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MONITORING EMULSION FORMATION

Field of the Disclosure

Embodiments of the present disclosure are directed toward monitoring emulsion
formation; more specifically, embodiments are directed toward methods and oil-field test

kits for monitoring emulsion formation in an oil containing reservoir.

Background

" Enhanced oil recovery has been employed to increase the amount of oil recovered
from oil containing reservoirs. Enhanced oil recovery can include injecting fluids other
than water, such as steam, gas, surfactant solutions, and/or carbon dioxide, into the oil
containing reservoir.

To increase the enhanced oil recovery effectiveness, surfactants have been used to
promote emulsions between carbon dioxide and water in an oil containing reservoir. The
emulsions between carbon dioxide and water can help inhibit the flow of the carbon
dioxide into portions of the reservoir formation that have previously been swept. As such,
the emulsions of carbon dioxide and water including the surfactants can help direct the
carbon dioxide to the recoverable hydrocarbons in the less depleted portions of the oil
containing reservoir.

However, emulsions between oil and water can also form during enhanced oil
recovery. Emulsions between oil and water are undesirable from a production standpoint
since the emulsion of oil and water must be broken in order to recovery the oil.
Additionally, emulsions of oil and water can lead to plugging of the oil containing reservoir
and/or processing difficulties when the oil is sought to be extracted from the water in an oil
recovery process. ’

Monitoring emulsions formed between oil and water can be done by detecting the
presence of surfactants in water of the oil containing reservoir. However, detecting
surfactants, and in particular nonionic surfactants in the field can be difficult and can
require rigorous analytical techniques. For example, Liquid Chromatography Mass
Spectrometry (LCMS) has been used to detect nonionic surfactants. However, employing
LCMS can require other resources such as equipment located in laboratories not located on

the oil field and specially trained operators to perform the LCMS.
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Summary

One or more embodiments of the present disclosure provide methods of monitoring
emulsion formation in an oil containing reservoir during enhanced oil recovery with a
nonionic surfactant, The methods include (a) obtaining a water sam‘ple from the oil
containing reservoir, (b) adding an effective amount of ammonium thiocyanate and an
effective amount of a metal nitrate to the water sample to form a sample mixture, where the
metal nitrate is selected from the group consisting of cobalt nitrate, iron nitrate, and
combinations thereof, (¢) adding an organic solvent to the sample mixture to form a sample-
solvent mixture, (d) separating the sample-solvent mixture into an organic phase and an
aqueous phase, and (e) determining whether the organic phase has a predetermined color,
where having the predetermined color indicates the water sample has a predetermined
amount of the nonionic surfactant.

One or more embodiments of the present disclosure include oil-field test kits for
monitoring emulsion formation in an oil containing reservoir in an oil field. The oil-field
test kits include (a) ammonium thiocyanate, (b) a metal nitrate, and (c) an organic solvent.

Additionally, one or more embodiments of the present disclosure include oil-field
kits for enhanced oil recovery. The oil-field kits include (a) a container for a water sample
that contains a nonionic surfactant, and (b) an oil-field test kit for monitoring emulsion
formation in an oil containing reservoir in an oil field. The oil-field test kit includes (i)
ammonium thiocyanate, (ii) a metal nitrate, and (iii) an organic solvent.

The above summary of the present disclosure is not intended to describe each
disclosed embodiment or every implementation of the present disclosure. The description
that follows more particularly exemplifies illustrative embodiments. In several places
throughout the application, guidance is provided through lists of examples, which examples
can be used in various combinations. In each instance, the recited list serves only as a

representative group and should not be interpreted as an exclusive list.

Definitions
Definitions

an," "the," "one or more," and "at least one" are used

ttn

As used herein, the terms "a,
interchangeably and include plural referents unless the context clearly dictates otherwise.

Unless defined otherWise, all scientific and technical terms are understood to have
the same meaning as commonly used in the art to which they pertain. For the purpose of the

present disclosure, additional specific terms are defined throughout.
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As used herein, the term "and/or" means one, more than one, or all of the listed
elements.

Also herein, the recitations of numerical ranges by endpoints include all numbers
subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).

As used herein, a "surfactant" refers to a chemical compound that lowers the
interfacial tension between two liquids.

