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(57) Abstract: A method of monitoring and controlling one or more properties of a drilling fluid used in drilling a well is provided.
The method comprises circulating the drilling fluid through the wellbore, measuring the specific heat capacity of the drilling fluid, and
determining the value of an additional property of the drilling fluid based at least in part on the measured specific heat capacity of the
drilling fluid. For example, the additional property of the drilling fluid can be the oil-to-water ratio of the drilling fluid. As another
example, the additional property of the drilling fluid can be average specific gravity of the solids in the drilling fluid.
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USING THE SPECIFIC HEAT CAPACITY OF A
DRILLING FLUID TO DETERMINE OTHER PROPERTIES THEREOF

BACKGROUND

[0001] As a well is being drilled, a drilling fluid is continuously circulated from the surface,
through the wellbore and back to the surface in order to carry out various functions. For
example, the drilling fluid, also referred to as drilling mud, functions to remove cuttings from the
borehole, control formation pressure, and cool, lubricate and support the drill bit. Typically, the
drilling fluid is pumped down the borehole through the interior of the drill string, out through
nozzles in the end of the drill bit, and then back to the surface through the annulus between the
drill string and the wall of the borehole. On the surface, the drilling fluid is circulated through a
series of shaker screens and other types of equipment to reclaim it and make it suitable for
continued circulation through the wellbore.

[0002] Due to reactions with the drill cuttings, fluid leak-off into the formation and other
factors, the nature of the drilling fluid can change as the drilling fluid is circulated through the
wellbore. As a result, the composition and other properties of the drilling fluid must be carefully
monitored and controlled as the drilling process is carried out.

[0003] Many drilling parameters, such as the measured depth, string rotary speed, weight on
the bit, downhole torque, surface torque, surface pressure, downhole pressure, drill bit
orientation and bit deflection can be measured and adjusted in real-time (that is continuously) or
at least on a frequent basis as the drilling process is carried out. However, some properties of the
drilling fluid, such as the ratio of oil-to-water in the drilling fluid and the average specific gravity
of the solids in the drilling fluid, cannot be easily measured and adjusted in real time or even on a
frequent basis.

[0004] For example, in order to ascertain the oil-to-water ratio of the drilling fluid and the
average specific gravity of the solids in the drilling fluid, a drilling fluid engineer or mud
engineer (hereafter a “mud engineer”) must directly measure such properties. A typical on-site
mud engineer has numerous other responsibilities in his or her daily routine and usually only
measures the oil-to-water ratio of the drilling fluid and/or average specific gravity of the solids in
the drilling fluid every few hours. Even if the mud engineer has the ability to carry out more

frequent measurements of these properties, the current methods of taking the measurements are
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complex and time consuming. For example, it can take as much as an hour or more for a mud

engineer to directly measure the oil-to-water ratio of the drilling fluid and the average specific

gravity of solids in the drilling fluid. Depending on the nature of the rock formations being

penetrated by the drill bit, the expected types of hydrocarbons (for example, oil and/or gas)

associated therewith and other factors, such a time frame may not be sufficient in all cases.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The drawings included with this application illustrate certain aspects of the

embodiments described herein. However, the drawings should not be viewed as exclusive
embodiments. The subject matter disclosed herein is capable of considerable modifications,
alterations, combinations, and equivalents in form and function, as will be evident to those
skilled in the art with the benefit of this disclosure.
[0006] FIG. 1 is a graph illustrating an example of a representation depicting the correlation
between the specific heat capacity of a drilling fluid and the oil-to-water ratio of the drilling
fluid.
[0007] FIG. 2 is a graph illustrating an example representation depicting the correlation
between the specific heat capacity of a drilling fluid and the average specific gravity of solids in
the drilling fluid.
[0008] FIG. 3 is a diagram illustrating an example of a wellbore drilling system that may be
used in accordance with certain embodiments of the present disclosure.
[0009] FIG. 4 is a diagram illustrating an example of a wellbore drilling system wherein the
fluid processing unit is located in the mud retention pit in accordance with the present disclosure.
[0010] FIG. 5 is a diagram illustrating an example of a wellbore drilling system wherein the
fluid processing unit is downstream of the mixing hopper in accordance with the present
disclosure.
[0011] FIG. 6 is an enlarged view of a portion of the fluid processing unit specifically related
to the method disclosed herein.

DETAILED DESCRIPTION
[0012] The present application may be understood more readily by reference to this detailed

description as well as to the examples included herein. For simplicity and clarity of illustration,
where appropriate, reference numerals may be repeated among the different figures to indicate

