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METHODS AND APPARATUS TO AUTOMATICALLY CONTROL OIL BURNING
OPERATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent claims priority to U.S. Provisional Application Serial No.
62/198,162, which was filed on July 29, 2015, and is incorporated herein by reference in

its entirety.

BACKGROUND

Field
[0002] This disclosure relates generally to hydrocarbon production and exploration
and, more particularly, to methods and apparatus to automatically control oil burning

operations.

Description of the Related Art

[0003] Hydrocarbons are widely used as a primary source of energy, and have a great
impact on the world economy. Consequently, the discovery and efficient production of
hydrocarbon resources is increasingly noteworthy. As relatively accessible hydrocarbon
deposits are depleted, hydrocarbon prospecting and production has expanded to new
regions that may be more difficult to reach and/or may pose new technological
challenges. During typical operations, a borehole is drilled into the earth, whether on land
or below the sea, to reach a reservoir containing hydrocarbons. Such hydrocarbons are
typically in the form of oil, gas, or mixtures thereof which may then be brought to the

surface through the borehole.

[0004] Well testing is often performed to help evaluate the possible production value
of a reservoir. During well testing, a test well is drilled to produce a test flow of fluid from
the reservoir. During the test flow, parameters such as fluid pressure and fluid flow rate
are monitored over a period of time. The response of those parameters may be
determined during various types of well tests, such as pressure drawdown, interference,
reservoir limit tests, and other tests generally known by those skilled in the art. The data
collected during well testing may be used to assess the economic viability of the reservoir.

The costs associated with performing the testing operations may be substantial.
1
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Therefore, testing operations should be performed as efficiently and economically as

possible.
SUMMARY

[0005] This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary is not intended to identify key
or essential features of the claimed subject matter, nor is it intended to be used as an aid

in limiting the scope of the claimed subject matter.

[0006] An example apparatus includes a first control valve to control a flow of a first
fluid into a fluid mixture to be burned; and a second control valve to control a flow of a
second fluid into the fluid mixture. The example apparatus further includes a meter to
monitor a property of the fluid mixture in substantially real-time, the property indicative of
a flammability of the fluid mixture. At least one of the first control valve or the second
control valve to be automatically adjusted based on a measured value of the property of

the fluid mixture.

[0007] An example method includes monitoring a property of a fluid mixture being
pumped to a burner; and automatically adjusting at least one of a first control valve or a
second control valve based on the monitored property of the fluid mixture, the property
indicative of a flammability of the fluid mixture. The first control valve controls flow of a
first fluid into the fluid mixture, and the second control valve controls a flow of a second

fluid into the fluid mixture.

[0008] Example instructions stored on a tangible computer readable storage medium,
when executed, cause a machine to at least: monitor a property of a fluid mixture being
pumped to a burner, the property indicative of a flammability of the fluid mixture; and
automatically adjust at least one of a first control valve or a second control valve based
on the monitored property of the fluid mixture. The first control valve controls flow of a
first fluid into the fluid mixture, and the second control valve controls a flow of a second

fluid into the fluid mixture.



WO 2017/019921 PCT/US2016/044599

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features can be understood in
detail, a more particular description may be had by reference to embodiments, some of
which are illustrated in the appended drawings, wherein like reference numerals denote
like elements. It is to be noted, however, that the appended drawings illustrate various
embodiments and are therefore not to be considered limiting of its scope, and may admit

to other equally effective embodiments.

[0010] FIG. 1 illustrates an example environment in which the teachings disclosed

herein may be implemented.

[0011] FIG. 2 illustrates a schematic of an example implementation of the oil burning

controller apparatus of FIG. 1.

[0012] FIG. 3 is an isometric view of another example implementation of the oil

burning controller apparatus of FIG. 1.

[0013] FIG. 4 is an isometric view of another example implementation of the oil

burning controller apparatus of FIG. 1.

[0014] FIG. 5 is a graph representing the density of fluid sent to a burner over time
during an actual burning operation implemented using an example oil burning controller

apparatus similar to the apparatus of FIGS. 1-4.

[0015] FIG. 6 is a flowchart illustrating an example process that may be carried out to

implement the example oil burning controller apparatus of FIGS. 1-4.

[0016] FIG. 7 is a flowchart illustrating another example process that may be carried

out to implement the example oil burning controller apparatus of FIGS. 1-4.

[0017] FIG. 8 is a schematic illustration of an example computer that may be used
and/or programmed to carry out the example process of FIG. 6 and/or, more generally,

to implement the example oil burning controller apparatus of FIGS. 1-4.
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DETAILED DESCRIPTION

[0018] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be
understood by those of ordinary skKill in the art that the system and/or methodology may
be practiced without these details and that numerous variations or modifications from the

described embodiments may be possible.

9 13

[0019] In the specification and appended claims: the terms “connect”, “connection”,
‘connected”, “in connection with”, and “connecting” are used to mean “in direct
connection with” or “in connection with via one or more elements”; and the term “set” is

used to mean “one element” or “more than one element’. Further, the terms “couple”,

” 13

“coupling”, “coupled”, “coupled together’, and “coupled with” are used to mean “directly

coupled together” or “coupled together via one or more elements”. As used herein, the

”ou I kY14

terms “up” and “down”, “upper” and “lower”, “upwardly” and downwardly”, “upstream” and

n.ou
H

Y

‘downstream”; “above” and “below”; and other like terms indicating relative positions
above or below a given point or element are used in this description to more clearly

describe some embodiments of the disclosure.

