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DUAL DENSITY MUD RETURN SYSTEM

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION

Embodiments of the invention relate to mud return systems used in the oil production
industry. More particularly, embodiments of the invention relate to anovel system and method
for lifting mud returns to the sea surface by injecting alift fluid into the mud.

When drilling an oil or gas well, a starter hole is first drilled and the drilling rig is then
installed over the starter hole. Drill pipe is coupled to adrill bit and drill collar, which adds
extraweight on the bit, to form the drill string. The drill string is coupled to the kelly joint and
rotary table and then lowered into the starter hole. When the drill bit reaches the base of the
starter hole, drilling may commence. Asdrilling progresses, drilling fluid, or mud, is circulated
down through the drill pipe to lubricate and cool the drill bit aswell asto provide avehicle for
removal of drill cuttings from the borehole. After emerging from the drill bit, the drilling fluid
flows up the borehole through the annulus formed by the drill string and the borehole, i.e., the
well bore annulus.

In addition to drill bit cooling, lubrication, and cuttings removal, the mud is used for
well control. For instance, the mud is used to prevent formation fluid from entering the well
bore. When the hydrostatic pressure of mud in the well bore annulus is equal to or greater than
the formation pressure, formation fluid will not flow into the well bore and mix with the mud.
The hydrostatic pressure of the mud is dependent upon the mud density and the vertical depth.
Thus, to prevent formation fluid from flowing into the well bore, the mud is selected based on
its density to provide a hydrostatic pressure exceeding the formation pressure. At the same
time, however, the hydrostatic pressure of the mud must not exceed the fracture strength of the
formation, thereby causing mud filtrate to invade the formation and a filter cake of mud to be
deposited on the well bore wall.

As wells become deeper, balancing these two operational constraints becomes
increasingly difficult. Moreover, in deep wells more than 30,000 feet below sea level and in

water as deep as 10,000 feet, balancing these constraints is not possible because the weight of
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mud required to produce a hydrostatic pressure exceeding the formation pressure also produces
a hydrostatic force exceeding the fracture strength of the formation. When such conditions
exist, one solution that allows continued drilling is to case the well bore. Drilling then
continues for atime before it isinterrupted again and another casing string installed. Drilling
then resumes, and so on. Setting multiple casing strings in this manner is, however, very
expensive and eventually reduces the diameter of the well bore to the extent that further drilling
isnot warranted.

Thus, embodiments of the invention are directed to mud return systems that seek to
overcome these and other limitations of the prior art.

SUMMARY OF THE PREFERRED EMBODIMENTS

Systems and methods for lifting drilling fluid from awell bore in a subsea formation are
disclosed. Some system embodiments include a drilling riser, a drill string suspended within
the drilling riser and adapted to form at least a portion of the well bore, and a drilling fluid
source for supplying drilling fluid through the drill string. The drilling fluid exits from the drill
string during drilling and returns up an annulus between the drilling riser and the drill string.
The system embodiments further include a return line having a first end, a diverter coupled
between the drilling riser and the first end of the return line, apower riser coupled to the return
line at an interface positioned along the return line, and a lift fluid source for supplying lift fluid
through the power riser into the return line. The diverter configured to selectably divert drilling
fluid from the annulus into the return line. The lift fluid is intermittently injected from the
power riser through the interface into the return line to form one or more slugs of lift fluid
positioned between slugs of drilling fluid, such that a combined density of lift fluid and drilling
fluid in the return line is less than the density of the drilling fluid aone. The interface is
configured to prevent the drilling fluid from flowing into the power riser from the return line.

Some method embodiments for lifting drilling fluid from a well bore in a subsea
formation include injecting a drilling fluid through a drill string, diverting the drilling fluid
from the well bore into areturn line, and injecting a lift fluid through a conduit and into the
return line, such that a combined density of the lift fluid and the drilling fluid in the return line
isless than the density of the drilling fluid alone.

Other system embodiments for lifting drilling fluid from a well bore in a subsea
formation include areturn line having afirst end, a diverter spool positioned at the first end of

the return line, a power riser coupled to the return line at an interface positioned aong the
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return line, and alift fluid source for supplying lift fluid through the power riser into the return
line. The diverter spool is configured to selectably divert well bore fluid from the well bore into
the return line. The lift fluid is injected from the power riser through the interface into the
return line, such that a combined density of lift fluid and well bore fluid in the return lineis less
than the density of the well bore fluid alone. The interface is configured to prevent the well
bore fluid inside the return line from flowing into the power riser.

Other methods for killing a well bore in a formation include suspending a drill string
into the well bore, coupling areturn line to the drill string using a diverter spool configured to
divert fluid from the return line into the well bore, and injecting aheavy fluid through the return
line and the diverter spool into the well bore, wherein the hydrostatic pressure of the heavy
fluid injected into the well bore exceeds the pressure of fluid in the formation.

Still other system embodiments for lifting drilling fluid from awell bore h aformation
include a tubular member extending between a packer and the well bore, a drill string
suspended within the tubular member and adapted to form at least a portion of the well bore,
and adrilling fluid source for supplying drilling fluid through the drill string. The drilling fluid
exits from the drill string during drilling and returns up an annulus between the tubular member
and the drill string. These system embodiments further include a supply line having a first end
and a second end, a diverter coupled between the drilling riser and the first end of the supply
line, an enclosure coupled to the second end of the supply line, a power riser having afirst end
disposed within the enclosure, areturn line having afirst end disposed within the enclosure, an
interface coupled between the power riser and the return line, and a lift fluid source for
supplying lift fluid through the power riser. The diverter configured to selectably divert drilling
fluid from the annulus into the supply line. The enclosure is configured to receive and contain
drilling fluid from the supply line. The lift fluid is intermittently injected from the power riser
through the interface into the return line to form one or more slugs of lift fluid positioned
between dugs of drilling fluid, such that a combined density of lift fluid and drilling fluid in the
return line is less than the density of the drilling fluid alone. The interface is configured to
prevent the drilling fluid from flowing into the power riser from thereturn line.

Still other method embodiments for lifting drilling fluid from awell bore in aformation
include injecting adrilling fluid through a drill string, diverting the drilling fluid from the well

bore into an enclosure, injecting a lift fluid through a conduit and into the endosure. and
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forcing the drilling fluid from the enclosure through areturn line, wherein the density of the lift
fluid isless than the density of the drilling fluid.

Some embodiments of a diverter shuttle valve include an outer housing having a cavity
therein and an inner housing having a flowbore therethrough, wherein the inner housing is free
to trandate within the cavity of the outer housing. The outer housing further includes a first
end and aplurality of openings. The inner housing further includes afirst end and aplurality of
openings. A flowpath is established between the openings of the inner housing and the
openings of the outer housing when the openings of the inner housing are aligned with the
openings of the outer housing.