corresponding or analogous elements, In addition, numerous specific details are set forth in
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order to provide a thorough understanding of the disclosed subject matter. However, it will be
understood by those of ordinary skill in the art that the subject matter described herein can be
practiced without these specific details. In other instances, methods, procedures and components
have not been described in detail so as not to obscure the related relevant feature being
described. Also, the description is not to be considered as limiting the scope of the subject
matter described herein, The drawings are not necessarily to scale and the proportions of certain
parts may have been exaggerated to better illustrate details and features of the present
application,
[0013] In accordance with this disclosure, a method of monitoring and controlling one or
more properties of a drilling fluid used in drilling a well is provided. For example, in one
embodiment, the method is a method of monitoring and controlling the oil-to-water ratio of a
drilling fluid used in drilling a well. In another embodiment, the method is a method of
monitoring and controlling the average specific gravity of the solids in a drilling fluid used in
drilling a well. As used herein and in the appended claims, the term “drilling fluid” and the term
“drilling mud” are used interchangeably and mean the same thing.
[0014] As used herein and in the appended claims, drilling a well means a drilling a wellbore
from the surface to a point below the surface. The wellbore can penetrate one or more
subterranean formations that contain, for example, water and/or hydrocarbons such as oil and
gas. The drilling fluid can be any type of drilling fluid useful in drilling a well. For example, the
drilling fluid can be an emulsion having a water continuous phase and an oil discontinuous
phase, or an inverse emulsion having an oil continuous phase and a water discontinuous phase.
[0015] The disclosed method comprises:

circulating the drilling fluid through the wellbore;

after circulating the drilling fluid through the wellbore, measuring the specific heat
capacity of the drilling fluid; and

determining the value of an additional property of the drilling fluid based at least in
part on the measured specific heat capacity of the drilling fluid.
[0016] The drilling fluid is circulated from the surface, through the wellbore, and back to the
surface. Typically, the drilling fluid is pumped down the borehole through the interior of the
drill string, out through nozzles in the end of the drill bit, and then back to the surface through

the annulus between the drill string and the borehole wall (that is, the inside surface of the
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borehole). For example, in drilling an oil and gas well, the drilling fluid is typically also
circulated through various types of equipment in order to reclaim the drilling fluid and make it
suitable for continued circulation through the wellbore.

[0017] For example, as shown by FIGS. 3, 4 and 5, which are further described below, the
drilling fluid can be circulated through the wellbore and a fluid processing unit. The fluid
processing unit can be located on the surface adjacent to the wellbore. For example, the drilling
fluid can be circulated through the wellbore, the fluid processing unit and a mud retention pit that
is also located on the surface adjacent to the wellbore. The fluid processing unit can be located
upstream of the retention pit, or in the mud retention pit. As another example, the drilling fluid
can be circulated through the wellbore, the fluid processing unit, the mud retention pit, and a
mixer also located on the surface adjacent to the wellbore. The mixer can be located
downstream of the mud retention pit, and the fluid processing unit can be located downstream of
the mixer.

[0018] As used herein and in the appended claims, measuring the specific heat capacity of
the drilling fluid “after” circulating the drilling fluid through the wellbore means measuring the
specific heat capacity of a portion of the drilling fluid after that portion has circulated, at least to
an extent, through the wellbore. For example, the specific heat capacity of a portion of the
drilling fluid can be measured on the surface after that portion of the drilling fluid has been
circulated from the surface, through the wellbore, and back to the surface. For example, the
specific heat capacity of a circulated portion of the drilling fluid can be measured while the
remaining drilling fluid continues to circulate through the wellbore.

[0019] The specific heat capacity of the circulated drilling fluid can be measured quickly and
accurately, For example, the fluid processing unit can comprise a specific heat capacity sensor
such as a specific heat capacity probe, and a computer associated with the specific heat capacity
sensor. As used herein and in the appended claims, a “computer” means a computer or other
device that includes a central processing unit and has one or more computer programs associated
therewith.

[0020] For example, as the drilling fluid is circulated through the fluid processing unit, the
specific heat capacity of the drilling fluid can be measured by the specific heat capacity probe or
other sensor, and a signal comprising the value of the specific heat capacity of the drilling fluid

can be sent to the computer for further processing. For example, the specific heat capacity can
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be measured at two or more fluid pressures, and the additional property of the drilling fluid can
be determined based at least in part on the measured specific heat capacity at each fluid pressure.
For example, the specific heat capacity of the drilling fluid can be measured at a temperature that
is above or below ambient temperature. For example, the specific heat capacity of the drilling
fluid can be measured at a temperature that is above ambient temperature. For example, the
specific heat capacity of the drilling fluid can be measured at a temperature that is below ambient
temperature.,

[0021] For example, the specific heat capacities of the water and oil phases of the drilling
fluid are dependent on pressure and temperature. At increased fluid pressure, the fluids portion
of the drilling fluid contents tend to compress which causes the specific heat capacities of the
water and oil phases of the drilling fluid to change. At increased pressure, the concentrations of
the fluid portion of drilling fluid will also shrink compared to the entire drilling fluid.

[0022] It has been shown that the oil in the drilling fluid will typically compress more than
the water in the drilling fluid and that the density of the solids in the drilling fluid will usually
remain constant. This changes the fractional concentrations of the individual components (for
example, oil, water, and solids) with respect to the total fluid. With the changes in
concentrations of the individual components, the specific heat capacity of the fluid will change,
which makes it possible to back calculate the concentrations of the respective components in
view of the changes in the concentrations of each component. When the temperature of the fluid
changes, the respective components (for example, oil, water, and solids) will also have a change
in specific heat capacity. However, the changes in specific heat capacity due to temperature
changes are different for each component. If the specific heat capacity is measured at enough
temperatures, it is possible to back calculate the fractional concentrations of the individual
components.