As used herein, a "nonionic surfactant" refers to a surfactant where the molecules
forming the surfactant are uncharged.

As used herein, the term "oil" refers to a naturally occurring liquid consisting of a
complex mixture of hydrocarbons of various molecular weights and structures, and other
organic compounds, which are found in geological formations beneath the earth's surface,
referred to herein as an oil containing reservoir. "Oil" is also known, and may be referred
to, as petroleum and/or crude oil.

As used herein, “water” refers to the water, water solution and/or brine that is
located in the oil containing reservoir along with oil.

As used herein, “predetermined color” refers to the spectral property of having an
absorption maximum at 316 + 20 nanometers (nm) and an absorption maximum at 614 +20
nm. As used herein, a blue-purple color or red color are used as the predetermined color,
i.e., the blue-purple color and the red color has an absorption maximum at 316 = 20 nm
and/or an absorption maximum at 614 +20 nm.

As used herein, the term "concentration" refers to a measure of an amount of a
substance, such as a surfactant as discussed herein, contained per unit volume of solution.
As used herein, parts-per-million (ppm) is used as one measure of concentration in which a
given property exists at a relative proportion of one part per million parts examined, as
would occur if a surfactant was present at a concentration of one-millionth of a gram per

v

gram of water.

Detailed Description

The present disclosure provides methods for monitoring emulsion formation in an
oil containing reservoir. Embodiments of the present disclosure also include oil-field test
kits for monitoring emulsion formation in an oil containing reservoir. The methods and oil-
field test kits of the present disclosure can be used to monitor emulsion formation in the oil
containing reservoir during enhanced oil recovery. For one or more embodiments,

monitoring emulsion formation can be performed by detecting surfactants, e.g. nonionic
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surfactants, in water of the oil containing reservoir. Detecting the presence of nonionic
surfactants in the water of the oil containing reservoir can help monitor emulsions formed
and/or the potential formation of emulsions between oil and water.

As discussed herein, detecting nonionic surfactants can be difficult and employ
trained specialists to operate equipment not located on the oil field. For the methods and
oil-field test kits of the present disclosure, emulsions formed and/or the potential formation
of emulsions between oil and water can be monitored by detecting the presence of nonionic
surfactants. For one or more embodiments, nonionic surfactants can be detected in the
water of the oil containing reservoir at 10 ppm, as discussed herein.

One or more embodiments include monitoring emulsion formation in the oil
containing reservoir during enhanced oil recovery with a nonionic surfactant. One or more
embodiments include (a) obtaining a water sample from the oil containing reservoir, (b)
adding an effective amount of ammonium thiocyanate and an effective amount of a metal
nitrate to the water sample to form a sample mixture, where the metal nitrate is selected
from the group consisting of cobalt nitrate, iron nitrate, and combinations thereof, (c)
adding an organic solvent to the sample mixture to form a sample-solvent mixture, (d)
separating the sample-solvent mixture into an organic phase and an aqueous phase, and (¢)
determining whether the organic phase has a predetermined color, where having the
predetermined color indicates the water sample has a predetermined amount of the nonionic
surfactant. ,

For one or more embodiments, obtaining the water sample can include obtaining the
water sample from the oil containing reservoir. For example, the water sample can be
obtained from a production well of the oil containing reservoir. Additionally, one or more
embodiments include obtaining the water sample from a separator, e.g. a test separator.
Test separators can be vessels used to separate and meter quantities of oil, water, and gas to
evaluate production performance of individual oil wells. Other methods for obtaining the
water sample can be used as well.

For one or more embodiments, the water sample can be tested neat, i.e., the water
sample is not diluted and/or altered before adding the ammonium thiocyanate, the metal
nitrate, and the organic solvent to test for the nonionic surfactant. In additional
embodiments, the water sample can be diluted and/or altered prior to being tested for the
nonionic surfactant. For embodiments where the water sample has been diluted, the
methods and/or oil-field test kits of the present disclosure can determine an absolute weight

of the nonionic surfactant present in the water sample, as discussed herein.
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For one or more embodiments, after the water sample has been obtained, the water
sample can be filtered. For example, the water sample can be filtered using a syringe filter
to remove particulates before testing the water sample for the nonionic surfactant.

