
PATENT DRIA, 031 WELLHEAD EQUIPMENT This invention relates to wellhead
equipment of the type in which a plurality of hangers are landed
successive- ly within a casing head installed at the upper end of an outer
casing string within a well bore for the purpose of 5   suspending well
pipe strings therein one within another, and seal assemblies are installed
in sealing engagement with each hanger and the bore in order to close off
annular spaces between them, each hanger and its associated seal assembly
being so installed by means of a running tool 10   suspended from a pipe
string for lowering therewith which, upon installation of the hanger and
seal assembly, is released from them to permit it to be retrieved. Conven-
tionally, such equipment includes one or more casing hangers for suspending
inner casing strings and a tubing 15   hanger for suspending a tubing
string within the innermost casing string, and this invention relates more
particularly to improvements in the tubing hanger and its associated seal
assembly and a running tool for installing them. US-A-4,800,061 shows
equipment of this general 20   type in which a tubing hanger and its
associated seal assembly are installed by means of a running tool including
a first tubular member suspended from the pipe string and connected to the
hanger for lowering therewith and a second tubular member to which the seal
assembly is connected for 25   vertical reciprocation with respect to the
first member to lower the seal assembly from a raised position above the
annular space between the hanger and bore and a lower position within the
annular space to seal off between the hanger and bore. Then, upon locking
the seal assembly in 30   its lower position, the second member of the
running tool    



PATENT DRIA, 031 may be released from it and the first member disconnected
from the hanger, to permit the running tool to be raised therefrom for
retrieval with the first member.          More particularly, the second
member  is so reciprocated by the 5   supply of a remote source of pressure
fluid to and exhaust of pressure fluid from chambers formed between the
members. There are occasions in which it is desirable, upon landing of the
tubing hanger, to perform certain operations in the well bore.  Thus, for
example, it may be desirable 10   to set a packer suspended from the tubing
string, which, like  many  other  downhole  tools,  requires  right-hand
rotation.  At the same time, however, since the joints of the well pipe
string from which  the running tool  is suspended are made up with
right-hand rotation,  it is 15   conventional practice to connect the
running tool to the hanger by left-hand threads in order to avoid
disconnecting the joints of the pipe string as the running tool is
disconnected from the hanger to permit it to be retrieved upon setting of
the seal assembly.  Thus, with conventional 20   wellhead  equipment,  such
as  that  disclosed  in  the aforementioned  patent,  it  is  impossible
or  at  least impractical to set such dwnhole tools. 25 In the installation
of equipment of this type, diffi- culty may be encountered in latching the
seal assembly within the space between the hanger and bore of the head in
such a manner to insure that it maintains a seal with 30   respect to both
of them.  Thus, for example, if the seal assembly is allowed to back off
from its set position, it may permit well fluids from below to leak past
it.  Also, there are occasions in which it is desirable to transmit 2   



3 fluid into the well bore beneath the hanger upon landing of the hanger,
but prior to setting of removal of the running tool, as, for example, to
activate tools in the well bore. The present invention has been made from a
5 consideration of the above problems of wellhead equipment of the type
described. In accordance with the present invention wellhead equipment is
provided which comprises a casing head having a bore therethrough which is
adapted to be connected to the 10  upper end of an outer casing string.
The apparatus includes a tubing hanger having a bore therethrough and from
which a tubing string may be connected for lowering therewith through the
bore of the casing head and into a landed position in the bore of the head
to form an annular 15  space between them, a tubular body adapted to be
connected to the tubing hanger by right-hand threads, a running tool which
includes a first tubular member connectable to a pipe string for lowering
therewith and connectable to the tubular body by left-hand threads for
lowering the tubing 20  hanger into its landed position, and a second
tubular member rotatable with but vertically reciprocable with respect to
the first member. A seal assembly is releasably connected to the second
tubular member. More particularly, the tubular members have means which
form pressure chambers 25  between them and a means is provided for
supplying pressure fluid to and exhausting pressure fluid from the chambers
to raise or lower the second member and thus the seal assembly with respect
to the first, whereby, upon landing of the hanger, the seal assembly may be
lowered into sealing 30  engagement with the hanger and bore of the head to
close off the annular space between them and then latched in its lower
position  within  the  annular  space.          More particularly, means
are provided for locking the second member to the body to prevent rotation
therebetween when 



