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METHOD AND SYSTEM FOR CONTROLLED
DELIVERY OF UNKNOWN FLUIDS

BACKGROUND OF THE INVENTION

In dnilling operations, a drilling rig s typically used to drill a wellbore to
recover oil or gas reserves disposed below the Earth’s surface. For safety and other
reasons, the drller maintains control of the well by controlling the pressure of the
drilling fluid, sometimes referred to as mud, within the wellbore. The driller may
control the pressure of the drilling fluid by adjusting one or more of the flow rate of
mud that the mud pumps deliver downhole, the rotation rate of the top drive/rotary
table that rotate the drill string, and the position and speed of the block during
tripping, drilling, stripping, and other well construction operations, as well as
through the introduction of weighting agents. The dnlling fluid is typically pumped
through the interior passage of the drill string, the drill bit, and back to the surface
through the annulus between the wellbore and the drill pipe. On the surface, the
returning fluids may be processed through a mud-gas separator, a shale shaker, or
other fluids system before being recirculated for further use downhole.

To maintain well control, the drller typically maintains the pressure within a
sate pressure window bounded by the pore pressure and the fracture pressure. The
pore pressure typically refers to the pressure of the fluid (liquid or gas) inside the
pores of the rock. If the pressure in the annulus falls below the pore pressure,
formation fluids may flow into the wellbore and well control may be lost. The
fracture pressure typically refers to the pressure at which the formation
hydraulically fractures or cracks and may vary as a function of the depth of the well.
If the pressure in the annulus rises above the fracture pressure, wellbore fluids may
enter the formation and well control may be lost.

During the drilling of subsea wells, the hydrostatic pressure of the drilling
fluid is typically maintained at a pressure higher than the pore pressure as a primary
barrier to the influx of formation fluids into the wellbore. A blow-out preventer
{(“BOP”") is typically placed over the wellbore on the subsea surface as a secondary
barrier. If during drilling, a zone is encountered where the pore pressure is higher
than the fluid pressure inside the wellbore, an influx of formation fluids may be
introduced into the wellbore and the marine riser. The formation fluids may include

Liquids, gases, or combinations thereof. Such an occurrence s commonly referred
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to as a kick and may occur not only during drilling, but also during completion,
work-overs, or interventions.

When a kick is taken, the unknown fluids, which may tnclude some mixture of
drilling fluids and/or formation fluids, may decrease the density of the fluid in the
wellbore annulus, such that an increasing amount of formation fluids enter the
wellbore. In such circumstances, control of the well may be lost due to the breach
of the primary barrier. Typically, during drilling operations, the BOP remains open
and the return of fluids from the well are directed through a fluid return line to a
fluids system on the surface. It the amount of gas 1s small, the tlunds returned under
normal drilling operations are directed to the shale shaker. If the amount of gas is
higher than an acceptable amount, the fluid return is ditected to the mud-gas
separator to remove the entrained gases from the fluids. When a kick is
unexpectedly taken, as soon as the kick is detected, the BOP is closed, and the fluid
return is directed to the mud-gas separator to perform the well control operation and
return the well to a safe condition so that drilling can be resumed. Because of the
delay in detecting the kick and closing off the BOP, formation fluids may enter the
marine riser. The presence of formation fluids containing gas in the marine riser
poses substantial risk to the safety of the rig, the crew, and the environruent as the
riser is typically open to the atmosphere without the possibility of closing it off.

Sorue rigs are equipped with a device to controllably seal the top of the marine
riser. In these rigs, there is typically a fluid return line connecting the riser to the
well control choke manifold, which directs fliids to the mud-gas separator.
Managed pressure drilling (“MPD”) rigs also close the top of the mariner riser, but
typically have a separate and dedicated MPD choke manifold. The fluid return line
from the marine riser can be routed to the well control manifold or to the MPD
choke manifold. And from these manifolds there are fluid lines directing fluid flow
into the mud-gas separator. The main purpose of these fluid lines ts to route the
fluid return believed to be contaminated with gas to the proper equipment on the rig,
namely, the mud-gas separator, to safely remove the gas. However, the process of
eliminating gas from the wellbore or riser is performed manually by a user
controlling the choke manifold as well as other equipment oo the rig. The entire
operation is conducted at very low tlow rates, to avoid overflowing the mud-gas

separator and to sumplify the manual control of the pressures during the operation.
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The manual process is inefficient, prone to error and failure, and presents a

substantial safety and environmental risk.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of one or more embodiments of the present invention,
a drilling system for controlled delivery of unknown fluids includes a blowout
preventer comprising a wellbore fluid return line that directs wellbore fluids to a
choke manifold, an instrumented mud-gas separator that receives fluids from the
choke manifold, where the instrumented mud-gas separator includes a sensor that
outputs a sensor signal indicative of a state of the wnstrumented mud-gas separator,
and a control system that inputs the sensor signal from the instrumented mud-gas
separator and automatically controls a state of the choke manifold based on the
sensor signal to expedite removal of fluids.

According to one aspect of one or more embodiments of the present invention,
a method of controlled delivery of unknown fluids includes receiving, by a control
system, a sensor signal from an instrumented mud-gas separator, wherein the sensor
signal is indicative of a state of the instrumented mud-gas separator and controlling
a state of a choke manifold based on the sensor signal.

Other aspects of the present invention will be apparent from the following

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a block diagram of a conventional subsea drilling syster.

Figure 2 shows a conventional mud-gas separator.

Figure 3 shows an instrumented mud-gas separator 1o accordance with one or
more embodiments of the present invention.

Figure 4A shows a block diagram of a drilling system for controlled delivery
of unknown fluids in accordance with one or more embodiments of the present
invention.

Figure 4B shows a block diagram of a subsea drilling system for conirolled
delivery of unknown fluids in accordance with one or more embodiments of the

present invention.
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Figure 5 shows a block diagram of a subsea drilling system for controlled
delivery of unknown fluids in accordance with one or more embodiments of the
present tnvention.

Figure 6 shows a block diagram of a subsea drilling system for controlled
delivery of unknown fluids in accordance with one or more embodiments of the
present invention.

Figure 7 shows a method of controlled delivery of unknown thuds o
accordance with one or more embodiments of the present invention.

Figure 8 shows a control system as part of the subsea drlling system for
controlied delivery of unknown in accordance with one or more embodiments of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

One or more embodiments of the present invention are described in detail with
reference to the accompanying figures. For consistency, like elements in the
various figures are denoted by like reference numerals. In the following detailed
description of the present invention, specific details are set forth in order to provide
a thorough understanding of the present invention. In other instances, well-known
features to one of ordinary skill in the art are not described to avoid obscuring the
description of the present invention.

In one or more embodiments of the present invention, a method and system for
controlled delivery of unknown tluids safely and efficiently removes gas from
unknown fluids in the wellbore and/or the marine riser. A control system may
automatically control a first choke manifold (typically a well control choke
manifold) and/or a second choke manifold {often, but not always, an MPD choke
manifold), if any, to maximize the safe flow rate of returning unknown fluids to one
or more iostrumented mud-gas separator(s) without overloading. The control
system may receive the state of the one or more tnstrumented mud-gas separator(s)
to monitor, in real-time, its state and open or close the choke manitold(s) as needed
to ensure the maximum safe flow rate of the returning unknown fluids and expedite
the safe removal of gas. In addition, the method and system may advise the user to
change, or automatically change if so instrumented, the one or more mud pump(s)
flow rate based on the operation being conducted and state of the one or more

instrumented muod-gas separator{s). Advantageously, the method and systern for
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controlled delivery of unknown fluids significantly reduces the amount of time
needed to remove gas from unknown fluids in the wellbore and/or the marine riser
and substantially increases the safety of operations.

Figure 1 shows a block diagram of a conventional subsea drilling system 100
Conventional subsea drilling system 180 may include wellbore 110, BOP 115
marine riser 120, platform 136, and well control choke manifold 1385, mud-gas
separator 200, and shale shaker 148 disposed on platform 130, Wellbore 116 is the
borehole drilled into the subsea ground 162 below waterline 104 that is used to
recover oil and gas reserves (not shown) disposed therein. BOP 118 1s a mechanical
safety device that controllably opens and closes wellbore 118 to prevent blowouts
caused by the uncontrolled flow of formation fluids 1nto wellbore 118, such as, for
example, when a kick is taken. During drilling operations, BOP 115 is typically
opened providing a continuous pathway for the drill string (not shown) and fluids
emanating from wellbore 118, Marine riser 128 provides the annular pathway
between platform 136 and wellbore 116, Platform 130 is a mobile or fixed structure
that extends above the waterline 184 that supports the various machinery and
equipment used to drill and operate the well.

Upon detection of an influx of formation thnds (not shown), BOP 1158 i3
closed and the influx of unknown fluids may be directed from BOP 115 to mud-gas
separator 200 disposed on platform 138 via a wellbore fluid return line 117 that
directs fluid flow to choke manifold 135, Choke manifold 135 is manually
manipulated to maintain wellbore 119 pressure and control.  To ensure control of
the well, returning unknown fluids that are suspected to contain gas are directed
through a device intended to separate gases from the expensive drlling fluids,
which are typically cleaned, recycled, and reused. Perhaps the most common device
of this type is referred to as a mud-gas separator. When there 1s an unintentional
influx of formation fluids suspected to contain gas, mud-gas separator 208 is used to
remove the gas during, for example, well kill operations that circulate out the
suspected or known kick. The returning unknown fluids may include a mixture of
dritling fluids and formation tluids which may be composed of liquids, solids, or
gases, or combinations thereot. Typically, BOP 115 15 closed as soon as the kick i3
detected to prevent further undesired fluid flow. The returning fluids from wellbore
10 are directed to mud-gas separator 280 to remove entrained gases from the
returning flutds. Once the gases have been removed, the degassed fluids are sent to

5
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shale shaker 140 to remove cuttings and solids. The degassed and cleaned fluids
may then be recycled for reuse downhole 142

Figure 2 shows a conventional mud-gas separator 208, Mud-gas separator 200
includes a vessel 210 having a fluids inlet port 220 that receives return fluids from
the choke manifold (135 of Figure 1), a plurality of baffles 23¢ that tend to partition
the cavity of vessel 218 into a degassed fluids portion 240 and a gas portion 238, a
fluids outlet port 268 that directs degassed fluids to, for example, the shale shaker
{140 of Figure 1}, a gas vent 270 that vents gases separated from the fluids to the
air, and, typically, a gas gauge 288, In operation, the unknown fluids entering mud-
gas separator 200 via fluids inlet port 220 typically contains an unknown mixture of
hiquid, solids, and gases. The input fluids impinge on a series of baffles 230 that are
designed to separate the liquid and solids from the gases. The gases then move into
gas portion 256 of vessel 218 for venting 270, The degassed fluids are then sent to
the shale shaker (140 of Figure 1} to remove solids and cuttings from the fluids in
preparation for recycling and reuse.

While it is generally true that the fluid line directing fluids to tnlet port 228 of
mud-gas separator 200 contains an adjustable choke manifold (135 of Figure 1)
upstream, this choke raunifold (1358 of Figure 1) is used for the sole purpose of
manually maintaining wellbore pressure or flow conditions to manage wellbore
conditions throughout the flow path upstream of the choke manifold (135 of Figure
1). However, there are certain events where it may be beneficial to control the mud-
gas separator 200 intake 220 10 a manner that 1s largely irrespective of the impact on
wellbore pressure or flow conditions upstream of the mud-gas separator 200 or the
manually adjustable choke manifold (135 of Figure 1), One such event occurs when
fluids from a deep water marine riser {120 of Figure 1) are intentionally circulated
while the wellbore (110 of Figure 1) below the bottom of the riser (120 of Figure 1)
is closed off by the BOP (115 of Figure 1). In such an event, which may be either a
normal operational event during which the riser (120 of Figure 1) fluid density 1s
changed or an unscheduled emergency during which gas that may or may not have
inadvertently entered the riser (120 of Figure 1) prior to closure of the BOP (115 of
Figure 1} is being circulated out, the pressure at the top of the marine riser (128 of
Figure 1) may be permitted to vary from zero to up to 2000 pounds per square inch
{“psi”) without adverse consequence or unacceptable risk to the marine niser (128 of
Figure 1) or other equipment of the drilling system (106 of Figure 1).