Thus, the embodiments of the invention comprise a combination of features and
advantages that enable substantial enhancement of mud return systems. These and various
other characteristics and advantages of the invention will be readily apparent to those skilled in
the art upon reading the following detailed description of the preferred embodiments of the
invention and by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiments of the invention, reference
will now be made to the accompanying drawings in which:

Figure 1is a schematic representation of adrilling structure with adual density mud
return system in accordance with embodiments of the invention;

Figures 2A and 2B are schematic representations of a diverter shuttle valve in
accordance with embodiments of the invention;

Figure 3 isa schematic representation of the drilling structure with another exemplary
embodiment of a dual density mud return system with the power riser positioned
concentrically within the mud return conduit;

Figure 4 is an exemplary embodiment of a dual density mud return system with the
mud return conduit positioned concentrically within the power riser; and

Figure 5 is a schematic representation of a riserless drilling structure with another
embodiment of adua density return system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Various embodiments of the invention will now be described with reference to the

accompanying drawings, wherein like reference numerals are used for like parts throughout the

several views. The drawing figures are not necessarily to scale. Certain features of the
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invention may be shown exaggerated in scale or in somewhat schematic form, and some
details of conventional elements may not be shown in the interest of clarity and conciseness.

Preferred embodiments of the invention relate to dual density mud return systems used
in the recycling of drilling fluid. The invention is susceptible to embodiments of different
forms. There are shown in the drawings, and herein will be described in detail, specific
embodiments of the invention with the understanding that the disclosure is to be considered an
exemplification of the principles of the invention and is not intended to limit the invention to
that illustrated and described herein. It isto be fully recognized that the different teachings of
the embodiments discussed below may be employed separately or in any suitable combination
to produce desired results.

Figure 1 depicts a representative drilling structure 5, which may be any structure,
whether land-based or over water, from which drilling of awell is performed, including, but
not limited to, a floating vessel, a fixed or floating platform, or a drilling rig. Drilling
structure 5 includes a deck or platform 10. A riser 17 is suspended through platform 10, a
packer 40, two blowout preventers 45, 48, and a well head 50 into awell bore 55. A drill
string 15 isinserted into riser 17 for the purpose of drilling well bore 55 to a desired depth.
Packer 40 and accompanying pressure control means (not shown) are operable to control the
pressure of drilling fluid in the drill string 15. In some embodiments, packer 40 is arotating
packer, for example, a Weatherford rotating packer, and pressure control means includes an
accumulator and/or a valve. Blowout preventers 45, 48 form a split BOP stack operable to
relieve pressure in the well bore 55. The upper BOP 48 is positioned at the surface above
platform 10 and controls well kicks and other normal well functions. The lower BOP 45 is
positioned at the seafloor 60 and serves as an emergency and last resort function to shut off
the well. Wellhead 50 is positioned over the well bore 55 at the sea floor 60 to support drill
string 15.

Drill string 15 includes one or more drill pipejoints 30 coupled to adrill bit 35. For
purposes including cooling and lubrication of drill bit 35 and cuttings removal during drilling
operations, drilling fluid 65 is pumped downward through drill string 15 to drill bit 35 using
one or more mud pumps 70 positioned on platform 10 of drilling structure 5. In some
embodiments, drilling fluid 65 ismud. The density of drilling fluid 65 is carefully controlled

to provide sufficient weight to produce a hydrostatic force exceeding the formation pressure,



10

15

20

25

30

WO 2008/151128 PCT/US2008/065524

thereby preventing formation fluid from exiting the formation and mixing with drilling fluid
65 in well bore 55,

As previously described, it is also desirable to maintain the hydrostatic force of
drilling fluid 65 below the fracture strength of the formation so as to prevent drilling fluid 65
from flowing into the formation and a filter cake of drilling fluid 65 being deposited on the
wall of well bore 55. While the hydrostatic force of drilling fluid 65 can be controlled
between the formation pressure and the formation fracture strength, drilling fluid 65 may be
returned through an annulus 80, located between the outer surface of drill pipejoints 30 and
the inner surface of riser 17, to the surface for recycling and reuse.

Controlling the hydrostatic force of drilling fluid 65 in this manner becomes more
difficult, or in some cases, even impossible, as well bore 55 deepens. Embodiments of the
invention provide a solution to this problem, namely a dual density mud return system. A
dual density mud return system provides an alternative path for returning drilling fluid 65 to
drilling structure 5, allowing the hydrostatic pressure of drilling fluid 65 in well bore 55 to be
maintained above the formation pressure but below the formation fracture strength, even in
deep wells. Thus, the dual density mud return system allows drilling fluid 65 to be recycled
and reused, while a the same time preventing damage to the formation.

A representative embodiment of a dual density mud return system is also depicted in
Figure 1. Dual density mud return system 85 includes diverter spool 75, power riser 20, and
mud return conduit 25. In the embodiment shown, diverter spool 75 ispositioned along riser
17, just above blowout preventer 45 and wellhead 50. Although shown near wellhead 50,
diverter spool 75 may be positioned anywhere along riser 17. Mud return conduit 25 is
coupled at one end to riser 17 by diverter spool 75 and at the other end to drilling structure 5.
Mud return conduit 25 includes shut-off valve 135 positioned between diverter spool 75 and
interface 90. Diverter spool 75 is selectively actuatable to allow or prevent drilling fluid 65 to
be diverted from annulus 80 into mud return conduit 25. Shut-off valve 135 is selectively
actuatable between open and closed positions to allow or prevent, respectively, drilling fluid
65 to pass therethrough.

Power riser 20 includes lift fluid conduit 95 and lift fluid pump 100. Lift fluid 105,
stored in lift fluid pit 110 positioned on platform 10, is conveyed by lift fluid pump 100
through lift fluid conduit 95 and interface 90 into mud return conduit 25. Lift fluid 105 has
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density that is lower than that of drilling fluid 65. In some embodiments, lift fluid 105 is
fresh water, seawater or other drilling fluid. Further, lift fluid 105 canbealiquid or agas.

Power riser 20 is coupled by interface 90 to mud return conduit 25. Interface 90
selectively allows the flow of lift fluid 105 from power riser 20 into mud return conduit 25
while at the same time preventing the flow of drilling fluid 65 from mud return conduit 25
into power riser 20. In some embodiments, interface 90 is a check valve, intermittent
diverier, or diverier shuttle valve, described in detail below.

During drilling operations, when well bore 55 reaches depths a which maintaining
the hydrostatic pressure of drilling fluid 65 above the formation pressure yet below the
formation fracture strength is difficult, or impossible, a decison may be made to return
drilling fluid 65 viadual density mud return system 85, instead of the conventional path along
annulus 80 through riser 17. Diverter spool 75 is actuated to divert drilling fluid 65 from
annulus 80 into mud return conduit 25, and shut-off valve is opened to alow drilling fluid 65
to flow therethrough. Thus, drilling fluid 65 is diverted along mud return conduit 25 to the
surface, and drilling operations continue uninterrupted by the flow diversion.

