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1d; and monitoring a characteristic of the fracturing fluid using a first opticoanalytical device that 1s in optical communication with a
flow pathway for transporting the fracturing thuid.
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METHODS FOR MONITORING THE FORMATION AND TRANSPORYT OF A
FRACTURING FLUID USING OPTICOANALYTICAL DEVICES
BACKGROUND

(0001 ] The present invention generally relates to methods for the monttoring
of fluids in or near real-time, and, more specifically, to methods for monitoring tfluids prior
to, during or after their introduction into a subterrancan formation and/or to methods for
monitoring produced fluids from a sublerrancan tormation.

10002 When conducting operations within a subterranean tormation, it can be
important to precisely know the characteristics of a fluid or other component present 1n or
being introduced into the formation. Typically, the analysis of fluids and other components
being introduced into a subterranean formation has been conducted ofi-line using laboratory
analyses {e.g., spectroscopic and/or wet chemical methods).  These analyscs can be
conducted on fluid samples being introduced inte the subterranean formation or on flow back
fluid samples being produced from the subterranean formation afier a treatment operation has
occurred. Depending on the analysis needed, such an approach can take hours to days to
complete, and even in the best case scenario, a job can often be completed prior to the
analysis being obtained. Furthermore, off-line laboratory analyses can sometimes be difficult
to perform, require extensive sarople preparation and present hazards to personnel performing
the analyses. Bacterial analyses can particularly take a long time to complete, since culturing
of a bacterial sample is usually needed to obtain satisfactory resuits.

0003 ] Although off-line, retrospective analyses can be satistactory in certain
cascs, they do not generally allow real-time or near real-time, proactive control of a
subterrancan operation to take place. That is, off-line, retrospective analyses do not allow
active control of a subterranean operation to take place, at least without significant process
disruption occurring while awaiting the results of an analysis.  In many sublerranean
aperations, the lack of real-time or near real-time, proactive control can be excecdingly
detrimental to the intended outcome of the subterrancan operation. For example, if an
incorrect treatment fluid is introduced into a sublerranean formation, or if a correct treatment
fluid having a desited composition but at least one undesired characteristic {e.g., the wrong
conceniration of a desired component, the wrong viscosity, the wrong pH, an interfenng
impurity, a wrong sag potential, the wrong kind or concentration of proppant particulaies,
bacterial contamination and/or the like) is introduced mto a subterrapean formation, the

subterrancan operation can produce an ineffective outcome or a less effective outcome than
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desired. Worse yet, if an incorrect treatment fluid or a treatment fluid having an undesired
characieristic is mntroduced into the subterrancan formation, damage to the formation can
accur in some cases. Such damage can sometimes result in the abandonment of a wellbore
penctrating the subterranean formation, or a remediation operation can sometimes be needed
to at icast partially repair the damage. In cither case, the consequences of introducing the
wrong treatment fluid into a subterrancan formation can have serious financial yimphications
and result in considerable production delays.

(0041 Off-line, retrospective analyses can 3lso be unsatistactory for
determining the true suitability of a treatment fluid for performing a treatment operation or
for evaluating the true effectiveness of a treatment operation.  Specifically, once removed
from their subterrancan cavironment and transported to a laboratory, the characteristics of a
treatment fluid sample can change, thereby making the properties of the sample non-
indicative of the true effect produced by the treatment fluid in the subterranean {ormation.
Similar issues also can be encountered in the analvsis of treatment fluids before they are
introduced into a subterranean formation. That is, the properties of the treatment thud can
change during the lag time belween collection and analysis. In such cases, a treatment thad
that appears unsuitable for subterrancan usc based upon its laboratory analysis could have
been suitable if introduced into the subterranean formation at an earlier time. The converse
can also be frue. Factors that can alter the characteristics of a {reatment fluid during the lag
time between collection and analysis can include, for example, scaling, reaction of varous
components in the fluid with one another, reaction of various components in the fhud with
components of the surrounding environment, simple chemical degradation, and bacterial
growth.

10005 In addition, the montioring of source materials that are bemg used n
the formation of a treatment fluid can also he of interest. For example, if an 1ncorrect source
material or the wrong quality and/or quantity of a source material 1s used to form a treatment
fluid, it is highly likely that the treatment fluid will have an undesired charactenistic, To this
regard, monitoring of a source material can also be an important quality control feature i the
formation of a treatment tind.