[0023] Specific heat capacity is a measure of the amount of heat required to raise the
temperature of a mass by one degree. The total specific heat capacity of a drilling fluid is
dependent upon the specific heat capacities of the components that create the drilling fluid. As
used herein and in the appended claims, the term “specific heat” and the term “specific heat
capacity” are used interchangeably and mean the same thing.

[0024] For example, the table below shows the specific heat capacities of the most common

elements inside an inverse emulsion drilling fluid.
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Component Specific Heat (kJ/kg K)
Water 4.19

0Oil 1.5-22

Barite 0.46

Low Gravity Solids (LGS) 0.5-1.0

As shown, the liquids have a higher specific heat than the solids. The liquids also make up most
of the fluid compared to the solids.

[0025] A common method of determining the specific heat capacity of a drilling fluid utilizes
the weighted average of specific heat capacities of the individual components of the drilling
fluid. Specifically, the weighted average of each individual component is added together to get
the total specific heat capacity of the drilling fluid. This can be seen in the equation (1) below
where ha is the specific heat capacity of the drilling fluid, hy is the specific heat capacity of an

individual component and @, is the fraction of the component of the total (by mass or volume).

Reotar = Zn=1(hn * ©n) (H

[0026] An additional equation that may be used to determine the specific heat capacity of a
drilling fluid is to use the known or measured concentrations and corresponding specific heat
capacities of the individual components of the drilling fluid. This can be seen in Equation (2)
below, where @o is the oil concentration, 4, is the specific heat capacity of oil, ¢p is the water or
brine concentration, A is the specific heat capacity of the water or brine, /s is the low gravity
solids (“LGS™) specific heat capacity, ¢rgs is the LGS concentration, sngs is the high gravity
solids (“HGS™) or weighting agents specific heat capacity, and @ugs is the HGS or weighting

agents concentration.
Amua = ®o * ho + @p * hg + @res * higs + Pues * Rugs 2

[0027] For example, the concentrations of the individual components of the drilling fluid can
be determined through a number of methods of measuring or otherwise determining the same.
For example, the individual concentrations can be determined by way of a mud balance and
retort, which are commonly done by a mud engineer. For example, the specific heat capacities
of the individual components can be determined by measuring them individually and having
their values stored in a database or like data storage element that can be recalled at any time.

The specific heat capacities of the individual components and the known or measured
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concentrations of the individual components may then be used to determine the total specific
heat capacity of the drilling fluid. This can be easily done to predict the specific heat of the mud
or other drilling fluid in the field if the mud engineer does not have a specific heat sensor or
probe on hand, which in turn can help predict how the drilling fluid will operate downhole.
[0028] Alternatively, the total specific heat capacity of the drilling fluid can be measured
using a specific heat capacity sensor, including, without limitation, a commercially available
specific heat capacity probe. The specific heat capacity sensor may be any type of specific heat
capacity sensor useful for measuring the specific heat capacity of a fluid. Such a sensor
measures the specific heat of the entire drilling fluid and not the individual components.

[0029] The value of an additional property of the drilling fluid can also be quickly and
accurately determined in accordance with the disclosed method by, for example, indirectly
determining the value based on the measured specific heat capacity of the drilling fluid. For
example, the disclosed method can further comprise providing a representation including
multiple potential values of the additional property of the drilling fluid, each potential value
corresponding to a predetermined specific heat capacity. The additional property of the drilling
fluid can then be determined by comparing the measured specific heat capacity of the drilling
fluid to the predetermined specific heat capacities of the representation and selecting the
potential value of the additional property that corresponds to the predetermined specific heat
capacity that most closely matches the measured specific heat capacity of the drilling fluid.
[0030] For example, this approach can be used to determine the degree to which a drilling
fluid has become contaminated. For example, the initial drilling fluid specific heat can be
measured before any contamination occurs. As drilling commences, contamination of the
drilling fluid with low gravity solids can occur. At this point the specific heat of the drilling
fluid can be measured again. Contamination that has occurred can be quantified by using
Equation (3) below, where Qcontaminae iS the contaminate concentration, heontaminate is the
contaminate specific heat, hyyg is the post-contamination measured specific heat of the drilling

fluid, and hiyia 1s the initial specific heat of the drilling fluid.

hmud = Qcontaminate * hcontaminate + (l'q)contarninate) * hinitial (3)
[0031] As used herein and in the appended claims, the term “representation” refers to a
graph, table, electronic database, or other printed or electronic compilation of data that includes

multiple potential values of the additional property of the drilling fluid with each potential value
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corresponding to a predetermined specific heat capacity, and that: (a) allows the measured
specific heat capacity of the drilling fluid to be compared to the predetermined specific heat
capacities in the representation; and (b) allows the potential value of the additional property that
corresponds to the predetermined specific heat capacity that most closely matches the measured
specific heat capacity of the drilling fluid to be selected. For example, the representation can be
an electronic database that includes multiple potential values of the additional property of the
drilling fluid, with each potential value corresponding to a predetermined specific heat capacity,
and that is capable of being manipulated by a computer program and computer to compare the
measured specific heat capacity of the drilling fluid to the predetermined specific heat capacities
in the database and select the potential value of the additional property that corresponds to the
predetermined specific heat capacity that most closely matches the measured specific heat
capacity of the drilling fluid.

