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Title: Apparatus and Method for Degassing Drilling Fluids

Description of Invention

The present invention relates to an apparatus and method for degassing
drilling fluids. Particularly, but not exclusively, it relates to an improved
degassing apparatus to replace a conventional mud gas separator (MGS) on a

drilling rig, for use during well control or riser gas handling events.

Subsea drilling typically involves rotating a drill bit from a fixed or floating
installation at the water surface or via a downhole motor at the remote end of a
tubular drill string. It involves pumping a fluid down the inside of the tubular
drill string, through the drill bit, and circulating this fluid continuously back to
surface via the drilled space between the hole/drill string, referred to as the
wellbore annulus, and the riser/drillstring, referred to as the riser annulus. The
drill string extends down through the internal bore of the riser pipe and into the
wellbore, with the riser connecting the subsea blow out preventer (SSBOP) on
the ocean floor to the floating installation at surface, thus providing a flow
conduit for the drilling fluid and cuttings returns to be returned to the surface to
the rig’s fluid treatment system.

Conventionally, the well bore is open to atmospheric pressure and there is no
surface applied pressure or other pressure existing within the system. The drill
string rotates freely without any sealing elements imposed or acting on it at the
surface, and flow is diverted at atmospheric pressure back to the rig’s fluid
treatment and storage system. This is achieved through gravity flow from the
diverter flow line outlet, through the diverter flow line, and into the fluid

treatment system at surface on the rig.

The bit penetrates its way through layers of underground formations until it
reaches target prospects — rocks which contain hydrocarbons at a given
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temperature and pressure. These hydrocarbons are contained within the pore
space of the rock i.e. the void space and can contain water, oil, and gas
constituents — referred to as reservoirs. Due to overburden forces from layers
of rock above, these reservoir fluids are contained and trapped within the pore
space at a known or unknown pressure, referred to as pore pressure. Gas
can infiltrate the drilling fluid at the fluid-formation interface and dissolve into
solution as the bottom hole pressure at this point in the annulus is above its
bubble point. As a result the formation gas is circulated to surface in the
returned fluid, and as it circulates up the annulus and the annular pressure
decreases to below the gas’s bubble point pressure it begins to break out of
solution. The unplanned inflow of these reservoir fluids is well known in the
art, and is referred to as a formation influx or kick, commonly called a well

control incident or event.

As soon as an influx is detected, a procedure to close the SSBOP is initiated,
but if the influx is not detected or a response initiated fast enough,
hydrocarbons can escape above the SSBOP and into the riser. The infiltration
of gas into the riser system creates an extremely hazardous situation, as the
gas is now above the main safety barrier i.e. the SSBOP and continues to
expand and increase in velocity as it migrates or circulates up the riser. This
leads to the violent displacement/unloading and/or evacuation of the liquid
volume from the riser. Ultimately, this could lead to an uncontrolled blow out
of gas through the rig rotary table, which could be catastrophic to people,
equipment and the environment as happened recently on the drilling rig

‘Deepwater Horizon’.

Offshore diverters are used in conventional drilling to safely divert the flow of
fluid and gas to the conventional mud gas separator (MGS) and rig’s fluid
treatment system degassing unit if gas manages to circulate or migrate above
the SSBOP and into the riser. They are the last safety barrier present in the
riser to seal off the riser annulus, and are located at the top of the riser directly

below the rig rotary table. Once the diverter seals off the top of the riser, all
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flow from the riser is routed through either the port or starboard diverter lines
which safely divert flow away from the rig floor to the conventional MGS.

Once, the SSBOP is closed to control the gas in the wellbore below it and the
diverter system is used to control any gas present in the riser between the
closed SSBOP and the closed diverter. Flow from the wellbore is diverted to
the MGS, while generally flow from the diverter is directed overboard to safely
manage gas in the riser. Alternatively, the flow of fluid and gas from the
diverter flow line when the diverter packer is closed on the drillpipe during a
riser gas event may also be directed to the MGS.

The wellbore fluids from below the SSBOP are circulated through the choke
and kill lines, conduits which direct fluids in and out of the wellbore sealed
below the SSBOP and returning to the rig’s choke manifold at surface. The rig
choke manifold is used in combination with the rig pumps to circulate the gas
out of the wellbore from below the closed SSBOP, while controlling the bottom
hole pressure (BHP) with the choke valve, returning and controlling all fluid

and gas flow through the choke valve and into the rig’s conventional MGS.

It is critical for the MGS to achieve a high separation efficiency to ensure all
dissolved gas is removed from the returned drilling fluid to reduce the risk of it
being recirculated into the well or combusting on the rig. If gasified fluid is re-
injected into the well, the returning fluid allows even more gas to dissolve into
solution as it circulates into the annulus due to the lighter mud column it
creates within the annulus from the dissolved gas, resulting in a lower BHP

and more influx into the wellbore.

The drilling fluid containing gas, liquid, and solids enters the MGS by gravity
flow and circulates through a series of baffle plates which further agitate the
fluid and enhance the gas breakout from the drilling fluid. Gas separates from
the fluid and vents through a large diameter vent line located at the top of the
MGS, while the separated fluid exits the liquid outlet at the base of the MGS.
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A liquid seal or “U-tube” is present in the liquid outlet line, which provides the
necessary hydrostatic pressure given its total vertical height to provide a liquid
seal against the gas pressure present in the MGS from the resultant frictional
pressure in the vent line from the gas flow rate. The exiting fluid then enters
the rig’s shaker and degassing system within the active fluid system. Thus, it
is an atmospheric operating vessel, relying on gravity flow to enter the vessel
and exit into the shakers.

Today, well complexities are increasing in deep and ultra-deep water wells
with increasingly challenging reservoirs, such as overpressured fractured
carbonates. The conventional liquid and gas design capacities of conventional
MGS used offshore during well control are becoming inadequate as a result.
Depending on the volume and pressure of the gas present, there is a potential
risk of overloading the conventional MGS and exceeding its gas and/or liquid
design capacity. In this case, generally all returned flow from the riser is
diverted overboard to the ocean, resulting in environmental impacts. This also
presents a high potential for filling the MGS with drilling fluid, liquid carry over
into the vent line, gas blow by through the liquid outlet to the shakers, and
ultimately ignition of gas escaping from the system.

Past design enhancements and features for conventional MGS are disclosed
in the prior art, patent US 3,241,295 discloses a MGS having various controls
and valves for controlling the rate of mud flow into the vessel, US 3,362,136
discloses a MGS where drilling fluid moves on a helical shelf into a vacuum
tank, US 3,363,404 describes a MGS and a vacuum tank with a 3-way vacuum
control, and patent US 3,895,927 discloses a MGS which includes baffle
plates in a vacuum tank to enhance degassing.