One or more embodiments include adding an effective amount of ammonium
thiocyanate and an effective amount of the metal nitrate to the water sample to form a
sample mixture. For one or more embodiments, adding the effective dmount of ammonium
thiocyanate to the water sample can include adding 1.0 part of ammonium thiocyanate by
weight for 1.6 to 6.0 parts water sample by weight. In one embodiment, 1.0 part of
ammonium thiocyanate by weight is added for 5.0 parts water sample by weight.

For one or more embodiments, adding the effective amount of the metal nitrate to
the water sample can include adding 1.0 part metal nitrate by weight for 3.5 to 714.0 parts
water sample by weight. In one embodiment, 1.0 part metal nitrate by weight is added for
20.0 parts water sample by weight. As discussed here, the metal nitrate can be selected
from the group consisting of cobalt nitrate, iron nitrate, and combinations thereof. In one
embodiment, the metal nitrate is cobalt nitrate.

For one or more embodiments the sample mixture can be mixed in a mixing
container, e.g. shaken and/or stirred, using spatulas and stir rods, among other equipment.
The sample mixture can be mixed for a period of time to sufficiently mix and/or dissovle
the ammonium thiocyanate and cobalt nitrate with the water sample.

" One or more embodiments include adding an organic solvent to the sample mixture
to form a sample-solvent mixture. For one or more embodiments, the organic solvent can
be organic solvents that are immiscible in water. One or more embodiments include using
halogenated organic solvents, and in particular, chlorinated organic solvents that are
immiscible in water. For example, the organic solvent can be selected from the group
consisting of chloroform, dichloromethane, dichloroethane, benzene, and combinations
thereof. Additionally, other immiscible solvents can be used. In one embodiment, the
organic solvent is chloroform. For one or more embodiments, adding the organic solvent to
the sample mixture includes adding 1.0 part organic solvent by weight for 2.0 to 6.0 parts
water sample by weight. In one embodiment, 1.0 part organic solvent by weight is added
for 4.0 parts water sample by weight. For one or more embodiments, the sample-solvent
mixture can be mixed as described herein.

For the embodiments of the present disclosure, the order in which the ammonium
thiocyanate, metal nitrate, and organic solvent are added to the water sample does not

restrict the methods and oil-field test kits described herein. For example, the ammonium



10

15

20

25

30

WO 2011/152877 PCT/US2011/001007

thiocyanate, metal nitrate, and organic solvent can be added to the water sample separatély,
all together simultaneously, or in various combinations. The various combinations can
include, but are not limited to, adding ammonium thiocyanate and the metal nitrate to the
water _sample first and then subsequently adding the organic solvent.

One or more embodiments include separating the samplefsolvent mixture into an
organic phase and an aqueous phase. For example, the sample-solvent mixture can be
allowed to rest for a period of time sufficient to allow the organic phase and the aqueous
phase to separate. One or more embodiments further include removing and retaining the
organic phase for further analysis. For the methods and oil-field test kits of the present
disclosure, using halogenated organic solvents can assist in removing the organic phase.
For example, halogenated organic solvents place the organic phase below the aqueous
phase, i.e., on the bottom. Therefore, if a seperatory funnel is used, the organic phase can
be removed from a bottom tap of the seperatory'funnel. 'Additionally, the organic phase can
be removéd by pouring off the top layer, e.g. the aqueous phase, pipetting the organic phase
from the aqueous phase, or other methods known for separating two immiscible phases.

One or more embodiments include determining whether the organic phase has the
predetermined color, where having the predetermined color indicates the water sample has a
predetermined amount of the nonionic surfactant. Regardless of whether cobalt nitrate or
iron nitrate is used, the predetermined color can have the spectral property of having an
absorption maximum at 316 + 20 nm and/or an absorption maximum at 614 £ 20 nm. For
example, if cobalt nitrate is used as the metal nitrate, the predetermined color of the organic
phase can have a blue-purple color. Additionally, if iron nitrate is used as the metal nitrate,
the predetermined color of the organic phase can have a red color. However, both the blue-
purple color and red color have an absorption maximum at 316 + 20 nm and/or an
absorption maximum at 614 + 20 nm.