(0006 In addition to monitoring the charactenstics of treatment fluids that are
being introduced into a subterrancan formation, the monitoring of fluids produced from a
subterrancan formation can also be of considerable intercst. Produced fluids of mntercst can
include both native formation fluids and flow back fluids produced after the completion of a
treatroent operation. As noted previously, the characteristics of a flow back fluid can provide
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an indication of the effectiveness of treatment operation, if analyzed properly. In spite of the
wealth of chemical information that can be present in these fluids, 1t has sometumes been
conventional in the art to simply dispose of produced formation water or flow back fluids
resulting from a treatment operation. As an added concern, the significant volumes of fluids
produced from a subterrancan formation can prosent enormous waste disposal issues,
particularly in view of increasingly strict environmental regulations regarding the disposal of
produced water and other types of waste water. The inability to rapidly analyze produced
fluids can make the recycling or disposal of these fluids exceedingly problematic, since they
must be stored until analyses can be completed.  As previously indicated, even when an
analysis has been completed, there is no guarantee that the sample will remain indicative ot
the produced bulk fiuid.

0307} More generally, the monitoring of fluids in or near real-time can be of
considerable interest in order to monitor how the flhuds are changing with tirne, thereby
serving as a quality control measure for processes in which fluids are used. Specitically,
issues such as, for example, scaling, impurity buildup, bacterial growth and the like can
impede processes in which fluids are used, and even damage process equipment n certamn
cascs. For cxample, water streams used in cooling towers and like processes can become
highly corrosive over time and become susceptible to scale formation and bacterial growth.
Corrosion and scale formation can damage pipelines through which the water is flowing and
potentially lead to system breakdowns. Sirptlar issues can be encountered for tuids
subjected to other types of environments.

[O00K ] Spectroscopic techniques for measuring various characteristics of
materials are well known and are routinely used onder laboratory conditions. In some cases,
these spectroscopic techmigues can be carried out without using an involved sample
preparation. 1t is more commoen, however, to carry out various sample preparation steps
before conducting the analysis. Reasons for conducting sample preparation steps can include,
for example, removing interfering background materials from the analyte of interest,
converting the analyte of intcrest into a chemical form that can be better detected by the
chosen spectroscopic technique, and adding standards to improve the accuracy of quantitative
measurements. Thus, there can be a delay in obtaining an analysis due to sample preparation
time, cven discounting the transit time of the sample to a laboratory. Although spectroscopic
cchniques can, at least in principle, be conducted at a job sitc or in a process, the foregomg
concerns regarding sample preparation times can still apply. Furthermore, the transithoning

of speciroscopic instruments from a laboratory into a field or process environment can be
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expensive and complex. Reasons for these issues can include, for exampie, the need to
overcome inconsistent temperature, humidity and vibration encountered during field or
nrocess use. Furthermore, sample preparation, wheo required, can be difficult under ficld
analysis conditions. The difficulty of performing sample preparation in the field can be
especially problematic in the presence of interfering materials, which can further comphceate
conventional spectroscopic analyses.  Quantitative spectroscopic measurements can be
particularly challenging in both field and laboratory settings due to the need for precision and
accuracy in sample preparation and spectral mterpretation.
SUMMARY OF THE INVENTION

100091 The present invention generally relates to methods for the monittoring
of fluids in or near rcal-time, and, more specifically, to methods for monitoring fluids prior
to, during or after their introduction into a subterranean formation and/or to methods tor
monitoring produced fluids from a subterranecan formation.

[0010] In one cmbodiment, the present invention provides a method
comprising: providing at least one source material, combining the at least one source
material with a base fluid to form a treatment fluid; and monitoring a characteristic of the
treatment fluid using a first opticoanalytical device that is in optical corpmunication with a
flow pathway for transporting the treatment thuid.

10011} In one embodiment, the present imvention provides a method
comprising: preparing a treatment fluid; transporting the treatment fluid to a job site;
introducing the treatment fluid into a subterrancan formation at the job site! monstormg a
characteristic of the treatment fluid at the job site using a first opticoanalytical device that is
in optical communication with a flow pathway for transporting the treatroent tluid
determining if the characteristic of the treatment fluid being monitored using the first
opticoanalytical device makes the treatment fluid suitable for being mtroduced into the
subterranean formation; and optionally, adjusting the characteristic ot the treatment fud.

[0012] In onec embodiment, the present invention provides a method
comprising: forming a treatment fluid on-the-fly by adding at least one component to a base
fluid stream; introducing the treatment fluid into a subterranean formation; and monitoring a
characteristic of the treatment fluid using an opticoanalytical device while the treatment flurd
is being introduced into the subterrancan formation.

(0013} in one cmbodiment, the prescnt invention provides a method
comprising: providing at least one acid; combining the at least one acid with 3 base find to
form an acidizing fluid; and monitoring a characteristic of the acidizing fluid usng a first
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opticoanalytical device that is in optical communication with a flow pathway for transporting
the acidizing fluid.

[0014] in one cmbodiment, the present invention provides a method
comprising: providing an acidizing fluid comprising at least one acid; introducing the
acidizing fluid into a subterranean formation; and monitoring a characteristic of the acidizing
fluid using a first opticoanalytical device that is in optical communication with a flow
pathway for transporting the acidizing tluid.