Patent US 4,010,012 discloses another enhanced feature for a MGS, showing
a method and system for controlling the liquid level within the MGS on the fluid
outlet line by means of a level controlling valve and level indicating apparatus.
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Patent US 6,105,689 discloses an MGS monitoring system and method which
continuously monitors the conditions of the drilling fluid and gas within the
MGS utilizing a series of transducers such that the drilling operation can be
adjusted accordingly. The volume of gas in the drilling fluid, the hydrostatic
pressure within the liquid seal and the MGS vessel pressure are measured

and relayed to the operators indicating the potential hazards.

It is known to mitigate the risk of overloading a conventional atmospheric MGS
by altering the diverter housing outlets and/or diverter lines, the diverter valve
configuration, and the operational sequence of the valves with respect to the
diverter closure. This provides an optional flow path, allowing the diverted flow
from the riser to be directed to an MGS in contrast to overboard. The changes
to a conventional diverter system would include an additional outlet and line
below the existing outlet on the housing, or the alteration of an existing diverter
line, such that flow is routed to a separate MGS coupled with liquid level and
pressure sensor equipment. An interlock is used to ensure a relief flow path is
opened via a valve on the diverter line before the diverter closes to prevent
over-pressuring of the system. The system is strictly for degassing the riser
fluid during circulation periods via gravity flow from the diverter outlet, and is
not capable of handling large volumes of gas or pressurized flow from the riser
during well control events. Various configurations and methodology of such a
system are described in patent application WO2013/000764A2.

The present invention relates to an alternative design of MGS, referred to as
the ultra-MGS or UMGS, which may replaces the existing conventional MGS
used offshore in well control and riser gas events. This alternative design of
MGS may provide increased liquid and gas handling capacities, reduce the

risk of overloading the MGS, and ultimately enhance the safety of the rig.

According to a first aspect of the invention we provide an apparatus for
degassing drilling fluid comprising a primary separator and a secondary
separator, the primary separator comprising a vessel body having an inlet port,
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a liquid outlet port located at a lower end of the vessel body, and a gas vent
port located at an upper end of the vessel body, the secondary separator
having an inlet port which is connected to the gas vent port of the primary
separator such that gas leaving the vessel body of the primary separator via
the gas vent port of the primary separator enters the secondary separator via
the inlet port of the secondary separator, a gas outlet port, and a liquid outlet
port which is connected to the interior of the vessel body of the primary

separator via a liquid return line.

The primary separator preferably includes a plurality of baffles which are
located in the vessel body below the inlet port so that liquid entering the vessel
body via the inlet port flows over the baffles as it descends down the vessel
body.

The inlet of the primary separator may be provided with a primary diverter
assembly which splits the incoming fluid into a lower density stream which is
predominantly gas with entrained solids and liquids, and a higher density liquid

stream which is predominantly liquid with entrained gas and solids.

The inlet of the primary separator is located in an upper region of the vessel
body.

The primary separator may be further provided with a liquid seal which is
connected to the liquid outlet port. The liquid seal may comprise a generally

U-shaped pipe.

The primary separator may be provided with a liquid level sensing system
which is operable to provide an indication of the surface level of liquid
collected in the bottom of the vessel body. The liquid level sensing system
may comprise a generally vertical pipe, the bottom of which is connected to
the interior of the vessel body by means of a port in a lower portion of the

vessel body, and a liquid level sensor which is mounted on the vertical pipe
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and is operable to provide an indication of the liquid level in the vertical pipe.

The liquid level sensing system may comprise a radar level sensor.
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The secondary separator may comprise a cyclone separator which has a
housing which is configured to divert the flow of a gas stream entering the
housing via the inlet of the cyclone separator so that flows in a generally
circular flow path around a vortex chamber within the housing. In this case,
the cyclone separator may include at least one deflector vane which extends
from the housing into the interior of the housing. The inlet and gas outlet port
of the cyclone separator may be arranged along a longitudinal axis of the
secondary separator, whilst the liquid outlet port is provided in a portion of the
housing which extends generally parallel to the longitudinal axis of the
secondary separator. The housing of the cyclone separator preferably
encloses a space with a generally circular transverse cross-section.

The liquid return line may extend down the interior of the vessel body to end at

a point in the lowermost portion of the vessel body.

According to a second aspect of the invention we provide a drilling system
including an apparatus for degassing drilling fluid according to the first aspect
of the invention wherein the drilling system includes a riser which extends
between a subsea blowout preventer mounted on a wellhead at the top of a
wellbore, and a diverter which has a returns port which is connected to the
inlet of the primary separator via a returns line, the returns line containing a
diversion flow valve which is operable to permit or substantially prevent flow of
fluid from the returns line to the primary separator.

The drilling system may also be provided with a drilling fluid reservoir and the
liquid outlet port of the primary separator may be connected to the drilling fluid

reservoir via a liquid seal.

A liquid level control valve may be provided in a line between the liquid seal
and the drilling fluid reservoir, the liquid level control valve being operable to
stop, or restrict to a variable extent, flow of fluid from the liquid outlet of the
primary separator to the drilling fluid reservoir.
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The drilling system may further include a shaker and / or centrifuge / degasser

system through which all fluid flows before entering the drilling fluid reservoir.

The drilling system may also include an overboard diversion line which
extends from the returns line to a discharge point where riser fluid may be
discharged relatively safely. An overboard diverter valve may be provided in
the overboard diversion line, the overboard diverter valve being operable to
either permit or substantially prevent flow of fluid along the overboard diversion

line.

A further overboard diversion line may extend from the liquid seal to a further
discharge point wherein fluid from the primary separator may be discharged
relatively safely. A further overboard discharge valve may be provided in the
further overboard diversion line, the further overboard discharge valve being
operable to either permit or substantially prevent flow of fluid along the further

overboard diversion line.

The returns line may also be connected directly to the drilling fluid reservoir via
a main diverter flow line, the main diverter flow line including a diverter valve
which is operable to either permit or substantially prevent flow of fluid from the

returns line directly to the drilling fluid reservoir.

The drilling system may further include a rig choke and kill manifold which is
connected to a wellbore annulus below the subsea BOP via a well control
choke line, the choke and kill manifold being, in turn, connected to the inlet of
the primary separator via a choke valve which is operable to either permit or
substantially prevent flow of fluid from the choke and kill manifold to the inlet of

the primary separator.

We provide a drilling system including a separator apparatus for degassing
drilling fluid, a riser which extends between a subsea blowout preventer
mounted on a wellhead at the top of a wellbore, and a diverter which has a

returns port which is connected to
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an inlet of the separator apparatus via a returns line, and a rig choke and Kkill
manifold which is connected to a wellbore annulus below the subsea blowout
preventer via a well control choke line, the choke and kill manifold being, in
turn, connected to the inlet of the separator apparatus via a choke valve which
is operable to either permit or substantially prevent flow of fluid from the choke

and kill manifold to the inlet of the primary separator.

