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CLAIMS AMENDED UNDER ARTICLE 19 (PCT) FOR PCT/US/2007/021530

1. A downhole burner for a well, comprising:

a burner casing;

a linet coupled to the burner casing for combusting a fuel and an oxidizer;

an injector coupled to the burner casing for injecting the fuel and the oxidizer into the
liner;

a steam chatimel located inside the burner casing and surrounding exterior surfaces of the
injector and the liner; and

the liner having a plurality of holes for cornmunicating steam from the steam channel to
an interjor of the liner downstream from the injector, such that the steam is superheated by
combustion of the fuel and oxidizer to increase a steam quality of the steam, the combusted fuel
and oxidizer and the superheated steam exiting the liner to enter an oil-beating formation to
upgrade and improve a mobility of heavy crude oils held in the oil-bearing formation.

2, A downhole burner according to Claim 1, wherein the liner comprises an upper section
located adjacent to the injector, and a lower section located adjacent to the upper section.

3. A downhole burner according to Claim 2, wherein the upper section has a plurality of
holes for injecting steam through the liner,

4. A downhole burner according to Claim 3, wherein the holes extend through the liner at an
angle relative to a longitudinal axis of the liner.

5. A downhole burner according to Claim 2, whetein the lower section has a plurality of
first holes and a plurality of second holes, the second holes being larger than the first holes, and
the second holes being oriented at a 90° angle relative to an internal surface of the liner,

6. A downhole burnet according to Claim 1, wherein the injector comprises a first plate
having a plurality of holes.
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7. A downhole burner aceording to Claim 6, wherein the holes in the first plate are arranged
in concentric tings,

3, A downhole burner according to Claim 1, wherein the injector comptises four plates,
each of which hias holes.

9, A system for producing viscous hydrocarbons from a well having a casing, comprising:
a plurality of conduits for delivering fuel, an oxidizer and steam from a surface down
through the casing;
a downhole burner secured to the plurality of conduits, the downhole burner comprising:
a burner ¢asing;
an injector coupled to the plurality of conduits for injecting the fuel and oxidizer
into the well;
a liner coupled to the burner casing located below the injector for combusting the
fuel and oxidizer;
a steam channel located inside the burner casing and surrounding exterior surfaces
of the injector and the liner; and
the liner having a plurality of holes for communicating steam from the steam
channel to an interior of the liner downstream from the injector, such that the steam is
superheated by combustion of the firel and oxidizer to increase a steam quality of the
steam, tile combusted fuel and oxidizer and the superheated steam exiting the liner to
enter an oil-bearing formation to upgrade and improve a mobility of heavy crude oils held
in the oil-bearing formation,

10. A system according to Claim 9, wherein the liner comprises 2 first section located
adjacent to the injector, and a second section located adjacent to the first section.

11, A system according to Claim 9, wherein the holes extend through the liner at an angle
relative to a longitudinal axis of the liner.
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12, A system according to Claim 10, wherein the second section has a plurality of first holes
and a plurality of second holes, the second holes being larger than the first holes, and the second
holes being oriented at a 90° angle relative to an internal surface of the liner.

13, A system according to Claim 9, wherein the injector comprises a first plate having a
plurality of holes for injecting the fuel and oxidizer into the burner.

14, A system according to Claitn 9, whetein the holes in the first plate are arranged in
concentric rings.

15. A system according to Claim 9, wherein the injector comptises four plates, each of which
has holes.

16. A method of producing viscous hydrocarbons from a well having a casing, comptising:
(a)  providing a downhole burner having a burher casing, an injector, and a liner;

(b)  lowering the downhole bumer into the well;

(¢)  delivering fuel, an oxidizer and steam from a surface down through the casing to the
downhole burner;

(d)  injecting the fuel and oxidizer into the downhole butner with the injector;

(€)  combusting the fuel and oxidizer with the liner;

63 delivering steam tﬁrough a steam channel located between the burner casing and the
injector and liner;

(g)  injecting steam from the steam channel, through holes in the liner, to an interior of the
liner to superheat the steam with the combusted fuel and oxidizer to increase a steam quality of
the steam; and

(h)  releasing the combusted fuel and oxidizer and the superheated steam from the liner into
an oil-bearing formation to upgrade and improve a mobility of heavy crude oils held in the oil-
bearing formation.
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17. A method according to Claim 16, wherein the Jiner comptises a first section located
adjacent to the injector, and a second section located adjacent to the first section, the first section
having a plurality of holes for injecting steam through the liner,

18. A method according to Claim 17, wherein the holes extend through the liner at an angle

relative 10 a longitudinal axis of the liner,

19. A method according to Claim 17, wherein the second section has a plurality of first holes
and a plurality of second holes, the second holes being larger than the first holes, and the second
holes being oriented at a 90° angle relative to an internal surface of the liner to inject steam
further toward a longitudinal axis of the liner.