4 the second member is in a raised position, whereby the pipe string may be
rotated to the right so as to impart right- hand rotation to the tubing
string, but being releasable when said seal assembly has been lowered with
the second 5  member into said space and the first member has been rotated
to the right to release it from threaded connection to said tubular body to
permit the running tool to be retrieved. As will be understood, this then
permits right- 10  hand rotation to be imparted to -the hanger through the
tubular body in order to set a packer or other tools suspended from the
tubing string, without the risk of disconnecting a joint in the pipe
string.  Then, of course, the tubular body may be disconnected from the
tubing hanger 15  in order to permit other parts to be connected to the
hanger during the well completion process.  Thus, in the illustrated
embodiment of the invention the tubing hanger has a neck with an outer seal
surface thereabout, and the tubular body has a lower extension disposable
over the seal 20 surface when connected to the hanger such that the tubular
body also serves as a protector for the seal surface prior to its removal.
In the illustrated embodiment of the invention the seal assembly is adapted
to be latched to the hanger by 25  means which comprises a recess about the
hanger, and a split ring carried by the seal assembly for radial movement
into the recess as the seal assembly is lowered into sealing position.
More particularly , the split ring has right-hand threads for ratcheting
over matching threads in 30  the recess as it moves into the recess, and
the second member is releasably connected to the split ring by a pin and
J-slot,  whereby the split ring may be lowered in 



response to right-hand rotation of the running tool and the running tool
released from the seal assembly for    raising therefrom in response to
left-hand rotation there- of. In accordance with an embodiment of the
inven- tion, a first passageway in the first member is connectable 5   at
one end to the lower end of a conduit extending within the bore of the
casing head, a second passageway in the tubular body is connectable at one
end to the upper end of a conduit extending downwardly into the annulus and
at the opposite end with the opposite end of the first passageway, 10   and
means are provided for sealing between the tubular body and first tubular
member above and below the connection of the opposite ends of the
passageways, whereby fluid may be transmitted from the surface to the well
bore beneath the hanger prior to retrieval of the running tool. 15
In the preferred embodiment of the invention,  the locking means comprises
a vertical slot in the outer side of the tubular body, a lug carried within
a hole in the first tubular member and surrounded by the seal assembly to
hold its inner end in the slot when the seal assembly is in 20   raised
position. More particularly, a split ring surrounds the lug to yieldably
hold it in the slot, and lug and slot are so configured as to permit the
lug to be moved with the first tubular member out of the slot in response
to rotation of the running tool to release it from connection 25   to  the
seal  assembly  following  lowering  of the  seal assembly. In the
drawings, wherein like reference characters are used throughout to
designate like parts: FIGS. 1A and 1B are vertical sectional views of the
30   upper and lower ends of wellhead equipment constructed in accordance
with the preferred embodiment of the present 



invention, and as seen along broken lines 1--1 of FIG. 3, and showing the
tubing hanger lowered on the running tool 5    into landed position within
the bore of the casing head, as the seal assembly is supported by the
running tool in a raised position with respect to the annulus between the
tubing hanger and bore of the casing head so as to permit 5   flow
therethrough; FIGS. 2A and 2B are vertical sectional views of the upper and
lower ends of the wellhead equipment, similar to FIGS. 1A and 1B, and as
seen along broken lines 2--2 of FIG. 4, but upon lowering of the second
tubular member of 10   the running tool to lower the seal assembly into
sealing engagement with the hanger and bore of the casing head to close off
the annulus between them, and latching the seal assembly to the hanger in
its lowered position, whereby the first tubular member may be disconnected
from the tubular 15   body and the second tubular member from the seal
assembly to permit retrieval of the running tool; FIG. 3 is a
cross-sectional view of the hanger, tubular body and running tool, as seen
along lines 3--3 of FIG. 1B; and 20        FIG. 4 is a similar
cross-sectional view as seen along broken lines 4--4 of FIG. 2B. With
reference now to the details of the above de- scribed drawings, the casing
head 20 has a bore 21 there- through with a seat (not shown) at its lower
end onto which 25   the tubing hanger 22 has been lowered into landed
position. As shown, a tubing string is suspended from the lower end of a
bore 23 through the tubing hanger for extension downwardly within the
casing string to which the casing head is connected. 30        The tubing
hanger has been lowered into its landed 



