Claims

What is claimed is:
1. A subsea wellhead comprising:

a wellhead housing;

atree block having a lower portion that extends into the wellhegd housing, the tree block
having a mandrel with a cylindrical exterior and an upward facigg support surface extending

radially outward from a lower end of the mandrel;

a main bore formed axially through the tree bloc)(

a tubing hanger for supporting a string of prgduction tubing landed in the main bore, the
tubing hanger having a tubing hanger produgfion passage with a laterally extending tubing

hanger production port;

a tree block production passage/within the tree block having a lower inlet that registers
with the tubing hanger productign port and an upper end that opens at the upward facing
support surface;

a valve block havjfig a central opening that slides over the mandrel and a bottom that
lands on the supporf/surface;

a valve bjock production passage within the valve block that has an inlet on the bottom

of the valfe block and which sealingly registers with the upper end of the tree block

produgfion passage; and
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at least one valve mounted to the valve block for opening and closing the valve blgck
production passage.

2. The subsea wellhead of claim 1, wherein the valve block central opening and'the exterior

of mandrel are unsealed to each other.

3. The subsea wellhead of claim 2, wherein the mandrel, tree blgck, and support surface are

formed from a single block of metal.

4. The subsea wellhead of claim 1, wherein the sypport surface has a maximum dimension
from one side to an opposite side that is gregfer than an outer diameter of the wellhead
housing.

5. The subsea wellhead of claim 1, herein the support surface on the tree block is aligned
in a plane substantially perpendicyar to the main bore.

6. The subsea wellhead of£laim 1, wherein the mandrel from the support surface upward is

free of any passages extefding through a side wall of the mandrel.
7. The subsea weflhead of claim 1, further comprising:

a tubing ghnulus passage extending through the tree block, having a lower end at the

main bore #hd an upper end at the support surface.

e subsea wellhead of claim 1, further comprising:
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a tubing annulus passage extending through a portion of the tubing hanger below s
of the tubing hanger to a side of the tubing hanger, and from the side of tubing Manger,

sealingly into the tree block and up to the support surface;

wherein the tubing annulus passage continues from the support surfacegealingly into the
valve block and to a tubing annulus port within the main bore above th€ seals of the tubing
hanger; and
at least one valve mounted to the valve block for opening And closing the tubing annulus
passage.

9. The subsea wellhead of claim 1, further comprifing:

a tubing annulus passage extending from a Jbwer tubing annulus port in the main bore of
the tree block below seals of the tubing hanger to the support surface, and from the support

surface into the valve block and to an upper port within the main bore above the seals of the
tubing hanger; and
at least one valve mountegd'to the valve block for opening and closing the tubing annulus

passage.
10. A wellhead assembly for use subsea comprising:

a wellhead Aousing circumscribing a wellbore opening;

a tree $lock comprising:

a body;

a main bore formed through the body and aligned with the wellbore;
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an annular high pressure housing portion projecting downward from the body And

coaxially inserted within the wellhead housing;

an annular mandrel projecting upward from the body and circumscribfng the main
bore axis, the mandrel having a cylindrical exterior; and
mandrel in a plane

a landing surface on the body upper end at the base of t

disposed substantially perpendicular to the axis;

a valve block having a central opening that receives the fandrel and a bottom that lands

on the landing surface;

a fluid flow passage in the body that passes sealigly through the landing surface into the

valve block; and

at least one valve mounted to the va}fe block for opening and closing the fluid flow

passage.
11. The wellhead assembly of cjdim 10, further comprising:

a tubing hanger landed j the lower production tree and selectively retrievable through

the main bore;

a tubing hang¢f production passage in the tubing hanger having a laterally extending

outlet; and

whergin the fluid flow passage comprises a body flow passage that sealingly joins the

the tubing hanger.
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12. The wellhead assembly of claim 10, wherein the central opening of the valve block And

the mandrel are in non-sealing engagement with each other.

13. The wellhead assembly of claim 10, further comprising a workover pagéage and an
annulus passage formed in the body that extend into the valve block at the la
valve block onto the

wherein the fluid flow passage is a production passage so that landing t

landing surface seals the passages.