The separator apparatus may have any of the features or any combination of
the features of the apparatus according to the first aspect of the invention.

Preferably, the returns line contains a diversion flow valve which is operable to
permit or substantially prevent flow of fluid from the returns line to the
separator apparatus.

The drilling system may also be provided with a drilling fluid reservoir and a
liquid outlet port of the separator apparatus may be connected to the drilling

fluid reservoir via a liquid seal.

A liquid level control valve may be provided in a line between the liquid seal
and the drilling fluid reservoir, the liquid level control valve being operable to
stop, or restrict to a variable extent, flow of fluid from the liquid outlet of the
primary separator to the drilling fluid reservoir.

The drilling system may further include a shaker and / or centrifuge / degasser
system through which all fluid flows before entering the drilling fluid reservoir.

The drilling system may also include an overboard diversion line which
extends from the returns line to a discharge point where riser fluid may be
discharged relatively safely. An overboard diverter valve may be provided in
the overboard diversion line, the overboard diverter valve being operable to
either permit or substantially prevent flow of fluid along the overboard diversion

line.
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A further overboard diversion line may extend from the liquid seal to a further
discharge point wherein fluid from the primary separator may be discharged
relatively safely. A further overboard discharge valve may be provided in the
further overboard diversion line, the further overboard discharge valve being
operable to either permit or substantially prevent flow of fluid along the further

overboard diversion line.

The returns line may also be connected directly to the drilling fluid reservoir via
a main diverter flow line, the main diverter flow line including a diverter valve
which is operable to either permit or substantially prevent flow of fluid from the

returns line directly to the drilling fluid reservoir.

We provide a method of operating a drilling system including a separator
comprising a vessel body having an inlet port, a liquid outlet port located at a
lower end of the vessel body, a liquid level control valve operable to control or
prevent flow of fluid out of the vessel body through the liquid outlet port, a gas
vent port located at an upper end of the vessel body, and a liquid level sensing
system which is operable to provide an output representing the surface level of
liquid collected in the bottom of the vessel body, the method including closing
the liquid level control valve and monitoring the output from the liquid level
sensing system to determine the rate of change in liquid level in the vessel
body over time, and using this to monitor the flow rate of fluid into the vessel

body over time to determine the flow rate trend over time.

The method may further include using the liquid level control valve
automatically to regulate the liquid level in the separator when a hazardous
flow rate trend is detected. One example may be during a flow check (a
known industry well control procedure) where the liquid level sensing system
can decipher between flow from the release of trapped pressure or wellbore
breathing as opposed to a hazardous source such as gas, underbalance or the

mud pumps and/or riser booster pumps inappropriately left on. The release of
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trapped pressure or wellbore breathing may be indicated by a decrease in flow
rate over time. Contrastingly, a stable to increasing flow rate trend over time

can indicate a hazardous source.

The method may further include the step of initiating an alert procedure if the
liquid level sensing system detects that the liquid level has exceeded a
predetermined level. Thus, the HLI sensor would still protect the UMGS if flow
from an unsafe source was not detected triggering either the liquid level
control valve to commence regulating the fluid level in the vessel or
discharging flow overboard before reaching the vessel. In either case, the rig
crew would also be alerted to the presence of hazardous flow.

The liquid level sensing system may comprise a generally vertical pipe, the
bottom of which is connected to the interior of the vessel body by means of a
port in a lower portion of the vessel body, and a liquid level sensor which is
mounted on the vertical pipe and is operable to provide an indication of the
liquid level in the vertical pipe. The liquid level sensing system may comprise

a radar level sensor, or other suitably sensitive level sensing device..

The drilling system may also be provided with a drilling fluid reservoir and the
liquid outlet port of the separator may be connected to the drilling fluid
reservoir via a liquid seal. The liquid seal may comprise a generally U-shaped

pipe.

The liquid level control valve may be provided in a line between the liquid seal
and the drilling fluid reservoir, the liquid level control valve being operable to
stop, or restrict to a variable extent, flow of fluid from the liquid outlet of the

primary separator to the drilling fluid reservoir.

The separator may include a plurality of baffles which are located in the vessel
body below the inlet port so that liquid entering the vessel body via the inlet
port flows over the baffles as it descends down the vessel body.
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The inlet of the separator may be provided with a primary diverter assembly
which splits the incoming fluid into a lower density stream which is
predominantly gas with entrained solids and liquids, and a higher density liquid

stream which is predominantly liquid with entrained gas and solids.

The inlet of the primary separator may be located in an upper region of the

vessel body.

The drilling system may have any of the features or combination of features of
the drilling system according to the second aspect of the invention. . An
embodiment of the invention will now be described with reference to the
accompanying drawings of which

FIGURE 1 is a schematic illustration of an apparatus for degassing drilling fluid
according to the first aspect of the invention,

FIGURE 2 is a schematic illustration of a drilling system including the

apparatus illustrated in Figure 1,

FIGURE 3 shows an illustration of a longitudinal cross-section through the

cyclone separator of the apparatus illustrated in Figure 1,

FIGURE 4 is a table illustrating the relationship between the gas flow rate into
the apparatus illustrated in Figure 1 and the resulting liquid droplet size for a
given apparatus internal diameter.

Referring now to Figure 1, there is shown an apparatus for degassing drilling
fluid, hereinafter referred to as the UMGS (ultra-mud gas separator) 10. The
apparatus comprises a primary separator which has a vessel body 12 with a
drilling fluid returns inlet 14, a means for monitoring and controlling the liquid
level inside the vessel body 12, a gas outlet or “vent” port 16, and a drilling
fluid liquid outlet port 18. The drilling fluid returns inlet 14 is located towards
an upper end of the vessel body 12 so that the drilling fluid containing

dissolved or separate gas volume enters the vessel body 12 at a higher
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elevation than the minimum fluid level in the vessel body 12. The vent port 16
is located at the top of the vessel body, whilst drilling fluid liquid outlet port 18
is located at the bottom. In this embodiment, the bottom of the vessel body 12
has an inverted frusto-conical shape, and the liquid outlet port 18 is located at

the lowest part.

The drilling fluid returns inlet 14 is connected to a primary inlet diverter
assembly 20 which is located within the vessel body 12 in the upper half of the
vessel body 12 and, horizontally, generally centrally, in this example, so that it
lies on a longitudinal axis A of the vessel body 12. The vessel body 12 is
typically oriented, in use, so that its longitudinal axis A is generally vertical.