20. A method according to Claim 16, whetein the injector comprises four plates, at least one
of which has holes artanged in concentric rings,

21. A system for producing viscous hydrocarbons from a well having a ¢asing, comprising:
a plurality of conduits for delivering fuel, an oxidizer, CO; and steam from a surface
down through the casing;
a downhole burner secured to the plurality of conduits, the downhole burner comprising:
a butner casing;
an injector coupled to the plurality of conduits for injecting the fuel, oxidizer and
CO; into the well;
a liner coupled to the burner casing located below the injector for combusting the
fuel and oxidizer and releasing exhaust gases including the CO»;
a steam channel located inside the burner casing and swrrounding exterior surfaces
of the injector and the liner;
the liner having a plurality of holes for communicating steam from the steam
channel to an interior of the liner downstream from the injector, and the steam is
superheated by the combusted fuel and oxidizer to increase a steam quality of the steam;
and
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the exhaust gases and the superheated steam exiting the liner to enter an oil-
bearing formation to upgrade and improve a mobility of heavy crude oils held in the oil-
bearing formation.

22, Asystem according to Claim 21, wherein the liner comprises a first section located
adjacent to the injector, and a second section located adjacent to the first section, the first section
having a plurality of holes for injecting steam through the liner,

23, Asystem according to Claim 22, wherein the holes extend through the liner at an angle
relative to a longitudinal axis of the liner,

24. A system according to Claim 22, wherein the second section has a plurality of first holes
and a plurality of second holes, the second holes being latger than the first holes, and the second
holes being oriented at a 90° angle relative to an internal surface of the linet to inject steam
further toward a longitudinal axis of the liner.

25. A system according to Claim 21, wherein the injector comprises four plates, at least one
of which has holes arranged in concentric tings.

26, A downhole butner for a well, comprising:

a burper casing;

a liner coupled to the burner casing for combusting a fuel and an oxidizer;

an injector coupled to the burner casing for injecting the fuel and the oxidizer into the
liner;

a steam channel located inside the burner casing and sutrounding exterior surfaces of the
injector and the liner; and

the liner having a plurality of holes for communicating steam from the steam channel to
an interior of the liner downstream from the injector, such that the steam is superheated by
combustion of the fuel and oxidizer to increase a steatn ¢uality of the steam, the combusted fuel
and oxidizer and the superheated steam exiting the liner to enter an oil-bearing formation to
upgrade and improve a mobility of heavy crude oils held in the oil-beating formation,
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27, A downhole burner according to Claim 26, wherein the liner comprises an effusion
cooling section located adjacent to the injector, and an effusion cooling and jet mixing section
located adjacent to the effusion cooling section.

28, A downhole burner according to Claim 27, wherein the effusion cooling section has a
plurality of effusion holes that inject small jets of steam through the liner to provide a layer of
cooler gases o protect the liner.

29. A downhole burnet according to Claim 28, wherein the effusion holes extend through the
liner at a 20° angle relative to a longitudinal axis of the liner and are oriented to inject steatn
downstream of the injector, for moving the injected steam along an interior wall of the liner to
lower a temperature thereof,

30. A downhole burner according to Claim 27, wherein the effusion cooling and jet mixing
section has a plurality of effusion holes and a plurality of mixing holes, the mixing holes being
larger than the effusion holes, and the mixing holes being oriented at a 90° angle relative to an
internal surface of the liner to inject steamn further toward a longitudinal axis of the liner.