For one or more embodiments, the nonionic surfactant can complex with the cobalt
and/or iron to form a colored complex that is more miscible in the organic phase. Since the
colored complex is more miscible in the organic phase, the colored complex can partition
into the organic solvent and can color the organic phase.

_ For one or more embodiments, the predetermined amount of the nonionic surfactant
can be the amount of the nonionic surfactant that can form and/or promote emulsions
between oil and water in the oil containing reservoir. Thus, when the organic phase has the
predetermined color, the predetermined color can act as an indicator that the nonionic

surfactant is present in an amount sufficient to potentially promote emulsions between oil
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and water in the oil containing reservoir. It is understood that different nonionic surfactants
can form emulsions between oil and water at different concentrations. Therefore, the
predetermined amount of the nonionic surfactant can vary between applications and can
depend on what type of nonionic surfactant is present the water sample. In one |
embodiment, the predetermined amount of the nonionic surfactant can be at least 10 ppm.

For one or more embodiments, maintaining a nonionic surfactant concentration in
the water below the predetermined amount of the nonionic surfactant can help minimize
emulsions formed between oil and water within the oil containing reservoir. One or more
embodiments include remediating the contents of the oil containing reservoir when the
organic phase has the predetermined color, e.g. a blue-purple color. Thus, the
predetermined color can act as an indicator to remediate, e.g. reduce the concentration of the
nonionic surfactant, the contents in the oil containing reservoir such that emulsions between
oil and water can be minimized. As discussed herein, emulsions between oil and water are
not desirable from a production standpoint. A water sample having the predetermined
amount of the nonionic surfactant can indicate that the nonionic surfactant is mixing with
the water and oil, which can lead to emulsions between oil and the water in the oil
containing reservoir. As discussed herein, forming emulsions that include oil, if not
remediated, can decrease the amount of oil produced.

For one or more embodiments, the organic phase can be substantially colorless, i.e.,
substantially no color can be visually detected. When the organic phase is substantially
colorless, this can indicate that the water sample does not contain the predetermined amount
of the nonionic surfactant. Thus, when the organic phase is substantially colorless, this can
indicate that the nonionic surfactant is not present in an amount sufficient to promote
emulsions between oil and water in the oil containing reservoir. For example, if an organic
phase is substantially colorless, this can indicate that the organic phase has a nonionic
surfactant concentration less than10 ppm.

One or more embodiments of the present disclosure include an oil-field test kit for
monitoring emulsion formation in an oil containing reservoir in an oil field.
Advantageously, the oil-field test kit can be used on the oil field during enhanced oil
recovery.

For one or more embodiments, the oil-field test kit includes predetermined amounts of
(a) ammonium thiocyanate, (b) a metal nitrate, and (c) an organic solvent, each in a
container. As discussed herein, the metal nitrate can be selected from the group consisting

of cobalt nitrate, iron nitrate, and combinations thereof. For one or more embodiments, the
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ammonium thiocyanate, metal nitrate, and organic solvent can each be packaged
individually in separate containers. In additional embodiments, one or more of the
ammonium thiocyanate, metal nitrate, and organic solvent can be packaged together. For
example, the ammonium thiocyanate and the metal nitrate can be premixed and packaged in
one container and the organic solvent can be packaged in a separate container.

Additionally, the ammonium thiocyanate, metal nitrate, and organic solvent can all be
premixed and packaged in a single container.

For one or more embodiments, the oil-field test kit can further include at least one of a
mixing container to receive the predetermined amounts of the ammonium thiocyanate,
metal nitrate, organic solvent, and water sample being tested. Additionally, the oil-field test
kit can further include instructions on how to use the content of the oil-field test kit for
monitoring emulsion formation in an oil containing reservoir during enhanced oil recovery,
as discussed herein. In one or more embodiments, the mixing container can be optically
transparent.

The oil-field test kit can be used with the methods described herein to monitor
emulsion formation by detecting the presence of nonionic surfactants in the water of the oil
containing reservoir. As discussed herein, once a water sample is obtained, 1.0 part
ammonium thiocyanate by weight can be added for 5.0 parts water sample by weight and
1.0 part metal nitrate by weight can be added for 20.0 parts water sample by weight to form
the sample mixture. For one embodiment, the metal nitrate is cobalt nitrate.