(0315 In one embodimeni, the present invention provides a method
comprising: forming an acidizing fluid on-the-fly by adding at least one acid to 8 base fhnd
streamy; infroducing the acidizing fhud into a subterrancan formation; and momtoring a
characteristic of the acidizing fluid using an opticoanalytical device while the acidizing thud
is being introduced into the subterranean formation.

[0016] In one embodiment, the present invention provides a method
comprising: providing at least one fracturing fluid component; combining the at lcast one
fracturing fluid component with a base fluid to form a fracturing fluid; and monitoring a
characteristic of the fracturing fluid using a first opticoanalytical device that is i ophcal
communication with a flow pathway for transporting the fracturing thad.

10017} In one embodiment, the present invention provides a method
comprising: providing a fracturing fhuid comprising at least one fracturing fhwd component;
mtroducing the fracturing fluid into a subterrancan formation at a pressure sufficient to create
or ephance at feast onc fracture therein; and monitoring a characteristic of the fracturing fluid
using a first opticoanalytical device that is in optical communication with a flow pathway for
transporting the tracturing {hud.

00181 In one cmbodiment, the present invention provides a method
comprising: forming a fracturing fluid on-the-fly by adding at least one fracturing tlud
component to a base {luid stream; introducing the fracturing ifhnd mnto a subterranean
formation at a pressure sufficient to create or enhance at least one fracture therein; and
monitoring a characteristic of the fracturing fluid using an opticoanalytical device while the
fracturing fluid is being introduced into the subterranean formation.

[O0GE9] In one cmbodiment, the present mvention provides a method
comprising; providing a treatment fluid comprising a base fluid and at least one additional
component; introducing the treatment fluid into a subterrancan formation; allowing the
treatment fluid o perform a treatment operation in the subterranean formation; and
monitoring a characteristic of the treatment fluid or a formation fluid using at least a first
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opticoanalvtical device within the subterranean formation, during a flow back ot the
treatment fluid produced from the subterranean formation, or both.

[0020] in one cmbodiment, the present mvention provides a method
comprising: providing a treatment fluid comprising a base fluid and at least one additional
component; introducing the trcatment fluid into a subterranean formation; and monitering a
characteristic of the treatment fluid using at least a first opticoanalybical device that 18
optical communication with a flow pathway for transporting the treatment fluid before the
treatment fluid is introduced into the subterrancan formation.

(0021 ] In one embodiment, the present invention provides a method
comprising: providing an acidizing fluid comprising a basc fluid and at least one acid;
introducing the acidizing fluid into a subterrancan formation; allowing the acidizing fluid to
perform an acidizing operation in the subterranean formation; and monitoring a characteristic
of the acidizing fluid or a formation fluid using at least a first opticoanalytical device within
the subterranean formation, during a flow back of the acidizing fluid produced trom the
subterranean formation, or both.

(0022 ] In one embodiment, the present wmvention provides a method
comprising: providing an acidizing fluid comprising a base flnd and at lcast one acid;
introducing the acidizing fluid into a subterranean formation; and monitoring a characteristic
of the acidizing fluid using at least a first oplicoanalytical device that is n optical
communication with a flow pathway for transporting the acidizing thuid before the acidizing
fluid is tntroduced into the subterrancan formation.

(00231 In onc embodiment, the present invention provides a method
comprising: providing a fracturing fluid comprising a base fhuid and at least one fracturing
flutd component; introducing the fracturing fluid into a subterranean formation at a pressure
sufficient to create or enhance at least one fracture therein, thereby performing a fracturing
operation in the sublerrancan formation; and monitoring a characteristic of the fracturing
fluid or a formation flutd using at least a first opticoanalytical device within the subterranean
formation, during a flow back of the fracturing fluid produced from the subterrancan
formation, or both.

(00241 In one eombodimeni, the present wnvention provides a method
comprising; providing a fracturing fluid comprising a base fluid and at least one fracturing
fluid component; introducing the fracturing fluid into a subterrancan formation at a preSsure
sufficient o create or enhance at least one fraciure therein; and monitoring a characteristic of
the fracturing fluid using at least a first opticoanalytical device that s m optical
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communication with a flow pathway for transporting the fracturing fluid before the fracturing
flind 15 infroduced mto the subterranean formation.

[0025] in one cmbodimeni, the present invention provides a method
comprising: providing water from a water source; monitoring a characteristic of the waiter
using a first opticoanalytical device that is in optical communication with a flow pathway for
transporting the water; and introducing the water into a subterranean formation.

(0026] In one embodimeni, the present invention provides a method
comprising: producing water from a first subterrancan formation, thereby forming a
nroduced water; monitoring a characteristic of the produced water usmg a  first
opticoanalytical device that s in optical communication with a flow pathway for transporting
the produced water; forming a treatment fluid comprising the produced water and at least onc
additional component; and iniroducing the treatment fluid into the first subterranean
formation or 3 second subterranean formation.