To assist in return of drilling fluid 65 to the surface, lift fluid 105 isinjected through
interface 90 into mud return conduit 25 to produce one or more slugs 115 of lift fluid 105
positioned between slugs 120 of drilling fluid 65, such that the combined density, or "dual
density," of lift fluid 105 and drilling fluid 65 in mud return conduit 25 is less than the
density of drilling fluid 65. In other words, a lighter lift fluid 105 is injected into drilling
fluid 65 to produce fluid in mud return conduit 25 that is lighter than would be the case if
drilling fluid 65 were the only fluid in conduit 25, and therefore easier to convey or "lift" to
the surface. The volume of each lift fluid slug 115 and the frequency at which each slug 115
isinjected into mud return conduit 25 is carefully controlled to achieve a desired combined
fluid density. The slug 115 volume and frequency may be varied to accommodate a wide
range of operating conditions, including the density and/or viscosity of drilling fluid 65, the
density and/or viscosity of lift fluid 105, the relative difference between the two, mud pump
70 flow rates and formation characteristics. For example, the quantity of lift fluid 105
injected may be controlled to produce slugs 115 of lift fluid 105 each having a volume three
times larger than that of each slug 120 of drilling fluid 65.

Moreover, intermittently injecting lift fluid 105 into drilling fluid 65 to produce slugs
115 of lift fluid 105 positioned between slugs 120 of drilling fluid 65 alows for easier
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separation of lift fluid 105 and drilling fluid 65 at the surface. For instance, mud return
conduit 25 further comprises valve 125 positioned at the surface. As slugs 120 of drilling
fluid 65 return through mud return conduit 25, slugs 120 are diverted by operation of valve
125 to mud shaker 130 for recyling and reuse. Furthermore, mud shaker 130 may be coupled
to mud pump 70 so that recycled drilling fluid 65 can bere-injected into well bore 55 via drill
string 30. Similarly, as slugs 115 of lift fluid 105 return through mud return conduit 25, slugs
115 are diverted by further operation of valve 125 to lift fluid pit 110, where they too can be
recycled and reused.

In preferred embodiments of dua density mud return system 85, interface 90 is a
diverter shuttle valve. Figures 2A and 2B are cross-sectional views of an exemplary diverter
shuttle valve 90 comprising two cylindrical, concentric hollow housings 92, 94. Inner housing
92 is configured to trandate at least partially within outer housing 94. Inner housing 92 has two
ends 96, 98. End 96 isdisposed within outer housing 94, while end 98 isnot. Inner housing 92
further includes aplurality of fins 99 positioned circumferentially about end 98 and aplurality
of openings 102, which are circumferentially spaced about end 96. Fins 99 preferably extend to
the inner wall of mud openings return conduit 25 to centralize diverter shuttle valve 90 within
mud return conduit 25. Outer housing 94 also comprises a plurality of openings 104, such that
when end 96 of inner housing 92 abuts end 106 of outer housing 94, openings 102 of inner
housing 92 and openings 104 of outer housing 94 align to form a flow path therethrough.
Although complete alignment of openings 102 and 104 is preferred, it isnot required and offset
alignment may provide all functiona needs. Further, although openings 102 and 104 are
shown as circular, they may take any shape or size.

During operation of a dua density mud return system 85 comprising diverter shuttle
valve 90, lift fluid 105 is injected through power riser 20. The injected lift fluid 105 acts on
diverter shuttle valve 90, causing inner housing 92 to trandate within outer housing 94 until, in
the preferred embodiment, end 96 of inner housing 92 abuts end 106 of outer housing 94 and
perforations 102 of inner housing 92 align with perforations 104 of outer housing 94. After this
contact, the assembly 92, 94 trandlates further until end 106 of outer housing 94 abuts neck 140
of mud return conduit 25, thereby forming a seal 112 which interrupts the flow of drilling fluid
65 through mud return conduit 25 a this location. Lift fluid 105 isthen forced through aligned
perforations 102, 104 to form a slug 115 of lift fluid 105 within mud return conduit 25. Figure
2A depicts perforations 102, 104 aligned, lift fluid 105 injected through aligned perforations
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102, 104, and the flow of drilling fluid 65 through neck 140 of mud return conduit 25
interrupted.

After aquantity of lift fluid 105 has been injected in this manner, injection of lift fluid
105 into power riser 20 is interrupted. Thus, the pressure load exerted by lift fluid 105 on
diverter shuttle valve 90 isremoved. Due to the pressure load of drilling fluid 65 acting on end
106 of outer housing 94, outer housing 94, with inner housing 92 contained therein, translates
and drilling fluid 65 flow through neck 140 of mud return conduit 25 isre-established to form a
slug 120 of drilling fluid 65 within mud return conduit 25. Slug 120 circulates around diverter
shuttle valve 90 and contacts fins 96 of inner housing 92. This contact causes inner housing 92
to trandlate within outer housing 94, which in turn, causes misalignment of perforations 102,
104 and interrupts the flow of lift fluid 105 therethrough. Figure 2B depicts perforations 102,
104 misaligned, the flow of lift fluid 105 through perforations 102, 104 interrupted, and the
flow of drilling fluid 65 through neck 140 of mud return conduit 25 re-established.

Thus, by injecting lift fluid 105 through power riser 20, diverter shuttle valve 90
trandates in one direction to form a slug 115 of lift fluid 105 within mud return conduit 25. By
discontinuing the injection of lift fluid 105, diverter shuttle valve 90 then trandates in the
opposite direction to form a slug 120 of drilling fluid 65. Moreover, by controlling the
intermittent injection of lift fluid 105 in this manner, slugs 115 of lift fluid 105 may be
interspersed between slugs 120 of drilling fluid 65 within mud return conduit 25.

Diverter spool 75, shut-off valve 135, mud return conduit 25 and power riser 20 are dll
designed to withstand abnormally high pressure loads, unlike riser 17, which istypicaly thin-
walled. Therefore, in the event that pressure in well bore 55 unexpectedly reaches abnormally
high levels, drilling fluid 65 may be diverted from annulus 80 within riser 17 into dual density
mud return system 85. A sdescribed above, diverter spool 75 is actuated to divert high pressure
drilling fluid 65 from annulus 80 into mud return conduit 25. Shut-off valve 135 is opened to
allow high pressure drilling fluid 65 to flow along conduit 25 to the surface. While the high
pressure drilling fluid 65 is diverted through dual density mud return system 85 to the surface,
drilling operations may proceed uninterrupted and damage to drill string 15 isprevented.

In the event that pressure in well bore 55 reaches abnormally high levels and a
decision ismade to "kill" the well, drilling operations cease. Diverter spool 75 is actuated to
allow drilling fluid 65 to flow from mud return conduit 25 into well bore 55, and shut-off
valve 135 is opened to allow drilling fluid 65 flow therethrough. Heavy drilling fluid 65 is

9
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then pumped from the surface downward through mud return conduit 25, shut-off valve 135,
and diverter spool 75 into well bore 55. Upon injection into well bore 55, heavy drilling fluid
65 enters the formation to stop flow of formation fluid into well bore 55, thereby "killing" the
well.