For one or more embodiments, the organic solvent of the oil-field test kit can be
selected from the organic solvents as described herein. As discussed herein, 1.0 part
organic solvent by weight can be added for 4.0 parts water sample to form the solvent-
sample mixture. For one embodiment, the organic solvent is chloroform.

Determining whether the organic phase has the predetermined color can be
deterrﬁined visually or by using an ultraviolet-visible spectroscope. For one embodiment,
the perception of the predetermined color of the organic phase cah be used for qualitative
determination of the predetermined amount of the nonionic surfactant in the water sample.
Thus, an operator can visually determine if the organic phase has the predetermined color,
e.g. a blue-purple color, to qualitatively determine whether the water sample has the
predetermined amount of the nonionic surfactant. That is, the visual perception of the
predetermined color of the organic phase by an operator can indicate that the water sample

has at least 10 ppm of the nonionic surfactant.
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One or more embodiments include an emulsion-formation color chart. For example,
the emulsion-formation color chart can be used for quantification of the presence of the
nonionic surfactant in the water sample. For one or more embodiments, the methods and
oil-field test kits can have a visual detection limit within the range of from 10 ppm to 1000
ppm of a nonionic surfactant discussed herein.

For one or more embodiments, the emulsion-formation color chart can include the
predetermined color at various intensities that correlate to concentrations of 10 ppm, 100
ppm, and 1,000 ppm of the nonionic surfactant. For example, when cobalt nitrate is used as
the metal nitrate, the emulsion-formation color chart can include various levels of intensity
of the blue-purple color, i.e., a pale blue-purple color to a dark blue:purple color, where
each level of intensity correlates to a specific concentration, i.e., 10 ppm, 100 ppm, and
1,000 ppm. For one or more embodiments, the higher the intensity of the predetermined
color, the higher the concentration of the nonionic surfactant in the water sample. If the
intensity of the predetermine color can not be matched to the emulsion-formation color
chart, it can be determined that the organic phase contains either less than the 10 ppm or
greater than 1,000 ppm of the nonionic surfactant. For example, if the organic phase is
substantially colorless or has an intensity of the predetermined color that is less intense than
the intensity that correlates to the 10 ppm color, it can be determined that the organic phase
contains less than 10 ppm of the nonionic surfactant.

For one or more embodiments, the operator can compare the organic phase to the
emulsion-formation color chart to quantify the presence of the nonionic surfactant in the
water sample. That is, the predetermined color, e.g. blue-purple, of the organic phase can
be matched to the closest blue-purple color of the emulsion-formation color chart to
quantify the concentration of the nonionic surfactant. As discussed herein, the emulsion-
formation color chart can indicate the water sample has intensities of the predetermined
color that correlate to nonionic surfactant concentrations of 10 ppm, 100 ppm, or 1,000
ppm.

Additionally, quantitative detection of the nonionic surfactant in the water sample
can also include using ultraviolet-visible spectroscopy. For one or more embodiments, the
organic phase can be removed and retained for testing with the ultraviolet-visible
spectroscope. For one or more embodiments, the oil-field test kit has a spectroscopic
detection limit of less than10 ppm of the nonionic surfactant. In one embodiment, the oil-
field test kit has a spectroscopic detection limit of less than 1 ppm of the nonionic

surfactant.
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As discussed herein, the methods and oil-field test kits can be used to determine
whether the water sample contains the predetermined amount of the surfactant, where the
predetermined amount can be a concentration of the nonionic surfactant. However,
additional embodiments of the present disclosure include methods and oil-field test kits that
can be used to determine an absolute weight of the nonionic surfactant in the water sample.
For example, the water sample may be diluted and/or further altered after it has been
obtained. In embodiments where the water sample has been diluted, the oil-field test kit can
be used to determine the absolute weight of the nonionic surfactant in the water sample.
Once the absolute weight of the nonionic surfactant is determined, the absolute weight of
the surfactant can be converted back to a concentration of the nonionic surfactant based on
the total volume of the water sample prior to dilution.