[0032] For example, in one embodiment, the value of the additional property of the drilling
fluid that is determined in accordance with the disclosed method is the oil-to-water ratio of the
drilling fluid. The oil-to-water ratio of a drilling fluid is the ratio of the volume percent of oil to
the volume percent of water in the drilling fluid. In another embodiment, the value of the
additional property of the drilling fluid that is determined in accordance with the disclosed
method is the average specific gravity of the solids in the drilling fluid. The average specific
gravity of the drilling fluid is the average of the ratio of the density of each solid in the drilling
fluid (for example, a weighting agent and the drilled solid) to the density of water.

[0033] For example, if the representation is a graph or table, the measured specific heat
capacity of the drilling fluid can be compared to the predetermined specific heat capacities of the
representation, and the potential value of the additional property that corresponds to the
predetermined specific heat capacity that most closely matches the measured specific heat
capacity of the drilling fluid can be manually selected by an operator. For example, a graph
plotting potential values of the oil-to-water ratio of the drilling fluid against predetermined
specific heat capacities of the drilling fluid (at three different solids concentrations) is shown by
FIG. 1. In using the graph of FIG. 1, the operator can merely find the predetermined specific
heat capacity on the y axis of the graph that matches the measured specific heat capacity, and
then find the corresponding oil-to-water ratio on the x axis of the graph. A similar graph plotting

potential values of the average specific gravity of the solids in the drilling fluid against
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predetermined specific heat capacities of the drilling fluid (at two different solids concentrations)
is shown by FIG. 2. The graph of FIG. 2 can be used in the same way that the graph of FIG. 1 is
used.

[0034] On the other hand, if the representation is an electronic database associated with a
computer, the measured specific heat capacity of the drilling fluid can be compared to the
predetermined specific heat capacities of the representation, and the potential value of the
additional property that corresponds to the predetermined specific heat capacity that most closely
matches the measured specific heat capacity of the drilling fluid can be selected automatically by
the computer.

[0035] If desired, the values of multiple properties of the drilling fluid can be determined
based at least in part on the measured specific heat capacity of the drilling fluid. For example,
the value of a first additional property of the drilling fluid and the value of a second additional
property of the drilling fluid can be determined based at least in part on the measured specific
heat capacity of the drilling fluid. For example, the method can further comprise providing a
separate representation for each of the first and second additional properties, each representation
including multiple potential values of the corresponding additional property of the drilling fluid,
and each potential value corresponding to a predetermined specific heat capacity of the
additional property of the drilling fluid. Each of the first and second additional properties of the
drilling fluid can then be determined by comparing the measured specific heat capacity of the
drilling fluid to the predetermined specific heat capacities of the corresponding representation
and selecting the potential value of the additional property that corresponds to the predetermined
specific heat capacity that most closely matches the measured specific heat capacity of the
drilling fluid. For example, the first additional property of the drilling fluid can be the oil-to-
water ratio of the drilling fluid, and the second additional property of the drilling fluid can be the
average specific gravity of the solids in the drilling fluid.

[0036] If desired, specific heat measurements can be combined with other measurements
such as density or even specific heat at a different pressure, and the concentrations of the
individual components can be determined. For example, this approach can be used to achieve a
more accurate and precise measurement than can be achieved by referencing tables and plots or

by focusing on one contaminating component.
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[0037] For example, in oil-based muds, there are four major components (high gravity solids
(HGS), low gravity solids (LGS), oil, and water). In water-based muds, there are three major
components (HGS, LGS, and water), meaning there are either three or four unknowns (the
concentrations of the components). A system of equations can be created and solved to find out
the concentration of each individual component. For example, Equations (4), (5) and (6) below
can be used in connection with a water-based mud with a specific heat measurement being

complemented by a density measurement:

hmud= @05+ hp + PLGs * hrgs + @res * hugs (Specific Heat) (4);
Pmud = OB *PB +PLGs *PLGS + PHGs * Pras (Density) (5); and
1= @p + OLGs + Oucs (The sum of the components equal the whole) (6),

where hy,q is the specific heat capacity of the drilling fluid, ¢p is the water or brine
concentration, hy is the specific heat capacity of the water or brine, Qr,gs is the low gravity solids
concentration, hygg is the low gravity solids specific heat capacity, @ngs is the high gravity
solids concentration, hygs is the high gravity solids specific heat capacity, Pmyq is the density of

the drilling fluid, pg is the density of the water or brine, and py s is the density of the low
gravity solids. The density measurement could be replaced by any other measurement and even
using a specific heat measurement at a different temperature or pressure as this would change the
relative specific heats and volume fractions as discussed earlier.

[0038] The disclosed method can further comprise adjusting at least one property of the
drilling fluid in response to the determined additional property or properties of the drilling fluid.
For example, characteristics of the drilling fluid and/or the composition of the drilling fluid can
be altered based on the oil-to-water ratio and/or the average specific gravity of the solids as
needed to improve the performance of the drilling fluid and the efficiency of the drilling
operation. Continuously monitoring the oil-to-water ratio and/or the average specific gravity of
the solids in the drilling fluid helps maintain optimal fluid properties. The oil-to-water ratio of
the drilling fluid and/or the average specific gravity of the solids in the drilling fluid are required
inputs for many mud prediction models and software applications and help the mud engineer
provide an optimal fluids solution.