100271 In one embodiment, the present invention provides a method
comprising: providing water from a water source; monitoring a characteristic of the water
using a first opticoanalvtical device that is in optical communication with a flow pathway for
transporting the water; and treating the water so as to alter at least one property thercot m
response to the characteristic of the water monitored using the first opticoanalytical device.

| 0023 ] fn one embodiment, the present invention provides a method
comprising: providing a fluid in a fluid stream; and monitoring a charactersstic of the fluid
using a first opticoanalytical device that is in optical conununication with the thmd n the
fluid stream.

100291 In one ombodiment, the present mvention provides g method
comprising: providing a fhuid in a fluid stream; monitoring a characteristic of the fluid using
a tirst opticoanalytical device that is in optical coramunication with the fluid in the tluid
stream; determining if the characteristic of the fluid needs to be adjusted based upon an
output from the first opticoanalytical device; performing an action on the fhud m the tluid
stream so as to adjust the characteristic thereof, and after performung the action on the fluid in
the fluid stream, monitoring the characteristic of the fluid using a second opticoanalytical
device that is in oplical commumication with the fluid in the flund stream.

[0030] fn one cmbodiment, the present invention provides a method
comprising: providing water in a fluid stream; performing an action on the water in the tluid
stream s0 as to adjust a characteristic of the water; after performing the action on the waler m
the fluid stream, monitoring the characteristic of the water using an opticoanalytical device

7
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that is in optical communication with the water in the fluid stream; and determining it the
characteristic of the water lies within a destred range.
10031 in one cmbodiment, the present wnvention provides a method

comprising: monitoring live bacteria in water using a first opticoanalytical device that is

LA

optical communication with the water.

10032] In one embodiment, the present invention provides a method
comprising: providing a treatment fluid comprising a base fluid and at feast one additional
component; monitoring live bacteria in the treatment fluid using at least a Hirst
opticoanalytical device that is in optical communication with a tlow pathway for transporting
10 the treatment fluid; and introducing the treatment fhuid into a subterranean formation, after

monitoring the live bacteria therein.

10033 ] in one embodiment, the present invention provides a method
comprising: providing a treatment fhuid comprising a base fluid and at least one additional
component; introducing the treatment fluid into a subterranean formation; and monitoring

15 hve bacteria in the treatment fluid within the subterrancan {formation using an
opticoanalytical device located therein.

[0034] The features and advantages of the present invention will be readily
apparent to one having ordinary skill in the art upon a reading of the description of the
preferred embodiments that follows.

20 BRIEF DESCRIPTION OF THE DRAWINGS

(0035 The following figures are included to Hustrate certain aspects of the
present invention, and should not be viewed as exclusive embodiments. The subject matter
disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to one having ordinary skill in the art and having the bevefit of thus

25 disclosure.

{0036} FIGURE 1 shows a block diagram non-mechanistically illustrating
how an optical computing device separates electromagnetic radiation related o 2
characleristic or analyte of interest from other electromagnetic radiation,

10037 FIGURE 2 shows a non-limiting ¢lobal schematic illustrating where

30 opticoanalytical devices (D) can be used in monitoring the process of forming 3 fhud,
introducing a fluid into a subierrancan formation, and producing a fhnd from a subterranean

formation.
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()38} FIGURE 3 shows an illustrative schematic demonstrating how an
optical computing device can be implemented along a flow pathway used tor transporting a
flud.

DETAILED DESCRIPTION

10039 The present invention generally relates to methods for the monitoring
of fluids in or near real-time, and, more specifically, to methods for monitoring thuds prior
to, during or afier their introduction into a subterranean formation and/or to methods for
monitoring produced fluids from a subterranean formation.

(00407 Various embodiments described herein utihze opticoanalytical devices
that can be utilized for the real-time or near real-time monitoring of fluids that are ultimately
introduced into a subtcrrancan formation. Likcwise, these opticoanalytical devices can be
used to monitor fluids that are produced from a subterranean formation (inctuding both flow
back fluids, formation fluids, and combinations thereof) or to monitor and regulate fluds that
are used in various processes. These devices, which are described in more detail herem, can
advantageously provide a measurc of real-time or near real-time quality control over the
introduction of flutds into a subterrancan forrpation that cannot presently be achieved with
cither onsite analyses at a job site or more detailed analyscs that take place in a laboratory.
Further, these devices can advantageously provide timely information regarding the
effectiveness of a treatmeni operation being performed in a subierranean formation or the
monitoring of a fluid in a fluid stream, particularly while the fluid stream is being modified 1n
some way. A significant advantage of these devices is that they can be configured to
specifically detect and/or measure a particular component of a fhuid, thereby allowing
qualitative and/or quantitative analyses of the fluid to occur without sample processing taking
place. The ability to perform quanutative analyses in real-time or near real-fime reprosents a
distinct advantage over time-consuming faboratory analyses, which can either delay the start
of a subterrancan operation or provide information (oo late to proactively guide the
performance of a subterranean operation. Tu addition, the opticoanalytical devices can be
capahlc of monitoring a treatment operation while a treatment fhud resides within a
subierranean formation.