31, A downhole burner according to Claim 26, wherein the injector comprises an injector
face plate having a plurality of injection holes for injecting the fuel and oxidizer into the burner,
the injector face plate also having an igniter for igniting the fuel and oxidizer injected into the

burnet,

32, A downhole butner according to Claim, 31, wherein the injector face plate has fuel holes
and oxidizer holes, each of which is arranged in concentric tings to produce a shower head
stream pattern of fue! and oxidizet to move streams of the fuel and oxidizer away from the
injector face plate, such that a stand-off distance is provided between a flame of the combusted
fuel and oxidizer and the injector face plate to reduce a temperaturs of the injector face plate,
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33. A downhole bumer according to Claim 26, wherein the injector comprises (a) a cover
plate having an oxidizer inlet, (b) an oxidizer distribution manifold plate having an oxidizer
manifold and oxidizer holes coupled to the oxidizer inlet, and (c) a fuel distribution manifold
plate baving oxidizer holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the
fuel distribution manifold plate for cooling the fuel distribution plate, and fuel holes.

34. A downhole burner according to Claim 26, wherein the injector comptises a cover plate
on top of an oxidizer distribution manifold plate, the oxidizer distribution manifold plate is on
top of a fuel distribution manifold plate, and the fuel distribution manifold plate is on top of an
injector face plate,

35. A system for producing viscous hydrocarbons from a well having a casing, comprising:
a plurality of conduits for delivering fuel, an oxidizer and steam from a surface down
through the casing;
a downhole burner secured to the plurality of conduits, the downhole burner comprising!
a butner casing;
an injector coupled to the plurality of conduits for injecting the fuel and oxidizer
into the well,
a liner coupled to the burner casing located below the injector for combusting the
fuel and oxidizer;
a steam channel located inside the butner casing and surrounding exterior surfaces
of the injector and the liner; and
the liner having a plurality of holes for communicating steam from the steam
channel to an interior of the liner downstream from the injector, such that the steam is
supetheated by combustion of the fuel and oxidizer to increase a steam quality of the
steam, the combusted fuel and oxidizer and the supetheated steam exiting the liner to
entet an oil-bearing formation to upgrade and improve a mobility of heavy crude oils held
in the oil-bearing formation.
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36,  Asystem aqcording to Claim 35, wherein the liner comprises an effusion cooling section
located adjacent to the injector, and an effusion cooling and jet mixing section located adjacent
1o the effusion cooling section.

37.  Asystem according to Claim 36, wherein the effusion cooling section has a plurality of
effusion holes that inject small jets of steam through the liner to provide a layer of cooler gases
to protect the liner,

38, A system according to Claim 37, wherein the effusion holes extend through the liner at a
20° angle relative to a longitudinal axis of the liner and are oriented to inject steam downstream
of the injector, such that the injected steam moves along an interior wall of the liner to lower a
temperature thereof.

39. A system according to Claim 36, wherein approximately 37.5% of the steam provided
through the steam channel is injected into the liner by the effusion cooling section.

40. A system according to Claim 36, wherein the effusion cooling and jet mixing section has
a plurality of effusion holes and a plurality of mixing holes, the mixing holes being larger than
the effusion holes, and the mixing holes being oriented at a 90° angle relative to an internal
surface of the liner to inject steam further toward a longitudinal axis of the liner,

41, A system according to Claim 35, wherein the steam has a steam quality of approximately
80% to 100% formed at the surface of the well that is fluidly communicated to the steam channel
at a pressure of about 1600 psi,

42. A system according to Claim 35, wherein the downhole burner has 2 power output of
approximately 13 MMBtw/hr for producing about 3200 bpd of superheated steam with an outlet
temperature of about 700°F.

43. A system according to Claim 35, wherein the injector comprises an injector face plate
having a plurality of injection holes for injecting the fuel and oxidizer into the burner, the
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injector face plate also having an igniter for igniting the fuel and oxidizer injected into the
burner.

44, A system according to Claim 43, wherein the injector face plate has fuel holes and
oxidizet holes, each of which is arranged in concentric rings to produce a shower head stream
pattern of fuel and oxidizer to move streams of the fuel and oxidizer away from the injector face
plate, such that a stand-off distance is provided between a flame of the combusted fuel and
oxidizer and the injector face plate to reduce a temperature of the injector face plate,

45, A system according to Claim 35, wherein the injector comprises (a) a cover plate having
an oxidizer inlet, (b) an oxidizer distribution manifold plate having an oxidizer manifold and
oxidizer holes coupled to the oxidizer inlet, and (¢) a fuel distribution manifold plate having
oxidizer holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the fuel
distribution manifold plate for cooling the fuel distribution plate, and fuel holes.