position by means of a running tool indicated in its entirety by reference
character 24, and a seal assembly 25 is supported from the running tool for
movement between a 6 [err]    raised position, as shown in FIGS. 1A and 1B,
in which it opens an annular space between the tubing hanger and bore of
the casing head, and a lowered position, as shown in FIGS. 2A and 2B,
wherein it sealably engages the outside of 5 the hanger and the bore to
close off the annular space. Thus, the hanger has a downwardly and
outwardly tapered conical surface 26 thereabout over which a similarly
tapered inner surface of the seal assembly is slidable as it moves
downwardly into the position of FIG. 2B. 10        The running tool
includes a first tubular member 28 which is connectable to the lower end of
a pipe string for lowering therewith, and a second tubular member 29 which
is disposed about the upper end of the first tubular member for vertical
reciprocation with respect to it. The upper 15   end of the second tubular
member has a lug 30 which fits within a  vertical slot 31 in the first
tubular member forming a spline to prevent relative rotation between the
first and second tubular members.   In a manner to be described, the seal
assembly is releasably connected to the 20   lower end of the second
tubular member for raising and lowering therewith. The lower end of the
first tubular member is connected by left-hand threads 34 to a tubular body
32 which in turn is connected to the outer diameter of the tubing hanger by
25   right-hand threads 33. When the tubular body is threadedly connected
to the tubing hanger, seal rings 35 carried about its inner diameter
sealably engage a seal surface 36 about a cylindrical neck on the upper end
of the tubing hanger 



above threads 33. 30        As previously described, the first and second
tubular members are provided with means which form pressure cham- bers
between them to which pressure fluid may be alternately supplied or
exhausted to raise or lower the 7    second member with respect to the
first tubular member, and thus raise and lower the seal assembly from and
into the annular space between the tubing hanger and bore of the casing
head. -For this purpose, the  first tubular member 5  has a downwardly
facing shoulder 37 about a radially enlarged portion thereof above an
upwardly facing shoulder 38 at the upper end of a lower radially enlarged
portion thereof; The second tubular member has a piston 39 formed about its
inner diameter for reciprocation between the 10   shoulders of the first
tubular member to divide the annular space into upper and lower pressure
chambers 40 and 41, and the piston has seal rings formed thereabout for
sealably engaging a reduced diameter portion of the first tubular member
between the shoulders, and the enlarged diameter 15   portions of the first
tubular member carry seal rings over which the -inner diameter of the
second tubular member is slidable above and below its piston. Thus,
pressure fluid may be introduced from a source  at the  surface into the
may be introduced  from a source at the  surface  into the upper chamber
and exhausted from the lower chamber to lower 20   the piston, and thus the
seal assembly.  Alternatively, pressure fluid may be introduced into the
lower chamber while being exhausted from the upper chamber to raise the
second member and thus the seal assembly. Vertical slots 42 are formed in
the outer diameter of 25   the tubular body to receive lugs 43 carried in
holes 44 in the first tubular member of the running tool.   More 



particularly, the C-ring 45 fits within a groove about the outer diameters
of the lugs as well as a groove about the outer diameter of the outer
tubular section of the first 30   tubular member so as to yieldably urge
the lugs radially inwardly and thus into the slots in the tubular body,
whereby the tubular body is prevented from rotating with the first tubular
member of the running tool as they are 8    lowered with the hanger.
Consequently, upon landing of the hanger, the running tool may be rotated
with the pipe string to the right so as to impart right-hand rotation to
the tubing hanger and thus to the tubing string without 5 disconnecting the
running tool from the hanger. The seal assembly is of a construction
similar to that shown and described in prior US-A-4,757,868, assigned to
the assignee of the present  invention.   Thus,  it includes an inner wall
on which inner surface 27 is formed 10   to slide downwardly and outwardly
along the downwardly and outwardly tapered conical surface 26 about the
tubing hanger.  Also, two sets of legs 46 extend inwardly from the outer
side of the wall with each set diverging outwardly toward one another, and
seal rings of elastomeric material 15   are received between each set of
legs,  so that,  upon wedging of the seal assembly into the space between
the tubing hanger and casing head, the legs and seal assembly form a
metal-to-metal as well as elastomeric seals between the outer conically
shaped surface of the tubing hanger and 20   the bore of the casing head.
The seal assembly also includes a latch ring 50 connected at 53 to the
upper end of its inner wall for limited radial movement with respect
thereto and releasably connected to the lower end of the second tubular
member by 25   means of a pin 51 and J-slot 52 which also permit limited 