In one embodiment, the oil-field test kits of the present disclosure can visually detect
an absolute weight of 1,000 micrograms (ug) of the nonionic surfactant in the water sample.
Additionally, the oil-field test kits can detect an absolute weight of 100 ug of the nonionic
surfactant using the ultraviolet-visible spectroscope. In one embodiment, the ultraviolet-
visible spectroscope can detect 10 pg of the nonionic surfactant in the water sample.

An additional embodiment of the present disclosure includes an oil-field kit for
enhanced oil recovery. The oil-field kit includes (a) a container for a water sample that
contains a nonionic surfactant, and (b) an oil-field test kit for monitoring emulsion
formation in an oil containing reservoir in an oil field. For one or more embodiments, the
oil-field test kit includes: (i) ammonium thiocyanate, (ii) a metal nitrate; and (iii) an organic
solvent. As discussed herein, ammonium thiocyanate, metal nitrate, and an organic solvent
can be added to a water sample from the oil containing reservoir to monitor emulsion
formation. For the embodiments, the metal nitrate and organic solvent of the oil-field test
kit can be selected from the examples of each discussed herein.

The oil-field kit includes a container for a water sample that contains a nonionic
surfactant. Examples of nonionic surfactants used in enhanced oil recovery can include, but
are not limited to, ethoxylated aliphatic alcohols, polyoxyethylene, carboxylic esters,
polyethylene glycol esters, anhydrosorbitol ester and exthoxylated derivatives, glycol esters
of fatty acids, carboxylic amides, monoalkanolamine condensates, alkoxylates based on
ammonia, primary amines or secondary amines, polyoxyethylene fatty acid amides,
branched alkylphenol alkoxylates, linear alkylphenol alkoxylates, and branched alkyl

alkoxylates.

10
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For one or more embodiments, the oil-field kit can further include (c) a balance and
(d) a separatory funnel. The separatory funnel, while not required, can assist in the |
separation of the organic phase and aqueous phase as disused herein.

For one or more embodiments, the oil-field test kit can further include a salt that can
be added to the water sample to increase the extraction efficiency. Examples of salts
includ'e, but are not limited to, potassium chloride, sodium chloride, and combinations
thereof. For one or more embodiments, the salt can be added to fhe water sample within a
range of from 2 weight percent (wt%) to 15 wt%, based on a total weight of the water
sample.

For the various embodiments, the visual detection limit and the spectroscopic
detection limit of the nonionic surfactant are not affected by the presence of salt. For
example, the presence of sodium chloride in the water sample does not affect the methods
and/or oil-field test kits of the present disclosure. Additionally, varying the pH of the water
sample does not affect the methods and/or oil-field test kits of the present disclosure.

It is to be understood that the above description has been made in an illustrative
fashion, and not a restrictive one. Although specific embodiments have been illustrated and
described herein, those of ordinary skill in the art will appreciate that other component
arrangements can be substituted for the specific embodiments shown. The claims are
intended to cover such adaptations or variations of various embodiments of the disclosure,
except to the extent limited by the prior art.

In the foregoing Detailed Description, various features are grouped together in
exemplary embodiments for the purpose of streamlining the disclosure. The methods of the
disclosure are not to be interpreted as reflecting an intention that any claim requires more
features than are expressly recited in the claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed embodiment.
Thus, the following claims are hereby incorporated into the Detailed Description, with each

claim standing on its own as a separate embodiment of the invention.

EXAMPLES
Materials
- Experimental Surfactant 08-1015, Nonionic Enhanced Oil Recovery Surfactant,
available from The Dow Chemical Company.
Deionized (DI) Water.

11
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Ammonium thiocyanate, available from Fisher Scientific or equivalént (CAS #
1762-95-4).

Cobalt (1) nitrate, ava‘ilable from Fisher Scientific or equivalent (CAS # 10026-22-
9).

Chloroform, available from Fisher Scientific or equivalent (CAS # 67-66-3)

Example 1

Dilute an appropriate amount of the nonionic enhanced oil recovery surfactant with
DI water to form a solution mixture having a nonionic surfactant of at least 1,000 ppm. Add
100 grams (g) of the solution to a separatory funnel. Add 20 g of ammonium thiocyanate
and 5 g of the cobalt (II) nitrate to the separatory funnel to form a sample mixture. Add an
aliquot of 6 g of chloroform to the separatory funnel to form a sample-solvent mixture. Mix
the sample-solvent mixture. Allow the organic phase to separate from the aqueous phase in
the separatory funnel. Decant the organic phase and retain. Extract using 3 more aliquots
(a total of 4 aliquots or 24 g chloroform) using the same procedure. Determine the color of

the organic phase.