14. . The subsea wellhead of claim 10, wherein the langdng surface has a maximum
dimension from one side to an opposite side that is gregfer than an outer diameter of the

wellhead housing.

15. The subsea wellhead of claim 10, wherein tie mandrel from the support surface upward

is free of any passages extending through a sde wall of the mandrel.
16. A subsea wellhead comprising:

a wellhead housing;

a tree block having a min bore and a lower portion that extends into the wellhead

housing, the tree block h@ing a mandrel with a cylindrical exterior and an upward facing
landing surface extenging radially outward from a lower end of the mandrel and located in a

plane perpendicu}dr to an axis of the mandrel;

a tubing hanger for supporting a string of production tubing landed in the main bore, the
tubing hghger having a tubing hanger production passage with a laterally extending tubing

hangér production port;

-17-



a tree block production passage within the tree block having a lower inlet that regisgrs
with the tubing hanger production port and an upper end that faces upward at the Apward
facing support surface;

upper and lower seals between an exterior of the tubing hanger and thefnain bore above
lane containing the

and below tubing hanger production port, the upper seal being below th

support surface;
atree block tubing annulus passage having a lower end inythe main bore below the lower

seal of the tubing hanger and an upper end facing upward/t the support surface;

a tree block workover passage having a lower epd in the main bore above the upper seal

of the tubing hanger and an upper end facing upyard at the support surface;

a valve block having a central opening that slides over the mandrel and a bottom that

lands on the support surface;

a valve block production pasgdge within the valve block that has an inlet on the bottom
of the valve block and whicl( sealingly registers with the upper end of the tree block

production passage;

a valve block tuping annulus passage having a lower end that sealingly registers with the

upper end of the yree block tubing annulus passage;
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the valve block tubing annulus passage and the valve block workover passage havi

junction with each other in the valve block.




CLAIMS

What is claimed is:

1. A subsea wellhead comprising:

a wellhead housing; '

a valve support block having a lower portion that extends
into the wellhead housing, the valve support block hav-
ing a mandrel with a cylindrical exterior and an upward
facing support surface extending radially outward from
a lower end of the mandrel;

a main bore formed axially through the wvalve support
block;

a tubing hanger for supporting a string of production tubing
landed in the main bore, the tubing hanger having a
tubing hanger production passage with a Ilaterally
extending tubing hanger production port;

a valve support block production passage within the valve
support block having-a lower inlet that registers with the
tubing hanger production port and an upper end that
opens at the upward facing support surface;

a valve block having a bottom that lands on the support
surface and a central opening that slides over and cir-
cumscribes the mandrel when the bottom lands on the
support surtace;

a valve block production passage within the valve block
that has an inlet on the bottom of the valve block and
which sealingly registers with the upper end of the valve
support block production passage; and '

at least one valve mounted to the valve block for opening
and closing the valve block production passage.

2. The subsca wellhead of claim 1, wherein the valve block
central opening and the exterior of mandrel are unsealed to
each other. '

3. The subsea wellhead of claim 2, wherein the mandrel.
valve support block, and support surlace are formed from a
single block of mertal.

4. I'he subsea wellhead of claim 1, wherein an outer periph-
ery ot the support surface extends radially outward past an
outer diameter of the wellhead housing.

5. The subsea wellhead of claim 1, wherein the support
surtace on the valve support block is aligned in a plane sub-
stanually perpendicular to the mamn bore.

6. The subsea wellhead of claim 1. wherein the mandrel
from the support surtace upward is free of any passages
extending through a side wall of the mandrel.