[0020] Fluids produced from a test well are generally considered to be waste effluent
because the well site has not been configured with a production line to collect and
transport the formation fluids to market and/or the fluids cannot be used for other
purposes. Therefore, fluids produced during well testing (referred to herein as production
fluids) are typically disposed of by burning. Often, oil produced from a reservoir through
a borehole may be contaminated by other fluids, or have certain properties that may
negatively affect the burning process. For example, in addition to oil, the production fluid
may include water-based fluids (e.g., water from the reservoir, water-based drilling fluids,
fracturing fluids, etc.). Furthermore, the collected production fluid may include high

density and/or high viscosity oil-based drilling fluids that contaminate the oil.

[0021] The burning of production fluid that includes hydrocarbons raises
environmental and safety concerns. Conventionally, the fluids may be separated into gas
4
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and liquids inside a separator vessel, then burned using one of three types of burners: 1)
a liquid phase oil burner capable of mixing crude oil and air to achieve a good combustion,
2) a gas flare that will directly burn the dry gas, and/or 3) a multiphase burner that can

burn both phases simultaneously within certain limits.

[0022] Burners are designed to combust waste effluent at a maximum flow rate
corresponding to a burning capacity of the burner. Typically, the waste effluent is
provided at a much lower flow rate to test the well under any conditions. The operational
range of flow rates of a burner can be expressed in terms of a turndown ratio for the
burner. The turndown ratio for a burner is defined as the ratio of the maximum flow rate
capacity of the burner to the minimum flow rate capacity of the burner. If the flow rate of
waste effluent decreases below the turndown ratio limit, the combustion may become
unsafe, environmentally harmful, and/or otherwise unacceptable. For example, when the
waste effluent flow rate drops below the minimum flow rate for the burner, a condition
known as “fallout” may occur during which the waste effluent containing hydrocarbons
does not undergo complete combustion but, at least partially, falls out of the burner head
and is, thus, discharged into the surrounding environment (e.g., on the surface of the sea
in offshore drilling). Oil burning operations have been statistically shown to be one of the
main causes of oil spills during well testing. Thus, better control of the fluid burning
operation and avoiding mixture of non-flammable fluids within the burner that frequently

causes “fallout” will enable reduction of oil spills.

[0023] To improve the efficiency of burning operations, when other control measures
fail, a commonly applied technique is to mix diesel with the production fluid prior to
pumping the fluid to a burner head. This technique helps to ensure that a burning
operation is maintained within the limits of the operating conditions of the burner, thereby
preventing fallout events. This technique is normally applied manually by well test
operators, based solely on the observation of the flame created by the burner during the
combustion process at the end of the process chain. Thus, the traditional approach is a

reactive approach that responds to observed results at the burner head of the fluid

5
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mixture being burned. As such, the entire length of piping from the burner head back to
the storage tanks (representing several barrels) may become filled with a low flammability
fluid mixture that will result in incomplete combustion (e.g., producing fallout) before an

operator becomes aware of the fact such that it is too late to revert the process.

[0024] Some examples disclosed herein include a device to monitor (e.g., measure),
in substantially real-time, a property of a fluid mixture (e.g., fluids including production
fluids to be burned as waste effluent) that is being pumped to a burner from two or more
fluid streams, which property corresponds to the flammability of the fluid mixture. A PLC
(Programmable Logic Control) may use the fluid property data to control inlet valves
disposed within a manifold for the two or more fluid streams in order to maintain the
property of the combined fluid stream exiting the device within a range that maintains
flammability of the mixed fluid. Some examples include a method including flowing a first
fluid comprising well test production fluid and a second fluid comprising a flammable fluid
to a device for mixing the first and second fluids into a third fluid that exits the device,
measuring the density of the third fluid exiting the device and, if the density of the third
fluid is outside an acceptable range corresponding to its flammability, adjusting the flow
rate of at least one of the first and second fluid to bring the third fluid density back within
the flammable range. While the examples disclosed herein are suitable for
implementation during well testing operations, the teachings disclosed herein may

suitably be used at well sites that are fully operational to gather and process crude oil.

[0025] FIG. 1 illustrates an example environment 100 in which the teachings disclosed
herein may be applied to implement a burning operation of production fluids at a well site.
The example environment 100 of FIG 1 includes an oil burning controller apparatus 102
constructed in accordance with the teachings disclosed herein. In the illustrated example,
the apparatus 102 includes a first inlet 104 to receive production fluid from a production
fluid storage tank 106. Additionally, the example apparatus 102 includes a second inlet
108 to receive a flammable fuel from a flammable fuel storage tank 110. In some

examples, the production fluid storage tank 106 and the flammable fuel storage tank 110

6
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are atmospheric storage tanks. As shown in the illustrated example, the apparatus
includes piping 112 to enable the mixture of the production fluid (from the production fluid
storage tank 106) and the flammable fuel (from the flammable fuel storage tank 110).
The resulting fluid mixture exits from an outlet 114 of the apparatus 102 and is directed

by a pump 116 to a burner 118 to be burned.