&
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Given this pressure capability of typical deep water marine risers (128 of
Figure 1), many drilling systerns (108 of Figure 1) in the deep water fleet already
have, or may soon be expected to have, equipment, such as an annular closing
available at the top of the riser (120 of Figure 1} that permits the partial or full
containment of fluids from the riser (12¢ of Figure 1). In particular, systems that
permit containment and active control of riser pressure, such as, for example,
surface back pressure MPD systems, or some existing riser gas handling systems,
permit control or stoppage of the flow of fluids from the riser (128 of Figure 1} to
mud-gas separator 200, However, existing processes used to control or stop the
flow of returning fluids from the riser (128 of Figure 1) are based on practices
developed for use during events in which pressure and flow upstream of the choke
manifold (135 of Figure 1) must be much more precisely controlled. As a result,
management of riser (128 of Figure 1) fluid flow during typical operations involves
simply permitting flow from the riser (128 of Figure 1) to remain unimpeded unless
or until the processing limits of the mud-gas separator 200 have been, or are
expected to be, reached. When that happens, the choke manifold (135 of Figure 1)
is generally used to immediately stop all input to the mud-gas separator 280 until
such time that the mud-gas separator 208 functionality is restored and a different,
perhaps much slower, throughput may once again be established after the choke
manifold (135 of Figure 1) is fully reopened. This is a very slow process that
presents substantially safety risk because of the presence of explosive gas.

As such, there 15 a long felt, but unsolved need in the industry for a method
and system for controlled delivery of unknown fluids that utilizes the current state
and condition of the mud-gas separator(s) as a controlling parameter for the
upstream choke manifold(s) rather than using pressure or flow conditions upstream
of the choke manifold{s) or operator intervention as the primary choke controls.
Such a method and system could improve the safety, efficiency, and operational
ease when used in appropriate situations, such as, during riser fluid and gas
management operations, in which the energy within the riser can be reliably
expected to remain below internal riser pressure operational limits (e.g., up to 2000
psi typically), due to etther limited internal pressure sources or the presence of
independent pressure limiting devices, such as, for example, pressure relief valves,

automatic pump shut-off pressure switches, or the like.
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In one or more embodiments of the claimed invention, a method and system
for controlled delivery of unknown fluids may use the state of an instrumented mud-
gas separator(s) as input into a programmablie logic controller (“PLL),
programmable logic device ("PLD”), central processing unit (“CPU”), or other
programmable device or computing system (e.g., control system 43¢ of Figure 4)
that may be configured to intelligently, efficiently, and automatically control the one
or more choke manifold(s) and optionally the one or more mud pump(s) to respond
appropriately to ensure that the instrumented mud-gas separator(s) internal fluid
and/or pressure levels are within sate operational limits. If] as frequently occurs, the
mud-gas separator(s) are capable of handling, without overload, even a relatively
high liquid only flow rate, operators would still be able to use the present imvention
to facilitate the use of the high tlow rate to efficiently manage the return to the rig of
riser fluids that either have no, or relatively low concentrations of, free gas without
the risk present in conventional solutions, namely, that the sudden and unexpected
arrival of higher concentrations of free gas within the mud-gas separator(s) could go
unnoticed until after the mud-gas separator(s) are overfoaded or otherwise impaired,
typically involving a blow-through of a liquid seal, and a high risk condition has
suddenly resulted, such as risks derived from either the current dependence on
unreliable human detection and intervention, or from dependence on the choke
control processes that are focused on control of upstream pressure or flow
conditions, parameters that are typically of far less immediate importance if and
when a mud-gas separator overload occurs.

While control of fluid tlow into the mud-gas separator(s} may appear to be a
simple process control task, issues such as potential behavior of gas that may
expand between the choke manifold(s) and the mud-gas separator(s), suddenly
driving a surge of mud into the mud-gas separator(s) prior to the entrance of the gas,
may make control much more difficult, thereby requiring use of choke manifold(s)
response logic customized for the specific equipment sizes, locations, flow
restrictions, and other aspects that may be present in a given drilling system.
Specifically, the choke manifold(s} and/or mud pump(s) response must be
sufficiently fast to reliably halt mud-gas separator(s) overload prior to the time that
a mud-gas separator reaches its operational limits, which may include either internal
pressure or fluid level himits for proper mud-gas separator performance, quality of
fluid exiting the mud-gas separator into the hydrostatic seal, presence of HpS, or

&



WO 2019/078991 PCT/US2018/051836

[0028]

[0029]

downstream ftlow/fluids handling considerations, but not so fast as to lead to an
unstable open/close choke and/or start/stop mud pump operation sequence or other
condition, such as an abrupt change to pressures upstream of the choke manifold(s),
that could cause other procedural issues, control problems, errors, or safety issues.

In certain embodiments of the claimed invention, a gas expansion/flow model
may be used to improve throughput without losing the ability to automatically
respond and control the instrumented mud-gas separator{s) throughput should
worst-case unexpected fluid changes suddenly occur, such as near instantaneous
replacement of liquids downstream of the choke manifold(s) with free gas rapidly
expanding in the uncontrolled fluid return line feeding intc the mud-gas
separator(s). In addition to permitting higher safe circulation rates while replacing
riser fluids with small, or unknown gas content, such a device could also be
beneticial when managing very large riser gas events. While conventional practices
suggest that diversion of high rate gas flow to a mud-gas separator would present
unacceptable risk, in certain embodiments, that risk would be automatically limited
by automatically reducing inflow prior to mud-gas separator failure, operationally
triggering other devices, such as, for example, pressure control valves, riser
emergency disconnect systerns, or simaple shut-in to contain gas within the closed
riser, when decisions to take such actions have been made in advance and are
comprehended by the choke control logic.

Accordingly, in one or more embodiments of the present invention, a method
and system for controlled delivery of unknown fluids provides for the controlled
delivery of unknown fluids from within the wellbore and/or from within the marine
riser in a safe, efficient, and intelligent manner based on the state of the one or more
instrumented mud-gas separator(s). Each of one or more instrumented mud-gas
separator(s) may include one or more fluid sensor(s) configured to sense the fluid
fevel, threshold crossing, or operational state and/or one or more pressure sensor(s)
configured to sense the pressure level, threshold crossing, or operational state within
the instrumented mud-gas separator(s) and allow for intelligent control of the one or
more choke manifold(s) to prevent swamping, or overloading, as well as
undericading the instrumented mud-gas separator(s).  Specifically, in certain
embodiments, a first choke manifold {(typically the well control choke manifold)
may govern the delivery of unknown tluids from within the wellbore and the marine
riser. In other embodiments, a first choke manifold (typically the well control choke

Q
i



WO 2019/078991 PCT/US2018/051836

[0030]

[0031]

manifold) may govern the delivery of unknown fluids from within the wellbore and
a second choke manifold (often, but not always, the MPD choke manifold) may
govern delivery of unknown fluids from within the marine riser. A control system
may independently or collaboratively control the one or more choke manifold(s)
based on the state of the instrumented mud-gas separator(s) and allow for the safe
and efficient removal of entrained gases in a way that reduces or eliminates risks
posed from human detection, intervention, and other sources of error that give rise
to safety issues. In addition to controlling the choke manifold(s), the control system
may optionally control one or more mud pump(s), adjusting the flow rate being
pumped into the marine riser and the well, based on the state of the instrumented
mud-gas separator(s) and the operation being conducted.

Figure 3 shows an instrumented mud-gas separator 300 in accordance with
one or more embodiments of the present invention. In certain embodiments,
instrumented mud-gas separator 308 may be an existing mud-gas separator {e.2.,
200 of Figure 2) retrofitted and instrumented with one or more fluid sensor(sy 319
that sense the fluid level within the vessel 218, one or more threshold crossings,
and/or an operational state and/or one or more pressure sensor(s) 320 that sense the
pressure level within the vessel 210, one or more threshold crossings, or an
operational state. In other embodiments, the one or more fluid sensor(s) 318 and/or
one or more integrated pressure sensor(s) 328 may be integrated into mud-gas
separator 306, One of ordinary skill in the art will recognize that an instrumented
mud-gas separator 309 may include one or more fluid sensor(s) 318, one or more
pressure sensor{s) 328, or combinations thereof in accordance with one or more
embodiments of the present invention.

In one or more embodiments of the present invention, fluid sensor 310 may be
a float switch sensor, a buoyancy switch sensor, a non-contact ulirasonic sensor, a
contact ultrasonic sensor, a capacitance iegvel sensor, a submersible level sensor, a
radar level sensor, a time domain reflectometry sensor, combinations thereof, or any
other type or kind of seusor capable of sensing the fluid level, one or more threshold
crossings, or operational state within the vessel 218. Depending on the type or kind
of sensor used, tluid sensor 316 may output a seunsor signal (not independently
iltustrated) indicative of the state of the mud-gas separator 300 including one or

more of a fluid level within the vessel 219, the crossing of one or more threshold
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fluid levels within the vessel 218, or an operational state of the instrumented mud-
gas separator 300 to a control system (not shown}.

In one or more embodiments of the present invention, pressure sensor 328
may be an absolute pressure sensor, a gauge pressure Sensor, a vacuum pressure
sensor, a differential pressure sensor, a sealed pressure sensor, a resonant sensor, a
thermal sensor, an ionization sensor, a piezoresistive strain gauge, a capacitive
sensor, an electromagnetic sensor, a piezoelectric sensor, an optical sensor, a
potentiometric sensor, combinations thereof, or any other type or kind of sensor
capable of sensing the pressure level, one of more threshold crossings, or
operational state within the vessel 218. Depending on the type or kind of sensor
used, pressure sensor 320 may output a sensor signal (not independently illustrated)
indicative of the state of the mud-gas separator 38¢ including one or more of a
pressure level within the vessel 2180, the crossing of one or more threshold pressure
fevels within the vessel 218, or an operational state of the instrumented mud-gas
separator 300 to a control system (not shown).

The output sensor signal(s} (not independently illustrated) from the fhud
sensor 318 and/or pressure sensor 328 may be used as input to a control system
{(e.g., 430 of Figure 4) that may be configured to intelligently control one or more
choke manifold(s) (e.g., 135 of Figure 4), and optionally one or more mud pump(s)
{(not shown), that may be manipulated to control delivery of unknown fluids to the
one or more instrumented mud-gas separator(s} 308 as discussed in more detail
herein. In embodiments where the control system (e.g., 430 of Figure 4) optionally
controls the one or more mud pump(s) {not shown), depending on the type of
operation being conducted, the control system {e.g., 430 of Figure 4) may adjust the
flow rate out of the one or more mud pump(s) {not shown} to conduct the operation
in the safest, most efficient, and most expedient manner.

In one or more embodiments of the present tnvention, a critical hiquid level
maximum 338a of instrumented mud-gas separator 380 may be established by a
vessel 210 specific level that prevents hquids from being directed to gas vent 276,
Similarly, a critical liquid level minimum 3385 may be established by a vessel 210
specific level that prevents gases from being directed to the shale shaker (146 of
Figure 4). One of ordinary skill in the art will recognize that the critical liquid level
maximum 330a and mintmum 3308 may be physically constrained by the type or
kind of instrumented mud-gas separator 30¢ and sensor(s) 318 used and may vary

11
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based on an application or design in accordance with one or more embodiments of
the present invention.

An operational liquid level maximum 3404 may be established by an offset by
a predetermined safety margin from critical liquid level maximum 330« that may
vary based on an application or design. Similarly, an operational liguid level
nmuinimum 34056 may be established by an offset by a predetermined safety margin
from critical liquid level minmimum 3305 that may vary based on an application or
design. One of ordinary skill in the art will recognize that the operational liguid
tevel maximum 3404 and minimum 3405 may vary based on the type or kind of
instrumented mud-gas separator 308 and sensor(s) 310 used and variations in the
performance characteristics of upstream and dowunstream equipment, which may
impact how fast actions must be taken to prevent overloading or underloading
conditions, in accordance with one or more embodiments of the present invention.

An operational range 350 of instrumented mud-gas separator 38¢ may be
established by the range between the operational liguid level maximum 340« and
minimum 3405, A method and system for controlled delivery of unknown fluids
may maximize the flow rate of returning tluids by opening the choke manifold(s)
{e.g., 135 of Figure 4), and potentially changing the flow rate of the one or more
mud pump(s) depending on the operation being conducted, while the thud level is
within the operational range 386, In certain embodiments, the maximum flow rate
may be established by opening the one or more choke manifold(s) {e.g., 135 of
Figure 4) fully or in a stepwise incremental maoner uotil they are fully opened,
while the sensed fluid fevel (not shown) is within the operational range 356.