The primary diverter assembly 20 has a chamber, and is configured such that
when incoming flow stream QrotaL enters the drilling fluid returns inlet 14, a
centrifugal effect generated in the chamber of the preliminary diverter
assembly 20 separates the incoming flow stream QroraL into two separate flow
streams — Quent @ less dense flow stream containing mostly gas with
entrained droplets of fluid and solids of various sizes, and Qg pv @ denser
flow stream containing mostly liquid and solids with potentially small bubbles of
entrained gas.

In the vertical space between the drilling fluid returns inlet 14 and the fluid level
are located a series of baffle plates 22 which further agitate the fluid, to further
release gas from the fluid, as it flows and falls through the interior of the vessel
body 12.

In one embodiment, the baffle plates 22 each comprise at least a sheet which
is oriented at an angle of less than 90° to the vertical (around 45° in this
example), so that the edge of each baffle plate 22 which is closest to the
vessel body 12 is higher than an opposite edge of the baffle plate 22 which
located close to the longitudinal axis A of the vessel body 12. The baffle
plates 22 are arranged in a herring-bone pattern extending from alternating
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sides of the vessel body 12. This invention is not restricted to this particular
arrangement of baffle plates however, and various other suitable
arrangements are known to persons of skill in the art from existing MGS

apparatus.

As Quiq v flows vertically downwards in the vessel body 12, it passes through
the series of baffle plates 22, and these increases both the separation contact
area and retention time of the fluid stream Quq pv to enhance the gas
separation process. Qg piv then flows into an operating liquid volume 24
(which has a surface level labelled LO in Figure 1) in the bottom portion of the
vessel body 12. The liquid, now separated from the gas, flows through the
drilling fluid liquid outlet port 18 located at the bottom of the vessel body 12.

A pressure relief valve PRV1 (shown only in Figure 2) is provided at the top of
the vessel body 12. This is configured to open, and direct fluid from the vessel
body 12 overboard, if the pressure in the vessel body exceeds a

predetermined level.

As mentioned above, the UMGS 10 is also provided with means for monitoring
and controlling the liquid level inside the vessel body 12. In this example, the
means for monitoring the liquid level is provided by means of a conventional
bridle arrangement 38. This comprises a generally vertical pipe 38a which is
mounted externally of the vessel body 12, but which is connected to the
interior of the vessel body 12 by means of a bottom connector pipe 38b and a
top overflow connector pipe 38c. The bottom connector pipe 38b extends from
a port in a bottom portion of the vessel body 12 to the bottom end of the
vertical pipe 38a. The top overflow connector pipe 38c extends from the top of
the vertical pipe 38a to a port in an upper region of the vessel body 12,
significantly higher than the normal liquid level LO. A valve 39b, 39c is
provided in each of the connector pipes 38b, 38c. Both of these valves are
open in normal use, and it will be appreciated that, as a result, the liquid level
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in the vertical pipe 38a will be the same as the liquid level in the vessel body
12.

A liquid level sensor 41 is coupled to the top of the vertical pipe 38a to
measure the level of the liquid in the vertical pipe 38a. The liquid level sensor
may, for example, be a radar level sensor, which is a highly accurate level
sensor with a two loop wired radar gauge using non-contact microwave level
transmitter technology. It may feature a “false echo” system capable of
distinguishing unwanted static and moving reflections.

The liquid level sensor 41 is advantageously connected to a central control
and processing unit (not shown), so that the liquid level LO can be monitored,
and action taken if the fluid level LO increases and starts to come close to the
primary inlet diverter assembly 20. Thus, the possibility of flooding the vessel
body 12, potentially resulting in liquid carry over into the vent line can be
avoided. The real-time liquid level measurement can also be used to prevent
the liquid level LO from dropping to below a specified set point to avoid
evacuating the liquid seal (not shown), potentially resulting in gas blow by to
the shakers. For example, as shown in Figure 2, the liquid level sensor may
be provided with level indicator switches, LLI and HLI, to detect the change in
the operating fluid level LO to maximum and minimum allowable levels of HL
and LL (HL being just below the primary inlet diverter assembly 20, and LL
being close to, but just above the very bottom of the vessel body 12). Suitable

level indicator switches are well known in the art.

The features of the UMGS 10 described in the figures thus far have each been
present on a conventional mud gas separator However, in one embodiment of
the invention, the UMGS differs from the prior art in that it also includes a
secondary separator for separating entrained liquid particles from a gas
stream. The secondary separate has an inlet port 30 which is connected to
the gas vent port 16 of the primary separator, a gas outlet port 32 and a liquid
outlet port 34 which is connected to the interior of the vessel body 12 of the
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primary separator via a liquid return line 36. In this embodiment, the
secondary separating apparatus is a cyclone separator 26 which connected to
the vent port 16 via a vent line 28 directly on top of the vessel body. Both the

vent line 28 and cyclone separator 26 are external to the vessel body 12.

The cyclone separator 26 is illustrated in more detail in Figure 3, and, in this
example, comprises a high efficiency knockout gas cyclone. The cyclone
separator 26 has a side wall 26a which extends between a first end 26b and a
second end 26c¢, so that the cyclone separator 26 has a generally circular
transverse cross-section (i.e. normal to its longitudinal axis), the transverse
cross-section increasing in diameter from the first end 26b to the second end
26c.

The first end of the cyclone separator 26 is provided with the cyclone inlet port
30 which has a flanged connection portion 30a which is secured, typically by
means of fasteners such as bolts, to a corresponding flanged connection
portion 28a on the vent line 28, so a to provide a substantially fluid tight seal
between the cyclone separator 26 and the vent line 28. At the second,
opposite, end 26¢ of the cyclone separator 26 there is the cyclone gas outlet
port 32 which is also provided with a flanged connection portion 32a. The
centres of the cyclone inlet 30 and cyclone gas outlet port 32 both lie on the
longitudinal axis of the cyclone separator 26.

The cyclone separator 26 is also provided with a further outlet port — the
cyclone liquid outlet port 34 which is provided in the side wall 26a of the
cyclone separator 26 adjacent the second end 26¢. The cyclone liquid outlet
port 34 also has a flanged connection portion 34a, which is secured to
corresponding flanged connection portion 36a of a liquid return line 36,
typically by means of fasteners such as bolts, so as to provide a substantially
fluid tight seal between the cyclone separator 26 and the liquid return line 36.
The liquid return line 36 extends into the vessel body 12 via a port at the top of
the vessel body 12, and continues to extend down the interior of the vessel
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body 12 to a point 37 at around the surface level LO of the operating liquid
volume 24 at the bottom of the vessel body 12.

Inside the cyclone separator 26, adjacent the cyclone inlet port 30, there are
coned deflector vanes 40 that are designed to withstand the large impact loads
of the flow stream Qvent. There is a space between the deflector vanes 40

and the cyclone gas outlet port 32 which is designated the vortex chamber 42.