(0041 ] The opticoanalytical devices utilized in the embodiments deseribed
herein can advantageously allow at least some measure of proactive or responsive control
over a treatment operation or other type of operation using a fluid to take place. In this
regard, the capability of real-time or near real-time monitoring using the opticoanalylical
devices can advantageously allow automation of a treatment operation to take place through

9
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an active feedback of information obtained using the opticoanalytical devices. Specifically,
by coupling the opticoanalytical device to a processor configured for mamipulating analytical
data obtained therefrom {e.g., a computer, an artificial neural network, and/or the iike), a
treatment operation can be proactively controlled to allow a more eifective treatment
operation o take place. In some cases, the analytical data obtained from the opticoanalytical
device can be manipulated to determine ways m which a thod can be modified o produce or
enhance a desired charactenstic.

10042 In addition, real-time or near real-time wmonitoring using
opticoanalytical devices according to the embodiments described herein can enable the
collection and archival of fluid imformation in conjunction with operational information {o
optimiize subscquent subterrancan operations in the same formation or in a different
formation having similar chemical and physical characteristics. Significantly, real-time or
near real-time monitoring using opiicoanalytical devices can enhance the capacity for remote
job execution.

(0043 ] The opticoanalytical devices suitable for use in the present
embodiments can be deployed at any of a number of various points throughout a system for
performing a treatment operation in a subterrancan formation. Depending on the pomti(s) at
which a treatment operation is monitored using the opticoanalytical device(s), various types
of information about the treaimeni operation can be obtamed. For example, 1n some cases,
quality control information regarding source materials and treatment fluids formed theretrom
can be obtained. Tn some cascs, the change in a freatment fluid before and after mtroduction
into a subterranean formation can be obtained. In addition, the opticoanalytical devices ot the
present embodiments can be used to wonitor @ {reatment fluid of a formation fluid whale it s
downhaole and subiject to conditions of the subterranean environment, where it can potentially
interact with the surface of a subterranean formation. Still further, the opticoanalytical
devices can be used to monitor a fluid being produced from a subicrrancan formation.
Characterization of the produced fluid can provide information about the effectiveness of a
treatment operation that has taken place. In addition, characterization of the produced fluid
can more readily allow disposal or recycling of the fluid to take place, if that is desired. It is
to be recognized that the foregoing listing of information that can be obtained using
opticoanalvtical devices to monitor and/or control a treatment and/or production process
should be considered iflustrative in nature only. Decpending on the locations of the
oplicoanalytical devices and the processing of information obtained therefrom, other types of
information can be obtamned as well,
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00044 ] Even more generally, the opticoanalytical devices can be used to
monitor fluids and various changes thereto according to the embodiments described herem.
In some cases, the opticoanalytical devices can be used to monitor changes to a fluid that take
place over time, for cxample, in a pipeline or storage vessel. In some cases, the
opticoanalytical devices can be used to monitor changes to a fluid that take place as a result
of performing an action on the fhuid (e.g., adding a component thereto, removing &
component therefrom, or exposing the fluid to a condition that potentially changes a
characteristic of the fluid in some way). Thus, the opticoanalytical devices can be used to
monitor processes that take place upon fluids and in which fluids are used to gam an
additional measure of process conirol.

[0045] As used herein, the term “fluid” refers to a substance that is capable of
flowing, inchuding particulate solids, liguids, and gases. In some embodiments, the tluid can
be an aqueous fluid, including water. Tn some embodiments, the fhod can be a nos-aqueous
fluid, including organic compounds, more specifically, hydrocarbons, oil, a refined
component of oil, petrochemical products, and the like. In some embodiments, the thud can
be a treatment fluid or a formation fluid. Fluids can include various flowable mixtures of
solids, liquid and/or gases. Hlustrative gases that can be considered fluids according to the
present emibodiments include, for example, air, nitrogen, carbon dioxide, argon, methane and
other hydrocarbon gases, and/or the hike.