An overload prevention range 360a of instrumented mud-gas separator 380
may be established by the range between critical liquid level maximum 3302 and
operational liquid level maximum 3406«¢. In certain embodiments, the flow rate may
be reduced by closing the one or more choke manifold(s) (e.g., 135 of Figure 4) in a
stepwise incremental manner when the sensed fluid level meets or exceeds the
operational liquid level maximum 340« and continues to approach the critical hiquid
level maximum 330« and fully close the one or more choke manifold(s) {e.g., 135 of
Figure 4) when the sensed fluid level meets or exceeds the critical liquid level
maximum 330«

An underload prevention range 3605 of instrurnented mud-gas separator 360
may be established by the range between critical liquid level minimum 3305 and
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operational liquid level minimum 3405, 1n certain embodiments, the flow rate may
be reduced by closing the one or more choke manifold(s) (e.g., 138 of Figure 4)in a
stepwise incremental manner when the sensed fluid level meets or falls below the
operational liquid level minimum 3408 and continues to approach the critical liguid
tevel minimum 33058 and fully close the one or more choke manifold(s} (e.g., 135 of
Figure 4) when the sensed tluid level meets or falls below the critical liquid level
minimum 3365,

in other embodiments, such as those where the one or more mud-gas
separator{s) 300 are instrumented with one or more fluid threshold crossing
sensor(s) (not shown), the flow rate may be reduced by closing the one or more
choke manifold(s) (e.g., 135 of Figure 4) in a stepwise incremental manner, or fully,
when the sensed fluid level crosses a fluid threshold crossing (not shown) In
certain embodiments, where the sensor or sensors (not shown) can identify different
threshold levels within vessel 210, the one or more choke manifold(s) (e.g., 138 of
Figure 4) may be manipulated as noted above with respect to the operational,
overload protection, and undericad protection ranges.

in still other embodiments, such as those where the one or more mud-gas
separator(s) 308 are instrumented with one or more sensors that only provide data
relating to their operational state, the flow rate may be reduced by closing the one or
more choke manifold(s) (e.g., 135 of Figure 4) in a stepwise incremental manner, or
tully, when the operational state indicates that the one or more mud-gas separator{s)
300 are approaching, at, ot near an overload or underload condition.

One of ordinary skill in the art will recognize that the operational, overload
protection, and underload protection ranges, including how they are determined,
may vary based on the type or kind of sensor(s) used in an application or design in
accordance with one or more embodiments of the present invention.

Similarly, in one or more embodiments of the present invention, a critical
pressure maximum (not shown) of the instrumented mud-gas separator 308 may be
established by a vessel 218 specific pressure level that prevents liguids from being
directed to gas vent 278, Similarly, a critical pressure minimum {not shown} may
be established by a vessel 218 specific level that prevents gases from being directed
to the shale shaker (140 of Figure 4). One of ordinary skill in the art will recognize
that the critical pressure maximum (not shown) and minimum {not shown) may be
physically constrained by the type or kind of instrumented mud-gas separator 360
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and sensor{s) 328 used and may vary based on an application or design in
accordance with one or more embodiments of the present invention.

An operational pressure maximum (not shown) may be established by an
offset by a predetermined safety margin from the critical pressure maximum (not
shown) that may vary based on an application or design. Similarly, an operational
pressure minimum (not shown} may be established by an offset by a predetermined
safety margin from critical pressure minimum (not shown) that may vary based on
an application or design. One of ordinary skill in the art will recognize that the
operational pressure maximum (not shown) and minimuro (not shown) may vary
based on the type or kind of instrumented mud-gas separator 300 and sensor(s) 320
used and variations in the performance characteristics of upstream and downstrear
equipment, which may impact how fast actions must be taken to prevent
overloading or undericading conditions, in accordance with one or more
embodiments of the present invention,

An operational pressure range (not shown} of instrumented mud-gas separator
308 may be established by the range between the operational pressure maximum
{not shown) and minimum (not shown). A method and system for controlled
delivery of uoknown fluids roay maximize the tlow rate of returning fluids by
opening the choke manifold(s) {e.g., 135 of Figure 4), and potentially changing the
flow rate of the one or more mud purop(s) depending on the operation being
conducted, while the pressure level is within the operational pressure range (not
shown). In certain embodiments, the maximum flow rate may be established by
opening the one or more choke manifold(s) {e.g., 1358 of Figure 4) fully orin a
stepwise incremental manner until they are fully opened, while the sensed pressure
level (not shown) is within the operational pressure range (not shown).

An overload prevention range {(not shown) of instrumented mud-gas separator
308 may be established by the range between the critical pressure maxinmum (not
shown) and the operational pressure maximum (not shown)  In certain
embodiments, the tlow rate may be reduced by closing the one or more choke
manifold(s) {e.g., 135 of Figure 4) in a stepwise incremental manner when the
sensed pressure level meets or exceeds the operational pressure mwaximum (not
shown) and continues to approach the critical pressure maximum {(not shown) and
fully close the one or more choke manifold(s) (e.g., 1358 of Figure 4) when the
sensed pressure level meets or exceeds the critical pressure maximum (not shown}.
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An underload prevention range (not shown) of instrumented mud-gas
separator 300 may be established by the range between the critical pressure
minimum {not shown) and the operational pressure minumum {(not shown). In
certain embodiments, the flow rate may be reduced by closing the one or more
choke manifold(s) (e.g., 135 of Figure 4) in a stepwise incremental manner when
the sensed pressure level meets or falls below the operational pressure minimum
{not shown) and continues to approach the critical pressure minimum (not shown)
and fully close the one or more choke manifold(s) {e.g., 135 of Figure 4) when the
sensed pressure level meets or falls below the crtical pressure minimum (not
shown).

In other embodiments, such as those where the one or more mud-gas
separator(s) 300 are instrumented with one or more pressure threshold crossing
sensor(s) {not shown), the flow rate may be reduced by closing the one or more
choke manifold(s) {e.g., 135 of Figure 4) in a stepwise incremental manner, or fully,
when the sensed pressure level crosses a pressure threshold crossing (not shown).
In certain embodiments, where the sensor or sensors (not shown) can identify
different threshold pressure levels within vessel 216, the one or more choke
manifold(s) (e.z., 135 of Figure 4) may be manipulated as noted above with respect
to the operational, overload protection, and underload protection ranges.

In still other embodiments, such as those where the one or more mud-gas
separator{s) 300 are instrumented with one or more sensors that only provide data
relating to their operational state, the flow rate may be reduced by closing the one or
more choke manifold(s} (e.g., 135 of Figure 4) in a stepwise incremental manner, or
fully, when the operational state indicates that the one or more mud-gas separator(s)
308 are approaching, at, or near an overload or underload condition.

One of ordinary skill in the art will recognize that the operational, overload
protection, and underload protection ranges, including how they are determined,
may vary based on the type or kind of sensor(s} used and may vary based on an
application or design in accordance with one or more embodiments of the present
invention.

One of ordinary skill in the art will also recoguize that the one or more
instrumented mud-gas separator(s) 300 may vary 1n shape, size, and configuration in
accordance with one or more embodiments of the present invention. Additionally,
one of ordinary skill in the art will also recognize that any instrumented mud-gas
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separator 300 capable of cutputting a sensor signal indicative {not independently
iltustrated) of a state of the mud-gas separator 300 including one or more of fluid
level, a pressure level, one or more threshold crossings, or operational state of the
mud-gas separator 300 may be used in accordance with one or more embodiments
of the present invention.

Figure 4A shows a block diagram of a drilling system for controlled delivery
of unknown fluids 400 in accordance with one or more embodiments of the present
invention. In certain embodiments, drilling system 40€ may be a conventional
subsea drilling systern (180 of Figure 1) that includes, at least, an instrumented
mud-gas separator 300 and a control system 430 that inputs the one or more cutput
sensor signal(s) 410 from the 1ostrumented mud-gas separator 300, controls 428 the
choke manifold 135 (typically the well control choke manifold), and optionally
controls the flow rate of the one or more mud pump(s} (not shown) based, at least in
part, on the input 418 to provide for controlled delivery of unknown fluids {not
shown) in an intelligent, efficient, and automated manner that substantially
increases safety. In other embodiments, drilling sysiem 48¢ may be a land rig, a
jack-up rig, or any other type of rig {not shown) that does not include a marine riser
128 (not independently illustrated), but where control systemn 430 controls the choke
manifold 138 (typically a well control choke manifold) to control return fluid flow
to a single instrurnented roud-gas separator 308, One of ordinary skill in the art will
recognize that the type and kind of rig may vary from drlling system to drilling
system in accordance with one or more ernbodiments of the present invention.

During normal drilling operations, fluids {not shown) may be returned from
BOP 115 to the fluids systems disposed on platform 130 via wellbore fluid return
line 117 that directs fluid flow to choke manifold 135 (typically a well control
choke manifold). When unknown fluids (not shown) within wellbore 110 are
suspected to contain gas, control system 430 may automatically control choke
manifold 135, and optionally the one or more mud pump(s) {not shown), to expedite
the removal of the unknown fluids with entrained gases and process them in a safe
and efficient manner. For example, when there is an unintentional influx of
formation fluids suspected to contain gas, instrumented mud-gas separator 368 may
be used to remove gas during, for example, well kill operations that circulate out a
suspected or known kick., When a kick is suspected or detected, BOP 118 may be
closed to prevent further undesired fluid flow and the one or more mud pump(s)
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may be stopped. The returning fluids from wellbore 110 may be directed via fluid
line 137 to instrumented mud-gas separator 300 to remove entrained gas from the
returning fluids. Once the gas has been removed, the degassed thuds may be
directed via fluid line 138 to shale shaker 140 to remove cuttings and solids and
prepare the fhuds for reuse. The degassed and cleaned fluids may then be recycled
for further use downhole 142

In order to remove entrained gas in the most efficient and expeditions manner,
the one or more output sensor signal(s) 416 from instrumented mud-gas separator
300 may be wuput into control system 430 to ntelligently control choke manifold
135, and optionally the one or more mud pump(s) (not shown), to maximize the
flow rate of unknown fluids to the wnstrumented mud-gas separator 308 while
matntaining it in an operational state.

In certain embodiments, instrumented mud-gas separator 300 may include one
or more fluid sensor(s) (310 of Figure 3) that sense a fluid level, one or more
threshold crossings, and/or an operational state of the mud-gas separator 308, The
fluid sensor (310 of Figure 3) may output a sensor signal 418 indicative of the state
of the mud-gas separator 360 including the fhud level, the crossing of one or more
threshold fluid levels, and/or the operational state of the instrumented mud-gas
separator 300 to control system 430.

In other embodiments, instrumented mud-gas separator 380 may include one
or more pressure sensor(s) (320 of Figure 3) that sense a pressure level, one or more
threshold crossings, or an operational state of the mud-gas separator 366, The
pressure sensor (3268 of Figure 3) may output a sensor signal 410 indicative of the
state of the mud-gas separator 300 including the pressure level, the crossing of one
or more threshold pressure levels, and/or the operational state of the instrumented
mud-gas separator 300 to control system 430,

In still other embodiments, instrumented mud-gas separator 380 may include
one or more fluid sensor(s}) (310 of Figure 3) that sense a fluid level, one or more
threshold crossings, or the operational state of the instrumented mud-gas separator
300 and one or more pressure sensor{s) {320 of Figure 3) that sense a pressure level,
one or more threshold crossings, or the operational state of the instrumented mud-
gas separator 380, One of ordinary skill in the art will recognize that the type or

kind of instrumented mud-gas separator 360, and the sensed output it provides, may
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vary based on an application or design in accordance with one or more
embodiments of the present invention.