The gas and fluid/solids entrained flow stream Quent exits the UMGS vessel
body 12 through the vent port 16 and into the large diameter vent line 28, and
enters the inlet 30 of the cyclone separator 26. Here, the inlet flow stream
Quent is split, by the deflector vanes 40 into several streams, and the flow
streams proceed to enter the vortex chamber 42 oriented tangentially to the
deflector vanes 40, subjecting the flow streams to a powerful centrifugal force.
As a result, the liquid and solid particles of the incoming flow stream Qvent are
forced to the cyclone side wall 26a, and the denser flow stream Quaq cyc
containing these particles exits the cyclone separator 26 via the cyclone liquid
outlet port 34, providing a clean dry gas stream Qgas at the cyclone gas outlet
port 32.

It should be appreciated, however, that the secondary separator doesn’t have
to be configured in this way, for example, the secondary separator need not be
provided with deflector vanes, and may be the type of cyclone separator in
which the fluid flow in to the separator is tangential. Such cyclone separators
are known, and in these prior art cyclone separators the port 34 is the inlet
port, and the port 30 is the liquid outlet port. Whilst entirely suited for this
application, it should be appreciated that a cyclone separator need not be
used, and any secondary separation device that has a high enough separation

quality could be used.

Referring now to Figure 2, this shows how the UMGS 10 described above can
be integrated into a control and drilling system.
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The drilling system includes a riser 46 which extends between an SSBOP 48
mounted on a wellhead at the top of a wellbore, and diverter 50. During
drilling a drill string (not shown) extends along the riser, through the SSBOP
48 and into well bore (not shown). The diverter 50 has a returns port 50a
which is connected to returns line 52, and is operable to close around the drill
string to contain fluid pressure in the riser annulus when required (during a
well control operation, for example). The drilling fluid returns inlet 14 of the
UMGS 10 is connected to the returns line 52 via an UMGS diversion flow valve
DV3 which is operable to permit or substantially prevent flow of fluid from the
returns line 52 to the UMGS 10.

The drilling system is also provided with a conventional shaker 54 and
degasser and centrifuge system 56, from which, recovered and cleaned drilling
fluid may be returned to reservoir of drilling fluid (mud pits) 58. The drilling
fluid liquid outlet port 18 of the UMGS 10 is connected to the shaker 54 and
degasser and centrifuge system 56 via a liquid seal 60 as in conventional
MGS systems. A liquid level control valve LCV1 is provided in the line
between the liquid seal 60 and the shaker 54, and is operable to stop, or
restrict to a variable extent, flow of fluid from the UMGS 10 to the shaker 54.

The cyclone gas outlet port 32 has a flanged connection portion 32a which is
secured to corresponding flanged connection portion 62a of UMGS vent line
62, typically by means of fasteners such as bolts, so as to provide a
substantially fluid tight seal between the cyclone separator 26 and the UMGS
vent line 62. The UMGS vent line 62 extends to a vent point 64 near the top of
the rig’'s mast structure, where the gas contained therein may be exhausted to
the atmosphere.

The UMGS 10 replaces the conventional MGS used for well control and riser
gas events, and still operates as an atmospheric vessel. It therefore requires
its drilling fluid returns inlet 14 to be at a lower elevation than the returns port
50a in the diverter 50. Moreover, the liquid outlet elevation at the top of the U-
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tube/liquid seal 60 must be higher than the elevation of the inlet to the shaker
54. This is to assist the gravity flow in and out of the vessel body 12, which is
necessary for its effective atmospheric operation.

In this embodiment, the drilling system 44 also includes an overboard
diversion line 66 which extends from the returns line 52 to a discharge point 68
where riser fluid may be discharged overboard relatively safely. An overboard
diverter valve DV2 is provided in the overboard diversion line 66 and is
operable to either permit or substantially prevent flow of fluid along the
overboard diversion line 66.

A further overboard diversion line, UMGS overboard diversion line 70 extends
from the liquid seal 60 of the UMGS 10 to a further discharge point 72 wherein
fluid from the UMGS may be discharged overboard relatively safely. A UMGS
overboard discharge valve G1 is provided in the UMGS overboard diversion
line 70 and is operable to either permit or substantially prevent flow of fluid

along the UMGS overboard diversion line 70.

The returns line 52 is also connected directed to the shaker 54 via a main
diverter flow line 53 and diverter valve DV4 which is operable to either permit
or substantially prevent flow of fluid from the returns line 52 directly to the
shaker 54, and degasser and centrifuge system 56.

Although not essential, in this embodiment, the drilling system 44 further
includes a rig choke and kill manifold 74 which is connected to the annulus
below the SSBOP 48 via a conventional well control choke line 76. The choke
and kill manifold 74 is, in turn, connected to the drilling fluid returns inlet 14 of
the UMGS 10 via a choke valve CMV1 which is operable to either permit or
substantially prevent flow of fluid from the choke and kill manifold to the drilling
fluid returns inlet 14.

The diametrical sizing of the inlet 14, outlet 18, and vent port 16 of the UMGS

10 is increased in combination with the vessel size/volume to enhance
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separation efficiency and greatly increase the liquid surge and gas capacity of
the UMGS 10 when compared to conventional drilling MGS. The drilling fluid
returns inlet 14 of the UMGS 10 may be as large as 12 inches in diameter.
The drilling fluid liquid outlet port 18 and liquid seal 60 may be as large as 14
inches in diameter. The diameter of the gas outlet port 16 and vent line 28
may be as large as 16 inches. The cyclone liquid outlet port 34 and liquid
return line 36 may be as large as 12 inches in diameter. It should be
appreciated, however, that these sizes are given by way of example only, and
the diameters may be greater or less than the examples given.

The use of an additional, secondary separator 26 allows the internal diameter
(ID) of the UMGS vessel body 12 to be altered, such that minimal dimensional
design sizing is achieved, without compromising separation efficiency under
atmospheric conditions. This decreases the footprint required on the rig with
respect to its base area and weight, allowing the constraints with the rig’s deck

area and loads to be satisfied more easily.

In particular, the enhanced separation features of the secondary separator 26
result in flexibility in the ID of the vessel body 12. The ID of the vessel body 12
increases the internal volume and hence, the retention time within the UMGS
10 required to effectively break out all of the gas from the inlet flow stream
Qrota.  Generally, the retention time and entrained fluid particle size
parameters for any given MGS are governed by the American Petroleum
Institute (API) guidelines. APl RP 521 specifies a maximum entrained droplet
size of 600 microns is to be achieved in the vented gas stream, and deems
this an effective droplet size separation within a vertical vessel. An entrained
droplet size beyond this results in the larger entrained particles being carried
within the gas flow stream which may lead to an unsafe volume and droplet
size of liquid released at the vent line exit. APl RP 521 also recommends a
retention time for two phase separation in vertical vessels is at least one

minute.
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The centripetal forces exerted on the fluid while travelling through the cyclone
separator 26 cause the larger liquid droplets to drop out of the gas stream only
permitting liquid droplets that are below the API standard of 600 microns to
travel up the vent line for a wide range conditions that may be experienced in
well control event. This is achievable through the cyclone separator 26’s
internal vanes and vortex chamber which causes the liquid to spin while
travelling through the system. Therefore, the UMGS inlet flow stream Qyent to
the cyclone separator 26 can exceed a 600 micron entrained droplet size
because any entrained droplets carried into the vent line with the exiting flow
stream Qvent are separated from the mixture with the enhanced separation
feature of the cyclone separator 26. An added advantage of the cyclone
separator 26 is that the cross-sectional area through the system may be
greater than the cross sectional area of the flow line allowing for this
separation to take place with a negligible amount of back pressure on the

vessel body 12.