radial movement between them.   As will be described to follow, the latch
ring is provided with teeth 54 about its inner diameter for engaging teeth
55 about the tubing hanger above the downwardly and outwardly tapered
surface 30   26 thereabout in order to latch the seal assembly downward in
its annulus closing position, as shown in FIG. 2A.  As will also be
described to follow, at this time, the J-slot connection between the second
tubular member may be rotated 9    with the pipe string to release its
J-slot connection with the latch ring, thereby permitting the seal assembly
to be retrieved with the running tool. As  the seal assembly is moved
downwardly, its latch 5   ring is moved downwardly from about the outer
diameter of the lugs which hold the second member from rotation with
respect to the first member. As previously described, this releases the
lugs to be forced radially outwardly, and thus release the running tool
from the tubular body, in response 10   to right-hand rotation of the
second tubular member with the pipe string, whereby the running tool may be
retrieved from the tubing hanger and latched  seal assembly.  For this
purpose, the inner vertical edges of the lugs and the outer vertical edges
of the slots in the outer diameter of the 15   tubular body are chamfered
to permit the lugs to be moved outwardly in response to right-hand rotation
of the second tubular member. As the seal assembly is lowered into the
annular space, the connection of the latch ring to the lower end of 20
the second tubular member as well as to the upper end of the inner wall of
the seal assembly permits its teeth 54 to ratchet downwardly over the teeth
55 on the hanger until the lower end of the seal assembly is wedged between
the hanger and bore of the casing head. More particularly, the 



25   teeth are of right-hand configuation so that the running tool may be
rotated to the right to cause the latch ring to be  moved  further
downwardly  to  tighten  its  sealing engagement with the tubing hanger and
bore of the casing head. 30        As also previously described, with the
latch ring lowered into latching position, the running tool may be lowered
and then rotated a short distance to the left to line up the pins with the
upwardly opening legs in the 10    J-slots so that the second tubular
member may then be raised to pull its lower end from the J-slot and thus
disconnect the second member from the latch ring. Then, the running tool
may be rotated further to the left in 5   order to release the connection
of the first tubular member to the tubular body and permit retrieval of the
running tool from the bore of the casing head. As shown, pressure fluid may
be supplied to or exhausted from the chambers above and below the piston on
10   the  second  tubular  member  by  means  of  one  or more passageways
60 formed within the first tubular body for connection at their upper ends
with conduits (not shown) leading to the source of pressure fluid at the
well surface and having radial extensions 61 and 62 at their lower ends 15
connecting to the upper and lower chambers 40 and 41. In accordance with an
aspect of the apparatus illustrated, pressure fluid may be supplied through
the running tool and the tubular body to various devices in the well bore
by means of passageways 63 formed in the first 20   tubular member to
connect with conduits 64 at their upper ends leading to the surface and
having lateral extensions connecting their lower ends with lateral
extensions on the upper ends of passageways 65 formed in the tubular body. 



As shown, these lateral extensions communicate with one 25   another
intermediate O-rings formed about the first tubular member for sealably
engaging the inner diameter of the tubular body.  The lower ends of
passageways 65 connect with conduits 66 leading to passageways 67 formed in
the tubing hanger, which in turn connect at their lower ends 30   with
conduits leading to devices in the well beneath the hanger. A split ring 68
is carried about the tubing hanger at the lower end of its tapered surface
26 in position to be 11    wedged outwardly into groove 69 about the bore
of the casing head by the lower end of the inner wall of the seal assembly
as the seal assembly is lowered into annulus closing position, thereby
locking the hanger downwardly 5  within the bore of the casing head, as
shown in FIG. 2B. As previously described, when the running tool is
retrieved, the tubular body may be left in place on the upper end of the
tubing hanger to protect the seal surface about the neck of the tubing
hanger during subsequent well 10   operations.  When those operations have
been completed, a running tool may be lowered into connection with the
threads at the upper end of the tubular body to permit it to be rotated to
the left in order to disconnect it from the tubing hanger and thus permit
its retrieval. 15        Slots 70 and 71 are formed in the outer diameter
of the tubing hanger as well as the first tubular member, and ports 72 are
formed in the second tubular member to provide a flowway for fluid to
bypass the seal assembly when the seal assembly is in its raised position.
20        By way of review, and as shown in FIGS. 1A and 1B, as the tubing
hanger and seal assembly are lowered on the running tool into the bore of
the casing head, the seal 