[0039] For example, based on the determined oil-to-water ratio of the drilling fluid, it may be

determined that more water needs to be added to the drilling fluid to improve the rheology of the

10
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fluid and reduce the overall cost of the fluid. Based on the determined average specific gravity
of the solids in the drilling fluid, it may be determined that the amount of low gravity solids in
the drilling fluid needs to be reduced in order to improve the drill rate, put less stress on the drill
bit and eliminate other problems that slow down or otherwise hinder the drilling process. For
example, if the average specific gravity of the solids is too low, the mud engineer can request
that adjustments be made to the solids control equipment, or can dilute the mud to adjust the
properties of the fluid to get the properties back within desired specifications.

[0040] For example, one or more of the oil-to-water ratio of the drilling fluid, the
composition of the drilling fluid, the solids content of the drilling fluid, and the average specific
gravity of the solids in the drilling fluid can be adjusted based on the oil-to-water ratio of the
drilling fluid and/or the average specific gravity of the solids in the drilling fluid. For example,
if both the oil-to-water ratio of the drilling fluid and the average specific gravity of the solids in
the drilling fluid are determined, at least one property of the drilling fluid can be adjusted in
response to both the determined oil-to-water ratio of the drilling fluid and the average specific
gravity of the solids in the drilling fluid. The adjustment(s) to the property or properties of the
drilling fluid in response to the determined additional property or properties of the drilling fluid
can be made manually by the operator or automatically, for example, by the central processing
unit in the fluid processing unit.

[0041] Referring now to FIG, 3, an exemplary wellbore drilling assembly 100 that may be
used in association with the disclosed method is illustrated and generally designated by the
reference numeral 100. It should be noted that while wellbore drilling assembly 100 is depicted
in FIG. 3 as a land-based drilling assembly, those skilled in the art will readily recognize that the
principles described herein are equally applicable to subsea drilling operations that employ
floating or sea-based platforms and rigs, without departing from the scope of the disclosure.
[0042] As illustrated, the drilling assembly 100 may include a drilling platform 102 that
supports a derrick 104 having a traveling block 106 for raising and lowering a drill string 108.
The drill string 108 may include, but is not limited to, drill pipe and coiled tubing, as generally
known to those skilled in the art. A kelly 110 supports the drill string 108 as it is lowered
through a rotary table 112. A drill bit 114 is attached to the distal end of the drill string 108 and

is driven either by a downhole motor and/or via rotation of the drill string 108 from the well
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surface. As the bit 114 rotates, it creates a borehole 116 that penetrates various subterranean
formations 118.

[0043] A pump 120 (for example, a mud pump) circulates a drilling fluid 122 through a feed
pipe 124 and to the kelly 110, which conveys the drilling fluid 122 downhole through the interior
of the drill string 108 and through one or more orifices in the drill bit 114. The drilling fluid 122
is then circulated back to the surface via an annulus 126 defined between the drill string 108 and
the walls of the borehole 116. At the surface, the recirculated or spent drilling fluid 122 exits the
annulus 126 and may be conveyed to a fluid processing unit 128 via an interconnecting flow line
130. If necessary or desired, more than one fluid processing unit can be used. After passing
through the fluid processing unit 128, a “cleaned” drilling fluid 122 is deposited into a nearby
retention pit 132 (also referred to as a mud pit).

[0044] One or more chemicals, fluids and/or additives (for example, weighting agents and
fluid loss control additives) may be added to the drilling fluid 122 via a mixing hopper 134
communicably coupled to or otherwise in fluid communication with the retention pit 132. The
mixing hopper 134 may include, but is not limited to, mixers and related mixing equipment
known to those skilled in the art. In other embodiments, however, one or more chemicals, fluids
and/or additives may be added to the drilling fluid 122 at any other location in the drilling
assembly 100. In at least one embodiment, for example, there could be more than one retention
pit 132, such as multiple retention pits 132 in series. Moreover, the retention pit 132 may be
representative of one or more fluid storage facilities and/or units where the disclosed chemicals,
fluids and/or additives may be stored, reconditioned, and/or regulated until added to the drilling
fluid 122.

[0045] For example, when used in association with the method disclosed herein, the drilling
assembly 100 can be used to drill a wellbore penetrating a subterranean formation while
circulating a drilling fluid 122 through the wellbore. The method disclosed herein may further
include measuring the specific heat capacity of the drilling fluid 122 and then determining one or
more additional properties of the drilling fluid 122 including the oil-to-water ratio of the drilling
fluid and/or the average specific gravity of the solids in the drilling fluid.

[0046] While illustrated in FIG. 3 as being arranged on the surface at the outlet of the
borehole 116 via the annulus 126 and upstream from the mud retention pit 132, the fluid

processing unit 128 may be arranged at other locations in the drilling assembly 100 to facilitate
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its proper function, without departing from the scope of the disclosure. For example, FIG. 4 is
the same as FIG. 3, except it depicts the fluid processing unit 128 as being located in the mud
retention pit 132. For example, FIG. 5 is the same as FIGS. 3 and 4, except it depicts the fluid
processing unit 128 as being located downstream of the mixing hopper 134.