A static model has been generated for the sizing of the UMGS 10 which takes
into consideration the enhanced separation effects of the cyclone separator
26, and its inputs, outputs, and method are illustrated in Figure 4. Ultimately a
sensitivity analysis tool for sizing the vessel body 12, and includes the cyclone
separator 26 in the analysis which allows the vessel ID to be decreased further
while still meeting the separation requirements. The cyclone separator 26
works best at higher flow rates because it can create spin at a higher velocity.
At low flow rates, the cyclone separator 26 does not work so well. However,
this is not a concern because the primary separator would be sized sufficiently
to conduct separation to API standards without the secondary separator during
low gas flow rates. The primary separator can operate with high separation
efficiency at low rates because gas travels through the vessel more slowly
allowing ample time for gravity to force liquid droplets to fall out of the gas
stream. At higher flow rates, the assistance of centripetal forces from the

cyclone separator 26 is needed to separate out the smallest flow rates as they
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could be travelling through the primary separator too quickly for the desired
separation to happen. As such, the advantage of the cyclone separator is most
evident at higher gas flow rates. The model pairs the cyclone separator 26 and
the UMGS vessel body 12 in its analysis and illustrates their relationship to a

varied entrained droplet size.

A smaller UMGS vessel body 12 cannot be used to manage larger inlet flow
streams while meeting API guidelines without the addition of the cyclone
separator 26, and therefore a minimum vessel ID can be achieved using this
model. Knowing the capability of the cyclone separator 26, the user can
increase the liquid droplet size requirement in an attempt to reduce the ID
beyond what was previously possible. The model reveals that a smaller UMGS
ID is achievable with the support of the cyclone separator 26.

To do this, the model combines a calculation of the volumetric flow rate and
fluid properties of the mud and gas at separator conditions with both the API
RP 521 recommended process for vessel ID sizing and an analysis of the
cyclone filtration performance. The analysis of cyclone filtration performance
will inform the vessel designer of the range of scenarios over which the
cyclone separator 26 can filter significantly sized liquid droplets down to the
APl requirement of 600 microns. With this information in hand, a vessel
designer can move forward to determine the smallest vessel ID that will not
result in an operating scenario that exceeds the capability of the cyclone to
meet API standards. The vessel designer can also determine the operating
boundaries of the system in terms of fluid properties and maximum flow rate
that may travel through the vessel and cyclone that can still meet the API

filtration requirements for a given vessel ID.

An example of the analysis that may be performed to justify the enhanced
filtration capability of the UMGS with the combination of a vessel body 12 and
cyclone separator 26 is shown for a 6.5’ vessel ID. The properties of the gas
and liquid phase as well as the gas volumetric flow rate in concern at standard
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temperature pressure conditions are shown in W. The fluid properties and
volumetric flow rate change with the temperature and pressure in the vessel
during operation. The selected vessel diameter of 6.5' is shown in Z. The
maximum liquid droplet size that the cyclone separator 26 can accept and filter
down to below 600 microns is shown in X for a given scenario. The maximum
liquid droplet that is calculated to exit the vessel body in Quent for a given
scenario is shown in Y. Since X is greater than Y for the scenarios analysed,
Figure 2 effectively shows that a 6.5’ vessel ID is sufficient in combination with
a cyclone separator 26 to meet API standards at the flow rate and fluid
properties analysed. Figure 4 also shows that without the cyclone separator
26, a 6.5" vessel ID is not physically capable of achieving the AP| standard for
the scenarios considered, hence the necessity of using the cyclone separator
26 too.

The drilling system may be operated as follows.

During conventional drilling, the drilling returns from the wellbore annulus 78
circulate up through the SSBOP 48 and into the riser annulus until they are
diverted through the returns port 50a of the diverter 50 at the top of the riser
46. All flow is diverted to the main diverter flow line 53 by opening diverter
valve DV4, and closing the overboard diverter valve DV2 and UMGS flow
diversion valve DV3. Conventionally, all returned fluid from the wellbore and
riser flows through the main diverter flow line 53 and into the rig’s shaker 54
and degasser and centrifuge system 56, and returns to the active fluid storage

volume (mud pits) 58.

When a riser gas event is detected, the SSBOP 48 and diverter 50 are closed.
The operator can then select from two main flow paths for the returning fluid

from the riser 46.

If it is anticipated the gas volume and pressure could potentially exceed the
design capacity of the UMGS 16, all flow from the riser is directed to the
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overboard diversion line 66, dispersing the gas at either the port or starboard
side of the rig. To achieve this, overboard diverter valve DV2 is opened to the
overboard diversion line 66, and the main diverter flow line valve DV4 is closed

before the diverter 50 is closed.

Alternatively, all flow from the riser 46 may be diverted to the UMGS 10.
UMGS flow diversion valve DV3 is opened and the diverter valve DV4 in the
main diverter flow line 53 is closed before the diverter 50 is closed. The
diverted flow enters the UMGS 10 at drilling fluid returns inlet 14, and contains
gas, solids and fluids. These enter the primary inlet diverter assembly 20,
described herein, which is the initial separation mechanism of the fluids and
solids from the gas stream. Gas containing entrained fluid and solids particles
exits the gas vent port 16 and into the cyclone inlet 30.

An enhanced separation process occurs within the cyclone separator 26 as
described above. The low density gas stream exits the cyclone separator 26
via the cyclone gas outlet port 32, and is directed to the UMGS vent line 62,
dispersing the gas to the atmosphere at the UMGS vent point 64 near the top
of the rig’'s mast structure. The higher density liquid and solids stream exits
the cyclone separator 26 through the cyclone liquid outlet port 34, and passes
into the liquid return line 36. From there, it flows into the vessel body 12 at the
liquid return point 37 at around operating fluid level LO, where the required
retention time is achieved before the liquid exits the UMGS 10 through the
drilling liquid outlet port 18. The liquid / solids mixture then passes through the
liquid seal/U-tube 60, and is returned to the shakers 54 in a fully degassed

state.