46, A system according to Claim 35, wherein the injector comprises a cover plate on top of
an oxidizer distribution manifold plate, the oxidizer distribution manifold plate is on top of a fuel
distribution manifold plate, and the fuel distribution manifold plate is on top of an injector face
plate.

47. A method of producing viscous hydrocarbons from a well having a casing, comprising;
(@)  providing a downhole burner having a burner casing, an injector, and a liner;

(b)  loweting the downhole burner into the well;

()  delivering fuel, an oxidizer and steam from a surface down through the casing to the
downhole burner;

(d)  injecting the fuel and oxidizer into the downhole burner with the injector;

(8)  combusting the fuel and oxidizer with the liner;

(®  delivering steam through a steam channel located between the burner casing and the
injector and liner;
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(g) injecting steam from the steam channel, through holes in the liner, to an interior of the
liner to supetheat the steam with the combusted fuel and oxidizer to increase a steam quality of
the steam; and

(h)  releasing the combusted fuel and oxidizer and the superheated steam from the liner into
an oil-bearing formation to upgrade and improve a mobility of heavy crude oils held in the oil-
bearing formation.

48. A method according to Claim 47, wherein the liner comprises an effusion cooling section
located adjacent to the injector, and an effusion cooling and jet mixing section located adjacent
to the effusion cooling section, the effusion cooling section having a phurality of effusion holes
that inject small jets of steam through the liner to provide a layer of cooler gases to protect the
liner.

49. A method according to Claim 48, wherein the effusion holes extend through the liner at a
20° angle relative to a longitudinal axis of the liner and are oriented to inject steam downstream
of the injector, such that the injected steam moves along an interior wall of the liner to lower a
temperature thereof.

50. A method according to Claim 48, wherein the effusion cooling and jet mixing section has
a plurality of effusion holes and a plurality of mixing holes, the mixing holes being larger than
the effusion holes, and the mixing holes being oriented at a 90° angle relative to an internal
surface of the liner to inject steam further toward a longitudinal axis of the liner.

51. A method according to Claim 47, wherein the steam has a steam quality of approximately
80% to 100% formed at the surface of the well that is fluidly communicated to the steam channel
at a pressure of about 1600 psi.

52. A method according to Claim 47, wherein the downhole burner has a power output of
approximately 13 MMBtu/hr for producing about 3200 bpd of superheated steam with an outlet
temperature of about 700°F.
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53. A method according to Claim 47, wherein the injector compriges an injector face plate
having a plurality of injection holes for injecting the fuel and oxidizer into the bumner, the
injector face plate also having an igniter for igniting the fuel and oxidizer injected into the
butner,

54, A method aceording to Claim 53, whetein the injecior face plate has fuel holes and
oxidizer holes, each of which is arranged in concentric rings to produce a shower head stream
pattemn of fuel and oxidizer to move streams of the fuel and oxidizer away from the injector face
plate, such that a stand-off distance is provided between a flame of the combusted fuel and
oxidizer and the injector face plate to reduce a temperature of the injector face plate.

55. A method according to Claim 47, whetein the injector comprises (&) a cover plate having
an oxidizer inlet, (b) an oxidizer distribution manifold plate having an oxidizer manifold and
oxidizer holes coupled to the oxidizer inlet, and (¢) a fuel distribution manifold plate having
oxidizer holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the fuel
distribution manifold plate for cooling the fuel disteibution plate, and fuel holes.

56. A method according to Claim 47, wherein the well comprises a wellbore configuration
selected from the group consisting of vertical and horizontal.

57. A system for producing viscous hydrocarbons from a well having a casing, comprising:
a phirality of conduits for delivering fuel, an oxidizer, CO; and steam from a surface
down through the casing;
a dowmhole butner secured to the plurality of conduits, the downhole burner comprising;
a burner casing;
an injector coupled to the plurality of conduits for injecting the fuel, oxidizer and
CO, into the well;
a liner coupled to the burner casing located below the injector for combusting the
fuel and oxidizer and releasing exhaust gases including the CO»;
a steam channel located inside the bumer casing and surrounding exterior surfaces
of the injector and the liner;
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the liner having a plurality of holes for communicating steam from the steam
channel to an interior of the liner downstream from the injector, such that the exhaust
gases and the steam cool the liner, and the steam is superheated by the combusted fuel
and oxidizer to increase a steam quality of the steam; and

the exhaust gases and the superheated steam exiting the liner to enter an oil-
bearing formation to upgrade and improve a mobility of heavy crude oils held in the oil-
bearing formation, |

58, A system according to Claim 57, wherein the liner comprises an effusion cooling section
located adjacent to the injector, and an effusion cooling and jet mixing section located adjacent
to the effusion cooling section.