[0047] Referring to FIG. 6, a portion of the fluid processing unit 128 that specifically relates
to the method disclosed herein will be described in more detail. The fluid processing unit 128
may also include other equipment (not shown) such as one or more shakers (for example, shale
shakers), centrifuges, hydrocyclones, separators (including magnetic and electrical separators),
desilters, desanders, filters (for example, diatomaceous earth filters), heat exchangers and other
types of fluid reclamation equipment, In addition, the fluid processing unit 128 may include one
or more sensors and one or more gauges, pumps, compressors, and the like used, for example, to
store, monitor, regulate, and/or recondition any exemplary chemicals, fluids and additives
disclosed herein. Multiple fluid processing units containing some or all of the above equipment
can be used.

[0048] As shown by FIG. 6, the portion of the fluid processing unit 128 that specifically
relates to the method disclosed herein can include a specific heat capacity sensor (“SHCS”) 136
and a computer and central processing unit (“CPU”) 138. For example, the specific heat
capacity sensor 136 measures the specific heat capacity of the drilling fluid 122. For example,
the specific heat capacity sensor 136 may be a commercially available specific heat capacity
probe.

[0049] The CPU 138 is communicably coupled to the SHCS 136 and receives a signal
comprising the specific heat capacity of the drilling fluid from the SHCS 136 for further
processing. The CPU 138 may be configured to execute one or more sequences of instructions,
programming stances, or code stored on a non-transitory, computer-readable medium. For
example, the CPU 138 can include an electronic database and computer program that allows it to
import the specific heat capacity measured by the SHCS 136 into a representation as described
above, compare the measured specific heat capacity to the predetermined specific heat capacities
of the representation, and select the potential value of the additional property that corresponds to
the predetermined specific heat capacity that most closely matches the measured specific heat

capacity of the drilling fluid. The CPU can also adjust one or more properties of the drilling

13



WO 2018/190821 PCT/US2017/027138

fluid based at least in part on the determined additional property or properties of the drilling fluid
122.

[0050] The fluid processing unit 128 may be configured to extract a sample from the drilling
fluid 122 and measure the sample’s specific heat capacity. For example, the specific heat
capacity measurement can be made at an elevated or reduced temperature, elevated fluid
pressure, or both. Therefore, the fluid processing unit 128 can be a container that can be heated,
pressurized or both for performing the specific heat capacity measurement of the drilling fluid
122.

[0051] The CPU 138 may be, for example, a general purpose microprocessor, a
microcontroller, a digital signal processor, an application specific integrated circuit, a field
programmable gate array, a programmable logic device, a controller, a state machine, a gated
logic, discrete hardware components, an artificial neural network, or any like suitable entity that
may perform calculations or other manipulations of measurements and/or data. In some
embodiments, the CPU 138 may further include elements such as, for example, a memory (e.g.,
random access memory (RAM)), flash memory, read only memory (ROM), programmable read
only memory (PROM), erasable programmable read only memory (EPROM)), registers, hard
disks, removable disks, CD-ROMS, DVDs, or any other like suitable storage device or medium.
[0052] As used herein, a machine-readable medium will refer to any medium that directly or
indirectly provides instructions to CPU 138 for execution. A machine-readable medium may
take on many forms including, for example, non-volatile media, volatile media, and transmission
media. Non-volatile media may include, for example, optical and magnetic disks. Volatile
media may include, for example, dynamic memory. Transmission media may include, for
example, coaxial cables, wire, fiber optics, and wires that form a bus. Common forms of
machine-readable media may include, for example, floppy disks, flexible disks, hard disks,
magnetic tapes, other like magnetic media, CD-ROMs, DVDs, other like optical media, punch
cards, paper tapes and like physical media with patterned holes, RAM, ROM, PROM, EPROM
and flash EPROM.

[0053] For example, the CPU 138 may be configured to perform or reference mathematical
calculations, lookup tables, and offset well data comparisons that are stored on the CPU 138 to
derive the oil-to-water ratio, the average specific gravity of the solids, or both. In some

instances, the CPU 138 may output a numerical value, graph, or the like indicative of one or

14



WO 2018/190821 PCT/US2017/027138

more properties of the drilling fluid 122, including, without limitation, the oil-to-water ratio of
the drilling fluid and/or the average specific gravity of the solids in the drilling fluid. In some
instances, the CPU 138 may adjust or suggest an adjustment to the drilling fluid 122 composition
(e.g., adding additional weighting agent), the drilling operation parameters (e.g., increasing or
decreasing the rate of penetration and weight on bit), or both based on the derived one or more
properties of the drilling fluid 122, including, without limitation, the oil-to-water ratio, the
derived average specific gravity of the solids, or both.

[0054] Thus, the method disclosed herein utilizes the specific heat capacity of a circulated
drilling fluid to quickly and easily determine additional properties of the drilling fluid such as the
oil-to-water ratio of the drilling fluid and average specific gravity of the solids in the drilling
fluid. For example, the disclosed method can be carried out continuously, in real time, or at least
periodically on a frequent basis (for example, every half hour as the drilling process is carried
out). For example, the specific heat capacity can be measured and the additional property or
properties of the drilling fluid can be determined in 5 or 10 minutes. The specific heat capacity
of the circulated drilling fluid can be measured as the drilling fluid is coming out of the wellbore
or being put back in the wellbore.