On detection of a well control event, such as a formation influx into the
wellbore, the SSBOP 48 is closed immediately. All flow from the wellbore
annulus 78 isolated beneath the closed SSBOP 48 can be diverted to the
conventional well control choke line 76 and into the rig choke and kill manifold
74. To do this, the UMGS flow diversion valve DV3 is closed before opening
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the choke valve CMV1 to initiate circulation of the wellbore fluid from the
wellbore annulus 78 to the UMGS 10 through the rig's choke and kill manifold
74. CMV1 is used to control the BHP in the wellbore annulus 78 during the
removal of the gas influx from the well. The diverted flow then enters the
UMGS 10 and is degassed in exactly the same way as the fluid from the
diverter 50 as described above. The diverter 50 may also be closed for an
added safety barrier during well control to isolate the riser annulus in case the
SSBOP 20 is leaking.

During either a well control or riser gas event, the gas and fluid capacity limits
of the UMGS 10 are protected using various safety features of the inventive
system and method.

Pressure relief valve PRV1 protects the UMGS 10 from over-pressuring while

it is in operation, with the relief directed to the overboard line of the rig.

The operating fluid level LO within the vessel body 12 is maintained relatively
constant through the operation of the liquid level control valve LCV1, which
ultimately adjusts the fluid level within the UMGS 16 to prevent a low level LL
or high level HL fluid level from occurring. As mentioned above, the liquid
level sensor 46 and level switches HLI and LLI feedback to the central control
and processing module (not shown), which may transmit a signal to the liquid
level control valve LCV1 for the adjustment of the fluid level in the vessel body
12. For example, if the liquid level sensor 41 determines that the liquid level
LO has dropped below a desired level, the liquid level control valve LCV1 will
be closed to restrict or even stop the flow of liquid through the drilling fluid
liquid outlet port 18 to the shaker 54. If the fluid level is still decreasing and
reaches the minimum allowed LL point in the vessel 16, the UMGS overboard
diversion valve G1 is opened and the liquid level control valve LCV1 is closed
to prevent gas blow by from the UMGS 10 through the liquid outlet port 18 to
the shakers 54. All flow out of the UMGS liquid outlet port 18 is dispersed
overboard at the UMGS discharge point 72 once the valve sequence
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completes. The system will also alert the rig crew when the LLI or HLI levels
are exceeded.

Alternatively, if the liquid level sensor 41 indicates that the liquid level LO has
reached a higher level than desired, the liquid level control valve LCV1 will be
opened further to increase the rate of flow of liquid through the drilling fluid
liquid outlet port 18 to the shaker 54. If, during riser gas handling, the fluid
level LO is still rising, and reaches the maximum level HL, all flow may be
diverted overboard through the overboard diversion line 66 by opening diverter
valve DV2. Alternatively, or during well control, this can be achieved by
opening the UMGS overboard discharge valve G1. Liquid from the UMGS can
then flow along the UMGS discharge line 70 to be discharged overboard at the
UMGS discharge point 72. This prevents liquid carry over from occurring
through the vent line 28 of the UMGS 10.

The sequence of operation of the diverter 50 and the valves DV2, Dv3, DV4.
LCV1 and G1 described above may be preprogrammed into the central control
and processing module, to that the valves are operated in a remote and
automated sequence with a built in interlock process for their programmed
operation. Interlocking is the method of preventing undesired states within the
UMGS through a programmed automated electronic-mechanical manipulation
of the valves, and is well known in the art. The interlock would, for example,
ensure that at least one of DV2 or DV3 is opened, and DV4 closed, before the
diverter 50 is closed. It would also ensure that one of DV2 DV3, and DV4 is

open at all times during drilling and/or a well control event.

It is appreciated the inventive system and method described herein is suitable
for replacing the conventional rig MGS within any given well control and
diverter circulating system on land rigs, fixed offshore installations, and floating

installations.
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One embodiment of the invention (which does not require the provision of the
secondary separator) is to use the system to conduct a flow check into a
closed system with degassing capability. This is not existent on the
conventional rig-up where this may be carried out into an atmospheric trip tank
(not shown) downstream of the diverter 50. This practice is inherently
dangerous as the trip tank is not designed as a gas capable vessel and it is

well known in the industry that such practice may result in trip tank rupture.

The liquid level sensor 41 on the vessel body 12 of the primary separator may
be used as part of the flow check process.

Depending on how the flow paths to the UMGS 10 are lined up, the flow check
may be performed to confirm whether or not there is flow in the wellbore
beneath the SSBOP 48, in the riser 46 above the SSBOP 48 or both. In either
case, a valve that is capable of holding back the potential to flow is opened to
create a non-pressurized path to the UMGS 10 to determine if the well and or
riser will flow on its own due to the presence of hydrocarbons or an
underbalance of wellbore with respect to formation pressure. While the
concept of a flow check is simple in theory, confirmation of an underbalance or
the presence of gas becomes complicated by the fact that wellbore breathing
or the release of trapped pressure can also create flow but only for a transient
period and at a decreasing rate. Contrastingly, flow from gas or an
underbalance is expected to exist for an extended period of time and at a
stable to increasing rate. With these differences taken into account, the
determination of presence of a hazardous flow versus wellbore breathing or
the release of trapped pressure can be made in the most rapid manner by

analysing the change in flow rate over time.

Wellbore breathing can occur when the formation flows a small amount of
drilling fluid back into the well after a drop in bottom hole pressure. Typically
this occurs when the mud pumps are shut-down or back pressure on the
wellbore is relieved. Trapped pressure can occur if control valves trap
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pressure in the wellbore due to simultaneously running the mud pump or riser

booster pump while the valve is in the process of closing.

A flow check can be carried out by combining the output of the liquid level
sensor 41 with a timing device to determine a liquid flow rate into the UMGS
vessel body 12 when G1 and LCV1 are closed. Using basic geometry, the
change in the working level of fluid in the vessel body 12 can be used to
determine a change in volume, commonly reported by those skilled in the art
as gallons. By analysing the change in volume over time, a flow rate can be
calculated, often reported as gallons per minute. By monitoring the flow rate
over time, one can determine if the flow rate is decreasing, indicating a release
of trapped pressure or wellbore breathing, or if the flow rate is stable or
increasing, indicating an underbalance or the presence of hydrocarbons or that
the mud pumps and/or riser booster pumps have been inappropriately left on.
Diagnosing the cause of flow in this way may mean that a hazardous source of
flow can be identified with confidence in a more rapid fashion, as opposed to
waiting for an extended period of time to determine if the change in liquid level
LO in the UMGS 10 has increased beyond a subjectively chosen amount. In
the event that the system detects a flow rate trend over time that indicates flow
from a hazardous source, the system may once again regulate liquid levels to
a safe level with LCV1. The CPU may also trigger an alarm to notify rig crew of
the indication of gas or an underbalance.