In one or more embodiments of the present invention, control system 430 may
receive, as input, information relating to, for example, one or more of the
hydrostatic pressure of the mud within wellbore 119, the hydrostatic pressure of the
mud within marine riser 128, the type, kind, size, capacity, rating, and topology of
shale shaker 140, instrumented mud-gas separator 308, choke manifold 135, niser
126, BOP 115, or any other equipment on the rig, the detection or expectation of an
intlux of unknown formation fhuds suspected to contain gas, a gas expansion/flow
model, and any other information that may be useful in determining the most
efficient manner to remove entrained gas from returning fluids. One of ordinary
skill in the art will recognize that the input information may advantageously include
information that allows control system 430 to accommodate variation in the type,
kind, size, capacity, rating, and topology of various equipment used that may vary
from rig to rig, but may be limited to information relating to the sensor output 419
of 1nstrumented mud-gas separator 308, As such, one of ordinary skill in the art will
recognize that the input information received may vary based on an application or
design in accordance with one or more embodiments of the present invention.

in one or more embodiments of the present invention, control system 438 may
recetve, as input, information including, but not limited to, operational range data
{e.g., 350 of Figure 3 or pressure corollary), overload protection range data {(e.g.,
360a of Figure 3 or pressure corollary), underload protection range data (e.g., 3606
of Figure 3 or pressure corollary), or any other data relating to the operational state
of the instrumented mud-gas separator 300 that allows control system 438 to
intelligently control choke manifold 135 and optionally the one or more mud
purmpis) {not shown} in view of the state of the instrumented mud-gas separator
3006

Control system 438 may regulate the state of choke manifold 135 to maximize
the safe flow rate of unkvown fluids to the instrumented mud-gas separator 300 in
an intelligent, efficient, and automated manner based on its state. One of ordinary
skill in the art will recognize that an open or closed state of choke manitold 138 13
bounded by a fully opened state and a fully closed state with a number of
incremental steps in between, the step size of which 1s typically determined by the
type or kind of choke manifold 135 used. As such, control systen 438 may set the
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state of the choke manifold 135 based on input received and the method disclosed
herein. Control system 430 may receive input from instrumented mud-gas separator
308 relating to the state of the mud-gas separator 308

In one or more embodiments of the present invention, if the fluid and/or
pressure level of mud-gas separator 3680 is within the operational range {(¢.g., 350 of
Figure 3 or pressure corollary), choke manifold 135 may be opened fully, or
incrementally until fully opened, to expeditiously maximize flowrate. The degree to
which choke manifold 135 may be opened may depend on the sensed level(s), the
operational state of mud-gas separator 308, how close instrumented mud-gas
separator 300 is to a boundary condition of the operational range, overload
protection range, or underload protection range, and/or the rate of change of the
sensed level(s). In one or more embodiments of the present invention, a method and
system for controlled delivery of unknown fluids identifies a maximum safe flow
rate for the return and processing of unknown fluids. In addition to control of choke
manifold 135, in certain embodiments, control system 436 may optionally control
the flow rate of one or more mud pump(s) (not shown} that provide mud downhole.
One of ordinary skill in the art will recognize that, in various operations, it may be
desirable to either stop, start, or change the flow rate of mud being provided
downhole while controlling the delivery of unknown fluids.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of the instrumented mud-gas separator 380 are within the
operational range (e.g., 350 of Figure 3 or pressure corollary), indicating that the
mud-gas separator 300 can handle the flow rate of the unknown fhuds currently
being input, control system 438 may open choke manifold 135 in a stepwise
incremental manner. So long as the sensed level{s) remain within the operational
range {e.g., 350 of Figure 3 or pressure corollary), control system 438 may continue
to open choke manifold 135 incrementally until it is fully opened or maintain it in
the fully opened state. One of ordinary skill in the art will recognize that the
stepwise incremental manuner in which the choke manifold 138 may be opened may
vary based on the rate of change of the sensed fluid and/or pressure levels or
proximity to critical levels. 1If the rate of change or proximity warrants, some
multiple of the stepwise incremental change may be used to increase the flow rate to
the maxamum in a more expeditious manner. The multiple of the incremental step
size may vary based on the type, kind, size, capacity, rating, and topology of
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equipment used and the expected flow rates and may vary from rig to rig in
accordance with one or more embodiments of the present invention.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels cross the operational liquid maximum (e.g., 340« of Figure 3
or pressure corollary) and enters the overload protection range {e.g., 368a of Figure
3 or pressure corollary), control system 430 may close choke manifold 135 in a
stepwise incremental manner to prevent instrumented mud-gas separator 360 from
overloading. If the sensed fluid and/or pressure levels continue to increase, some
multiple of the incremental step size may be used to close choke manifold 135 in a
more expeditious manner. The multiple of the incremental step size may vary based
on the type, kind, size, capacity, rating, and topology of equipment used and the
expected flow rates and may vary from rig to rig in accordance with one or more
embodiments of the present invention. If the sensed tluid and/or pressure levels
meet or exceed the critical liquid level maximum (e.g., 330a of Figure 3 or pressure
corollary), control system 430 may tully close choke manifold 135 to prevent
overload where unknown fluids may inadvertently, and dangerously, be directed to
the gas vent (278 of Figure 3).

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels cross the operational liquid minimum (e.g., 3488 of Figure 3
or pressure corollary) and enters the underload protection range {(e.g., 3605 of
Figure 3 or pressure corollary), control system 430 may close choke manifold 138
in a stepwise incremental manner to prevent instrumented mud-gas separator 300
from underloading. If the sensed fluid and/or pressure levels continue to decrease,
some multiple of the incremental step size may be used to close choke manifold 135
in a more expeditious manner. The multiple of the incremental step size may vary
based on the type, kind, size, capacity, rating, and topology of equipment used and
the expected flow rates and may vary from rig to rig in accordance with one or more
embodiments of the present invention. If the sensed fluid and/or pressure levels
meet or fall below the critical liquid level minimum (e.g., 3365 of Figure 3 or
pressure corollary}, control system 43¢ may fully close choke manifold 135 to
prevent underload where entrained gases may inadvertently, and dangerously, be
directed to the shale shaker 140,

One of ordinary skill 1o the art will recogunize that the actions taken by control
system 430 may be dictated by the type, kind, size, capacity, rating, and topology of
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equipment used, their operational characteristics, and the expected tlow rates and
may vary from rig to rig in accordance with one or more embodiments of the
present tnvention.

Figure 4B shows a block diagram of a subsea drilling system for controlled
delivery of unknown fluids 468 in accordance with one or more embodiments of the
present invention. In certain embodiments, drilling system 400 may include, or be
retrofitted with, an annular closing 449 that controllably opens and closes marine
riser 128, Annular closing 440 may be a rotating control device ("RCD”), a drill
string 1solation tool ("DSIT”), or any other active pressure management device or
system that controllably seals marine riser 128, One of ordinary skill in the art will
recognize that subsea drlling system 400 may be a conventional subsea drilling
system {e.g., 100 of Figure 1) that includes, at least, an instrumented mud-gas
separator 300 and a control system 430 that inputs the output sensor signal or
signals 410 from the instrumented mud-gas separator 308, controls 428 choke
manifold 135, and optionally controls the flow rate of the one or more mud pump(s)
{not shown) based, at least in part, on the input 418 to provide for the conirolled
delivery of unknown fluids (not shown) in an intelligent, efficient, and automated
manner that substantially increases safety.

During normal drilling operations, fluids {not shown) may be returned from
BOP 115 to the fluids systems disposed on platform 130 via wellbore fluid return
line 117 that directs fluid flow to choke manifold 135 (typically a well control
choke manifold).  Fluids may also be returned from marine riser 128 via riser
return fluid line 422 that also directs fluid flow into choke manifold 135, When
unknown fluids {(not shown} within wellbore 110 are suspected to contain gas,
control system 430 may automatically conirol choke manifold 135, and optionally
control the flow rate of the one or more mud pump(s) (not shown} to expedite the
removal of the unknown fluids with entrained gases and process them in a safe and
efficient manner. For example, when there is an unintentional influx of formation
fluids suspected to contain gas, instrumented mud-gas separator 300 may be used to
remove gas during, for example, well kill operations that circulate out a suspected or
known kick. When a kick 13 suspected or detected, BOP 115 may be closed to
prevent further undesired fluid tlow and the one or more mud pump(s) (not shown)
may be stopped. The returning fluids trom wellbore 119 may be directed via fluid
line 137 to instrumented mud-gas separator 308 to remove entrained gas from the
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returning fluids. Once the gas has been removed, the degassed fluids may be
directed via fluid line 138 to shale shaker 140 to remove cuttings and solids and
prepare the fluids for reuse. The degassed and cleaned drilling fluids may then be
recycled for further use downhole 142

In order to remove entrained gas in the most efficient and expeditious manner,
the output sensor signal(s) 416 from instrumented mud-gas separator 308 may be
input into control system 430 to intelligently control choke roanifold 13§, and
optionally the one or more mud pump(s} {(not shown}, to maximize the flow rate of
unknown fluids to the instrumented mud-gas separator 3080 while maintaining it in
an operational state.

In certain embodiments, instrumented mud-gas separator 380 may include one
or more flutd sensor(s) (310 of Figure 3) that sense a flud level, one or more
threshold crossings, and/or an operational state of the mud-gas separator 306. The
flutd sensor (310 of Figure 3) may output a sensor signal 410 indicative of the state
of the mud-gas separator 380 including the fluid level, the crossing of one or more
threshold fluid levels, and/or the operational state of the instrumented mud-gas
separator 300 to control system 436,

In other embodiments, instrumented mud-gas separator 388 may include one
or more pressure sensor(s) {320 of Figure 3} that sense a pressure level, one or more
threshold crossings, or an operational state of the mud-gas separator 3060, The
pressure sensor {320 of Figure 3) may output a sensor signal 4180 indicative of the
state of the mud-gas separator 380 including the pressure level, the crossing of one
or more threshold pressure levels, and/or the operational state of the tnstrumented
mud-gas separator 300 to control system 430,

in stll other embodiments, instrumented mud-gas separator 368 may include
one or more fluid sensor{s) (310 of Figure 3) that sense a fluid level, one or more
threshold crossings, or the operational state of the instrumented mud-gas separator
308 and one or more pressure sensor(s) (320 of Figure 3) that sense a pressure level,
one or more threshold crossings, or the operational state of the nstrumented mud-
gas separator 380. One of ordinary skill in the art will recognize that the type or
kind of instrumented mud-gas separator 300, and the sensed output it provides, may
vary based on an application or design in accordance with one or more

embodiments of the present invention.
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in one or more embodiments of the present invention, control system 438 may
receive, as input, information relating to, for example, one or more of the
hydrostatic pressure of the mud within wellbore 118, the hydrostatic pressure of the
mud within marine riser 120, the type, kind, size, capacity, rating, and topology of
shale shaker 146, instrumented mud-gas separator 308, choke manifold 135, riser
128, BOP 115 or any other equipment on the rig, the detection or expectation of an
influx of unknown formation fluids suspected to contain gas, a gas expansion/{flow
model, and any other information that may be useful in determining the most
efficient maoner to remove entrained gas from returning fluids. One of ordinary
skill in the art will recognize that the input information may advantageously include
information that allows control system 430 to accommodate variation in the type,
kind, size, capacity, rating, and topology of varicus equipment used that may vary
from rig to rig, but may be limited to information relating to the sensor output of
instrumented mud-gas separator 360, As such, one of ordinary skill in the art will
recognize that the input information received may vary based on an application or
design in accordance with one or more embodiments of the present invention.

In one or more embodiments of the present invention, control system 430 may
receive as input information including, but not lirsited to, operational range data
{e.g., 3508 of Figure 3 or pressure corollary}, overload protection range data {e.g.,
360a of Figure 3 or pressure corollary), underload protection range data (e.g., 360h
of Figure 3 or pressure corollary), or any other data relating to the operational state
of the instrumented mud-gas separator 300 that allows control system 439 to
intelligently control choke manifold 135 and optionally the one or more mud
pump(s} {not shown) in view of the state of the instrumented mud-gas separator
360,

Control system 430 may regulate the state of choke manifold 135 to maximize
the safe flow rate of unknown fluids to the instrumented mud-gas separator 309 in
an intelligent, efficient, and automated manner based on its state. One of ordinary
skill 10 the art will recognize that an open or closed state of choke manifold 135 is
bounded by a fully opened state and a fully closed state with a number of
incremental steps in between, the step size of which 13 typically determined by the
type or kind of choke manifold 135 used. As such, control system 436 may set the

state of the choke manifold 135 based on input received and the method disclosed
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herein. Control system 430 may receive input from instrumented mud-gas separator
300 relating to the state of the mud-gas separator 300