To assist in killing the well, lift fluid 105 may be injected through interface 90 into
mud return conduit 25 to produce one or more slugs 115 of lift fluid 105 positioned between
slugs 120 of drilling fluid 65, such that the combined density, or "dua density,” of lift fluid
105 and drilling fluid 65 in mud return conduit 25 is greater than the density of drilling fluid
65. In other words, aheavier lift fluid 105 isinjected into drilling fluid 65 to produce fluid in
mud return conduit 25 that isheavier than would bethe case if drilling fluid 65 were the only
fluid in conduit 25, and therefore heavier to kill the well. The volume of each lift fluid slug
115 and the frequency at which each slug 115 is injected into mud return conduit 25 is
carefully controlled to achieve a desired combined fluid density. As before, the slug 115
volume and frequency may be varied to accommodate a wide range of operating conditions,
including the density and/or viscosity of drilling fluid 65, the density and/or viscosity of lift
fluid 105, the relative difference between the two, mud pump 70 flow rates and formation
characteristics.

The exemplary dual density mud return system 85 depicted in Figure 1 shows mud
return conduit 25 and power riser 20 spaced apart some distance. In some embodiments,
however, one may be concentric about the other. For example, power riser 20 may be
concentrically positioned within mud return conduit 25, as illustrated in Figure 3. In such
embodiments, slugs 120 of drilling fluid 65 interspersed with slugs 115 of lift fluid 105 return
to the surface through annulus 150 between the outer surface of power riser 20 and the inner
surface of mud return conduit 25. Aside from these differences, system 85 and its operation
remain substantially the same asthat described above in reference to Figure 1.

Alternatively, mud return conduit 25 may be positioned concentrically within power
riser 20, asillustrated in Figure 4. In such system configurations, slugs 120 of drilling fluid 65
interspersed with slugs 115 of lift fluid 105 return to the surface through mud return conduit 25.
Aside from these differences, system 85 and its operation remain substantially the same as that
described above in reference to Figure 1.

hi embodiments where power riser 20 is concentric about mud return conduit 25, or

vice versa, interface 90 may simply be a seal formed between the two conduits 20, 25. For
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example, similar to Figure 3, power riser 20 may be concentrically positioned with mud return
conduit 25. Power riser 20 may betrandated in afirst direction, e.g., downward, to form a seal
with neck 140 of mud return conduit 25, thereby preventing the flow of lift fluid 105 from
power riser 20 into mud return conduit 25. Power riser 20 may then be subsequently translated
in the opposite direction, e.g., upward, to break that seal and re-establish the flow of lift fluid
105 into mud return conduit 25. Tims, transating power riser 20 in a first direction to form a
seal between power riser 20 and mud return conduit 25 and subsequently in the opposite
direction to break that seal produces slugs 115 of lift fluid 105 interspersed between slugs 110
of drilling fluid 65.

h the exemplary embodiments illustrated by Figures 1 through 4, drilling structure 5
included riser 17 through which drilling fluid 65 may be returned to the surface. Other drilling
structures, however, may not include ariser for this purpose. Such riserless drilling structures
may instead utilize adual density mud return system to return drilling fluid to the surface at all
times.

Turning now to Figure 5, a representative riserless drilling structure 200 is depicted.
Riserless drilling structure 200 may be any structure, whether land-based or over water, from
which drilling of awell is performed, including, but not limited to, a floating vessel, a fixed
or floating platform, or adrilling rig. Drilling structure 200 includes a deck or platform 210.
A drill string 215 is suspended through platform 210 and a packer 240 into a well bore 255
for the purpose of drilling well bore 255 to a desired depth. Packer 240 and accompanying
pressure control means (not shown) are operable to control the pressure of drilling fluid in the
drill string 215. In some embodiments, packer 240 is a rotating packer, for example, a
Westherford rotating packer, and pressure control means includes an accumulator and/or a
valve. A conductor 250 is positioned over well bore 255 at the sea floor 260 to support drill
string 215, and extends between packer 240 and well bore 255.

Drill string 215 includes one or more drill pipe joints 230 coupled to ajetting head
235. For the purpose of cuttings removal during drilling operations, drilling fluid 265, such
as mud, is pumped downward through drill string 215 to jetting head 235 using one or more
mud pumps 270 positioned on platform 210 of drilling structure 200. Upon exiting jetting
head 235, drilling fluid 265 passes upward through an annulus 280 located between the outer

surface of drill pipejoints 230 and the inner surface of conductor 250 and into a dua density
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mud return system 300. Dual density mud return system 300 returns drilling fluid 265 to the
surface for recycling and reuse.

Dual density mud return system 300 includes diverter spool 305, power riser 310,
mud return conduit 315, a supply conduit 320 and a sistern 325. In this exemplary
embodiment, diverter spool 305 is positioned along conductor 250, just below packer 240.
Although shown near packer 240, diverter spool 305 may be positioned anywhere aong
conductor 250. Supply conduit 320 is coupled at one end 330 to conductor 250 by diverter
spool 305. Diverter spool 305 is selectively actuatable to allow or prevent drilling fluid 265
to be diverted from annulus 280 into supply conduit 320. The other end 335 of supply
conduit 320 is enclosed within sistern 325. Supply conduit 320 includes shut-off valve 340
positioned between diverter spool 305 and end 335. Shut-off valve 340 is selectively
actuatable between open and closed positions to allow or prevent, respectively, drilling fluid
265 to pass therethrough.

Sistern 325 is an enclosure or reservoir positioned at the mud line 327 for receiving
and containing drilling fluid 265. Drilling fluid 265 that is diverted from annulus 280 is
delivered through diverter spool 305 and supply conduit 320 into sistern 325. Mud return
conduit 315 extends between sistern 325 and drilling structure 200, such that its lower end
345 is disposed within sistern 325 proximate the base 350 of sistern 325 and below the
surface of any drilling fluid 265 contained therein. Mud return conduit 315 includes a check
valve 355. Check valve 355 is selectively actuatable between open and closed positions to
allow or prevent, respectively, drilling fluid 265 to pass therethrough. In some embodiments,
ascreen 360 i s coupled to check valve 355 to prevent large particles contained within drilling
fluid 265 from passing through check valve 355.

Power riser 310 extends between sistern 325 and drilling structure 200, such that its
lower end 365 is disposed within sistern 325 proximate the top 370 of sistern 325 and above
the surface of any drilling fluid 265 contained therein. Power riser 310 includes lift fluid
conduit 375 with alift fluid pump 380 coupled thereto. Lift fluid 385, stored in alift fluid pit
390 positioned on platform 210, is conveyed by lift fluid pump 380 through lift fluid conduit
375 into sistern 325. Lift fluid 385 has density that islower than that of drilling fluid 265. In
some embodiments, lift fluid 385 is fresh water, seawater or other drilling fluid. Further, lift

fluid 385 can be a liquid or a gas. Power riser 310 further includes a check valve 395
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proximate lower end 365. Check valve 395 is selectively actuatable between open and closed
positions to allow or prevent, respectively, lift fluid 265 to pass therethrough.