[0026] In the illustrated example, the production fluid in the production fluid storage
tank 106 is retrieved from an oil well as part of a well testing operation. During well testing,
the crude oil in the production fluid obtained from a well is sometimes separated from the
water and gas before storage in the production fluid storage tank 106. In some examples,
non-flammable fluids (e.g., water based liquids) are separated from the flammable fluids
(e.g., crude oil) within a production fluid based on gravity. That is, once placed into the
production fluid storage tank 106, the water based fluids will settle at the bottom of the
tank separate from the flammable fluids that rise to the top. However, complete
separation of non-flammable fluids (e.g., water) from the flammable fluids in the
production fluid may be difficult or impracticable. The incomplete separation of non-
flammable fluids from flammable fluids within the production fluid creates challenges for
efficient and environmentally safe burning procedures. For instance, while certain levels
of water based fluids may be vaporized during a burning operation, a high proportion of
such non-flammable fluids may extinguish the combustion process and/or prevent
complete combustion, thereby resulting in smoke and/or non-consumed hydrocarbons
(e.g., crude oil) falling out of the burner head (referred to as fallout), and into the

environment.

[0027] To increase the flammability of the fluid flowing to the burner and reduce the
likelihood of pollution in the form of smoke and/or fallout, especially when a high
percentage of water based liquid may be contained within the production fluid, the
production fluid is mixed with the flammable fuel reducing the overall portion of water in
the fluid mixture (referred to as the water cut of the fluid mixture). In some examples, the

flammable fuel is a flammable fluid with known properties (unlike the production fluid,
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which can vary in its properties depending on its composition). More particularly, in some

examples, the flammable fuel is diesel.

[0028] In many known burning operations associated with well testing, the mixture of
a production fluid (e.g., crude oil) and a flammable fluid (e.g., diesel) for burning at a
burner head has been done manually. That is, in the past, well test specialists or other
individuals often manually operate outlet valves on the storage tanks 106, 110 (or other
valves downstream of the tanks) to control the proportion of each fluid being pumped to
the burner in an attempt to improve combustion efficiency and avoid the release of
pollutants into the environment. In such situations, the ability to achieve efficient
combustion is dependent on the experience and skills of the well test specialists that are
operating the burning operation. More specifically, the operators adjust the flow rates of
the fluid from the production fluid storage tank and the flammable fuel storage tank to the
burner generally based on visual observations of the burner combustion itself. That is,
operators may adjust the flow rates of the fluids if smoke appears and/or if fallout is
visible. Additionally or alternatively, to avoid the possibility of such pollution, the operators
may set the flow rates with relatively high margins of safety that are significantly less than

optimal for efficient combustion of the production fluid.

[0029] In contrast to these known techniques, the example apparatus 102 of FIG. 1
enables the automatic control of flow rates of the production fluid and the flammable fuel
from the corresponding storage tanks 106, 110. As shown in the illustrated example, the
apparatus 102 includes a first control valve 120 to control the flow rate of the production
fluid (e.g., waste effluent produced during well testing) and a second control valve 122 to
control the flow rate of the flammable fuel (e.g., diesel). The valves 120, 122 may be
controlled to be fully open, fully closed, or any position in between fully open and fully
closed. In some examples, the first control valve 120 has a failsafe position that is fully

closed while the second control valve 122 has a failsafe position that is fully open.

[0030] In some examples, the control valves 120, 122 are structured such that they

are actuated in opposite directions. That is, in some examples, a particular control sent

8
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to both control valves 120, 122 will cause the first control valve 120 to open further
towards the fully open position while the same control signal will cause the second control
valve 122 to move closer to the fully closed position. More particularly, in some examples,
the control valves 120, 122 are structured and/or configured to have complementary
positions when adjusted between their fully open and fully closed positions. As used
herein, “complementary positions” of two valves means that the positions of the two
valves, when expressed as a percentage, total 100%. That is, when the first control valve
120 is fully closed (position is 0%) the second control valve 122 is fully open (position is
100%). Further, if the first control valve 120 is controlled to an intermediate position, such
as 30%, the second control valve 122 will be controlled to the complementary
intermediate position, which in this example is 70% (30% + 70% = 100%). Thus, as used
herein, two valves being moved, opened, or closed a “complementary amount” means
that the proportion of movement of each valve is substantially equivalent to the proportion
of movement of the second valve but in the opposite direction. That is, if the first control
valve 120 is opened an additional 30% from an initial position of 30% (resulting in a final
position of 60%), the second control valve 122 will be closed a substantially equivalent
proportion (30%) from an initial position of 70% (resulting in a final position of 40%). This
proportional, complementary movement of the control valves 120, 122 enables a single
control signal to be provided to both control valves 120, 122 to implement some of the

teachings disclosed herein, according to various embodiments.

[0031] In some examples, operation of the control valves 120, 122 is based on
feedback from a meter 124 on the apparatus 102 monitoring a property of the fluids after
they have been mixed together. In some examples, the property of the fluid mixture
corresponds to a flammability of the fluid mixture. In some examples, the property of the
fluid mixture falling outside a certain range may indicate the flammability of the fluid is
decreasing corresponding to a reduction in a burning efficiency of the burner 118.
Furthermore, certain values of the measured property of the fluid mixture may indicate
that the fluid mixture has become non-flammable or at least cannot be burned by the
burner 118.
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[0032] If the fluid property falls outside specified limits corresponding to an acceptable
range for the fluid property, the control valves 120, 122 may be automatically actuated to
adjust the flow rates of the fluid streams flowing from the corresponding production fluid
storage tank 106 and the flammable fuel storage tank 110 to bring the property of the
fluid mixture back within the acceptable range. Additionally or alternatively, the property
of the fluid mixture may be controlled to a particular set point within the acceptable range
regardless of the particular limits of the range (which may be set to trigger alerts and/or
alarms). That is, in some examples, the apparatus 102 enables the substantially constant
and substantially real-time control of the fluid property as soon as it rises above or falls
below a configured set point. In some examples, the value of the set point is determined
empirically. In some examples, an operator may adjust the set point during a well test
based on observation of the burning operation. This approach enables the improvement
(e.g., optimization) of the production fluid disposal flow rate while reducing costs (based
on reduction in the volume of the flammable fuel included in the fluid mixture to be
burned). Furthermore, this approach significantly reduces the risk of environmental harm
arising from the combustion process because the flammability of the fluid mixture
(associated with the measured fluid property) is controlled upfront in a proactive manner
rather than in a reactive manner based on visual observation of the combustion at the