In one or more embodiments of the present invention, if the fluid and/or
pressure level of mud-gas separator 300 1s within the operational range {e.g., 350 of
Figure 3 or pressure corollary), choke manifold 135 may be opened fully, or
incrementally until fully opened, to expeditiously maximize flowrate. The degree to
which choke manifold 133 may be opened may depend on the sensed level(s), the
operational state of mud-gas separator 308, how close instrumented mud-gas
separator 300 is to a boundary condition of the operational range, overload
protection range, or underload protection range, and/or the rate of change of the
sensed level(s). In one or more embodiments of the present invention, a method and
system for controlled delivery of unknown fluids identifies a maximum safe flow
rate for the return and processing of unknown fluids. In addition to control of choke
manifold 135, in certain embodiments, control system 43¢ may optionally control
the tlow rate of one or more mud pump(s) (not shown) that provide mud downhole.
One of ordinary skill in the art will recognize that, in various operations, it may be
desirable to either stop, start, or change the flow rate of mud being provided
downhole while controlling the delivery of unkuown fluids.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of the instrumented mud-gas separator 386 are within the
operational range (e.g., 350 of Figure 3 or pressure corollary), indicating that the
mud-gas separator 3080 can handle the flow rate of the unknown fluids currently
being input, control system 438 may open choke manifold 135 in a stepwise
incremental manner. So long as the sensed level(s) remain within the operational
range (e.g., 350 of Figure 3 or pressure corollary), control system 438 may continue
to open choke manifold 138 incrementally until it is fully opened or maintain it in
the fully opened state. One of ordinary skill in the art will recognize that the
stepwise incremental manner in which the choke manifold 135 may be opened may
vary based on the rate of change of the sensed fluid and/or pressure levels or
proximity to critical levels. It the rate of change or proximity warrants, some
multiple of the stepwise incremental change may be used to increase the flow rate to
the maximum in a more expeditious manner. The multiple of the incremental step

size may vary based on the type, kind, size, capacity, rating, and topology of
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equipment used and the expected flow rates and may vary from rig to rig in
accordance with one or more embodiments of the present invention.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels cross the operational liquid maximum (e.g., 340« of Figure 3
or pressure corollary) and enters the overload protection range {e.g., 368a of Figure
3 or pressure corollary), control system 430 may close choke manifold 135 in a
stepwise incremental manner to prevent instrumented mud-gas separator 360 from
overloading. If the sensed fluid and/or pressure levels continue to increase, some
multiple of the incremental step size may be used to close choke manifold 135 in a
more expeditious manner. The multiple of the incremental step size may vary based
on the type, kind, size, capacity, rating, and topology of equipment used and the
expected flow rates and may vary from rig to rig in accordance with one or more
embodiments of the present invention. If the sensed tluid and/or pressure levels
meet or exceed the critical liquid level maximum (e.g., 330a of Figure 3 or pressure
corollary), control system 430 may tully close choke manifold 135 to prevent
overload where unknown fluids may inadvertently, and dangerously, be directed to
the gas vent (278 of Figure 3).

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels cross the operational liquid minimum (e.g., 3488 of Figure 3
or pressure corollary) and enters the undedoad protection range (e.g., 360H of
Figure 3 or pressure corollary), control system 430 may close choke manifold 138
in a stepwise incremental manner to prevent instrumented mud-gas separator 300
from underloading. If the sensed fluid and/or pressure levels continue to decrease,
some multiple of the incremental step size may be used to close choke manifold 135
in a more expeditious manner. The multiple of the incremental step size may vary
based on the type, kind, size, capacity, rating, and topology of equipment used and
the expected flow rates and may vary from rig to rig in accordance with one or more
embodiments of the present invention. If the sensed fluid and/or pressure levels
meet or fall below the critical liquid level minimum (e.g., 3365 of Figure 3 or
pressure corollary}, control system 43¢ may fully close choke manifold 135 to
prevent underload where entrained gases may inadvertently, and dangerously, be
directed to the shale shaker 140,

One of ordinary skill 1o the art will recogunize that the actions taken by control
system 430 may be dictated by the type, kind, size, capacity, rating, and topology of
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equipment used, their operational characteristics, and the expected flow rates and
may vary from rig to rig in accordance with one or more embodiments of the
present tnvention.

Figure 5 shows a block diagram of a subsea drilling system for controlled
delivery of unknown fluids 868 in accordance with one or more embodiments of the
present mvention.  Subsea drilling system 560 may be an MPD system that allows
for the closed-loop circulation of fluids and the management of bottomhole pressure
from the surface. The control of bottomhole pressure by application of surface
backpressure allows the dridler to respond to downhole conditions faster than, for
example, changing mud weights. MPD systems typically include an annular closing
440 that may controllably seal marine riser 128, Annular closing 440 may be a
RCB, a DSIT, or any other active pressure management device or system that
controliably seals marine riser 128

MPD systems include, in addition to first choke manifold 135« (typically a
well control choke manifold), a second choke manifold 1338 (often, a dedicated
MPD choke manitold) for managing surface backpressure. One of ordinary skill 1n
the art will recognize that well control choke manifold 135¢ and MPD choke
manifold 1385 generally serve the same purpose, but may not be the same type or
kind of manifold and may vary from one another based on an application or design
in accordance with one or more embodiments of the present invention. Fluids may
be returned from BOP 115 to the fluids systems disposed on platform 138 via
wellbore fluid return line 117 that directs fluid flow to well control choke manifold
138« Fluids may also be returned from marine riser 120 via riser fluid return line
422 that directs fluid flow to MPD choke manifold 13585, In certain embodiments, a
single instrumented mud-gas separator 306 may be used. The fluid output of choke
manifolds 1334 and 135h may be directed to the instrumented mud-gas separator
380 to provide for the controlled delivery of unknown fhuids (not shown} in an
intelligent, efficient, and automated manner that substantially increases safety.

During normal dolling operations, fluids (not shown) may be returned from
BOP 115 to the thuds systems disposed on platform 130 via wellbore fluid return
line 117 that directs fluid flow to choke manifold 138« (typically a well control
choke manifold).  Fluids may also be returned from marine riser 128 via riser
return fluid line 422 that also directs fluid tlow into choke manitold 1386 (ofien an
MPD choke mantfold). When unknown fluids (not shown) within wellbore 116
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and/or marine riser 120 are suspected to contain gas, control system 430 may
automatically control choke manifolds 135¢ and 1356, and optionally the one or
more mud pump(s) (not shown) to expedite the removal of the unknown fluids with
entrained gases and process them in a sate and efficient manner. For example,
when there 1s an unintentional influx of formation fluids suspected to contain gas,
instrumented mud-gas separator 308 may be used to remove gas during, for
exaruple, well kill operations that circulate out a suspected or known kick. When a
kick is suspected or detected, BOP 115 and annular closing 44¢ may be closed to
prevent further undesired fluid flow and the one or more mud pump(s) (not shown)
may be stopped. The returning fluids from wellbore 110 may be directed via fluid
line 1374 and/or returning fluids from marine riser 120 may be directed via fluid
line 1375 to instrumented mud-gas separator 386 o remove entrained gas from the
returning tluids. Once the gas has been removed, the degassed fluids may be sent
via fluid line 138 to shale shaker 148 to remove cuttings and solids and prepare the
fluids for reuse. The degassed and cleaned drilling fluids may then be recycled for
further use downhole 142,

In order to remove entrained gas in the most efficient and expeditious manner,
the output sensor signal(s) 410 from instrumented mud-gas separator 300 may be
input into control system 438 to intelligently control choke manifolds 1352 and
1335, and optionally the one or more mud pump(s) {(not shown), to maximize the
flow rate of unknown fluids to the instrumented mud-gas separator 308 while
maintaining it in an operational state.

In certain embodiments, instrumented mud-gas separator 388 may include one
or more fluid sensor(s) (310 of Figure 3) that sense a fluid level, one or more
threshold crossings, and/or an operational state of the mud-gas separator 366, The
tluid sensor (318 of Figure 3) may output a sensor signal 416 indicative of the state
of the mud-gas separator 380 including the fluid level, the crossing of one or more
threshold fluid levels, and/or the operational state of the instrumented mud-gas
separator 300 to control system 430,

in other embodiments, instrumented mud-gas separator 380 may include one
or more pressure sensor(s) (320 of Figure 3) that sense a pressure level, one or more
threshold crossings, or an operational state of the mud-gas separator 308, The
pressure sensor (320 of Figure 3) may output a sensor signal 419 indicative of the
state of the mud-gas separator 308 including the pressure level, the crossing of one
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or more threshold pressure levels, and/or the operational state of the instrumented
mud-gas separator 300 to control system 430,

in stll other embodiments, instrumented mud-gas separator 368 may include
one or more fluid sensor{s) (310 of Figure 3) that sense a fluid level, one or more
threshold crossings, or the operational state of the instrumented mud-gas separator
300 and one or more pressure sensor(s) (320 of Figure 3) that sense a pressure level,
one or more threshold crossings, or the operational state of the nstrumented mud-
gas separator 380. One of ordinary skill in the art will recognize that the type or
kind of instrumented mud-gas separator 300, and the sensed output it provides, may
vary based on an application or design in accordance with one or more
embodiments of the present invention.

In one or more embodiments of the present invention, control system 430 may
receive, as input, information relating to, for example, one or more of the
hydrostatic pressure of the mud within wellbore 119, the hydrostatic pressure of the
mud within marine riser 120, the type, kind, size, capacity, rating, and topology of
shale shaker 149, instrumented mud-gas separator 388, choke manifold 1354, choke
manifold 1355, riser 128, BOP 115, or any other equipment on the rig, the detection
or expectation of an influx of unknown formation fluids suspected to contain gas, a
gas expansion/flow medel, and any other information that may be useful in
determining the most efficient manner to remove entrained gas from returning
fluids. One of ordinary skill in the art will recognize that the input information may
advantageously include information that allows control system 430 to accommodate
vartation in the type, kind, size, capacity, rating, and topology of various equipment
used that may vary from rig to rig, but may be himited to information relating to the
sensor output of instrumented mud-gas separator 308, As such, one of ordinary skill
in the art will recognize that the input information received may vary based on an
application or design tn accordance with one or more embodiments of the present
invention.

In one or more embodiments of the present invention, control system 430 may
receive, as input, information including, but not limited to, operational range data
{e.g., 350 of Figure 3 or pressure corollary), overload protection range data (e.g.,
368a of Figure 3 or pressure coroliary), underload protection range data {e.g., 3605
of Figure 3 or pressure corollary), or any other data relating to the operational state
of the instrumented mud-gas separator 30@ that allows control system 43¢ to
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intelligently control choke manifold 135 and optionally the one or more mud
pump(s} {not shown) in view of the state of the instrumented mud-gas separator
360,

Control system 430 may regulate the state of choke manifolds 1354 and 1385
to maximize the safe flow rate of unknown fhuds to the instrumented mud-gas
separator 380 in an intelligent, efficient, and automated manner based on its state.
Oue of ordinary skill in the art will recognize that an open or closed state of each of
choke manifold 135« and 1355 is bounded by a fully opened state and a fully closed
state with a number of incremental steps in between, the step size of which 13
typically determined by the type or kind of choke manifold used. As such, control
systern 430 may set the state of the choke manifolds 133« and 138b based on input
received and the method disclosed herein. Control system 430 may receive input
from instrumented mud-gas separator 300 relating to the state of the mud-gas
separator 306,

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of the instrumented mud-gas separator 308 are within the
operational range (e.g., 35¢ of Figure 3 or pressure corollary), choke manifolds
138a and/or 1355 way be opened to some degree. The degree to which choke
manifolds 135« and/or 1356 may be opened may depend on the sensed level(s), the
operational state of mud-gas separator 300, how close instrumented mud-gas
separator 300 is to a boundary condition of the operational range, overload
protection range, or underload protection range, and/or the rate of change of the
sensed level(s). In one or more embodiments of the present invention, a method and
system for controlled delivery of unknown fluids identifies a maximum safe flow
rate for the return and processing of unknown fluids. In addition to control of choke
manifolds 138« and/or 1358b, in certain embodiments, control system 430 may
optionally control the flow rate of one or more mud punmp(s) (not shown) that
provide mud downhole. One of ordinary skill in the art will recognize that, in
various operations, it may be desirable to either stop, start, or change the flow rate
of mud being provided downhole while controlling the delivery of unknown fluids.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of the instrumented mud-gas separator 300 are within the
operational range {e.g., 350 of Figure 3 or pressure corollary), indicating that the
mud-gas separator 380 can handle the flow rate of the unknown fluids currently
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being input, control system 430 may open choke manifolds 135# and 1355 in a
stepwise incremental manner. So long as the sensed level(s) remain within the
operational range (e.g., 350 of Figure 3 or pressure corollary), control system 436
may continue to open choke manifolds 135« and 135b incrementally until fully
opened or maintain the fully opened state. One of ordinary skill in the art will
recognize that the stepwise incremental manner in which choke manifolds 1354 and
1358 may be opened may vary based on the rate of change of the sensed fluid
and/or pressure levels or proximity to critical levels. If the rate of change or
proxiroity warrants, some multiple of the stepwise incremental change may be used
to increase the flow rate to the maximum in a more expeditious manner. The
multiple of the incremental step size may vary based on the type, kind, size,
capacity, rating, and topology of equipment used and the expected flow rates and
may vary from rig to rig in accordance with one or more embodiments of the
present invention.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels cross the operational liquid maximum (e.g., 340« of Figure 3
or pressure corollary) and enters the overload protection range (e.g., 368a of Figure
3 or pressure corollary), control system 430 may close choke manifolds 135¢ and
1355 in a stepwise incremental manner to prevent instrumented mud-gas separator
300 from overloading It the sensed fluid and/or pressure levels continue to
increase, some multiple of the incremental step size may be used to close choke
manifolds 138« and 1336 in a more expeditious manner. The multiple of the
incremental step size may vary based on the type, kind, size, capacity, rating, and
topology of equipment used and the expected flow rates and may vary from rig to
rig in accordance with one or more embodiments of the present invention. If the
sensed fluid and/or pressure levels meet or exceed the critical hiquid level maximum
{e.g., 330a of Figure 3 or pressure corollary), control system 438 may fully close
choke manifolds 138« and 135k to prevent overload where unknown fluids may
inadvertently, and dangerously, be directed to the gas vent (278 of Figure 3).