Power riser 20 is coupled by interface 400 to mud return conduit 315. Interface 400
selectively alowsthe flow of lift fluid 385 from power riser 310 into mud return conduit 315
while at the same time prevents the flow of drilling fluid 265 from mud return conduit 315
into power riser 310. In some embodiments, interface 400 is abypass conduit coupled to a
check valve, intermittent diverter, or diverter shuttle valve, described in detail above.

During drilling operations, drilling fluid 265 is delivered by mud pump 270 through
drill string 215 and jetting head 235 into well bore 255. Diverter spool 305 is actuated to
divert drilling fluid 265 from annulus 280 into supply conduit 320, and shut-off valve 340 is
opened to allow drilling fluid 265 to flow therethrough. Drilling fluid 265 passes through
supply conduit 320 and into sistern 325.

To return drilling fluid 265 contained within sistern 325 to the surface, check valve
395 of power riser 310 is opened, and lift fluid 385 isinjected through lift fluid conduit 375
and check valve 395 into sistern 325. As the pressure of lift fluid 385 builds above drilling
fluid 265 within sistern 325, drilling fluid 265 is forced upward through end 345 of mud
return conduit 315. Check valve 355 is opened to alow drilling fluid 265 to pass
therethrough and return to the surface.

To assist the return of drilling fluid 265 to the surface, lift fluid 385 is injected
through interface 400 into mud return conduit 315 to produce one or more slugs 415 of lift
fluid 385 positioned between slugs 420 of drilling fluid 265, such that the combined density,
or "dual density," of lift fluid 385 and drilling fluid 265 in mud return conduit 315 isless than
the density of drilling fluid 265. In other words, alighter lift fluid 385 isinjected into drilling
fluid 265 to produce fluid in mud return conduit 315 that is lighter than would be the case if
drilling fluid 265 were the only fluid in conduit 315, and therefore easier to convey or "lift"
to the surface.

Prior to injecting lift fluid 385 in this manner to produce a slug 415 of lift fluid 385 in
mud return conduit 315, shut-off valve 340 of supply conduit 320, check valve 310 of power
riser 310 and check valve 355 of mud return conduit 315 are closed. Once these valves 340,
310, 355 are closed, lift fluid 385 isinjected through interface 400 as described. When the
desired quantify of lift fluid 385 has been injected, shut-off valve 340, check valve 310 and
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check valve 355 are again opened to allow drilling fluid 265 to return through mud return
conduit 315 to the surface.

The volume of each lift fluid slug 415 and the frequency a which each slug 415 is
injected into mud return conduit 325 is carefully controlled to achieve a desired combined
fluid density. The slug 415 volume and frequency may be varied to accommodate a wide
range of operating conditions, including the density and/or viscosity of drilling fluid 265, the
density and/or viscosity of lift fluid 385, the relative difference between the two, mud pump
270 flow rates and formation characteristics. For example, the quantity of lift fluid 385
injected may be controlled to produce slugs 415 of lift fluid 385 each having avolume three
times larger than that of each slug 420 of drilling fluid 265.

Moreover, intermittently injecting lift fluid 385 into drilling fluid 265 to produce
slugs 415 of lift fluid 385 positioned between slugs 420 of drilling fluid 265 alows for easier
separation of lift fluid 385 and drilling fluid 265 at the surface. For instance, mud return
conduit 315 further comprises valve 425 positioned at the surface. As slugs 420 of drilling
fluid 265 return through mud return conduit 315, slugs 420 are diverted by operation of valve
425 to mud shaker 430 for recycling and reuse. Furthermore, mud shaker 430 may be
coupled to mud pump 270 so that recycled drilling fluid 265 can bere-injected into well bore
255 via drill string 215. Similarly, as slugs 415 of lift fluid 385 return through mud return
conduit 315, slugs 415 are diverted by further operation of valve 425 to lift fluid pit 390,
where they too can berecycled and reused.

The exemplary dual density mud return system 300 depicted in Figure 5 shows mud
return conduit 315 and power riser 310 spaced apart some distance. In some embodiments,
however, one may be concentric about the other. For example, power riser 310 may be
concentrically positioned within mud return conduit 315, similar to that illustrated in Figure 3.
In such embodiments, slugs 420 of drilling fluid 265 interspersed with slugs 415 of lift fluid
385 return to the surface through an annulus between the outer surface of power riser 310 and
the inner surface of mud return conduit 315. Aside from these differences, system 300 and its
operation remain substantially the same as that described above in reference to Figure 5.

Alternatively, mud return conduit 315 may be positioned concentrically within power
riser 310, as illustrated in Figure 4. hi such system configurations, slugs 420 of drilling fluid
265 interspersed with slugs 415 of lift fluid 385 return to the surface through mud return

14



10

WO 2008/151128 PCT/US2008/065524

conduit 315. Aside from these differences, system 300 and its operation remain substantially
the same as that described above in reference to Figure 5.

While preferred embodiments have been shown and described, modifications thereof
can be made by one skilled in the art without departing from the scope or teachings herein. The
embodiments described herein are exemplary only and are not limiting. Many variations and
modifications of the systems are possible and are within the scope of the invention. For
example, the relative dimensions of various parts, the materials from which the various parts
are made, and other parameters can be varied. Accordingly, the scope of protection is not
limited to the embodiments described herein, but is only limited by the claims that follow, the

scope of which shall include al equivalents of the subject matter of the claims.
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CLAIMS

What isclamedis:

1

2.

A system for lifting drilling fluid from awell bore in aformation, comprising:

adrilling riser;

adrill string suspended within the drilling riser and adapted to form at least a portion of
the well bore;

a drilling fluid source for supplying drilling fluid through the drill string, the drilling
fluid exiting from the drill string during drilling and returning up an annulus
between the drilling riser and the drill string;

areturn line having afirst end;

a diverter coupled between the drilling riser and the first end of the return line, the
diverter configured to selectably divert drilling fluid from the annulus into the
return line;

apower riser coupled to the return line a an interface positioned aong the return line,
wherein the interface is configured to prevent the drilling fluid from flowing
into the power riser from thereturn line; and

a lift fluid source for supplying lift fluid through the power riser into the return line,
wherein the lift fluid isintermittently injected from the power riser through the
interface into the return line to form one or more slugs of lift fluid positioned
between slugs of drilling fluid;

wherein a combined density of lift fluid and drilling fluid in the return line isless than

the density of the drilling fluid alone.

The system of claim 1, wherein the interface is one of a group consisting of a check

valve, an intermittent diverter, and diverter shuttle valve.