assembly in its raised position.   Upon landing of the hanger within the
bore, the running tool may be rotated to 25   the right with the pipe
string from which it is suspending in order to in turn rotate other tools
connected to the tubing string suspended from the tubing hanger.   More
particularly, due to the connection of the running tool to the hanger
through the tubular body to which the first 30   tubular member is
connected by the lugs 45,  this is accomplished without releasing the
running tool from the hanger. 12    The second tubular member of the
running tool may then be lowered to in turn lower the sealing elements on
the lower end of the seal assembly into the annular space between the
hanger and bore, as shown in FIG. 2B.  As 5   previously described,  the
latch  ring  is thus  lowered beneath the lugs 50 so that they are free to
be rotated out of the slots 51 with the first tubular member. As the seal
assembly is so lowered, the latch ring 45 ratchets over threads 72 about
the hanger.   If tighter 10   sealing engagement of the seal assembly with
the hanger and bore is required, the running tool may be rotated to the
right so as to in turn rotate the latch ring to the right, through its
J-slot connection to the lower end of the second tubular member, and thus
cause the threads on the 15   latch to make up with those on the hanger to
further lower the seal assembly into tighter sealing engagement within the
space. In order to then release the lower end of the second tubular member
from the latch, and thus the seal assembly, 20   the string is rotated a
short distance back to the left to permit it to be raised from its J-slot
connection to the latch as the second tubular  member is raised.  Since the



lugs are no longer held in the slots in the tubular member, the pipe string
may be rotated further to the right to 25   release the first tubular
member from the tubular body in order to retrieve the running tool. Then,
of course, when it has served its purpose as a thread protector for the
neck of the tubing hanger, the tubular body may be removed from the hanger
to permit completion of the well. 30 13    WHAT IS CLAIMED IS: 1.  Wellhead
equipment, comprising a casing head having a bore therethrough adapted to
be connected to the upper end of an outer casing string, 5             a
tubing hanger having a bore therethrough and from which a tubing string
may. be connected for lowering therewith through the bore of the casing
head and into a landed position in the bore of the head to form an annular
space between them, 10             a tubular body adapted to be connected
to the tubing hanger by right-hand threads, a seal assembly, a running tool
including a first tubular member connectable to 15                  a pipe
string for lowering therewith and connectable to the tubular body by
left-hand threads for lowering the tubing hanger into its landed position,
a second tubular member rotatable with 20                  but vertically
reciprocable with respect to the first member, said members having means
which form pressure chambers between them, 



means for supplying pressure fluid to 25                  and exhausting
pressure from the chambers to raise  or  lower  the  second  member with
respect to the first, means for releasably connecting the seal assembly to
the second member, whereby 30                  upon landing of the hanger
the seal assembly may be lowered therewith into sealing en- [err]
gagement with the hanger and bore of the head to close off the annular
space between them, 35             means for latching the seal assembly in
its lowered position within the annular space, and means for locking the
second member to the body to prevent  rotation therebetween when the second
member is in a raised position, whereby the pipe 40        string may be
rotated to the right so as to impart right-hand rotation to the tubing
string, said locking means being releasable when said seal assembly has
been lowered with the second member into said space and said first member
has been rotated 45        to the right to release it from threaded
connection to said tubular body to permit the running tool to be retrieved.
2.   Apparatus of the character described in claim 1, wherein the latching
means comprises a recess about the hanger, and 5                  a split
ring carried by the seal assembly for radial movement into the recess as
the seal assembly is lowered into sealing position. 3.   Apparatus of the
character described in claim 2, 



wherein the split ring has right-hand threads for engag- ing matching
threads in the recess as it moves into 5        the recess, and the second
member is releasably connected to the split ring by a pin and J-slot,
whereby the split ring may be lowered in response to right-hand rotation of
* C    L    M    S * the running tool and the running tool release from the
10        seal assembly for raising therefrom in response to left-hand
rotation thereof. 4.   Apparatus of the character defined in any preceding
claim, wherein the tubing hanger has a neck with an outer seal surface
thereabout, and 5             the tubular body has a lower extension
disposable over the seal surface when connectedto the hanger. 5.
Apparatus of the character defined in any preceding claim, including means
for transmitting fluid from above to below the hanger, including 5
a first passageway  in the  first member connectable at one end to the
lower end of a conduit extending within the bore of the casing head, and a
second passageway in the tubular body 10             connectable at one end
to the upper end of a conduit extendingdownwardly into the annulus and at
the opposite end with the opposite end of the first passageway, and means
sealing between the tubular body and 15             first tubular member
above and below the connec- tion of the opposite ends of the passageways. 



6.   Apparatus of the character defined in any preceding claim, wherein the
locking means comprises a vertical slot in the outer side of the 5
tubular body, 16    17             *  C  L  M  S  * a lug carried within a
hole in the first tubular member and having an inner end to engage in the
slot and an outer end which is held by the seal assembly in the slot when
the seal assembly is in raised position, and means about the lug for
yieldably holding it in the slot, said lug and slot being so configured as
to permit the lug to be moved out of the slot in response to rotation of
the running tool to release it from connection to the seal assembly. 7.
Wellhead equipment of the character defined in Claim 1, substantially as
hereinbefore described with reference to the accompanying drawings.    