During the a flow check, if the liquid sensing system does not indicate flow
from an unsafe source prior to liquid level reaching an excessive level, the HLI
switch will be triggered causing the rig crew to be alerted and returns to be
diverted overboard prior to reaching the vessel or commence controlling the
liquid level with LCV1. Recent developments in the drilling industry have
required the use of highly precise flow meters, on the flow line downstream of
the riser to facilitate a measurement of flow rate behaviour over time.
However, a device that combines the radar sensor and timing device in the

UMGS 10 can serve the same function as a flow meter at a lower cost and



WO 2015/091573 PCT/EP2014/078091

10

29

without the need for additional equipment on the rig. Despite the capability to
measure flow rates, this device can also still be used to simply check the level
of working fluid in the UMGS 10 as well.

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the

presence of other features, steps or components.

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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Claims

1. An apparatus for degassing drilling fluid comprising a primary separator
and a secondary separator, the primary separator comprising a vessel body
having an inlet port, a liquid outlet port located at a lower end of the vessel
body, and a gas vent port located at an upper end of the vessel body, the
secondary separator having an inlet port which is connected to the gas vent
port of the primary separator such that gas leaving the vessel body of the
primary separator via the gas vent port of the primary separator enters the
secondary separator via the inlet port of the secondary separator, a gas outlet
port, and a liquid outlet port which is connected to the interior of the vessel

body of the primary separator via a liquid return line.

2. An apparatus according to claim 1 wherein the inlet port of the
secondary separator is connected exclusively to the gas vent port of the

primary separator.

3. An apparatus according to claim 1 or 2 wherein the liquid outlet port of
the second separator is directly connected to the interior of the vessel body of

the primary separator via a liquid return line.

4. An apparatus according to claim 1, 2 or 3 wherein the primary separator
includes a plurality of baffles which are located in the vessel body below the
inlet port so that liquid entering the vessel body via the inlet port flows over the

baffles as it descends down the vessel body.

5. An apparatus according to any preceding claim wherein the inlet of the
primary separator is provided with a primary diverter assembly which splits the
incoming fluid into a lower density stream which is predominantly gas with
entrained solids and liquids, and a higher density liquid stream which is

predominantly liquid with entrained gas and solids.
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6. An apparatus according to any preceding claim wherein the inlet of the

primary separator is located in an upper region of the vessel body.

7. An apparatus according to any preceding claim wherein the primary
separator is further provided with a liquid seal which is connected to the liquid

outlet port.

8. An apparatus according to claim 7 wherein the liquid seal comprises a

generally U-shaped pipe.

9. An apparatus according to any preceding claim wherein the primary
separator is provided with a liquid level sensing system which is operable to
provide an indication of the surface level of liquid collected in the bottom of the

vessel body.

10.  An apparatus according to claim 8 wherein the liquid level sensing
system comprises a generally vertical pipe, the bottom of which is connected
to the interior of the vessel body by means of a port in a lower portion of the
vessel body, and a liquid level sensor which is mounted on the vertical pipe

and is operable to provide an indication of the liquid level in the vertical pipe.

11.  An apparatus according to claim 9 or 10 wherein the liquid level sensing

system comprises a radar level sensor.

12.  An apparatus according to any preceding claim wherein the secondary
separator comprises a cyclone separator which has a housing which is
configured to divert the flow of a gas stream entering the housing via the inlet
of the cyclone separator so that it flows in a generally circular flow path around

a vortex chamber within the housing.

13.  An apparatus according to claim 12 wherein the cyclone separator
includes at least one deflector vane which extends from the housing into the

interior of the housing.
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14.  An apparatus according to claim 12 or 13 wherein the inlet and gas
outlet port of the cyclone separator are arranged along a longitudinal axis of
the secondary separator, whilst the liquid outlet port is provided in a portion of
the housing which extends generally parallel to the longitudinal axis of the

secondary separator.

15.  An apparatus according to claim 12, 13 or 14 wherein the housing of
the cyclone separator encloses a space with a generally circular transverse

cross-section.

16.  An apparatus according to any preceding claim wherein the liquid return
line extends down the interior of the vessel body to end at a point in the

lowermost portion of the vessel body.

17. A drilling system including an apparatus for degassing drilling fluid
according to any one of claims 1 to 16 wherein the drilling system includes a
riser which extends between an subsea blowout preventer mounted on a
wellhead at the top of a wellbore, and a diverter which has a returns port which
is connected to the inlet of the primary separator via a returns line, the returns
line containing a diversion flow valve which is operable to permit or

substantially prevent flow of fluid from the returns line to the primary separator.

18. A drilling system according to claim 17 further comprising a drilling fluid
reservoir, wherein the liquid outlet port of the primary separator is connected to

the drilling fluid reservoir via a liquid seal.

19. A drilling system according to claim 17 or 18 wherein a liquid level
control valve is provided in a line between the liquid seal and the drilling fluid
reservoir, the liquid level control valve being operable to stop, or restrict to a
variable extent, flow of fluid from the liquid outlet of the primary separator to

the drilling fluid reservoir.
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20. A drilling system according to claim 17, 18, or 19 wherein the drilling
system further includes a shaker and / or centrifuge / degasser system through

which all fluid flows before entering the drilling fluid reservoir.

21. A drilling system according to any one of claims 17 to 20 wherein the
drilling system also includes an overboard diversion line which extends from
the returns line to a discharge point where riser fluid may be discharged

relatively safely.

22. A drilling system according to claim 21 wherein an overboard diverter
valve is provided in the overboard diversion line, the overboard diverter valve
being operable to either permit or substantially prevent flow of fluid along the

overboard diversion line.

23. A drilling system according to any one of claims 17 to 22 wherein a
further overboard diversion line extends from the liquid seal to a further
discharge point wherein fluid from the primary separator may be discharged

relatively safely.

24. A drilling system according to claim 23 wherein a further overboard
discharge valve is provided in the further overboard diversion line, the further
overboard discharge valve being operable to either permit or substantially

prevent flow of fluid along the further overboard diversion line.

25. A drilling system according to any one of claims 17 to 24 wherein the
returns line is also connected to the drilling fluid reservoir via a main diverter
flow line, the main diverter flow line including a diverter valve which is operable
to either permit or substantially prevent flow of fluid from the returns line to the

drilling fluid reservoir.

26. A drilling system according to any one of claims 17 to 25 wherein the
drilling system further includes a rig choke and kill manifold which is connected

to a wellbore annulus below the subsea BOP via a well control choke line, the
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choke and kill manifold being, in turn, connected to the inlet of the primary
separator via a choke valve which is operable to either permit or substantially
prevent flow of fluid from the choke and kill manifold to the inlet of the primary

separator.