3.

The system of claim 1, wherein the structure is one of a group consisting of a floating

vessel, afloating structure, and afixed structure.

4.

The system of claim 1, further comprising a drilling fluid pump for conveying the

drilling fluid from the drilling fluid source down the drill string.
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5. The system of claim 4, wherein the drilling fluid pump is operable to maintain a

hydrostatic pressure of the drilling fluid in the well bore exceeding a formation pressure.

6. The system of claim 1, further comprising a shut-off valve positioned along the return
line between the diverter spool and the interface and actuatable between an open position and a
closed position, wherein the open position is configured to permit the drilling fluid to flow
through the shut-off valve and wherein the closed position is configured to prevent the drilling

fluid from flowing through the shut-off valve.

7. The system of clam 1, wherein the drilling fluid ismud.

8. The system of claim 1, wherein the lift fluid is one of a group consisting of fresh water
and seawater.

9. The system of claim 1, further comprising apacker and pressure control means operable

to control pressure in the drill string.

10. The system of claim 9, wherein the pressure control means is one of a group consisting

of an accumulator and avalve.

11. The system of claim 9, wherein the packer isarotating packer.

12. The system of claim 1, further comprising ablowout preventer.

13. The system of claim 13, wherein the blowout preventer ispositioned on the structure.

14. A method for lifting drilling fluid from awell bore in aformation, comprising:
injecting adrilling fluid through adrill string;
diverting the drilling fluid from the well bore into areturn line; and
injecting alift fluid through a conduit and into the return line;
wherein a combined density of the lift fluid and the drilling fluid in the return line is

lessthan the density of the drilling fluid alone.
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15. The method of claim 14, further comprising creating in the return line one or more slugs

of lift fluid between slugs of drilling fluid.

16. The method of claim 15, further comprising diverting the one or more slugs of lift fluid
into alift fluid pit after exiting the return line and re-injecting the lift fluid diverted to the lift
fluid pit into the conduit.

17. The method of claim 15, further comprising diverting the slugs of drilling fluid into a
return shaker.

18. The method of claim 17, further comprising re-inj ecting the drilling fluid diverted to the
return shaker into the drill string.

19. A return system for lifting fluid from awell bore in a formation, comprising:

areturn line having afirst end;

a diverter spool positioned a the first end of the return line, the diverter spool
configured to selectably divert well bore fluid from the well bore into the return
line;

apower riser coupled to the return line at an interface positioned along the return line,
wherein the interface is configured to prevent the well bore fluid inside the
return line from flowing into the power riser; and

a lift fluid source for supplying lift fluid through the power riser into the return line,
wherein the lift fluid is injected from the power riser through the interface into
thereturn line;

wherein acombined density of lift fluid and well bore fluid in the return line isless than

the density of the well bore fluid alone.
20. The return system of clam 19, wherein the return line has a second end, and further

comprising areturn shaker configured to receive the well bore fluid emerging from the second

end of the return line.
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21. The return system of clam 19, wherein the return line has a second end, and further
comprising alift fluid pit configured to receive the lift fluid emerging from the second end of

thereturn line.

22. Thereturn system of claim 21, wherein the lift fluid source isthe lift fluid pit.

23. The return system of claim 19, wherein the interface is one of a group consisting of a

check valve, an intermittent diverter, and diverter shuttle valve.

24, The return system of claim 19, further comprising alift fluid pump for injecting the lift

fluid from the lift fluid source into the power riser.

25. The return system of claim 19, further comprising a shut-off valve positioned aong the
return line between the diverter spool and the interface and actuatable between an open position
and a closed position, wherein the open position is configured to permit the well bore fluid to
flow through the shut-off valve and wherein the closed position is configured to prevent the
well bore fluid from flowing through the shut-off valve.

26. The return system of claim 19, wherein the well bore fluid isdrilling mud.

27. The return system of clam 19, wherein the lift fluid is one of a group consisting of

fresh water and seawater.

28. The return system of claim 19, wherein the power riser is positioned concentrically

within the return line.

29. The return system of clam 19, wherein the return line is positioned concentrically

within the power riser.

30. A method of killing awell bore in aformation, comprising:
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suspending adrill string into the well bore;

coupling areturn line to the drill string using a diverter spool configured to divert fluid
from the return line into the well bore;

injecting aheavy fluid through the return line and the diverter spool into the well bore;

wherein the hydrostatic pressure of the heavy fluid injected into the well bore exceeds

the pressure of fluid in the formation.

A system for lifting drilling fluid from awell bore in aformation, comprising:

atubular member extending between apacker and the well bore;

adrill string suspended within the tubular member and adapted to form at least aportion
of the well bore;

a drilling fluid source for supplying drilling fluid through the drill string, the drilling
fluid exiting from the drill string during drilling and returning up an annulus
between the tubular member and the drill string;

asupply line having afirst end and a second end,;

a diverter coupled between the drilling riser and the first end of the supply line, the
diverter configured to selectably divert drilling fluid from the annulus into the
supply line;

an enclosure coupled to the second end of the supply line, the enclosure configured to
receive and contain drilling fluid from the supply line;

apower riser having afirst end disposed within the enclosure;

areturn line having afirst end disposed within the enclosure;

an interface coupled between the power riser and the return line, wherein the interfaceis
configured to prevent the drilling fluid from flowing into the power riser from
thereturn line; and

alift fluid source for supplying lift fluid through the power riser, wherein the lift fluidis
intermittently injected from the power riser through the interface into the return
line to form one or more slugs of lift fluid positioned between slugs of drilling
fluid;

wherein a combined density of lift fluid and drilling fluid in the return line is less than

the density of the drilling fluid alone.
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32. The system of claim 31, wherein the interface is one of a group consisting of a check

vave, an intermittent diverter, and diverter shuttle valve.

33. The system of claim 31, wherein the structure is one of a group consisting of a floating

vessel, afloating structure, and afixed structure.

3. The system of claim 31, further comprising a drilling fluid pump for conveying the

drilling fluid from the drilling fluid source down the drill string.

35. The system of claim 34, wherein the drilling fluid pump is operable to maintain a

hydrostatic pressure of the drilling fluid in the well bore exceeding aformation pressure.

36. The system of claim 31, further comprising a shut-off valve positioned along the supply
line between the diverter spool and the enclosure and actuatable between an open position and a
closed position, wherein the open position is configured to permit the drilling fluid to flow
through the shut-off valve and wherein the closed position is configured to prevent the drilling

fluid from flowing through the shut-off valve.

37. The system of claim 31, wherein the drilling fluid is mud.

38.  The system of claim 31, wherein the lift fluid is one of a group consisting of fresh water

and seawater.