burner head.

[0033] In some examples, the meter 124 is a density meter and the property of the
fluid mixture used to determine flammability is density. More particularly, in some
examples, the meter 124 is a Coriolis meter to measure or determine the density of the
fluid mixture in substantially real time. Other density measurements may be performed
with density sensors or similar technology. As described above, the particular fluid
properties or characteristics (including density) of the production fluid may be unknown
and/or variable overtime. However, the properties (including the density) of the flammable
fuel (such as diesel) are known and consistent over time. Thus, changes to the density
of fluid mixture detected by the meter 124 are indicative of changes in the density of the

production fluid. Thus, based on this single monitored value, appropriate adjustments to
10
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one or both of the control valves 120, 122 can be implemented automatically to increase
or decrease the flow rates of each of the production fluid and the flammable fuel through
the apparatus 102 to achieve and maintain a fluid mixture with a desired density
associated with efficient combustion. In this manner, the likelihood of the burning
operation resulting in pollution is significantly reduced because it removes the risk of
human error as well as the delay of a human response to changes in fluid properties

based on visual observation of the burner flare.

[0034] In some examples, monitoring feedback from the meter 124 and controlling the
control valves 120, 122 based on such feedback is accomplished using a controller 126.
As described above, in some examples, a single control signal from the controller 126
may actuate both the control valves 120, 122 in opposite directions a complementary
amount. The controller 126 may be any suitable type of controller (e.g., a programmable
logic controller (PLC)) that communicates with the control valves 120, 122 and the meter
124 using any desired communication media (e.g., wireless, hardwired, etc.) and
protocols (e.g., Foundation Fieldbus, Profibus, etc.). In some examples, the controller
126 implements a proportional-integral-derivative (PID) control loop. In such examples,
the controller 126 may calculate an error (and its integral and derivative) between a
desired input value for the property of the fluid mixture (e.g., density) and a measured
output value for the property (e.g., as measured by the meter 124). The initial desired

input value may be based on fluid samples taken on site during the well testing operation.

[0035] As shown in the illustrated example, the controller 126 is separate from the
apparatus 102. However, in other examples, the controller 126 may be built into and/or
manufactured as a unit with the apparatus 102. Additionally or alternatively, in some
examples, the controller 126 and/or the apparatus 102 include the ability to communicate
the measured density (and/or other measured properties) of the fluid mixture, the density
set point and/or alarm limits, and/or the valve positions of the control valves 120, 122, to

another location on site (such as a cabin where the operators observe and run the

11
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equipment) and/or a remote location. Such communications may be performed through

wired or wireless communication devices and methods.

[0036] In some examples, the apparatus 102 is rated for H2S, CO2 and acid service
(fluid class “m”), and can handle a maximum flow rate of 8,000 barrels per day, under a
maximum line pressure of 1339 psi [92.3 bar] at 121°C [250°F]. In some examples, the
operational temperature range of the apparatus 102 may vary from -20°C to 121°C [-4°F
to 250°F].

[0037] FIG. 2 illustrates a schematic of an example oil burning controller apparatus
200 that may be used to implement the example apparatus 102 of FIG. 1. As shown in
the illustrated example, the apparatus 200 includes the first inlet 104 that is in fluid
communication with the first control valve 120 on a first input fluid line 220 to control the
flow of production fluid from the production fluid storage tank 106 (shown in FIG. 1).
Similarly, the example apparatus 200 includes the second inlet 108 in fluid
communication with the second control valve 122 on a second input fluid line 222 to
control the flow of the flammable fuel from the flammable fuel storage tank 110.
Additionally, as shown in the illustrated example, the apparatus 200 includes the meter
124 (which is a Coriolis meter in FIG. 2) positioned downstream from the two input fluid
lines 220, 222 after they have merged into the single output fluid line 224 leading to the
outlet 114. In the illustrated example, the apparatus 200 includes a mixer 202 to facilitate
the mixing of the production fluid and the flammable fuel before the Coriolis meter 124
measures the density of the resulting fluid mixture. In the illustrated example, the mixer

202 is a static mixer without moving parts.

[0038] In some examples, one or both of the input lines 220, 222 of the example
apparatus 200 includes a filter 204, 205 to prevent any solids from reaching and
potentially blocking the burner 118. Additionally, in some examples, the flammable fuel
input line (the second input fluid line 222) includes a check valve 206 to prevent flow back
to the flammable fuel storage tank 110 once the production fluid storage tank 106 may

be pressurized with a higher hydrostatic pressure. Further, in some examples, the

12
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apparatus 200 provides one or more line access valves 208, 209, 210, 211, 212 to
provide tapping points to enable collection of samples, drainage of fluids, pressure tests,
and/or installation of pressure indicators as needed. In some examples, the line access
valves 208, 209, 210, 211, 212 are ball valves.