Analysis
The organic phase of Example 1 was observed to have a blue-puple color, i.e., the

predetermined color. The blue-purple color indicates that there was at least 10 ppm of the

nonionic surfactant in the solution.

12
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CLAIMS

What is claimed is:

1. A method of monitoring emulsion formation in an oil containing reservoir during
enhanced oil recovery with a nonionic surfactant, the method comprising:
(a) obtaining a water sample from the oil containing reservoir;
(b) adding an effective amount of ammonium thiocyanate and an effective amount of a
‘metal nitrate to the water sample to form a sample mixture, where the metal nitrate
- is selected from the group consisting of cobalt nitrate, iron nitrate, and
combinations thereof;
(c) adding an organic solvent to the sample mixture to form a sample-solvent mixture,
(d) separating the sample-solvent mixture into an organic phase and an aqueous phase;
and
(e) determining whether the organic phase has a predetermined color, where having
the predetermined color indicates the water sample has a predetermined amount of

the nonionic surfactant.

2. The method of claim 1, where obtaining the water sample includes obtaining the

water sample from a production well of the oil containing reservoir.

3. The method of claim 1, wherein obtaining the water sample includes obtaining the

water sample from a separator.

4, The method of claim 1, where adding an effective amount of ammonium thiocyanate
to the water sample includes adding 1.0 part of ammonium thiocyanate by weight for 5.0

parts water sample by weight.
S. The method of claim 1, where adding an effective amounf of the metal nitrate to the
water sample includes adding 1 part metal nitrate by weight for 20.0 parts water sample by

weight.

6. The method of claim 1, where adding organic solvent to the sample mixture includes

1.0 part organic solvent by weight for 4.0 parts water sample by weight.

13
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7. The method of claim 1, where the predetermined amount of the nonionic surfactant

is at least 10 parts-per-million.

8. The method of claim 1, where a substantially colorless organic phase indicates that

the water sample does not have the predetermined amount of the nonionic surfactant.

9. The method of claim 1, where the predetermined color of the organic phase has an
absorbance maximum wavelength at 316 + 20 nanometers and an absorption maximum

wavelength at 614 + 20 nanometers.

10.  An oil-field test kit for monitoring emulsion formation in an oil containing reservoir
in an oil field, the oil-field test kit comprising:

(a) ammonium thiocyanate;

(b)  ametal nitrate; and

(¢)  anorganic solvent.

11. The oil-field test kit of claim 10, where the metal nitrate can be selected from the

group consisting of cobalt nitrate, iron nitrate, and combination thereof.

12. The oil-field test kit of claim 11, where the metal nitrate is cobalt ni‘frate.

13. The oil-field test kit of claim 10, where the organic solvent is chloroform.

14. The oil-field test kit of claim 10, further comprising an emulsion-formation color
chart.

15. The oil-field test kit of claim 14, where the emulsion-formation color chart has a

visual detection limit within the range of from 10 ppm to 1,000 ppm of a nonionic

surfactant.

16.  The oil-field test kit of claim 10, where the oil-field test kit has a spectroscopic

detection limit of 10 ppm of a nonionic surfactant.

17. An oil-field kit for enhanced oil recovery, the oil-field kit comprising:

14
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(a) a container for a water sample that contains a nonionic surfactant; and
(b) an oil-field test kit for monitoring emulsion formation in an oil containing reservoir
in an oil field, wherein the kit comprises:

(i) ammonium thiocyanate;

(ii) a metal nitrate; and

(iii) an organic solvent.
18.  The oil-field kit of claim 17, where the metal nitrate is cobalt nitrate.
19.  The oil-field kit of claim 17, where the organic solvent is chloroform.
20. The oil-field kit of claim 17, where the oil-field test kit further includes:

© a balance; and

(d) a separatory funnel.
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