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3,287,030
HANGER HAVING LOCKING AND
SEALING MEANS

Rcbert L. Crain and Elwood K. Pierce, Jr., Houston,

Tex., assignors to Gray Tool Cempany, Houston, Tex.,

a cerporation of Texas

Filed Jan. 9, 1963, Ser. No. 250,262
6 Claims. (Cl. 285-—-18)

This invention relates to metheds and apparatus for
drilling and completing oil and gas wells and in particu-
lar to the hanging of casing and tubing strings and the
installation of control equipment, casing heads and tubing
heads during the construction of submerged wells.

It is one of the objects of the present invention to pro-
vide a novel hanger for a casing string or a tubing string
and a novel setting tool which in combination with the
hanger permits rapid and effective landing of the string,
locking and sealing of the hanger to the bowl of its casing
or tubing head and release of the tool from the hanger.

It is a further object of the invention to provide a hanger
and fcol assembly of the above type in which the tool
subassembly is releasably connectable to the hanger sub-
assembly and is adapted to coact therewith to land the
hanger, to lock the hanger in the bowl of its head and to
then disconnect itself from the hanger.

It is a further object to provide a hanger and tool as-
sembly of the above type in which the hanger subassembly
" retains on its periphery a plurality of laterally movable
latching elements and means for moving the elements
outwardly into a recess in the bowl of a casing head or
tubing head, the moving means being actuable by rota-
tion of the tool subassembly.

It is yet another object to provide a hanger and tool
assembly of the above type in which the tool subassembly
includes a body member and a sleeve member which is
rotatable by the body member and longitudinally mov-
able with respect thereto and wherein the sleeve threaded-
ly engages the hanger subassembly and is releasable there-
from by rotation of the tool assembly.

These and other objects and advantages will become ap-
parent from reading the following brief and detailed de-
scriptions taken with the drawings in which:

FIGURE 1 is a simplified elevational view, partly in
section, of -a tool and hanger assembly embodying the
principles of the present invention;

FIGURE 2 is a sectional view on the line 2—2 of FIG-
URE 1 illustrating the manner in which the sleeve portion
of the tool subassembly cooperates with the body portion
of the tool assembly;

FIGURE 3 is a fragmentary elevational sectional view
of the upper portion of a practical form of the tool and
‘hanger assembly of FIGURE 1;

FIGURE 4 is a fragmentary elevational view of the
lower portion of the device of FIGURE 3;

FIGURES 5 and 6 are views similar to FIGURES 3
and 4 showing the hanger subassembly locked to its seat
and the tool subassembly disconnected from the hanger
subassembly;

FIGURE 7 is a fragmentary elevational view, partially
in section, of a hydraulic guide system embodying the
principles of the present invention and showing the frame
carrying member about to engage an upstanding post;

FIGURE 8 is a view of the apparatus of FIGURE 7
with the elements in engagement;

FIGURES 9 and 10 are views similar to FIGURES 7
and 8 of a modification of the hydraulic guide system
of those figures; and

FIGURES 11-16 are elevational views illustrating some
of the stages in the comstruction and completion of a
.submerged well using the equipment iilustrated in FIG-
URES 1-8.
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A tool and hanger assembly embodying the principles
of the present invention is shown in simplified form in
FIGURES 1 and 2 wherein, for the purposes of simplicity
of illustration, some details have been omitted and the
proportions have been modified so as to show an entire
assembly in a single view. Detailed views of an actual
assembly are shown in FIGURES 3-6.

The simplified tool and hanger assembly 10 of FIGURE
1 includes a tool subassembly 12 and a hanger subas-
sembly 14 which are threadedly interconnected by left
hand threads 16. The upper and lower ends of the as-
sembly 10 are interiorly threaded at 18 and 20, respec-
tively, so as to be connectable to the lower end of a drill
pipe or the like at 18 and to the upper end of a casing
string at 20.

The primary elements of the tool subassembly 12 are a
hollow cylindrical body 22 and an inner concentric sleeve
24 which extends out of the lower end of the body 22
and which is provided intermediate its ends with exterior
circumferential threads forming part of the connection 16.
The sleeve 24 is keyed near its upper end to the inmer
circumference of the body 22 so as to be rotatable with
the body 22 and at the same time be axially movable rela-
tive to the body 22. As shown, a plurality of circumfer-
entially spaced radial keys 26 are secured to the outer
circumference of the sleeve 24 above the connection 16
and complementary keyways 28 are provided in the
inner circumference of the body 22. Axial movement of
the sleeve 24 in a downward movement relative to the
body 22 is limited by engagement of an inwardly extend-
ing shoulder 30 on the body 22 with a complementary
shoulder 32 on the sleeve 24 near its upper end.

As shown, the body 22 of the tool subassembly 12 is
constructed of two primary portions 34 and 36 which
are threadedly interconnected at 38. The outer circum-
ference of the upper portion 34 is provided with a plural-
ity of radial keys 40 which fit into complementary key-
ways 42-in the inner circumference of the lower portion 36,
The lower end of portion 36 is provided with a plurality
of axially extending spaced teeth 44 which intermesh with
complementary teeth 46 on the upper end of the hanger
subassembly 14.