[0039] The example apparatus 200 of FIG. 2 includes operation mode selection
valves 214, 215, 216, 217, 218 to configure the apparatus 200 to operate in either a
normal operation mode or a by-pass mode. In the illustrated example, the normal
operation mode corresponds to when the fluids pass through the control valves 120, 122,
are mixed together (via the mixer 202), and then pass through the Coriolis meter 124 to
enable the density measurement before reaching the outlet 114. That is, in the illustrated
example, the normal operation mode corresponds to the automatic control of the fluid
mixture provided to the burner 118. While the control valves 120, 122 are configured to
be automatically controlled, in some examples, the automatic control may be overridden
to enable manual control of the control valves 120, 122. In the normal operation mode,
the first two operation mode selection valves 214, 215 (branching between the inlet and
outlet lines 220, 222, 224) are closed while the other three operation mode selection
valves 216, 217, 218 (on the inlet and outlet lines 220, 222, 224) are open. By contrast,
in the by-pass mode, the first two operation mode selection valves 214, 215 are open
while the other three operation mode selection valves 216, 217, 218 are closed. The by-
pass mode enables the production fluid and the flammable fuel to be sent directly to the
outlet 114 without passing (i.e., by-passing) the filters 204, 205, the control valves 120,
122, the mixer 202, and the meter 124. In some examples, the operation mode selection
valves 214, 215, 216, 217, 218 are ball valves.

[0040] FIG. 3 is an isometric view of another example oil burning controller apparatus
300 that may be used to implement the example apparatus 102 of FIG. 1. As shown in
the illustrated example, the apparatus 300 includes the first inlet 104 that is in fluid
communication with the first control valve 120 to control the flow of production fluid from

the production fluid storage tank 106 shown in FIG. 1. Similarly, the example apparatus

13
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300 includes the second inlet 108 in fluid communication with the second control valve
122 to control the flow of the flammable fuel from the flammable fuel storage tank 110.
Additionally, as shown in the illustrated example, the apparatus 300 includes the meter
124 (which is a Coriolis meter in FIG. 3) positioned downstream from the two input lines

220, 222 after they have merged into the single output line 224 leading to the outlet 114.

[0041] Additionally, as shown in FIG. 3, the example apparatus 300 includes operation
mode selection valves 302, 303, 304, 305 to configure the apparatus 300 to operate in
either a normal operation mode or a by-pass mode. In the illustrated example of FIG. 3,
the first operation mode selection valve 302 is closed while the remaining three operation
mode selection valves 303, 304, 305 are open to configure the apparatus for normal
operation (e.g., automatic control of the fluid mixture at the outlet 114 based on density
values measured by the meter 124). In the by-pass mode, the first operation mode
selection valve 302 is open while the remaining three operation mode selection valves
303, 304, 305 are closed. Thus, the by-pass mode of the illustrated example of FIG. 3
corresponds to the production fluid being directed to the outlet 114 without being mixed
with the flammable fuel. In other implementations, the flammable fluid may be connected
to the first inlet 104 shown in FIG. 3 to enable the flammable fuel to be directed to the

outlet 114 in the by-pass mode without being mixed with the production fluid.

[0042] FIG. 4 is an isometric view of another example oil burning controller apparatus
400 that may be used to implement the example apparatus 102 of FIG. 1. As shown in
the illustrated example, the apparatus 400 includes the first inlet 104 that is in fluid
communication with the first control valve 120 to control the flow of production fluid from
the production fluid storage tank 106 (shown in FIG. 1). Similarly, the example apparatus
400 includes the second inlet 108 in fluid communication with the second control valve
122 to control the flow of the flammable fuel from the flammable fuel storage tank 110.
Additionally, as shown in the illustrated example, the apparatus 400 includes the meter
124 (which is a Coriolis meter in FIG. 4) positioned downstream from the two input lines

220, 222 after they have merged into the single output line 224 leading to the outlet 114.

14



WO 2017/019921 PCT/US2016/044599

Additionally, as shown in FIG. 4, the example apparatus 400 includes additional valves
that may be closed or opened to configure the apparatus 400 to operate in either a normal
operation mode or a by-pass mode in a similar manner described above in connection
with FIGS. 2 and 3.

[0043] As shown in the illustrated example of FIG. 4, the apparatus 400 is
manufactured as a unitary process skid with all of the components mounted on a skid
framework 402. In some examples, the skid framework 402 is constructed to be lifted

from underneath (e.g., using a forklift) or from above (e.g., using a crane).

[0044] FIG. 5 is a graph 500 representing the density of fluid sent to the burner 118
over time during an actual burning operation implemented using an example oil burning
controller apparatus similar to the apparatus 102, 200, 300, 400 of FIGS. 1-4. In the
illustrated example, the density represented in the graph 500 is based on measured
values obtained by the Coriolis meter 124. A first time period 502 represented in the
graph 500 corresponds to a time before the piping lines (e.g., the input and output lines
220, 222, 224) of the apparatus 200 are filled. During a second time period 504, the
piping lines, including the Coriolis meter 124 are being filled. The transition point 506
between the first and second time periods 502, 504 corresponds to when the pump 116
is initially turned on. In the illustrated example, the apparatus is initially filled exclusively
with the flammable fuel while the production fluid is introduced after the combustion
process has begun. A third time period 508 in the graph 500 represents when the Coriolis
meter 124 is filled with the flammable fuel. As mentioned above, the flammable fuel
corresponds to a fluid with known properties that are consistent over time as indicated
by the relatively flat line during the third time period 508. In this example, the flammable
fuel is diesel with a density of approximately 850 kg/m?® as shown in the example graph
500.