7. The subsea wellhead of claim 1, further comprising:

a tubing annulus passage extending through the valve sup-
port block. having a lower end at the main bore and an
upper end at the support surface.
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8. The subsea wellhead of claim 1. turther comprising:

a tubing annulus passage extending through a portion of the
tubing hanger below seals of the tubing hanger to a side
of the tubing hanger., and from the side of tubing hanger,
sealingly into the valve support block and up to the
support surface:

wherein the tubing annulus passage continues from the
support surface sealingly into the valve block and to a
tubing annulus port within the main bore above the seals
of the tubing hanger: and

at least one valve mounted to the valve block for opening
and closing the tubing annulus passage. '

9_'The subsea wellhead of claim 1. further comprising:

a tubing annulus passage extending from a lower tubing
annulus port in the main bore of the valve support block
below seals of the tubing hanger to the support surface,
and from the support surface into the valve block and to
an upper port within the main bore above the seals of the
tubing hanger; and

at least one valve mounted to the valve block for opening
and closing the tubing annulus passage.

10. A wellhead assembly for use subsea comprising:

a wellhead housing circumscribing a wellbore openming:

a valve support block comprising:

a body:

a main bore formed through the body and aligned with
the wellbore;

an annular high pressure housing portion projecting
downward from the body and

coaxially inserted within the wellhead housing;

an annular mandrel projecting upward [rom the body
and circumscribing an axis of the main bore. the man-
drel having a cylindrical exterior: and

alanding surtace on the body upper end at the base of'the
mandrel in a planc disposced substantially perpendicu-
lar to the axis;:

a valve block having a bottom that lands on the landing
surface and a central opening that circumscribes the
mandrcel when the bottom lands on the landing surlace;

a lmd flow passage in the body thal passes sealingly
through the landing surface into the valve block: and

at least one valve mounted to the valve block for opening
and closing the fluid tlow passage.

11. The wellhcad assembly of claim 10, lurther compris-

mg:

a tubing hanger landed in the lower production tree and
selectively retrievable through the main bore:

a tubing hanger production passage in the tubing hanger
having a laterally extending outlet: and '

wherein the fluid flow passage comprises a body flow pas-
sage that sealingly joins the outlet of the tubing hanger.
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12. The wellhead assembly of claim 10. wherein the central
opening ol the valve block and the mandrel are in non-sealing
engagement with each other.

13. The wellhead assembly of claim 10. further comprising
a workover passage and an annulus passage formed in the
body that extend into the valve block at the landing surface
and wherein the fluid flow passage 1$ a production passage so
that landing the valve block onto the landing surface seals the
passages.

14. The subsea wellhead of claim 10. wherein the landing
surface has a maxiunum dimension from one side to an oppo-
site side that 1s greater than an outer diameter of the wellhead
housing.

15. The subsea wellhead of claim 10. wherem the mandrel
from the support surface upward is free ol any passages
extending through a side wall of the mandrel.

16. A subsea wellhead comprising:
‘a wellhead housing;

‘a tree block having a main bore and a lower portion that
extends into the wellhead housing, the tree block having
a mandrel with a cylindrical exterior and an upward
tfacing landing surface extending rachally outward from
a lower end of the mandrel and located 1n a plane per-
pendicular to an axis of the mandrel;

atubing hanger for supporting a string of production tubing
landed in the main bore, the tubing hanger having a
tubing hanger production passage with a laterally
extending tubing hanger production port;

a tree block production passage within the tree block hav-
ing a lower inlet that registers with the tubing hanger
production port and an upper end that faces upward at
the upward facing support surface:

upper and lower seals between an exterior of the tubing
hanger and the main bore above and below tubing

hanger production port, the upper seal being below the
planc containing the support surface:
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a tree block tubing annulus passage having a lower end in
the main bore below the lower seal of the tubing hanger
and an upper end facing upward at the support surface;

a tree block workover passage having a lower end 1 the
‘main bore above the upper seal of the tubing hanger and
an upper end facing upward at the support surface;

a valve block having a central opening that slides over the
mandrel and a bottom that lands on the support surface;

a valve block production passage within the valve block
that has an inlet on the bottom of the valve block and
which sealingly registers with the upper end of the tree
block production passage;

a valve block tubing annulus passage having a lower end
that sealingly registers with the upper end of the tree
block tubing annulus passage;

a valve block workover passage having a lower end that
sealing registers with the upper end of the workover
passage; and wherein
the valve block tubing annulus passage and the valve

block workover passage having a junction with each
other 1n the valve block.
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