1 0046] As used herein, the term “treatment fluid” refers to a fhud that s
placed in a subterranean formation in order to perform a desired function. Treatment fluids
can be used in a variety of subterrancan operations, including, but not limited to, dniling
aperations, production treatments, stimulation treatments, reraedial treatments, fluid diversion
operations, fracturing operations, and the like. As used herein, the terms “treatment” and
“treating,” as they refer to subterrancan operations, refer to any subterranean operation that
uses a fluid in conjunciion with performing a desired function and/or achieving a desired
purpose. The terms “treatinent” and “treating,” as used herein, do not imply any particular
action by the fluid or any particular component thereof unless otherwise specified. Treatroent
fluids can include, for example, drilling fluids, fracturing fluids, acidizing fiuids,
conformance treatment fluids, diverting fluids, damage control flids, remediation thads,
scale removal and inhibition fluids, chemical floods, sand control fluids, and the like.
Generally, any treatment fluid and any treatment operation can be monitored according to the

ceneral technigues described herein.

11



LA

10

NG
W 3

CA 02843341 2014-01-28

WO 2013/022568 PCT/US2012/047046

10047 As used herein, the term ‘“characteristic” refers to a chemical or
physical property of a substance. Tlustrative characteristics of a substance that can be
monttored according to the methods described herein can include, for example, chenucal
composition (identity and concentration, in total or of individual components), impurity
content, pH, viscosity, density, ionic strength, total dissolved solids, salt content, porosity,
opacity, bacteria conlent, and the like.

(04K As used herein, the term “electromagnetic radiation” refers to radio
waves, microwave radiation, infrared and near-infrared radiation, visible hight, ultraviolet
light, X-ray radiation and gamma ray radiation.

(0049} As used herein, the term “in-process” refers to an event that takes place
while a treatment fluid is being introduced into a subterrancan formation to perform a
treatment operation, while the treatment operation is occurring, or while a flow back fluid 1s
being produced from the subterrancan formation as a result of the treatment operation.

(0050 As used herein, the term “flow back fluid” refers to a treatment fluid
that is produced from a subterranean formation subsequent to a treatment operation.

(005 1] As used herein, the term “produced fluid” refers to a fluid that 1s
obtained from a subterrancan formation. A produced fluid can include a flow back flud, a
native formation fluid present in the subterranean formation (including formation water or
oil), or a combination thereot.

100521 As used herein, the term “formation fluid” refers to a tluid that 18
natively present in a subterranean formation,

{0053 As used hercin, the term “in-line” refers to an cvent that takes place
during a process without the process being substantially distupted.

10054 As used herein, the term “opticoanalytical device” refers to an opfical
device that is operable to receive an input of electromagnetic radiation from a substance and
produce an output of electromagnetic radiation from a processing cloment that 1s changed m
some way so as to be readable by a detector, such that an output of the detector can be
correlated to at least one characteristic of the substance. The output of clectromagnetic
radiation from the processing element can be retlected electromagnetic radiation and/or
transmiitted electromagnetic radiation, and whether reflected or transmitied electromagnetic
radiation is analyzed by the detector will be a matier of routine experimental design. In
addition, fluorescent cmission of the substance can also be monitored by the optical devices.

10035} As used herein, the term “flow pathway” refers to a route through
which a fluid is capable of being transported between two pomnts. Flow pathways between
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two points need not necessarily be continuous. Illustrative flow pathways can include, various transportation
means such as, for example, pipelines, hoses, tankers, railway tank cars, barges, ships, and the like. In addition,
the term flow pathway should not be construed to mean that a fluid therein is flowing, rather that a fluid theretn
1S cépable of being transported through flowing.

{0056] As used herein, the term "fluid stream" refers to quantity of tluid that is flowing, for
example, in a hose, pipeline or spray.

[0057] As used herein, the term "kill ratio” refers to the number of live bacteria present in a
sample after a bactericidal trecatment relative to the number of live bacteria present in a sample before a
bactericidal treatment.

[0058] As used herein, the term "live bacteria" refers to bactcria that are capable of
metabolic activity and normal reproduction. In some cases, live bacteria can be metabolically 1nactive and not
in a state of normal reproduction due to exposure to certain environmental conditions (e.g., temperature or lack
of an appropriate nutrient source), while still retaining the capability for normal metabolic activity and
reproduction upon exposure to more favorable environmental conditions. In some embodiments, live bacteria
can be part of a population of bacteria that has been substantially unaffected by a bactericidal treatment. More
specifically, the term "live bacteria” refers to bacteria whose DNA or RNA has not been modified or degraded
by a bactericidal treatment or whose cell wall structure has not been modified or degraded by a bactericidal
treatment.

Opticoanalytical devices

[0059] In general, opticoanalytical devices suitable for use in the present embodiments can
contain a processing element and a detector. In some embodiments, the opticoanalytical devices can be
configured for specifically detecting and analyzing a characteristic or substance of interest. In some
embodiments, the opticoanalytical devices can be configured to quantitatively measure a characteristic or a
substance of interest. In other embodiments, the opticoanalytical devices can be general purpose optical
devices, with post-acquisition processing (e.g., through computer means) being used to specifically detect a
characteristic or substance of interest.