59. A system according to Claim 58, wherein the effusion cooling section has a plurality of
effusion holes that inject small jets of steam through the liner to provide a layer of cooler gases
to protect the liner, and the effusion holes extend through the liner at a 20° angle relative to a
longitudinal axis of the liner and are oriented to inject steam downstream of the injector, such

that the injected steam moves along an intetior wall of the liner to lower a temperature thereof.

60. A system according to Claim 58, wherein the effusion cooling and jet mixing section has
a plutality of effusion holes and a plurality of mixing holes, the mixing holes being larger than
the effusion holes, and the mixing holes being oriented at a 90° angle relative to an internal
surface of the liner to inject steam further toward a longitudinal axis of the liner.

61. A system according to Claim 57, whetein the injector comprises an injector face plate
having & plurality of injection holes fot injecting the fiel and oxidizer into the burner, the
injector face plate also having an igniter for igniting the fuel and oxidizer injected into the
burner,

62, A system according to Claim 61, wherein the injector face plate has fuel holes and
oxidizer holes, each of which is arranged in concentric rings to produce a shower head stream

pattern of fuel and oxidizer fo move streams of the fuel and oxidizer away from the injector face
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plate, such that a stand-off distance is provided between a flame of the combusted fuel and
axidizet and the injector face plate to reduce a temperature of the injector face plate.

63. A system according to Claim 57, wherein the injector comprises (a) a cover plate having
an oxidizer inlet, the cover plate is located on (b) an oxidizer distribution manifold plate having
an oxidizer manifold and oxidizer holes coupled to the oxidizer inlet, and the oxidizer
distribution manifold plate is on top of (¢) a fuel distribution manifold plate having oxidizer
holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the fuel distribution
tmanifold plate for cooling the fuel distribution plate, and fuel holes, and the fuel distribution
manifold plate is located on top of (d) an injector face plate.

64. A downhole burner for a well, comprising:

a burner casing;

a liner coupled to the burner casing for combusting a fuel and an oxidizer;

an injector coupled to the burner casing for injecting the fuel and the oxidizer into the
liner;

a steatn channel located inside the burner casing and surrounding exterior surfaces of the
injector and the liner; and

the liner having a plurality of holes for communicating steam from the steam channel to
an intetior of the liner downstream from the injector, such that the steam is superheated by
combustion of the fuel and oxidizer to increase a steam quality of the steam, the combusted fuel
and oxidizer and the superheated steam exiting the linet to enter an oil-bearing formation to
upgrade and improve a mobility of heavy crude oils held in the oil-bearing formation,

65. A downhole burner according to Claim 64, wherein the liner comprises an effusion
cooling section located adjacent to the injector, and an effusion cooling and jet mixing section

located adjacent to the effusion cooling section,

66, A downhole burner according to Claim 65, wherein the effusion cooling section has a
plurality of effusion holes that inject small jets of steam through the liner to provide a layer of

cooler gases to protect the liner.
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67. A downhole burner according to Claim 66, wherein the effusion holes extend through the
liner at a 20° angle relative to a longitudinal axis of the liner and are oriented to inject steam
downstream of the injector, for moving the injected steam along an interior wall of the liner to
lower & temperature thereof.

68. A downhole burner according to Claim 65, wherein the effusion cooling and jet mixing
section hag a plurality of effusion holes and a plurality of mixing holes, the mixing holes being
larger than the effusion holes, and the mixing holes being oriented at a 90° angle relative to an
intetnal surface of the liner to inject steam further toward a longitudinal axis of the liner.

69. A downhole burner according to Claim 64, wherein the injector contprises an injector
face plate having a plurality of injection holes for injecting the fuel and oxidizer info the burner,
the injector face plate also having au igniter for igniting the fuel and oxidizer injected into the

burner.

70. A downhole burner according to Claim 69, wherein a gap is formed between an outer
diameter of the injector face plate and an inner diameter of the liner so that steam can leak past
and cool the injector face plate.