39. The system of claim 31, further comprising a check valve positioned along the return
line and actuatable between an open position and a closed position, wherein the open position is
configured to permit the drilling fluid to flow through the check valve and wherein the closed

position is configured to prevent the drilling fluid from flowing through the check valve.
40. The system of claim 31, further comprising a check valve positioned along the power

riser between the interface and the enclosure and actuatable between an open position and a

closed position, wherein the open position is configured to permit the lift fluid to flow through

21



10

15

20

25

30

WO 2008/151128 PCT/US2008/065524

the check valve and wherein the closed position is configured to prevent the lift fluid from

flowing through the check valve.

41. The return system of claim 31, wherein the power riser is positioned concentrically

within the return line.

42. The return system of claim 31, wherein the return line is positioned concentrically

within the power riser.

43. A method for lifting drilling fluid from awell bore in aformation, comprising:
injecting adrilling fluid through adrill string;
diverting the drilling fluid from the well bore into an enclosure;
injecting alift fluid through a conduit and into the enclosure; and
forcing the drilling fluid from the enclosure through areturn line;

wherein the density of the lift fluid isless than the density of the drilling fluid.

44, The method of claim 43, further comprising injecting the lift fluid from the conduit into

the return line.

45, The method of claim 44, further comprising creating in the return line one or more slugs

of lift fluid between dugs of drilling fluid.
46. The method of claim 45, further comprising diverting the one or more slugs of lift fluid
into alift fluid pit after exiting the return line and re-injecting the lift fluid diverted to the lift

fluid pit into the conduit.

47. The method of claim 45, further comprising diverting the slugs of drilling fluid into a
return shaker.

48. The method of claim 47, further comprising re-injecting the drilling fluid diverted to the
return shaker into the drill string.
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49. A diverter shuttle valve comprising:

an outer housing having a cavity therein, the outer housing further having a first end
and aplurality of openings; and

an inner housing having a flowbore therethrough, the inner housing having a first end
and aplurality of openings;

wherein theinner housing is freeto tranglate within the cavity of the outer housing; and

wherein a flowpath is established between the openings of the inner housing and the
openings of the outer housing when the openings of the inner housing are

aligned with the openings of the outer housing.
50. The diverter shuttle valve of claim 49, wherein the outer housing further comprises a
second end, and wherein the openings of the inner housing are aligned with the openings of the

outer housing when the first end of the inner housing abuts the second end of the outer housing.

51. The diverter shuttle valve of claim 50, further comprises a plurality of fins positioned

circumferentially disposed proximate the second end of the inner housing thereabout.
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AMENDED CLAIMS
received by the International Bureau on 18 February 2009 (18.02.2009)

What isclaimed is:

1

2:

A system for lifting drilling fluid from awell bore in aformation, comprising:

adrilling riser;

adrill string suspended within the drilling riser and adapted to form at least a portion of
thewell bore;

adrilling fluid source for supplying drilling fluid through the drill string, the drilling
fluid exiting from the drill string during drilling and returning up an annulus
between the drilling riser and the drill string;

areturn line having afirst end;

a diverter coupled between the drilling riser and the first end of the return Iiné, the
diverter configured to selectably divert drilling fluid from the annulus into the
return line;

apower riser coupled to the return line a an interface positioned along the return line,
wherein the interface is configured to prevent the drilling fluid from flowing
into the power riser from thereturn ling; and

a lift fluid source for supplying lift fluid through the power riser into the return line,
wherein the lift fluid is intermittently injected from the power riser through the
interface into the return line to form one or more slugs-of lift fluid positioned
between slugs of drilling fluid;

wherein a combined density of lift fluid and drilling fluid in the return lineis less than

the density of the drilling fluid alone.

The system of claim 1, wherein the interface is one of a group consisting of a check

valve, an intermittent diverter, and diverter shuttle valve.

3.

The system of claim 1, wherein the drill string is suspended from one of a group

consisting of afloating vessel, afloating structure, and a fixed structure.

4.

The system of claim 1, further comprising a drilling fluid pump for conveying the

drilling fluid from the drilling fluid source down the drill string,

5.

The system of claim 4, wherein the drilling fluid pump is operable to maintain a

hydrostatic pressure of the drilling fluid in thewell bore exceeding a formation pressure.
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6. The system of claim 1, further comprising a shut-off valve positioned along the return
line between the diverter spool and the interface and actuatable between an open position and a
closed position, wherein the open position is configured to permit the drilling fluid to flow
through the shut-off valve and wherein the closed position is configured to prevent the drilling

fluid from flowing through the shut-off valve.

7, The system of claim 1, wherein the drilling fluid is mud.

8. The system of claim 1, wherein the lift fluid is one of a group consisting of fresh water
and seawater.

9. The system of claim 1, further comprising apacker and pressure control means operable

to control pressure in the drill string.

10. The system of claim 9, wherein the pressure control meansis one of a group consisting

of an accumulator and avalve.

11.  Thesystem of claim 9, wherein the packer is arotating packer.

12, The system of claim 1, further comprising ablowout preventer.

13.  Thesystem of claim 12, wherein the blowout preventer ispositioned on the structure.

14. A method for lifting drilling fluid from awell bore in aformation, comprising:
injecting adrilling fluid through adrill string;
diverting the drilling fluid from the well bore into areturn line; and
injecting a lift fluid through a conduit and into the return line;
wherein a combined density of the lift fluid and the drilling fluid in the return line is

less than the density of the drilling fluid alone.

15. Themethod of claim 14, further comprising creating in the return line one or more slugs

of lift fluid between slugs of drilling fluid.
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16. The method of claim 15, further comprising diverting the one or more slugs of lift fluid
into a lift fluid pit after exiting the return line and re-injecting the lift fluid diverted to the lift
fluid pit into the conduit.

17. The method of claim 15, further comprising diverting the slugs of drilling fluid into a
return shaker.

18, The method of claim 17, further comprising re-injecting the drilling fluid diverted to the
return shaker into the drill string,

19. A return system for lifting fluid from awell bore in aformation, comprising:

areturn line having afirst end;

a diverter spool positioned a the first end of the return line, the diverter spool
configured to selectably divert well bore fluid from the well bore into the return
ling;

apower riser coupled b the return line at an interface positioned aong the return line,
wherein the interface is configured to prevent the well bore fluid inside the
return line from flowing into the power riser; and

a lift fluid source for supplying lift fluid through the power riser into the return line,
wherein the lift fluid is injected from the power riser through the interface into
thereturn line;

wherein a combined density of lift fluid and well bore fluid in the return line isless than

the density of the well bore fluid alone.

20. The return system of claim 19, wherein the return line has a second end, and further
comprising areturn shaker configured to receive the well bore fluid emerging from the second

end of thereturn line.

21. The return system of claim 19, wherein the return line has a second end, and further
comprising a lift fluid pit configured to receive the lift Quid emerging from the second end of

the return line.
22, Thereturn system of claim 21, wherein the lift fluid source isthe lift fluid pit.
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23. The return system of claim 19, wherein the interface is one of a group consisting of a
check va)ve, an intermittent diverter, and diverter shuttlevalve.