[0060] In some embodiments, suitable opticoanalytical devices can be an optical computing
device. Suitable optical computing devices are described in commonly owned United States Patents 6,198,531;
6,529.276; 7,123,844; 7,834,999; 7,911,605, and 7,920,258, and United States Patent Applications 12/094,460
(U.S. Patent Application Publication 2009/0219538),
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12/094,465 (U.S. Patent Application Publication 2009/0219539), and 12/094,469 (U.S. Patent Application
Publication 2009/0073433). Accordingly, these optical computing devices will only be described in brief
herein. Other types of optical computing devices can also be suitable in alternative embodiments, and the
foregoing gptical computing devices should not be considered to be limiting.

[0061] Optical computing devices described in the foregoing patents and patent applications
combine the advantage of the power, precision and accuracy associated with laboratory spectrometers, while
being extremely rugged and suitable for field use. Furthermore, the optical computing devices can perform
calculations (analyses) in real-time or near real-time without the need for sample processing. In this regard, the
optical computing devices can be specifically configured (trained) to detect and analyze particular
characteristics and/or substances (analytes) of interest by using samples having known compositions and/or
characteristics. As a result, interfering signals can be discriminated from those of interest in a sample by
appropriate configuration of the optical computing devices, such that the optical computing devices can
provide a rapid response regarding the characteristics of a substance based on the detected output. In some
embodiments, tbe detected output can be converted into a voltage that is distinctive of the magnitude of a
characteristic being monitored in the sample. The foregoing advantages and others make the optical computing
devices partiéularly well suited for field and downhole use.

[0062] Unlike conventional spectrometers, the optical computing devices can be configured
to detect not only the composition and concentrations of a material or mixture of materials, but they also can
be configured to determine physical properties and other characteristics of the material as well, based on their
analysis of the electromagnetic radiation received from the sample. For example, the optical computing
devices can be configured to determine the concentration of an analyte and correlate the determined
concentration to a characteristic of a substance by using suitable processing means. The optical computing
devices can be configured to detect as many characteristics or analytes as desired in a sample. All that 1s
required to accomplish the monmitoring of multiple characteristics or analytes is the incorporation of suitable
processing and detection means within the optical computing device for each characteristic or analyte. The
properties of a substance can be a combination of the properties of the analytes therein (e.g., a linear
combination). Accordingly, the more characteristics and analytes that are detected and analyzed using the

optical computing device, the more accurately the properties of a substance can be determined.
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[0063] Fundamentally, optical computing devices utilize electromagnetic radiation to
perform calculations, as opposed to the hardwired circuits of conventional electronic processors. When
electromagnetic radiation interacts with a substance, unique physical and chemical information about the
substance are encoded in the electromagnetic radiation that is reflected from, transmitted through or radiated
from the sample. This information is often referred to as the substance's spectral "fingerprint." The optical
computing devices utilized herein are capable of extracting the information of the spectral fingerprint of
multiple characteristics or analytes within a substance and converting that information into a detectable output
regarding the overall properties of a sample. That is, through suitable configuration of the optical computing
devices, electromagnetic radiation associated with characteristics or analytes of interest in a substance can be
separated from electromagnetic radiation associated with all other components of a sample in order to estimate
the sample's properties in real-time or near real-time.

[0064] in various embodiments, the optical computing devices can contain an integrated
computational element (ICE) that is capable of separating electromagnetic radiation related to the characteristic
or analyte of interest from electromagnetic radiation related to other components of a sample. Further details
regarding how the optical computing devices can separate and process electromagnetic radiation related to the
characteristic or analyte of interest are described in United States Patent 7,920,258. FIGURE 1 shows a block
diagram non-mechanistically illustrating how an optical computing device separates electromagnetic radiation
related to a characteristic or analyte of interest {from other electromagnetic radiation. As shown in FIGURE 1,
after being illuminated with incident electromagnetic radiation, sample 100 containing an analyte of interest
produces an output of electromagnetic radiation, some of which i1s electromagnetic radiation 101 from the
characteristic or analyte of interest and some of which is background electromagnetic radiation 101’ from other
components of sample 100. Electromagnetic radiation 101 and 101" impinge upon optical computing device
102, which contains ICE 103 therein. ICE 103 separates electromagnetic radiation 101 from electromagnetic

radiation 101". Transmitted electromagnetic radiation 105, which 1s related to the characteristic or analyte of
interest, is carried to detector 106 for analysis and quantification (e.g., to produce an output of the
characteristics of sample 100). Reflected electromagnetic radiation 104, which is related to other components
of sample 100, can be directed away from detector 106. In alternative configurations of optical computing

device 102, reflected electromagnetic radiation 104 can be related to the analyte of interest, and transmitted

electromagnetic
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radiation 105 can be related to other components of the sample. In some embodiments, a second detector (not
shown) can be present that detects the electromagnetic radiation reflected from ICE 103. Without limitation,
the output of the second detector can be used to normalize the output of detector 106. In some embodiments, a
beam splitter can be employed (not shown) to split the two optical beams, and the transmitted or reflected
electromagnetic radiation can then directed to ICE 103. That is, in such embodiments, ICE 103 does not
function as the beam splitter, as depicted in FIGURE 1, and the transmitted or reflected electromagnetic
radiation simply passes through ICE 103, being computationally processed therein, before travelling to
detector 106.