in one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels cross the operational hiquid minimum {e.g., 340b of Figure 3
or pressure corollary) and enters the underload protection range {(e.g., 3605 of
Figure 3 or pressure corollary), control systern 430 may close choke manifolds 133«
and 1386 in a stepwise incremental manner to prevent instrumented mud-gas
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separator 300 from underloading. If the sensed fluid and/or pressure levels continue
to decrease, some multiple of the incremental step size may be used to close choke
manifolds 138¢ and 1355 in a more expeditious manner. The multiple of the
incremental step size may vary based on the type, kind, size, capacity, rating, and
topology of equipment used and the expected flow rates and may vary from rig to
rig in accordance with one or more embodiments of the present invention. If the
sensed fluid and/or pressure levels meet or fall below the critical liquid level
minimum (e.g., 330b of Figure 3 or pressure coroilary), control system 43¢ may
tully close choke manifolds 135a and 138b to prevent underload where entrained
gases may inadvertently, and dangerously, be directed to the shale shaker 140

If countrol system 430 receives input indicating where unknown fluids
suspected to contain gas are located, such as, wellbore 118, marine riser 128, or
both, control system 438 may independently or collaboratively control choke
manifolds 138« and 138h. For example, f unknown fluids suspected to contain gas
are believed to be in wellbore 110, but not marine riser 129, control system 430 may
reduce or stop flow from choke manifold 1355 to maximize the flow rate out of
choke manifold 135¢.  Similarly, if unknown fluids suspected to contain gas are
believed to be in marine riser 129, but not wellbore 110, control systern 430 may
reduce or stop flow from choke manifold 138« to maximize the flow rate out of
choke manifold 1335 W unkoown fluids suspected to contain gas are believed to be
present in both wellbore 110 and marine riser 128, control system 43¢ may control
choke manitolds 135« and 1386 in a sinular roanver, potentially adjusted for
differing amounts of return fluids believed to be present and/or differences in the
type or kind of the choke manifold, to ensure that both wellbore 118 and marine
riser 128 are circulated out accordingly. However, based on input, control system
436 may favor one or the other of choke manifolds 1354 and 13858, by, for example,
using a larger or multiple of the step size when making a change. Such an approach
may be useful when the expected amount of unknown fluids are substantially larger
in either wellbore 118 or marine riser 120, thereby allowing control system 439 to
safely and efficiently remove the unknown fluids suspected to contain gas.

One of ordinary skill in the art will recognize that the actions taken by control
system 430 may be dictated by the type, kind, size, capacity, rating, and topology of

equipment used, their operational characteristics, and the expected flow rates and
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may vary from rig to rig in accordance with one or more embodiments of the
present invention.

Figure 6 show a block diagram of a subsea drilling system for controlled
delivery of unknown fluids 689 in accordance with one or more embodiments of the
present invention. Subsea drilling system 680 may be an MPD system that allows
for the closed-loop circulation of fluids and the management of bottomhole pressure
from the surface. The control of bottomhole pressure by application of surface
backpressure allows the driller to respond to downhole conditions faster than, for
example, changing mud weights. MPD systems typically include an annular closing
440 that may controllably seal the marine riser 128, Annular closing 440 may be a
RCB, a DSIT, or any other active pressure management device or system that
controllably seals marine riser 128,

MPD systems include, in addition to well control choke manitold 135q«, a
dedicated MPD choke manifold 1386 for managing surface backpressure. One of
ordinary skill in the art will recognize that well control choke manifold 135« and
MPD choke manifold 1355 generally serve the same purpose, but may not be the
same type or kind of manifold and may vary from one ancther based on an
application or design in accordance with one or more embodiments of the present
invention. Fluids may be returned from BOP 115 to the fluids systems disposed on
platform 136 via wellbore fluid return line 117 that feeds into well control choke
manifold 135¢ that directs the flow of fluids to a first instrumented mud-gas
separator 3080, Fluids may also be returned from marine riser 128 via riser fluid
return line 422 that feeds into MPD choke manifold 1355 that directs the flow of
fluids to a second instrumented mud-gas separator 3805, The fluid output of choke
manifolds 135« and 133h may be directed to the instrumented mud-gas separators
300a and 3005 to provide for the controlled delivery of unknown fluids (not shown)
in an inteiligent, efficient, and automated manner that substantially increases safety.

During normal drilling operations, fluids (not shown) may be returned from
BOP 115 to the fluids systems disposed on platform 130 via wellbore fluid return
line 117 that directs fluid flow to choke manitold 133z (typically a well control
choke manifold) and instrumented mud-gas separator 3084, Fluids may also be
returned from marine riser 120 via riser return fluid line 422 that directs fluid flow
into choke manifold 1386 (often an MPD choke manifold) and 1ustrumented mud-
gas separator 3005, When unknown fluids (not shown) within wellbore 118 and/or
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marine riser 120 are suspected to contain gas, control system 430 may automatically
control choke manitolds 138« and 13556, and optionally the one or more mud
pump(s} (not shown) to expedite the removal of the unknown fluids with entrained
gases and process them in a safe and efficient manner. For example, when there is
an unintentional influx of formation fluids suspected o contain gas, instrumented
mud-gas separators 300a and 3005 may be used to remove gas during, for example,
well kill operations that circulate out a suspected or known kick. When a kick 1s
suspected or detected, BOP 115 and annular closing 440 may be closed to prevent
turther undesired fluid flow and the one or more mud pump(s) (not shown} may be
stopped. The returning fluids from wellbore 118 may be directed via fluid line 1374
to instrumented mud-gas separator 3080a and/or returning fluids from marine tiser
126 may be directed via fluid line 1375 10 instrumented mud-gas separator 3005 to
remove entrained gas from the returning fluids. Once the gas has been removed, the
degassed fluids may be sent via fluid line 138a and 1385 to shale shaker 140 to
remove cuttings and solids and prepare the fluids for reuse. The degassed and
cleaned drilling thiids may then be recycled for further use downhole 142,

In order to remove entrained gas in the most efficient and expeditious manner,
the output sensor signal(s) 410 from instrumented mud-gas separators 308a and
3085 may be input into control system 430 to intelligently control choke manifolds
133¢ and 1385, and optionaily the one or more mud pump(s) (not shown), to
maximize the flow rate of unknown fluids to the instrumented mud-gas separators
306a and 3086 while maintaining it in an operational state.

In certain embodiments, one or both of instrumented mud-gas separators 300a
and 3005 may include one or more tluid sensor(s) (316 of Figure 3) that sense a
fluid level, one or more threshold crossings, and/or an operational state of
instrumented mud-gas separators 3004 and 3066, The fluid sensor (310 of Figure 3)
may output a sensor signal 410 indicative of the state of the mud-gas separators
308« and 3005 including the fluid level, the crossing of one or more threshold fluid
levels, and/or the operational state of instrumented mud-gas separators 308« and
300b to control system 430

In other embodiments, one or both of 1wstrumented mud-gas separators 300a
and 30085 may include one or more pressure sensor{s) (320 of Figure 3) that sense a
pressure level, one or more threshold crossings, or an operational state of
instrumented mud-gas separators 300a and 300h. The pressure sensor (328 of
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Figure 3} may output a sensor signal 410 indicative of the state of the mud-gas
separators 300a and 3008 including the pressure level, the crossing of one or more
threshold pressure levels, and/or the operational state of instrumented mud-gas
separators 300« and 3008 to control system 430

In still other embodiments, instrumented mud-gas separators 300« and 3065
may include one or more fluid sensor(s} (316 of Figure 3) that sense a fluid level,
one or more threshold crossings, or the operational state of instrumented mud-gas
separators 300 and 300h and one or more pressure sensor(s) (320 of Figure 3} that
sense a pressure level, one or more threshold crossings, or the operational state of
instrumented mud-gas separators 3004 and 3005, One of ordinary skill in the art
will recognize that the type or kind of instrumented mud-gas separators 3084 and
3005, and the sensed output they provides, may vary based on an application or
design in accordance with one or more embodiments of the present invention.

In one or more embodiments of the present invention, control system 4380 may
receive as input information relating to, for example, one or more of the hydrostatic
pressure of the mud within wellbore 119, the hydrostatic pressure of the mud within
marine riser 1290, the type, kind, size, capacity, rating, and topology of shale shaker
140, nstrumented mud-gas separator 3008q, instrumented mud-gas separator 30058,
choke manifold 13%5¢, choke manifold 1355, riser 128, BOP 115, or any other
equipment on the rig, the detection or expectation of an influx of unknown
formation fluids suspected to contain gas, a gas expansion/flow model, and any
other information that may be useful in determining the most efficient manner to
remove entrained gas from returning fluids. One of ordinary skill in the art will
recognize that the input information may advantageously include information that
allows control system 438 to accommodate variation in the type, kind, size,
capacity, rating, and topology of various equipment used that may vary from rig to
rig, but may be limited to information relating to the sensor output of nstrumented
mud-gas separator 300« and instrumented mud-gas separator 3806, As such, one of
ordinary skill 1o the art will recognize that the input wnformation received may vary
based on an application or design in accordance with one or more embodiments of
the present invention.

In one or more embodiments of the present invention, control system 430 may
recetve as input information including, but not limited to, operational range data
{e.g., 358 of Figure 3 or pressure corollary), overfoad protection range data (e.g.,
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360a of Figure 3 or pressure coroliary), undertoad protection range data {e.g., 3685
of Figure 3 or pressure corollary), or any other data relating to the operational state
of each of the instrumented mud-gas separators 380« and 3805 that allows control
svstem 430 to intelligently control choke manitolds 138« and 135F and optionally
the one or more mud pump(s) (not shown) in view of the state of the instrumented
mud-gas separators 300a and 3005

Control system 430 may regulate the state of choke mamfolds 138« and 1334
to maximize the safe flow rate of unknown fluids to the instrumented mud-gas
separators 300« and 3004 10 an intelligent, efficient, and automated manner based
on their state. One of ordinary skill in the art will recognize that an open or closed
state of each of choke manifold 138« and 1355 1s bounded by a fully opened state
and a fully closed state with a number of incremental steps in between, the step size
of which is typically determined by the type or kind of choke manifold used. As
such, control system 438 may set the state of the choke manifolds 138¢ and 1355
based on input received and the method disclosed herein. Control systerm 436 may
recetve input from wnstrumented mud-gas separators 300a and 3085 relating to the
state of the instrumented mud-gas separators 308« and 3005,

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of a given instrumented mud-gas separator 3008¢ and/or 3005
are within the operational range (e.g., 350 of Figure 3 or pressure corollary), choke
manifolds 1358« and/or 1355 may be opened to some degree. The degree to which
choke manifolds 135a and/or 1356 may be opened may depend on the sensed
fevel(s), the operational state of instrumented mud-gas separators 308a and 3605,
how close instrumented mud-gas separators 3004 and 3005 is to a boundary
condition of the operational range, overload protection range, or underioad
protection range, and/or the rate of change of the sensed level(s). In one or more
embodiments of the present invention, a method and system for controlled delivery
of unknown fluids identifies a maximum safe flow rate for the return and processing
of unknown fluids. In addition to control of choke manifolds 138« and/or 1385, in
certain embodiments, conirol system 430 may optionally control the flow rate of
one or more mud pump(s) (not shown) that provide mud downhole. One of
ordinary skill in the art will recognize that, in various operations, it may be desirable
to etther stop, start, or change the flow rate of mud being provided downhole while
controlling the delivery of unknown fluids.
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In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of instrumented mud-gas separator 3084 and/or instrumented
mud-gas separator 380h are within the operational range {(e.g., 358 of Figure 3 or
pressure corollary), indicating that the respective mud-gas separator 308a and/or
3805 can handle the flow rate of the unknown fluids currently being input, control
system 430 may open the respective choke manitold 135¢ and/or 1335 in a stepwise
incremental manver. So long as the sensed level(s) remain within the operational
range (e.g., 350 of Figure 3 or pressure corcilary), control system 438 may continue
to open the respective choke manifold 1334 and/or 138k incrementally until fully
opened or maintain the fully opened state. One of ordinary skill in the art will
recognize that the stepwise incremental manner in which choke manifolds 1334
and/or 13585 may be opened may vary based on the rate of change of the sensed
tluid and/or pressure levels or proximity to critical levels. If the rate of change or
proximity warrants, some multiple of the stepwise incremental change may be used
to increase the flow rate to the maximum in a more expeditious manner. The
multiple of the incremental step size may vary based on the type, kind, size,
capacity, rating, and topology of equipment used and the expected flow rates and
may vary from rig to rig in accordance with one or more embodiments of the
present invention.