24, The return system of claim 19, further comprising alift fluid pump for injecting the lift

fluid from the lift fluid source into the power riser.

25,  Thereturn system of claim 19, further comprising a shut-off valve positioned along the
return line between the diverter spool and the interface and actuatable between an open position
and a closed position, wherein the open position is configured to permit the well bore fluid to
flow through the shut-off valve and wherein the closed position is configured to prevent the

well bore fluid from flowing through the shut-off valve.

26, Thereturn system of claim 19, wherein the well bore fluid is drilling mud.

27. The return system of clam 19, wherein the lift fluid is one of a group consisting of

fresh water and seawater.

28. The return system of claim 19, wherein the power riser is positioned concentrically

within thereturn line.

29. The return system of claim 19, wherein the return line is positioned concentrically

within the power riser.

30. A method of killing awell bore in aformation, comprising:
suspending adrill string into the well bore;
coupling areturn line to the drill string using a diverter spool configured to divert fluid
from the return line into the well bore;
injecting aheavy fluid through the return line and the diverter spool into the well bore;
wherein the hydrostatic pressure of the heavy fluid injected into the well bore exceeds

the pressure of fluid in the formation.

31. A system for lifting drilling fluid from awell bore in a formation, comprising:

atubular member extending between apacker and the well bore;
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adrill string suspended within the tubular member and adapted to form at least aportion
of the well bore;

adrilling %I%i%os%ﬁr?é% for supplying drilling fluid through the drill string, the drilling
fluid exiting from the drill string during drilling and returning up an annulus
between the tubular member and the drill string;

asupply line having afirst end and asecond end,;

a diverter coupled between the drilling riser and the first end of the supply line, the
diverter configured to selectably divert drilling fluid from the annulus into the
supply line;

an enclosure coupled to the second end of the supply line, the enclosure configured to
receive and containdrilling fluid from the supply line;

apower riser having afirst end disposed within the enclosure;

areturn line having afirst end disposed within the enclosure;

an interface coupled between the power riser and the return line, wherein the interfaceis
configured to prevent the drilling fluid from flowing into the power riser from
thereturn line; and

alift fluid source for supplying lift fluid through the power riser, wherein thelift fluid is
intermittently injected from the power riser through the interface into the return
line to form one or more slugs of lift fluid positioned between slugs of drilling
fluid;

wherein a combined density of lift fluid and drilling fluid in the return line is less than

the density of the drilling fluid alone.

The system of claim 31, wherein the interface is one of a group consisting of a check

valve, an intermittent diverter, and diverter shuttlevave.

33.

The system of clam 31, wherein the drill string is suspended from one of a group

consisting of afloating vessel, afloating structure, and afixed structure.

34.

The system of claim 31, further comprising a drilling fluid pump for conveying the

drilling fluid from the drilling fluid source down the drill string.

35.

The system of claim 34, wherein the drilling fluid pump is operable to maintain a

hydrostatic pressure of the drilling fluid in the well bore exceeding a formation pressure.
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36. The system of claim 31, further comprising a shut-off valve positioned along the supply
line between the diverter spool and the enclosure and actuatable between an open position and a
closed position, -wherein the open position is configured to permit the drilling fluid to flow
through the shut-off valve and wherein the closed position is configured to prevent the drilling

fluid from flowing through the shut-off valve.
37. The system of claim 31, wherein the drilling fluid ismud.

38. The system of claim 31, wherein the lift fluid is one of a group consisting of fresh water

and sea water.

39. The system of claim 31, further comprising a check valve positioned along the return
line and actuatabl e between an open position and aclosed position, wherein the open position is
configured to permit the drilling fluid to flow through the check valve and wherein the closed

position is configured to prevent the drilling fluid from flowing through the check valve,

40. The system of claim 31, further comprising a check valve positioned along the power
riser between the interface and the enclosure and actuatable between an open position and a
closed position, wherein the open position is configured to permit the lift fluid to flow through
the check valve and Whereiﬁ the closed position is configured to prevent the lift fluid from

flowing through the check valve.

41 The system of claim 31, wherein the power riser is positioned concentrically within the

return line.

42, The system of claim 31, wherein the return line is positioned concentrically within the

power riser,

43, A method for lifting drilling fluid from awell bore in aformation, comprising:
injecting adrilling fluid through adrill string;
diverting the drilling fluid from the well bore into an enclosure;
injecting alift fluid through a conduit and into the enclosure; and
forcing the drilling fluid from the enclosure through areturn line;
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wherein the density of the lift fluid isless than the density of the drilling fluid.

44. The method of claim 43, further comprising injecting the lift fluid from the conduit into

thereturn line,

45, The method of claim 44, further comprising creating in the return line one or more slugs

of lift fluid between slugs of drilling fluid,

46. The method of claim 45, further comprising diverting the one or more slugs of lift fluid
into a lift fluid pit after exiting the return line and re-injecting the lift fluid diverted to the lift
fluid pit into the conduit,

47. The method of claim 45, further comprising diverting the slugs of drilling fluid into a
return shaker.

48. The method of claim 47, further comprising re-injecting the drilling fluid diverted to the
return shaker into the drill string.

49. A system for lifting drilling fluid from awell bore in a formation, comprising:

adrilling riser;

adrill string suspended within the drilling riser and adapted to form at least aportion of
the well bore;

a drilling fluid source for supplying drilling fluid through the drill string, the drilling
fluid exiting from the drill string during drilling and returning up an annulus
between the drilling riser and the drill string;

areturn line having afirst end;

a diverter coupled between the drilling risef and the first end of the return line, the
diverter configured to selectably divert drilling fluid from the annulus into the
return line;

apower riser coupled to the return line & an interface positioned along the return line,
wherein the interface is configured to prevent the drilling fluid from flowing
into the power riser from the return line; and

a lift fluid source for supplying lift fluid through the power riser into the return line,

wherein the lift fluid is intermittently injected from the power riser through the
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interface into the return line to form one or more slugs of lift fluid positioned
between slugs of drilling fluid;
wherein a combined density of lift fluid and drilling fluid in the return line is less than
the density of the drilling fluid alone; and
5 wherein the interface is adiverter shuttle valve comprising:
an outer housing having a cavity therein, the outer housing further having afirst
end and aplurality of openings, and
an inner housing having a flowbore therethrough, the inner housing having a
first end and aplurality of openings;
10 wherein the inner housing is free to trandate within the cavity of the outer
housing; and
wherein a flowpath is established between the openings of the inner housing and
the openings of the outer housing when the openings of the inner
housing are aligned with the openings of the outer housing.
15
50. The diverter shuttle valve of claim 49, wherein the outer housing further comprises a
second end, and wherein the openings of the inner housing are aligned with the openings of the

outer housing when the first end of the inner housing abuts the second end of the outer housing,

20 51.  The diverter shuttle valve of claim 50, further comprises a plurality of fins positioned

circumferertially disposed proximate the second end of the inner housing thereabout.
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