shededs, & B socireey showe o

4 Fha riardie' o copyeipihisd B AS TM ris-afone’, [0 Barr Harbor Drres, PO Box S000 Viesd Conetohockes, 06 15408-2058
- LUinded Sinimx in Iuingle r ooman] of Fuw may ba by ALTH = e shows

< sddwey or ® BMEIS-D5F [phome] SMLEIE-0555 far)] or svisiwsimog [eemad] or Brough Sw ASTH webals
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F. Drop size distributions in emulsions
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NaCl, 1%

Mean drop diameter: 35 um
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