[0055] Any exemplary chemicals, fluids and additives disclosed herein may directly or
indirectly affect one or more components or pieces of equipment associated with the preparation,
delivery, recapture, recycling, reuse, and/or disposal of any disclosed chemicals, fluids and
additives. For example, any disclosed chemicals, fluids and additives may directly or indirectly
affect one or more components or pieces of equipment associated with the exemplary wellbore
drilling assembly 100,

[0056] For example, any disclosed chemicals, fluids and additives may directly or indirectly
affect the fluid processing unit(s) 128 which may include, but is not limited to, one or more
shakers (for example, shale shakers), centrifuges, hydrocyclones, separators (including magnetic
and electrical separators), desilters, desanders, filters (for example, diatomaceous earth filters),
heat exchangers and other types of fluid reclamation equipment. In addition to one or more
specific heat capacity sensors, as discussed above, the fluid processing unit(s) 128 may further
include one or more other sensors and one or more gauges, pumps, compressors, and the like
used, for example, to store, monitor, regulate, and/or recondition any exemplary chemicals,

fluids and additives disclosed herein.
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[0057] Any disclosed chemicals, fluids and additives may directly or indirectly affect the
pump 120, which representatively includes any conduits, pipelines, trucks, tubulars, and/or pipes
used to fluidically convey the chemicals, fluids and additives downhole, any pumps,
compressors, or motors (e.g., topside or downhole) used to drive the chemicals, fluids and
additives into motion, any valves or related joints used to regulate the pressure or flow rate of the
chemicals, fluids and additives, and any sensors (i.e., pressure, temperature, flow rate, etc.),
gauges, and/or combinations thereof, and the like. The disclosed chemicals, fluids and additives
may also directly or indirectly affect the mixing hopper(s) 134 and the retention pit(s) 132 and
their assorted variations.

[0058] Any disclosed chemicals, fluids and additives may also directly or indirectly affect
the various downhole equipment and tools that may come into contact with the chemicals, fluids
and additives such as, but not limited to, the drill string 108, any floats, drill collars, mud motors,
downhole motors and/or pumps associated with the drill string 108, and any MWD/LWD tools
and related telemetry equipment, sensors or distributed sensors associated with the drill string
108. Any disclosed chemicals, fluids and additives may also directly or indirectly affect any
downhole heat exchangers, valves and corresponding actuation devices, tool seals, packers and
other wellbore isolation devices or components, and the like associated with the wellbore 116.
Any disclosed chemicals, fluids and additives may also directly or indirectly affect the drill bit
114, which may include, but is not limited to, roller cone bits, PDC bits, natural diamond bits,
any hole openers, reamers, coring bits, etc.

[0059] While not specifically illustrated herein, any disclosed chemicals, fluids and additives
may also directly or indirectly affect any transport or delivery equipment used to convey the
chemicals, fluids and additives to the drilling assembly 100 such as, for example, any transport
vessels, conduits, pipelines, trucks, tubulars, and/or pipes used to fluidically move the chemicals,
fluids and additives from one location to another, any pumps, compressors, or motors used to
drive the chemicals, fluids and additives into motion, any valves or related joints used to regulate
the pressure or flow rate of the chemicals, fluids and additives, and any sensors (i.e., pressure
and temperature), gauges, and/or combinations thereof, and the like.

[0060] Therefore, the present methods are well adapted to attain the ends and advantages
mentioned, as well as those that are inherent therein. The particular examples disclosed above

are illustrative only, as the present methods may be modified and practiced in different but
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equivalent manners apparent to those skilled in the art having the benefit of the teachings herein.
Furthermore, no limitations are intended to the details of construction or design herein shown,
other than as described in the claims below. It is therefore evident that the particular illustrative
examples disclosed above may be altered or modified, and all such variations are considered
within the scope and spirit of the present methods. While methods are described in terms of
“comprising,” “containing,” “having,” or “including” various components or steps, the methods
may also, in some examples, “consist essentially of” or “consist of” the various components and
steps. Also, the terms in the claims have their plain, ordinary meaning unless otherwise
explicitly and clearly defined by the patentee.

[0061] What is claimed is:
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1. A method of monitoring and controlling one or more properties of a drilling fluid

used in drilling a well, comprising:

circulating the drilling fluid through the wellbore;

after circulating the drilling fluid through the wellbore, measuring the specific
heat capacity of the drilling fluid; and

determining the value of an additional property of the drilling fluid based at least
in part on the measured specific heat capacity of the drilling fluid.

2. The method of claim 1, wherein said drilling fluid is circulated through the
wellbore and a fluid processing unit.

3. The method of claim 2, wherein said fluid processing unit is located on the
surface adjacent to said wellbore.

4. The method of claim 3, wherein said drilling fluid is circulated through the
wellbore, said fluid processing unit and a mud retention pit that is also located on the surface
adjacent to said wellbore, and wherein said fluid processing unit is located upstream of said mud
retention pit.