71. A downhole butmer according to Claim 70, wherein the burner casing and the liner each
have a wall thickness of about 0.125 inches, the steam channel has an annular width between the
liner and the burner casing of about 0.375 inches.

72. A downhole burner according to Claim 69, wherein the injector face plate has fuel holes
and oxidizer holes, each of which is arranged in concentric rings to produce a showet head
stream pattern of fuel and oxidizer to move streams of the fuel and oxidizer away from the
injector face plate, such that a stand-off distance is provided between a flame of the combusted
fuel and oxidizer and the injector face plate to reduce a temperature of the injector face plate.
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73. A downhole burner according to Claim 64, wherein the injector comprises (a) a cover
plate having an oxidizer inlet, (b) an oxidizer disttibution manifold plate having an oxidizer
manifold and oxidizer holes coupled to the oxidizer inlet, and (c) a fuel distribution manifold
plate having oxidizer holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the
fuel distribution manifold plate for cooling the fuel distribution plate, and fuel holes.

74. A downhole burner according to Claim 64, wherein the injector comprises a cover plate
on top of an oxidizer distribution manifold plate, the oxidizer distribution manifold plate is on
top of a fuel distribution manifold plate, and the fuel distribution manifold plate is on top of an
injector face plate.

75. A system for producing viscous hydrocarbons from a well having a casing, comprising:
a plurality of conduits for delivering fuel, an oxidizer and steam from a surface down
through the casing;
a downhole burner secured to the plurality of conduits, the downhole butner comprising:

a burner casing;

an injector coupled to the plurality of conduits for injecting the fuel and oxidizer
into the well;

a liner coupled to the burner casing located below the injector for combusting the
fuel and oxidizer, the litter having an intetior that defines a gap between the interior and
an exterior of the injector for permitting steam to leak past and cools the tnjector;

a steam channel located inside the butner casing and swrounding exterior surfaces
of the injector and the liner; and

the liner having a plurality of holes for communicating steam from the steam
channel to an interior of the liner downstream from the injector, such that the steam is
supetheated by combustion of the fuel and oxidizer to increase a steam quality of the
steam, the combusted fuel and oxidizer and the superheated steam exiting the linet o
enter an oil-bearing formation to upgrade and improve a mobility of heavy crude oils held
in the oil-bearing formation.

32

AMENDED SHEET (ARTICLE 19)



WO 2008/045408 PCT/US2007/021530

76. A system according to Claim 75, whetein the liner comprises an effusion cooling section
located adjacent to the injector, and an effusion cooling and jet mixing section located adjacent
to the effusion cooling sectioi.

77. A system according to Claim 76, wherein the effusion cooling s¢ction has a plurality of
effusion holes that inject small jets of steam through the liner to provide a layer of cooler gases
to protect the liner.

78. A system according to Claim 77, wherein the effusion holes extend through the liner at a
20° angle relative to a longitudinal axis of the liner and are oriented to inject steam downstream
of the injector, such that the injected steam moves along an interior wall of the liner to lower a
temperatutre thereof,

79. A system according to Claim 76, wherein approximately 37,5% of the steam provided
through the steam channel is injected into the liner by the effusion cooling section.

80, A system according to Claim 76, wherein the effusion cooling and jet mixing section has
a plurality of effusion holes and a plurality of mixing holes, the mixing holes being larger than
the effusion holes, and the mixing holes being otiented at a 90° angle relative to an internal
surface of the liner to inject steam further toward a longitudinal axis of the liner.

81, A system according to Claim 75, wherein the steam has a steam quality of approximately
80% to 100% formed at the surface of the well that is fluidly communicated to the steam channel
at a pressure of about 1600 psi.

82. A system according to Claim 75, wherein the downhole burner has a power output of
approximately 13 MMBtwht for producing about 3200 bpd of superheated steam with an outlet
temperature of about 700°F.

83. A system according to Claim 75, wherein the injector comprises an injector face plate
having a plurality of injection holes for injecting the fuel and oxidizer into the burner, the
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injector face plate also having an igniter for igniting the fuel and oxidizer injected into the
burner,

84. A system according to Claim 83, wherein the injector face plate has fuel holes and
oxidizer holes, each of which is arranged in concentric tings to produce a shower head stream
pattern of fuel and oxidizer to move streams of the fuel and oxidizer away from the injector face
plate, such that a stand-off distance is provided between a flame of the combusted fuel and
oxidizer and the injector face plate to reduce a temperature of the injector face plate.