(0065] Suitable ICE components are described in commonly owned United States Patents
6,198,531; 6,529276; and 7,911,605, and in Myrick, ef al. "Spectral tolerance determination for multivariate
optical element design," FRESENUIS' JOURNAL OF ANALYTICAL CHEMISTRY, 369:2001, pp. 351-355.
[n general, an ICE comprises an optical element whose transmissive, reflective, and/or absorptive properties
are suitable for detection of a characteristic or analyte of interest. The optical element can contain a specific
material for accomplishing this purpose (e.g., silicon, germanium, water, or other material of interest). In some
embodiments, the material can be doped or two or more materials can be combined in a manner to result in the
desired optical characteristic. For example, deposited layers of materials that have appropriate concentrations
and thicknesses can be used to create an ICE having suitable properties. In addition to solids, an ICE can also
contain liquids and/or gases, optionally in combination with solids, in order to produce a desired optical
characteristic. In the case of gases and liquids, the ICE can contain a vessel which houses the gases or liquids.
In addition to the foregoing, an ICE can also comprise holographic optical elements, gratings, and/or acousto-
optic elements, for example, that can create transmission, reflection, and/or absorptive properties of interest.
Other types of ICE components can also be suitable in alternative embodiments, and the foregoing ICE
components should not be considered to be limiting,

10066] Once ICE 103 has separated electromagnetic radiation 101 related to the sample,
optical computing device 102 can provide an optical signal (e.g., transmitted electromagnetic radiation 105),
which is related to the amount (e.g., concentration) of the characteristic or analyte of interest. In some
embodiments, the relation between the optical signal and the concentration can be a direct proportion. Detector

106 can be configured to
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detect transmitted electromagnetic radiation 105 and produce a voltage cutput i an
embodiment, which is relaled to the amount of the characteristic or analyte of mterest.

(0067 When  monitoring more than one analyie at a fime, various
configurations for multiple ICEs can be used, where cach ICE has been configured to detect a
particular characteristic or analyte of intcrest. In some embodiments, the characteristic or
analyte can be analyzed sequentially asing roultiple ICEs that are presented o a single beam
of electromagnetic radiation being retlected from or transmitted through a sampic. In some
embodiments, multiple ICEs can be located on a rotating disc, where the mdividual 1CEs are
only exposed to the beam of electromagnetic radiation for a short tme. Advantages of this
approach can include the ability to analyze multiple analytes using a single optical computing
device and the opportunity to assay additional analytes simply by adding additional 1CEs to
the rotating disc. In various embodiments, the rotating disc can be turned at a trequency of
about 10 RPM to about 30,000 RPM such that each analyte in a sample is measured rapidly.
In some embodiments, these values can be averaged over an appropriate time domaln (e.g.,
about 1 millisecond to about 1 hour) to more accurately determine the sample characteristics.

(0068 ] In other embodiments, multiple optical computing devices can be
placed in parallel, where cach optical computing device contains a umque ICE that 1s
configured to detect a particular characteristic or analyte of interest. In such embodiments, a
beam splitter can divert a portion of the electromagnetic radiation being reflected by, emitted
from or transmitted through from the substance being analyzed into each optical computing
device. Each optical computing device, in turn, can be coupled to a detector or detector array
that is configured to detect and analyze an output of clectromagnetic radiation from the
optical computing device. Parallel configurations of optical computing devices can be
particularly beneficial for applications that require low power inputs and/or no moving parts.

[0069] in still additional embodiments, multiple optical computing devices
can be placed in series, such that characteristics or analytes are measured sequentiaily at
different locations and times. For example, in some embodiments, a charactenistic or analyte
can he measured in a first location using a first optical computing device, and the
characteristic or analvte can be measured in a second location using a second optical
computing device. In other embodiments, a first characteristic or analyte can be measured i
a first Jocation using a first optical computing device, and a second characteristic or analyte
can be measured in a second location using a sccond optical computing device. 1t should also
be recognized that any of the furegoing configurations for the opiical computing devices can

be used in combination with a series configuration in any of the present emboduments. For
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example, two optical computing devices having a rotating disc with a plurabty of ICEs
thereon can be placed in series for performing an analysis.  Likewise, multiple detechion
stations, cach containing optical computing devices in parallel, can be placed 10 series for
performing an analysis.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>