[0045] In some examples, the burner 118 is ignited during the third time period. That
is, in the illustrated example, the combustion begins exclusively with the flammable fuel

being provided to the burner 118. At some point in time after initiation of the combustion
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process (e.g., at the point 510 in the graph 500), the production fluid is introduced into
the combustion process. That is, at the point 510, the first control valve 120 is opened to
begin mixing the production fluid with the flammable fuel. Typically, well effluent (e.g., the
production fluid) has a higher density than diesel (e.g., the flammable fuel). Thus, as
shown in the illustrated example, during a fourth time period 512 beginning after the point
510 when the production fluid is introduced into the operation, the measured density

increases based on the mixture of the production fluid with the flammable fuel.

[0046] As shown in the illustrated example, the density of the fluid mixture changes
during the fourth time period 512 based on changes in the density of the production fluid
and the resulting response of the apparatus 200 adjusting the flow rates of each fluid
included in the output fluid mixture. More particularly, during the burning process, the flow
rates are adjusted so that the measured density of the combined fluid mixture stays within
an acceptable range and/or is adjusted to reduce an error between the measured density
value and a specified set point to ensure fluid flammability and burner efficiency. In some
examples, the apparatus 200 may maintain fluid flammability until all the production fluid
from the production fluid storage tank 106 is burned, including any water based liquids.
For example, a downward spike 514 at the end of the fourth time period 512 is indicative
of the pump 116 cavitating due to the production fluid storage tank 106 being emptied of
production fluid. At that point, the first control valve 120 is closed and the burning
operation returns exclusively to burning the flammable fuel during a fifth time period 516

at which point the pump 116 may be stopped and the combustion process ended.

[0047] Flowcharts representative of example methods for implementing the oll
burning controller apparatus 102, 200, 300, 400 of FIGS. 1-4 are shown in FIGS. 6 and
7. In these examples, the methods may be implemented using machine readable
instructions that comprise a program for execution by a processor such as the processor
812 shown in the example processor platform 800 discussed below in connection with
FIG. 8. The program may be embodied in software stored on a tangible computer

readable storage medium such as a CD-ROM, a floppy disk, a hard drive, a digital
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versatile disk (DVD), a Blu-ray disk, or a memory associated with the processor 812, but
the entire program and/or parts thereof could alternatively be executed by a device other
than the processor 812 and/or embodied in firmware or dedicated hardware. Further,
although the example program is described with reference to the flowcharts illustrated in
FIGS. 6 and 7, many other methods of implementing the example apparatus 102, 200,
300, 400 may alternatively be used. For example, the order of execution of the blocks
may be changed, and/or some of the blocks described may be changed, eliminated, or

combined.

[0048] As mentioned above, the example method of FIGS. 6 and 7 may be
implemented using coded instructions (e.g., computer and/or machine readable
instructions) stored on a tangible computer readable storage medium such as a hard disk
drive, a flash memory, a read-only memory (ROM), a compact disk (CD), a digital
versatile disk (DVD), a cache, a random-access memory (RAM) and/or any other storage
device or storage disk in which information is stored for any duration (e.g., for extended
time periods, permanently, for brief instances, for temporarily buffering, and/or for
caching of the information). As used herein, the term tangible computer readable storage
medium is expressly defined to include any type of computer readable storage device
and/or storage disk and to exclude propagating signals and to exclude transmission
media. As used herein, "tangible computer readable storage medium" and "tangible
machine readable storage medium" are used interchangeably. Additionally or
alternatively, the example method of FIG. 6 may be implemented using coded
instructions (e.g., computer and/or machine readable instructions) stored on a non-
transitory computer and/or machine readable medium such as a hard disk drive, a flash
memory, a read-only memory, a compact disk, a digital versatile disk, a cache, a random-
access memory and/or any other storage device or storage disk in which information is
stored for any duration (e.g., for extended time periods, permanently, for brief instances,
for temporarily buffering, and/or for caching of the information). As used herein, the term
non-transitory computer readable medium is expressly defined to include any type of

computer readable storage device and/or storage disk and to exclude propagating
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signals and to exclude transmission media. As used herein, when the phrase "at least"
is used as the transition term in a preamble of a claim, it is open-ended in the same

manner as the term "comprising" is open ended.

[0049] The method of FIG. 6 begins at block 602 where a controller (e.g., the controller
126 of FIG. 1) opens a first valve 120 to provide flow of production fluid (e.g., obtained
during well testing). At block 604, the example controller 126 opens a second valve 122
to provide flow of a flammable fluid of known properties. In some examples, the
flammable fluid is diesel fuel. At block 606, a mixer (e.g., the mixer 202 of FIG. 2) mixes
the production fluid and the flammable fluid. At block 608, the example meter 124
monitors a property of the fluid mixture indicative of a flammability of the fluid mixture. At
block 610, the example controller 126 determines whether the property of the fluid
mixture deviates from a set point. In some examples, the deviation is determined based
on the measured density being outside an acceptable range of density values
corresponding to the flammability of the fluid mixture. That is, in some examples, the
density deviates from the set point when the deviation exceeds a threshold. If the density
has not deviated (exceeded a threshold) from the set point, control returns to block 608.
If the example controller 126 determines that the property of the fluid mixture has
deviated from the set point, control advances to block 612. At block 612, the example
controller 126 adjusts at least one of the first control valve 120 or the second control valve
122 based on the property of the fluid mixture. At block 614, the example controller 126
determines whether to continue the process. If so, control returns to block 608.