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of a given instrumented mud-gas separator 308a and/or 3005
cross the operational liquid maximum {e.g., 340a of Figure 3 or pressure corollary)
and enters the overload protection range (e.g, 360a of Figure 3 or pressure
corollary), control systerm 430 may close the respective choke manifold 138« and/or
13585 in a stepwise incremental manner to prevent the respective instrumented mud-
gas separator 300a and/or 3005 from overloading. If the sensed fluid and/or
pressure levels continue to increase, some multiple of the incremental step size may
be used to close choke manifolds 138a and/or 1355 1n a more expeditious manner.
The multiple of the incremental step size may vary based on the type, kind, size,
capacity, rating, and topology of equipment used and the expected flow rates and
may vary from rig to rig in accordance with one or more embodiments of the
present invention. If the sensed fluid and/or pressure levels meet or exceed the
critical iquid level maximum (e.g., 330a of Figure 3 or pressure corollary), control
systen 436 may fully close choke manifolds 1384 and 133b to prevent overload
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where unknown fluids may inadvertently, and dangerously, be directed to the gas
vent (276 of Figure 3).

In one or more embodiments of the present invention, if the sensed fluid
and/or pressure levels of a given instrumented mud-gas separator 300a and/or 3005
cross the operational liquid minimum (e.g., 3485 of Figure 3 or pressure corollary)
and enters the underload protection range {(e.g., 360h of Figure 3 or pressure
corollary), control systern 430 may close the respective choke manifold 138« and/or
1355 in a stepwise incremental manner to prevent the respective instrumented mud-
gas separator 300a and/or 3005 from underloading.  If the sensed fluid and/or
pressure levels continue to decrease, some multiple of the incremental step size may
be used to close choke manifolds 138« and/or 1355 in a more expeditious manner,
The multiple of the incremental step size may vary based on the type, kind, size,
capacity, rating, and topology of equipment used and the expected flow rates and
may vary from rig to rig in accordance with one or more embodiments of the
present invention. If the sensed fluid and/or pressure levels meet or fall below the
critical liquid level minimum (e.g., 3365 of Figure 3 or pressure corollary), control
systent 430 may fully close choke manifolds 135¢ and 1355 to prevent underload
where entrained gases may inadvertently, and dangerously, be directed to the shale
shaker 140

One of ordinary skill in the art will recognize that, because each choke
manifold 135¢ and 1356 have dedicated mud-gas separators 300a and 300b
respectively, control system 438 may maximize the flow rate for each of choke
manifold 135« and 1358 independent of one another, based on the state of their
respective mud-gas separators 308a and 3005, However, if the mud-gas separators
300 and 3005 feed into the same, for example, shale shaker 140, downstream
considerations may be taken into consideration and choke manifolds 138« and 1356
may be adjusted in a collaborative manner to maximize the removal of entrained
gases without overburdening the fluids processing systems.

One of ordinary skill 1o the art will recogunize that the actions taken by control
system 43¢ may be dictated by the type, kind, size, capacity, rating, and topology of
equipment used, their operational characteristics, and the expected flow rates and
may vary from rig to rig in accordance with one or more embodiments of the

present invention.
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Figure 7 shows a method 708 of controlied delivery of unknown fluids in
accordance with one or more embodiments of the present invention.

In certain embodiments, such as those that include one choke manifold and
one instrumented mud-gas separator or those that include two choke manifolds and
two tnstrumented mud-gas separators, in step 710, a control system may receive
configuration mformation about a drilling system. The configuration information
may include, tor example, the type, kind, rating, and operational specifications of
equipment that may be on the rig. For example, the information may include the
type, kind, rating, and operatiovnal specifications of choke manifold(s) and the
instrumented mud-gas separator(s) that allow the control system to manipulate the
choke manifold(s). In step 728, the choke manifold(s) may be calibrated so that the
control systems may control the open or closed state of the choke manifold{s) in a
precise manner. For example, each choke manifold may have a fully opened state, a
fully closed state, and a number of intermediate states that may be analog or digital,
and calibration allows the control system to change the state of the choke
manifold(s) in a stepwise, or programmable, manner with predictable resulis at the
respective choke. In step 738, the control system may receive sensor signal{s} from
the instrumented mud-gas separator(s) indicative of the state of the instrumented
mud-gas separator{s). The sensor signal{s) may comprise an indication of one or
more of a fluid level, a crossing of one or more threshold fluid levels, a pressure
level, a crossing of one or more threshold pressure levels, and an operational state of
the instrumented mud-gas separator(s). In step 740, the control system may receive
input information relating to the suspected location of unknown fluids believed to
contain gas.

in step 756, the control system may control a state of the choke manifold(s)
based on the sensor signal{s). If the sensed fluid and/or pressure levels of the
instrumented mud-gas separator{s} are within an operational range, the control
system may open the respective choke manifold(s) in a stepwise incremental
manner. So long as the sensed level(s) remain within the operational range, the
control system may continue to open the respective choke manifold(s) until fully
opened or maintain the fully opened state.

It the sensed fluid and/or pressure levels of the instrumented mud-gas
separator(s) cross the operational liquid maximum and enter the overload protection
range, the control system may close the respective choke manifold(s) i1 a stepwise
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incremental manner to prevent the respective instrumented mud-gas separator(s)
from overloading. If the sensed fluid and/or pressure levels continue to increase,
some multiple of the incremental step size may be used to close the respective
choke manifold(s) in a more expeditious manner. If the sensed tluid and/or pressure
fevels meet or exceed the critical liquid level maximum, the control system may
fully close the respective choke manifold(s) to prevent overload where unknown
fluids may inadvertently, and dangerously, be directed to the gas vent.

if the sensed fluid and/or pressure levels of the instrumented mud-gas
separator{s) cross the operational liquid minimum and enter the underload
protection range, the control system may close the respective choke manifold(s) in a
stepwise incremental manuner to prevent the respective instrumented mud-gas
separator(s) from underioading. If the sensed fluid and/or pressure levels continue
to decrease, some multiple of the incremental step size may be used to close the
respective choke manifold(s) in a more expeditious manner. [If the sensed fluid
and/or pressure levels meet or fall below the critical liquid level minimum, the
control system may fully close the respective choke manifold(s) to prevent
underload where unknown fluids containing gas may be directed to the shale shaker.

In step 760, the control systern may optionally either stop, start, or change the
flow rate out of the one or more mud pump(s) based on the type of operation being
conducted and the state of the choke manifold(s) based on the sensor signal(s).

in other embodiments, such as those that include two choke manifolds and one
instrumnented mud-gas separator, in step 710, a control system may receive
configuration information about a drilling system. The configuration information
may include, for example, the type, kind, rating, and operational specifications of
equipment that may be on the rig. For example, the information may include the
type, kind, rating, and operational specifications of choke manifold(s) and the
instrumented mud-gas separator that allow the control systems to manipulate the
choke manifold(s}). In step 726, the choke manifold(s) may be calibrated so that the
control system may coutrol the open or closed state of the choke manifold(s) v a
precise manner. For example, each choke manifold may have a fully opened state, a
tully closed state, and a number of intermediate states that may be analog or digital,
and calibration allows the control system to change the state of the choke
manifold(s) in a stepwise, or programmable, manner with predictable resulis at the
respective choke. In step 738, the control system may receive sensor signal{s} from
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the instrumented mud-gas separator indicative of the state of the instrumented mud-
gas separator. The sensor signal(s) may comprise an indication of one or more of a
fluid level, a crossing of one or more threshold fluid levels, a pressure level, a
crossing of one or more threshold pressure levels, and an operational state of the
instrumented mud-gas separator. In step 748, the control system may recetve input
information relating to the suspected location of unknown fluids believed to contain
gas.

in step 756, the control system may control a state of the choke manifold(s)
based on the sensor signal{s). If the sensed fluid and/or pressure levels of the
instrumented mud-gas separator are within an operational range, the control system
may open the respective choke manifold(s) in a stepwise incremental manner. So
long as the sensed level(s) remain within the operational range, the control system
may continue to open the respective choke manifold(s) until fully opened or
maintain the fully opened state.

If the sensed fluid and/or pressure levels of the instrumented mud-gas
separator cross the operational Hguid maximum and enter the overload protection
range, the control system may close the respective choke manifold(s) in a stepwise
incremental manner to prevent the respective instrumented mud-gas separator from
overloading. If the sensed fluid and/or pressure levels continue to increase, some
multiple of the incremental step size may be used to close the respective choke
manifold(s) in a more expediticus manner. If the sensed fluid and/or pressure levels
meet or exceed the critical hiquid level maximum, the control system ray fully
close the respective choke manifold(s) to prevent overload where unknown fluids
may inadvertently, and dangerously, be directed to the gas vent.

if the sensed fluid and/or pressure levels of the instrumented mud-gas
separator cross the operational liquid mintmum and enter the underload protection
range, the control system may close the respective choke manifold(s) in a stepwise
incremental manner to prevent the respective instrumented mud-gas separator(s)
from underloading. If the sensed fluid and/or pressure levels continue to decrease,
some multiple of the incremental step size may be used to close the respective
choke manifold(s) in a more expeditious manner. If the sensed fluid and/or pressure
levels meet or fall below the critical liquid level minimum, the control system may
fully close the respective choke manitold(s) to prevent underload where unknown
fluids containing gas may be directed to the shale shaker.
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if the control system receives input information indicating that unknown fluids
believed to contain gas are in the marine riser and not the wellbore, the control
system may stop the one or more mud pump(s) injecting into the wellbore and close
the choke manifold for the wellbore to maximize flow rate out of the choke
manifold for the marine riser.  Similarly, if the control system receives input
information indicating that unknown fluids believed to contain gas are in the
wellbore and not the marine riser, the control system rmay close the choke manifold
for the marine riser to maximize flow rate ocut of the choke manifold for the
wellbore.  If the control system receives input information indicating unknown
fluids believed to contain gas are located in both the wellbore and the marine riser,
but one is believed to contain more fluid and gas, the control systern may give
priority to that respective choke manifold. Priority may be some multiple of the
step size setting for that choke manifold or other means to prioritize its flow over
that of the other choke manifold.

In step 7608, the control system may optionally either stop, start, or change the
flow rate out of the one or more mud pump(s) based on the type of operation being
conducted and the state of the choke manifold(s) based on the sensor signal(s).

Figure 8 shows a control system 430 that may be counfigured to perform, in
whole or in part, the methed {e.g., 76¢ of Figure 7} of controlled delivery of
unknown fluids in accordance with one or more embodiments of the present
invention.

Control system 430 may include one or more printed circuit boards (“PCB”)
on which one or more CPUs, PLCs, PLDs, and system memory may be disposed,
hereinatter collectively referred to as logic 805 One of ordinary skill in the art will
recognize that logic 808 may be distributed across multiple PCBs, may use one or
more CPUs, PLCs, PLDs, and other devices, or combinations thereof, and may be,
in whole or in part, an existing rig-based computing or controller system capable of
being configured to receive input 418 from the sensor(s) {e.g., 310 and/or 320 of
Figure 3) of the wstrumented mud-gas separator(s) (300 of Figure 3) and output
sensor signal{s) 428 to the one or more choke manifolds {e.g., 135a and 1358}, in
accordance with one or more embodiments of the present invention.

Control system 430 may include one or more input/output devices such as, for
exarople, a display device 818, a keyboard 818, a mouse 828, or any other human-
computer interface device. The one or more input/output devices may be discrete or
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integrated into control system 43¢ Display device 818 may be a touch screen that
includes a touch sensor configured to sense touch. Control system 430 may receive
input 418 from sensor(s) {e.g., 318 and/or 328 of Figure 3} indicative of a state of
the instrumented mud-gas separator (306 of Figure 3) including one or more of a
flutd and/or pressure level, the crossing of a threshold level, or a state of the
respective instrumented mud-gas separator (300 of Figure 3}, In response, control
systemn 430 may output sensor signal{s) 420 to the one or more choke manifold(s)
{e.g., 1384 and/or 1358} to modify the state of the one or more choke manifolds
{(e.g., 1354 and/or 1358h) in accordance with the programming of the logic 808 and
the input it receives.