85. A system according to Claim 75, wherein the injector comprises (2) a cover plate having
an oxidizer inlet, (b) an oxidizer distribution manifold plate having an oxidizer manifold and
oxidizer holes coupled to the oxidizer inlet, and (c) a fuel distribution manifold plate having
oxidizer holes, a fuel inlet, a fuel manifold for routing fiuel through an interior of the fuel
distribution manifold plate for cooling the fuel distribution plate, and fuel holes,

86, A system according to Claim 75, wherein the injector comprises a cover plate on top of
an oxidizer distribution manifold plate, the oxidizer distribution manifold plate is on top of a fuel
distribution manifold plate, and the fuel distribution manifold plate is on top of an injector face
plate.

87. A method of producing viscous hydrocarbons from a well having a casing, comprising:
(8)  providing a downhole burner having a burner casing, an injector, and a liner;

(b)  lowering the downhole butner into the well;

(¢)  deliveting fuel, an oxidizer and steam from a surface down through the casing to the
downhole burner;

(d) injecting the fuel and oxidizer into the downhole burner with the injector;

()  combusting the fuel and oxidizer with the liner;

(f)  delivering steam through a steam channe! located between the burner casing and the
injector and liner;
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(8)  injecting steam from the steam channel, through holes in the liner, to an interior of the
liner to supetheat the steam with the combusted fuel and oxidizer to increase a steam quality of
the steam; and

(h)  releasing the combusted fuel and oxidizer and the supetheated steam from the liner into
an oil-bearing formation 1o upgrade and improve a mobility of heavy ¢rude oils held in the oil-
bearing formation.

88, A method according to Claim 87, wherein step (g) further comprises leaking steam past
the injector and cooling the injector with a gap located between an interior of the liner and an
exterior of the injector.

89. A method according to Claim 87, wherein the liner comprises an effusion cooling section
located adjacent to the injector, and an effusion cooling and jet mixing section located adjacent
to the effusion cooling section, the effusion cooling séction having a plurality of effusion holes
that inject small jets of steam through the liner o provide a layer of cooler gases to protect the

liner.

90. A method according to Claim 89, wherein the effusion holes extend through the linerat a
20° angle relative to a longitudinal axis of the liner and are oriented to inject steam downstream
of the injector, such that the injected steam moves along an interior wall of the liner to lower a

temperature thereof,

91. A method according to Claim 89, wherein the effusion cooling and jet mixing section has
a plurality of effusion holes and a plurality of mixing holes, the mixing holes being larger than

- the effusion holes, and the mixing holes being oriented at a 90° angle relative to an internal
surface of the liner to inject steam further toward a longitudinal axis of the liner.

92. A method according to Claim 87, wherein the steam has a steam quality of approximately
§0% to 100% formed at the surface of the well that is flwidly communicated to the steam channel
at a pressure of about 1600 psi.
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93, A method according to Claim 92, wherein the steam arriving at the steam channel has a
steam quality of about 70% to 90%, and wherein approximately 37.5% of the steam provided
through the steam channel is injected into the liner by the effusion cooling section,

94. A method according to Claim 87, wherein the downhole burner has a power output of
apptoximately 13 MMBiw/hr for producing about 3200 bpd of superheated steam with an outlet
temperature of about 700°F,

95, A method according to Claim 87, wherein the injector comprises an injector face plate
having 4 plurality of injection holes for injecting the fuel and oxidizer into the burner, the
injector face plate also having an igniter for igniting the fuel and oxidizer injected into the
butner.

96, A method according to Claim 95, wherein the injector face plate has fuel holes and
oxidizer holes, each of which is arranged in conceniric rings to produce a shower head stream
pattern of fuel and oxidizer to move streams of the fuel and oxidizer away from the injector face
plate, such that a statnd-off distance is provided between a flame of the combusted fuel and
oxidizer and the injector face plate to reduce a temperature of the injector face plate,

97. A method according to Claim §7, whetein the injector comprises (a) a cover plate having
an oxidizer inlet, (b) an oxidizer distribution manifold plate having an oxidizer manifold and
oxidizer holes coupled to the oxidizer inlet, and (c) a fuel distribution menifold plate having
oxidizer holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the fuel
distribution manifold plate for cooling the fue] distribution plate, and fuel holes.