Otherwise, the example method of FIG. 6 ends.

[0050] The method of FIG. 7 begins at block 702 where a controller (e.g., the controller
126 of FIG. 1) opens first and second control valves 120, 122 to complementary
positions, where the first control valve 120 is to provide flow of production fluid (e.g.,
obtained during well testing) and the second control valve 122 is to provide flow of a
flammable fluid with known properties. In some examples, the flammable fluid is diesel

fuel. In some examples, the complementary positions of the first and second control
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valves 120, 122 are accomplished via a single control signal sent to both valves. At block
704, a mixer (e.g., the mixer 202 of FIG. 2) mixes the production fluid and the flammable
fluid. At block 706, the example meter 124 monitors a density of the fluid mixture. At block
708, the example controller 126 determines whether the density of the fluid mixture
equals a set point. If so, control returns to block 706 to continue monitoring the density
of the fluid mixture. That is, no action is taken to modify the fluid mixture when the density
corresponds to the set point because such a density will result is safe and efficient
combustion of the production fluid in that there should be no fallout and there is a reduced

(e.g., minimum) volume of the flammable fluid being used.

[0051] If the example controller 126 determines that the density of the fluid mixture
does not equal the set point (block 708), control advances to block 710. At block 710, the
example controller 126 determines whether the density of the fluid mixture is above or
below the set point. A fluid mixture density that is above the set point is indicative of a
fluid mixture having lower flammability than is desirable, which may result in incomplete
combustion. To increase the flammability of the fluid mixture, the proportion of the
flammable fluid may need to be increased. Thus, if the example controller 126 determines
that the density of the fluid mixture is above the set point, control advances to block 712
where the example controller 126 decreases the opening of the first control valve and
increases the opening of the second control valve a complementary amount. Decreasing
the opening of the first control valve will decrease the flow of the production fluid, while
increasing the opening of the second control valve will increase the flow of the flammable
fluid. The openings or positions of the first and second control valves 120, 122 are
increased or decreased a complementary amount, in the illustrated example, to maintain
the overall flow of the fluid mixture while adjusting the ratio of the flammabile fluid to the
production fluid. In this manner, the density of the fluid mixture can be adjusted to
approach the set point. In some examples, the complementary nature of the valve
movement enables the control of both the first and second control valves 120, 122 to be
accomplished through the use of a single control signal to both valves. After adjusting

the openings of the control valves 120, 122 at block 712, control advances to block 716,
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where the example controller 126 determines whether to continue the process. If so,

control returns to block 706. Otherwise, the example method of FIG. 7 ends.

[0052] Returning to block 710, a fluid mixture density that is below the set point is
indicative of a fluid mixture that includes an excess (waste) amount of the flammable
fluid, which reduces the efficiency (increases costs) of the burning operation. Thus, if the
example controller 126 determines that the density of the fluid mixture is below the set
point (block 710), control advances to block 714 where the example controller 126
increases the opening of the first control valve and decreases the opening of the second
control valve a complementary amount. Increasing the opening of the first control valve
will increase the flow of the production fluid, while decreasing the opening of the second
control valve will decrease the flow of the flammable fluid. In this manner, the ratio of the
flammable fluid to the production fluid in the fluid mixture will change resulting in a change
to the density of the mixture until it again settles on, or at least approaches, the set point.
In some examples, the complementary nature of the valve movement enables the control
of both the first and second control valves 120, 122 to be accomplished through the use
of a single control signal to both valves. After adjusting the openings of the control valves
120, 122 at block 714, control advances to block 716 to either continue or end the

example method of FIG. 7.

[0053] FIG. 8 is a block diagram of an example processor platform 800 capable of
executing the methods of FIGS. 6 and 7 to implement the apparatus 102, 200, 300, 400
of FIGS. 1-4. The processor platform 800 can be, for example, a server, a personal
computer, a mobile device (e.g., a cell phone, a smart phone, a tablet such as an iPad™),
a personal digital assistant (PDA), an Internet appliance, or any other type of computing

device.

[0054] The processor platform 800 of the illustrated example includes a processor
812. The processor 812 of the illustrated example is hardware. For example, the
processor 812 can be implemented by one or more integrated circuits, logic circuits,

microprocessors or controllers from any desired family or manufacturer.
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[0055] The processor 812 of the illustrated example includes a local memory 813
(e.g., a cache). The processor 812 of the illustrated example is in communication with a
main memory including a volatile memory 814 and a non-volatile memory 816 via a bus
818. The volatile memory 814 may be implemented by Synchronous Dynamic Random
Access Memory (SDRAM), Dynamic Random Access Memory (DRAM), RAMBUS
Dynamic Random Access Memory (RDRAM) and/or any other type of random access
memory device. The non-volatiie memory 816 may be implemented by flash memory
and/or any other desired type of memory device. Access to the main memory 814, 816

is controlled by a memory controller.