Control system 438 may include one or more local storage devices 825, Local
storage device 825 may be a solid-state memory device, a solid-state memory
device array, a hard disk drive, a hard disk drive array, or any other non-transitory
computer readable medium. Control system 438 may include one or more interface
devices 830 that provide a network, wireless, or point-to-point communications
interface to control system 438, The one or more interfaces 838 supported may be
Ethernet, Wi-Fi, WiMAX, Fibre Channel, Bluetooth, Bluetooth Low-Energy
(“BLE"), Radio Frequency Identification (“RFID”), Near-Field Commumnications
(“NFC”), or any other network, wireless, or point-to-point interface suitable to
facilitate networked, wireless, and/or point-to-point communications.

Control system 430 may include one or more network-attached storage
devices 835 in addition to, or 1ustead of, one or more local storage devices §25.
Network-attached storage device 835 may be a solid-state memory device, a solid-
state memory device array, a hard disk drive, a hard disk drive array, or any other
non-transitory computer readable medium.  Network-attached storage device 835
may not be collocated with control system 430 and may be accessible to control
system 430 via one or more interfaces 830 and may include cloud-based storage.

One of ordinary skill in the art will recognize that control system 430 may be
an application-specific stand-alone computing or control system, an existing rig-
based computing or control system, a part of an existing rig-based computing or
control system, or any other type of computing or coutrol system capable of
receiving input 419 and cutputting sensor signal(s) 420 to the one or more choke
manifold(s) (e.g., 138« and/or 1338) based on the programming of the logic 805 1o
accordance with one or more embodiments of the present invention.
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Advantages of one or more embodiments of the present invention may include
one or more of the following:

In one or more embodiments of the present invention, a method and system for
controlied delivery of unknown fluids uses the well control choke manifold, which
is conventionally used only to manage pressure upstream of the choke manifold, for
the unique purpose of controlling delivery of unknown fluids to the surface in a safe
and etficient manner.

I one or more embodiments of the present invention, a method and system for
controlled delivery of unkunown tluids allows for the safe and efficient delivery of
unknown fluids from within the wellbore and/or the marine riser to one or more
instrumented mud-gas separators for safe, efficient, and expeditious removal of
entrained gases.

In one or more embodiments of the present invention, a method and system for
controlied delivery of unknown fluids allows for control of a8 well control choke
manifold that governs the delivery of unknown tluids from within the wellbore and
control of an MPD choke manifold that governs the delivery of unknown fluids
from within the marine riser to one or more instrumented mud-gas separators.

In one or more embodiments of the present invention, a method and system for
controlied delivery of unknown fluids uses one or more instrumented mud-gas
separators that may 1nclude a luid level sensor that senses the fluid level within the
instrumented mud-gas separator and provides a sensor signal indicative of the fluid
level to a control systern that may be contigured to intelligently govern the delivery
of unknown fluids from within the wellbore and/or the riser.

In one or more embodiments of the present invention, a method and system for
controlied delivery of unknown fluids includes a control system that may be
configured to independently govern the delivery of unknown fluids from within the
wellbore and/or the marine riser in a manner that does not swamp, or overfoad, the
one or more instrumented mud-gas separators. The controlied delivery aliows for
the independent removal of the unknown fluids 1n a safe and efficient manner that
may give preference to removal from within the wellbore or from within the marine
riser depending on the location and amount of unknown fluids suspected to contain
gas.

In one or more embodiments of the present invention, a method and system for
controlled delivery of unkunown fluids allows for the determination of the presence
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of unknown fluids in one or more of the wellbore and/or the riser and provides for
the independent and controlled delivery of the unknown fluids in manner that
emphasizes safety, giving preference to removal from within the wellbore or from
within the riser depending on the location and amount of unknown fluids suspected
to contain gas.

In one or more embodiments of the present invention, a method and system for
controlled delivery of unknown fluids improves the safety of drilling and subsea
drilling systems over conventional subsea drilling systems.

In one or more embodiments of the present invention, a method and system for
controlled delivery of unknown fluids improves the reliability of subsea drilling
systems over conventional subsea drilling systems.

I one or more embodiments of the present invention, a method and system for
controlled delivery of unknown fluids improves the productivity of subsea drilling
systems over conventional subsea drilling systems.

While the present invention has been described with respect to the above-
noted embodiments, those skilled in the art, having the benefit of this disciosure,
will recognize that other embodiments may be devised that are within the scope of
the invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the appended claims.
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CLAIMS

What is claimed is:

I, A drilling system for controlled delivery of unknown fluids comprising:

a blowout preventer comprising a wellbore fluid return line that directs wellbore
fluids to a choke manifold;

an instrumented mud-gas separator that receives fluids from the choke manifold, the
imstrumented mud-gas separator comprising a sensor that cutputs a sensor
signal indicative of a state of the instrumented mud-gas separator; and

a control system that inpuis the sensor signal from the instrumented mud-gas
separator and automatically controls a state of the choke manifold based on the

sensor signal to expedite removal of fluids.

I. The drilling system of claim 1, further comprising:
a shale shaker that receives fluids from the instrumented mud-gas separator and

removes solids and cuttings from the fluids.

2. The drilling system of claim 1, further comprising:
a marine riser comprising an annular closing that controllably seals the marine riser

and a riser fluid return line that directs riser fluids to the choke manifold.

3. The drilling system of claim 1, wherein the sensor comprises a fluid sensor configured to
sense a fluid level of the instrumented mud-gas separator and wherein the sensor signal

comprises an indication of the fluid level of the instrumented mud-gas separator.

4. The drilling system of claim 1, wherein the sensor comprises a fluid sensor configured to
sense one or more crossings of a threshold fluid level of the instrumented mud-gas
separator and wherein the sensor signal comprises an indication of the one or more

crossings of the threshold fluid level of the instrumented mud-gas separator.

(A

The drilling system of claim 1, wherein the sensor comprises a fluid sensor configured to

sense an operational state of the instrumented mud-gas separator and wherein the sensor
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signal comprises an indication of the operational state of the instrumented mud-gas

separator.

The drilling system of claim 1, wherein the control system opens the choke manifold in a
stepwise incremental manner if a fluid level of the instrumented mud-gas separator is

within an operational range.

The drilling system of claim 1, wherein the control system closes the choke manifold in a
stepwise incremental manner if a fluid level of the instrumented mud-gas separator 13

within an overload protection range or an underioad protection range.

The drilling system of claim 1, wherein the control system fully closes the choke
manifold it a fluid level of the instrumented mud-gas separator meets or exceeds a critical

tiquid level maximum or meets or falls below a eritical liquid level minimum.

The drilling system of claim 1, wherein the control system stops, starts, or changes a flow

rate out of one or more mud pumps.

. The drilling system of claim 1, further comprising:

a marine riser comprising an annular closing that controllably seals the marine riser
and a riser fluid return line that directs riser fluids to a second choke
manifold, and the control system automatically controls the state of the second

choke manifold based on the sensor signal to expedite removal of gas.

The drilling system of claim 10, wherein the control system opens the choke manifold
and the second choke manifold in a stepwise incremental manner if a fluid fevel of the

instrumented mud-gas separator is within an operational range.

. The drilling system of claim 10, wherein the control system closes the choke manifold

and the second choke manifold in a stepwise incremental manner if a fluid level of the
instrurnented mud-gas separator is within an overload protection range or an underload

protection range.
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13. The drilling system of claim 10, wherein the control system fully closes the choke
manitold and the second choke manifold if a fluid level of the instrumented mud-gas
separator meets or exceeds a critical liquid level maximum or meets or falls below a

critical liguid level minimum.

14. The drlling system of claim 10, wherein the control system opens one of the choke
manitold or the second choke manifold in a stepwise incremental manner if a fluid level
of the instrumented mud-gas separator is within an operational range based on input that

fluids believed to contain gas are in either the wellbore or the marine riser.

1S. The drilling system of claim 10, wherein the control systern opens each of the choke
manifold and the second choke manifold in a stepwise incremental manner it a fluid level
of the instrumented mud-gas separator is within an operational range, wherein a step size

is adjusted to favor removal of flutds from either the wellbore or the marine riser.

16. The drilling system of claim 1, further comprising:

a marine riser comprising an annular closing that controllably seals the marine riser
and a riser fluid return line that directs riser fluids to a second choke manifold;

a second instrumented mud-gas separator that receives fluids from the second choke
manifold, the second instrumented mud-gas separator comprising a second
sensor that outputs a second sensor signal indicative of a state of the second
instrumented mud-gas separator;

wherein the control system inputs the second sensor signal from the second
instrumented mud-gas separator and automatically controls a state of the
second choke manifold based on the second sensor signal to expedite removal

of fluids.
17. The drlling system of claim 16, wherein the control system opens the second choke
manifold in a stepwise incremental manner if a fluid level of the second instrumented

mud-gas separator is within an operational range.

18. The drilling system of claim 16, wherein the control system closes the second choke

manifold in a stepwise incremental manner if a fluid level of the second instrumented
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mud-gas separator is within an overload protection range or an underload protection

range.

The drilling system of claim 16, wherein the control system fully closes the second choke
manifold if a fluid level of the second instrumented mud-gas separator meets or exceeds a

critical liquid level maximum or meets or falls below a critical liquid level mininmum.

A method of controlied delivery of unknown fluids comprising;
receiving, by a control system, a sensor signal from an instrurnented roud-gas
separator, wherein the sensor signal is indicative of a state of the instrumented
mud-gas separator; and

controlling a state of a choke manifold based on the sensor signal.

. The method of claim 20, wherein the control system opens the choke manifold in a

stepwise incremental manner if a fluid level of the instrumented mud-gas separator is

within an operational range.

. The method of claim 20, wherein the control system closes the choke manifold in a

stepwise incremental manner if a fluid level of the instrumented mud-gas separator is

within an overload protection range or an underload protection range.

. The method of claim 20, wherein the control system fully closes the choke marufold if a

fluid level of the instrumented mud-gas separator meets or exceeds a critical liquid level

maximum or meets or falls below a critical liquid level minimum.

The method of claim 20, wherein the control system stops, starts, or changes a flow rate

out of one or more mud pumps depending on an operation being conducted.

. The method of claim 20, further comprising:

controlling a state of a second choke manifold based on the sensor signal.

The method of claim 25, wherein the control system opens the second choke manifold in
a stepwise incremental manner if a fluid level of the instrumented mud-gas separator is
within an operational range.
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. The method of claim 25, wherein the control system closes the second choke manifold in

a stepwise incremental manner if a fluid level of the instrumented mud-gas separator is

within an overload protection range or an underioad protection range.

. The method of claim 25, wherein the control system fully closes the second choke

manifold if a fluid level of the instrumented mud-gas separator meets or exceeds a critical

liquid fevel maximum or meets or falls below a critical liquid level minimum.

The method of claim 25, wherein the control system opens one of the choke manifold or
the second choke maunifold in a stepwise incremental manner if a thud level of the
instrumented mud-gas separator is within an operational range based on input that fluids

believed to contain gas are in either the wellbore or the marine riser.

The method of claim 25, wherein the control system opens each of the choke manifold
and the second choke mantfold in a stepwise incremental manner if a fluid level of the
instrumented mud-gas separator is within an operational range, wherein a step size is

adjusted to favor removal of fluids from either the wellbore or the marine niser.

The method of claim 20, further comprising:
receiving, by the control system, a sensor signal from a second instrumented mud-gas
separator, wherein the second sensor signal is indicative of a state of the
second instrumented mud-gas separator; and

controlling a state of a second choke manifold based on the sensor signal.

. The method of claim 31, wherein the control system opens the second choke manifold in

a stepwise incremental manner it a fluid level of the second instrumented mud-gas

separator is within an operational range.

. The method of claim 31, wherein the control system closes the second choke manifold in

a stepwise incremental manner it a fluid level of the second instrumented mud-gas

separator is within an overload protection range or an underload protection range.

49



WO 2019/078991 PCT/US2018/051836

34. The method of claim 31, wherein the control system fully closes the second choke
mamnitold if a fluid level of the second instrumented mud-gas separator meets or exceeds a

critical liquid Jevel maximum or meets or falls below a critical liquid level minimum.
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