98, A method according to Claim 87, wherein the well comprises a wellbore configutation
selected from the group consisting of vertical and horizontal,

99, A system for producing viscous hydrocarbons from a well having a casing, comprising:
a plurality of conduits for delivering fuel, an oxidizer, CO; and stegm from a surface
down through the casing;
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a downhole burner secured to the plurality of conduits, the downhole burner comprising:

a burner casing;

an injector coupled to the plurality of conduits for injecting the fuel, oxidizer and
CO, into the well; .

a liner coupled to the burner casing located below the injector for combusting the
fuel and oxidizer and releasing exhaust gases including the CO,, the liner having an
interior that defines a gap between the intetior and an exterior of the injector for
permitting steam to leak past and cools the injector,

a steam channel located inside the buttier casing and surrounding exterior surfaces
of the injector and the liner,

the liner having a plurality of holes for communicating steam from the steam
channel to an interior of the liner downstream from the injector, such that the exhaust
gases and the steam cool the liner, and the steam is superheated by the combusted fuel
and oxidizer to increase a steam guality of the steam; and

the exhaust gases and the superheated steam exiting the liner to enter an oil-
bearing formation to upgrade and improve a mobility of heavy crude oils held in the oil-
bearing formation.

100, A system according to Claim 99, wherein the liner comprises an effusion cooling section
located adjacent to the injector, and an effusion cooling and jet mixing section located adjacent
to the effusion cooling section,

101. A system according to Claim 100, wherein the effusion cooling section has a plurality of
effusion holes that inject small jets of steam through the liner to provide a layer of cooler gases
to protect the liner, and the effusion holes extend through the liner at a 20° angle relative to a
longitudinal axis of the liner and are otiented to inject steam downstream of the injector, such
that the injected steam moves along an interior wall of the liner to lower a temperature thereof.

102. A system according to Claim 100, whetein the effusion cooling and jet mixing section
has a plurality of effusion holes and a plurality of mixing holes, the mixing holes being larger
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thian the effusion holes, and the mixing holes being oriented at a 90° angle relative to an intetnal
surface of the lirter to inject steam further toward a longitudinal axis of the liner.

103, A system according to Claim 99, whetein the injector comprises an injector face plate
having a plurality of injection holes for injecting the fuel and oxidizer into the burner, the
injector face plate also having an igniter for igniting the fuel and oxidizer injected into the
burner, the burner casing and the liner each have a wall thickness of about 0,125 inches, the
steam chanmel has an annular width between the liner and the burner casing of about 0.375

inches.

104, A system according to Claim 103, wherein the injector face plate has fuel holes and
oxidizer holes, each of which is arranged in concentric rings to produce a shower head stream
pattern of fuel and oxidizer to move streams of the fuel and oxidizer away from the injector face
plate, such that a stand-off distance is provided between a flame of the combusted fuel and
oxidizer and the injector face plate to reduce a temperature of the injector face plate.

105. A system according to Claim 99, wherein the injector comprises (a) a cover plate having
an oxidizer inlet, the cover plate is located on (b) an oxidizer distribution manifold plate having
an oxidizer manifold and oxidizer holes coupled to the oxidizer inlet, and the oxidizer
distribution manifold plate is on top of () a fuel distribution manifold plate having oxidizer
holes, a fuel inlet, a fuel manifold for routing fuel through an interior of the fuel distribution
manifold plate for cooling the fuel distribution plate, and fuel holes, and the fuel distribution
manifold plate is located oh top of (d) an injector face plate,
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STATEMENT UNDER ARTICLE 19 (1)

Sira:

In accordance with PCT Article 19, Applicant has submitted amendments to the claims.
All of the originally filed clajms are canceled, and are replaced by new Claims 1+105.

Very truly youts,
Bracewell & Giuliani LLP

ichael E, Noe Jr.
Attorney for Applicants

New Claims 1-25 ate based solely on the as-filed text and drawings of the PCT
application. Claims 26-63 are based solely on the subject matter of the two priority documents
(i.e., US Provisional Applications 60/857,073 filed 6 November 2006, and 60/850,181 filed 9
October 2006) that are now incorporated by reference into the application. Finally, Claims 64~
105 are based on both the as-filed text and drawings of the PCT application, and the subject

matter of the two priority documents that are now incorporated by reference into the application.
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