S. The method of claim 3, wherein said drilling fluid is circulated through the
wellbore, said fluid processing unit and a mud retention pit also located on the surface adjacent
to the wellbore, and wherein said fluid processing unit is located in said mud retention pit.

6. The method of claim 3, wherein said drilling fluid is circulated through the
wellbore, said fluid processing unit, a mud retention pit also located on the surface adjacent to
the wellbore, and a mixer also located on the surface adjacent to said wellbore and located
downstream of said mud retention pit, and wherein said fluid processing unit is located
downstream of said mixer.

7. The method of claim 1, wherein the specific heat capacity of the drilling fluid is
measured at two or more fluid pressures, and wherein said additional property of the drilling
fluid is determined based at least in part on said measured specific heat capacity at each fluid
pressure.

8. The method of claim 1, wherein the specific heat capacity of the drilling fluid is

measured at a temperature that is above or below ambient temperature.
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9. The method of claim 1, further comprising providing a representation including
multiple potential values of said additional property of the drilling fluid, each potential value
corresponding to a predetermined specific heat capacity of the drilling fluid, and wherein said
additional property of the drilling fluid is determined by comparing said measured specific heat
capacity of the drilling fluid to the predetermined specific heat capacities of said representation
and selecting the potential value of the additional property that corresponds to the predetermined
specific heat capacity that most closely matches said measured specific heat capacity of the
drilling fluid.

10. The method of claim 1, wherein said value of the additional property of the
drilling fluid that is determined is the oil-to-water ratio of the drilling fluid.

11. The method of claim 1, wherein said value of the additional property of the
drilling fluid that is determined is the average specific gravity of the solids in the drilling fluid.

12. The method of claim 1, wherein the value of a first additional property of the
drilling fluid and the value of a second additional property of the drilling fluid are determined
based at least in part on the measured specific heat capacity of the drilling fluid.

13. The method of claim 12, further comprising providing a separate representation
for each of said first and second additional properties, each representation including multiple
potential values of the corresponding additional property of the drilling fluid, each potential
value corresponding to a predetermined specific heat capacity of said additional property of the
drilling fluid, and wherein each of said first and second additional properties of the drilling fluid
are determined by comparing said measured specific heat capacity of the drilling fluid to the
predetermined specific heat capacities of the corresponding representation and selecting the
potential value of the additional property that corresponds to the predetermined specific heat
capacity that most closely matches the measured specific heat capacity of the drilling fluid.

14.  The method of claim 13, wherein said first additional property of the drilling fluid
is the oil-to-water ratio of the drilling fluid, and the second additional property of the drilling
fluid is the average specific gravity of the solids in the drilling fluid.

15. The method of claim 1, further comprising adjusting at least one property of the
drilling fluid in response to said determined additional property of the drilling fluid.

16. The method of claim 15, further comprising adjusting one or more of the oil-to-

water ratio of the drilling fluid, the composition of the drilling fluid, the solids content of the
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drilling fluid, and the average specific gravity of the solids in the drilling fluid in response to said
determined additional property of the drilling fluid.

17.  The method of claim 14, further comprising adjusting at least one property of the
drilling fluid in response to the determined oil-to-water ratio of the drilling fluid and the
determined average specific gravity of the solids in the drilling fluid.

18.  The method of claim 2, wherein said fluid processing unit comprises:

a specific heat capacity sensor; and
a computer associated with said specific heat capacity sensor.

19. A method of monitoring and controlling the oil-to-water ratio of a drilling fluid

used invdrilling a well, comprising:

circulating the drilling fluid through the wellbore;

after circulating the drilling fluid through the wellbore, measuring the specific
heat capacity of the drilling fluid;

providing a representation including multiple potential values of the oil-to-water
ratio of the drilling fluid, each potential value corresponding to a predetermined specific heat
capacity of the drilling fluid;

determining the oil-to-water ratio of the drilling fluid based at least in part on the
measured specific heat capacity of the drilling fluid by comparing said measured specific heat
capacity of the drilling fluid to the predetermined specific heat capacities of said representation
and selecting the oil-to-water ratio that corresponds to the predetermined specific heat capacity
that most closely matches said measured specific heat capacity of the drilling fluid; and

adjusting at least one property of the drilling fluid in response to the determined
additional property of the drilling fluid.

20. A method of monitoring and controlling the average specific gravity of the solids
in a drilling fluid used in drilling a well, comprising:

circulating the drilling fluid through the wellbore;

after circulating the drilling fluid through the wellbore, measuring the specific
heat capacity of the drilling fluid;

providing a representation including multiple potential values of the of the drilling
fluid, each potential value corresponding to a predetermined specific heat capacity of the drilling

fluid;
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determining the average specific gravity of the solids in the drilling fluid based at
least in part on the measured specific heat capacity of the drilling fluid by comparing said
measured specific heat capacity of the drilling fluid to the predetermined specific heat capacities
of said representation and selecting the oil-to-water ratio that corresponds to the predetermined
specific heat capacity that most closely matches said measured specific heat capacity of the
drilling fluid; and
adjusting at least one property of the drilling fluid in response to the determined
additional property of the drilling fluid.
21. The method of claim 20, wherein the drilling fluid is circulated through the

wellbore using pumping equipment.
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