[0056] The processor platform 800 of the illustrated example also includes an
interface circuit 820. The interface circuit 820 may be implemented by any type of
interface standard, such as an Ethernet interface, a universal serial bus (USB), and/or a

PCI express interface.

[0057] In the illustrated example, one or more input devices 822 are connected to the
interface circuit 820. The input device(s) 822 permit(s) a user to enter data and
commands into the processor 812. The input device(s) can be implemented by, for
example, an audio sensor, a microphone, a camera (still or video), a keyboard, a button,
a mouse, a touchscreen, a track-pad, a trackball, isopoint and/or a voice recognition

system.

[0058] One or more output devices 824 are also connected to the interface circuit 820
of the illustrated example. The output devices 824 can be implemented, for example, by
display devices (e.g., a light emitting diode (LED), an organic light emitting diode (OLED),
a liquid crystal display, a cathode ray tube display (CRT), a touchscreen, a tactile output
device, a light emitting diode (LED), a printer and/or speakers). The interface circuit 820
of the illustrated example, thus, typically includes a graphics driver card, a graphics driver

chip or a graphics driver processor.

[0059] The interface circuit 820 of the illustrated example also includes a
communication device such as a transmitter, a receiver, a transceiver, a modem and/or
21
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network interface card to facilitate exchange of data with external machines (e.g.,
computing devices of any kind) via a network 826 (e.g., an Ethernet connection, a digital

subscriber line (DSL), a telephone line, coaxial cable, a cellular telephone system, etc.).

[0060] The processor platform 800 of the illustrated example also includes one or
more mass storage devices 828 for storing software and/or data. Examples of such mass
storage devices 828 include floppy disk drives, hard drive disks, compact disk drives,

Blu-ray disk drives, RAID systems, and digital versatile disk (DVD) drives.

[0061] Coded instructions 832 to implement the methods FIGS. 6 and 7 may be stored
in the mass storage device 828, in the volatile memory 814, in the non-volatile memory
816, and/or on a removable tangible computer readable storage medium such as a CD
or DVD.

[0062] Although certain example methods, apparatus and articles of manufacture
have been disclosed herein, the scope of coverage of this patent is not limited thereto.
On the contrary, this patent covers all methods, apparatus and articles of manufacture

fairly falling within the scope of the claims of this patent.
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Claims:

1. A method, comprising:

monitoring a property of a fluid mixture being pumped to a burner, the property
indicative of a flammability of the fluid mixture; and

automatically adjusting at least one of a first control valve or a second control valve
based on the monitored property of the fluid mixture, the first control valve controlling flow
of a first fluid into the fluid mixture, the second control valve controlling a flow of a second

fluid into the fluid mixture.

2. The method of claim 1, wherein the first fluid corresponds to production fluid

from an oil well.

3. The method of claim 1, wherein the second fluid is a flammable fluid with known

properties.

4. The method of claim 3, wherein the second fluid is diesel fuel.

5. The method of claim 1, wherein the property of the fluid mixture is density

monitored using a Coriolis meter.

6. The method of claim 5, wherein the first control valve, the second control valve,

and the Coriolis meter are mounted on a skid framework.

7. The method of claim 1, where the first control valve is adjusted to a valve

position complementary to the second control valve.

8. The method of claim 1, further including providing a single control signal to both
the first control valve and the second control valve, the first and second control valves to

move complementary amounts in response to the control signal.
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9. An apparatus, comprising:

a first control valve to control a flow of a first fluid into a fluid mixture to be burned;

a second control valve to control a flow of a second fluid into the fluid mixture; and

a meter to monitor a property of the fluid mixture in substantially real-time, the
property indicative of a flammability of the fluid mixture, the at least one of the first control
valve or the second control valve to be automatically adjusted based on a measured

value of the property of the fluid mixture.

10. The apparatus of claim 9, wherein the property of the fluid mixture is

density.

11.  The apparatus of claim 9, wherein the first fluid corresponds to production

fluid from an oil well.

12.  The apparatus of claim 9, wherein the second fluid is a flammable fluid with

known properties.

13.  The apparatus of claim 9, further including a skid framework, the first control

valve, the second control valve, and the meter mounted on the skid framework.

14.  The apparatus of claim 9, wherein the first control valve is actuated in an

opposite direction to the second control valve.

15.  The apparatus of claim 14, wherein both the first control valve and the

second control valve are adjusted in response to a single control signal.

16.  The apparatus of claim 15, wherein the first and second control valves are

adjusted complementary amounts.
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17.  Atangible computer readable storage medium comprising instructions that,
when executed, cause a machine to at least:

monitor a property of a fluid mixture being pumped to a burner, the property
indicative of a flammability of the fluid mixture; and

automatically adjust at least one of a first control valve or a second control valve
based on the monitored property of the fluid mixture, the first control valve controlling flow
of a first fluid into the fluid mixture, the second control valve controlling a flow of a second

fluid into the fluid mixture.

18.  The storage medium of claim 17, wherein the property of the fluid mixture

is density monitored using a Coriolis meter.

19.  The storage medium of claim 17, wherein the instructions further cause the
machine to automatically adjust both the first control valve and the second control valve

in response to a single control signal provided to both the first and second control valves.

20.  The storage medium of claim 19, wherein an opening of the first control
valve is increased a first proportion when an opening of the second control valve is
decreased a second proportion, the first proportion substantially equivalent to the second

proportion.
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