wO 2008/151128 A |0 00 00 R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [I

) IO O OO O O

International Bureau

(43) International Publication Date
11 December 2008 (11.12.2008)

(10) International Publication Number

WO 2008/151128 A4

(51) International Patent Classification:
E21B 7/128 (2006.01) E21B 7/12 (2006.01)

(21) International Application Number:
PCT/US2008/065524

(22) International Filing Date: 2 June 2008 (02.06.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/941,523 1 June 2007 (01.06.2007) US

(71) Applicant (for all designated States except US): HOR-
TON TECHNOLOGIES, LLC [US/US]; 11757 Katy
Freeway, Suite 1300, Houston, Texas 77079 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HORTON, Ed-
ward, E., III [US/US]; 6114 Crab Orchard, Houston,
Texas 77057 (US). FINN, Lyle, David [US/US]; 3806
Bayou Bend, Sugarland, Texas 77479 (US). MAHER,

(74)

(81)

(34)

James [US/US]; 11757 Katy Freeway, Suite 1300, Hous-
ton, Texas 77079 (US). NAVARRE, Greg [US/US]; 11757
Katy Freeway, Suite 1300, Houston, Texas 77079 (US).

Agent: PIERCE, Jonathan, M.; P.O. Box 3267, Houston,
Texas 77253-3267 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

[Continued on next page]

(54) Title: DUAL DENSITY MUD RETURN SYSTEM

Fic, |

(57) Abstract: Systems and methods for lifting
drilling fluid from a well bore in a subsea formation
are disclosed. Some system embodiments include
a drill string suspended within a drilling riser to
form the well bore, and a drilling fluid source for
supplying drilling fluid through the drill string
during drilling. A diverter is coupled between the
drilling riser and a return line, while a power riser
coupled to the return line at an interface. A lift fluid
source supplies lift fluid through the power riser
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 the 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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AMENDED CLAIMS
received by the International Bureau on 18 February 2009 (18.02.2009)
What is claimed is:
1. A system for lifting drilling fluid from a well bore in a formation, comprising:

2.

a drilling riser;

a drill 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 retuming up an annulus
between the drilling riser and the drill string;

a return line having a first 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;

a power riser coupled to the return line at 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
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 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 a floating vessel, a floating 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,

S.

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.

24
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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 sea water.
9 The system of claim 1, further comprising a packer 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 accurnulator and a valve,

11.  The system of claim 9, wherein the packer is a otating packer.

12.  The system of claim 1, further comprising a blowout preventer.

13.  The system of claim 12, wherein the blowout preventer is positioned on the structure.

14. A method for lifting drilling fluid from a well bore in a formation, comprising:
injecting a drilling fluid through a drill string; ‘
diverting the drilling fluid from the well bore into a return line; and
injecting a lift fluid through a conduit and into the retum line;
wherein a combined density of the lift fluid and the drilling fluid in the return line is
less then the density of the drilling fluid alone.

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.

25
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16.  The method of claim 15, further comprising diverting the one ot 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
retum 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 a well bore in a formation, comprising:

a return line having a first end,;

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

a power riser coupled to the return line at an interface positioned along the retumn 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
the return line;

wherein a combined density of lift fluid and well bore fluid in the return line is less than
the density of the well bore fluid alone.

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

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

22,  The retum system of claim 21, wherein the lift fluid source is the lift fluid pit.

26
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23.  The retum 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 a lift 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 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,  The retum system of claim 19, wherein the well bore fluid is drilling mud.

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

fresh water and sea water.

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

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

within the power riser.

30. A method of killing a well bore in a formation, comprising:
suspending a drill string into the well bore;
coupling a return line to the drill string using a diverter spool configured to divert fluid
from the returmn line into the well bore;
injecting a heavy fluid through the retum 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 a well bore in a formation, comprising:

a tubular member extending between a packer and the well bore;,

27
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a drill string suspended within the tubular member and adapted to form at least a portion
of the well bore;

a drilling %i?ios%lu%% 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;

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, 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;

a power riser having a first end disposed within the enclosure;

a return line having a first end disposed within the enclosure;

an interface coupled between the power riser and 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, wherein the 1ift fluid is
intermittently injected from the power riser through the ititerface into the retum
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 retumn line is less than
the density of the drilling fluid alone.

32.  The system of claim 31, wherein the interface is one of a group consisting of a check
valve, an intermittent diverter, and diverter shuttle valve.

33.  The system of claim 31, wherein the drill string is suspended from one of a group
consisting of a floating vessel, a floating structure, and a fixed 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 opetable to maintain a
hydrostatic pressure of the drilling fluid in the well bore exceeding a formation pressure,
28
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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 vaive 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 sea water.

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, wher¢in 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 whereix; 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 retum line is positioned concentrically within the

power tiser,

43, A method for lifting drilling fluid from a well bore in a formation, comprtising:
injecting a drilling 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 enclosure; and
forcing the drilling fluid from the enclosure through a retum line;

29
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wherein the density of the lift fluid is less 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 retum 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
retumn 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 a well bore in a formation, comprising:

a drilling riser,

a drill 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 retuming up an annulus
between the drilling riser and the drill string;

a return line having a first end;

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

a power riser coupled to the return line at 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

30
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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 Jine is less than
the density of the drilling fluid alone; and
5 wherein the interface is a diverter shuttle valve comprising:
an outer housing having a cavity therein, the outer housing further having a first
end and a plurality of openings; and |
an inner housing having a flowbore therethrough, the inner housing having a
first end and a plurality of openings;
10 wherein the inner housing is free to translate 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

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