The hanger subassembly includes, as primary elements,
a cylindrical hanger body 48 adapted to seat in the bowl
of a casing head an outer concentric sleeve 59 threaded
thereto with right hand threads 52 and an outer ring 54
longitudinally slidable on the hanger body 48 below the
hanger sleeve 59. The exterior of the hanger body 48
is provided with an inwardly and downwardly tapered
seat portion 56 which, as shown in the embodiment de-
scribed, includes a plurality of circumferentially spaced,
radial flutes 58. According to the invention the hanger
body 48 carries a plurality of latching balls 60 on its pe-
riphery. In the embodiment described the balls 60 reside
in an annulus 62 which is formed by the upper portions
of the flutes 58 and are movable through lateral channels
64,

Briefly, the operation of the tool and hanger assembly
10 in landing a string of casing is as follows. The assem-
bly 10 is threaded at 20 onto the upper end of the last
section of the string of casing which is to be landed in a
casing head. The upper end of the assembly is threaded
at 18 onto the lower end of a drill pipe. By means of a
derrick the drill pipe is lowered so as to lower the casing
string in the well to a point at which the seat 56 on the
hanger subassembly 14 rests in the bowl of its casing
head. The drill pipe is then rotated clockwise as viewed
from the top. The body 22 of the tool subassembly 12 ro-
tates with the drill pipe and effects rotation of the tool
sleeve 24 through key and keyway 26, 28 and of the
hanger sleeve 59 through the intermeshing teeth 44, 46.

Since the threads at 16 are left hand and at 52 are right



3,287,030

4
<

hand, the clockwise rotation of the tool sleeve 24 and the
hanger sleeve 58 tends to move the former upwardly and
the latter downwardly with respect to the hanger body
48. Downward movement of the hanger sleeve 50 forces
the ring 54 downwardly into the annulus 62 thus forcing
the balls 69 outwardly into an annular groove in the cas-
ing head (not shown). Rotation of the elements: also
causes the tool sleeve 24 to disengage the hanger body
48 along the threads 1§, the number of turns to accom-
plish this or the locking of the balls depending on the
number of threads at 16 and 52.. The entire tool sub-
assembly 12 may then be removed by raising the drill pipe
while the hanger subassembly 14 remains locked in the
casing head. '

Referring .to FIGURES 3-6 there is shown therein a
detailed practical construction for the simplified tool and
hanger assembly 10 of FIGURES 1 and 2. Like numerals
in FIGURES 3-5 and in later figures are used to designate
the same or coriesponding elements which are shown in
FIGURES 1 and 2. The subassemblies 12 and 14 in FIG-
URES 3 and 4 are shown in the same relative position as
those in FIGURE 1. In FIGURES 5 and 6 the tool sub-
assembly 12 has been rotated in a right hand. direction to
set the balls 60 and to disconnect the threads 16 between
the subassemblies 12 and i4. :

As shown in FIGURE 3 the cylindrical body of the
tool subassembly 12 may be constructed of several pieces
threadedly connected at their ends. In the construction
illustrated- the upper portion 34 of the body consists of
two coaxial parts 344 and 34b which are threadedly inter-
connected. The part 34 is of somewhat larger diameter
so that the inner concentric sleeve 24 may move upwardly
without obstruction. The upper end of the part 34q is
provided with the internal threads 18 by which the entire
assembly may be connected to the lower end of a drill
pipe or the like.. The lower end of the part 34b is pro-
vided with the inner annular shoulder 30 having the verti-
cal keyways 28 therein. The vertical keys 40 ‘extending
outwardly from the lower end of part 345 are set into
slots 66 and are welded in place as at'63. A pair of ver-
tically spaced annular seals 79 is provided above the shoul-
czlir 38 for sealing with the upper periphery of the sleeve

The sleeve 24 is provided with vertical slots below the
shouider 32 into which the outwardly extending keys 26
are welded as at 72. The lower portion 24a of the sleeve
(FIGURE 4) terminates in a depending annular seating
portion having an outer surface 74 wheih is tapered down-
wal"dly and inwardly and a vertical surface 76 each- of
which is provided with an annular sealing element 78.

Above the seating portion the sleeve portion 24q is pro-
vided with an outer ring 80 which is vertically movable be-
tween the upper extremity of the threads 16 and a fixed

collar 82. The outer surface of the ring 8¢ intermediate -

its ends is provided with two spaced annular sealing ele-
ments 84 which are engageable with the hanger body 48
and the sleeve portion is provided with two spaced- seal-
ing elements 86 which are engageable with the ring $0.
A relatively large annular sealing element 88 such as a
molded rubber element is secured to the upper periphery
of the ring and extends outwardly therefrom for engage-
ment with the top of the hanger body 48 in the FIGURE
3 position of the sleeve 24. :

The lower portion 36 of the tool subassembly 12 is
threaded to the exterior of the part 345 at 38 immediately
below two fixed collars 99, 92 and extends downwardly
to terminate in the axially extending teeth 44. The inner
vertical keyways 42 cooperating with the keys 40 on the
tool body 34 are provided immediately below the threads
38, and below the keyways 42 are a plurality of circumfer-
entially spaced, radial circulating ports 94.

The hanger body 48, as seen in FIGURE 4, consists of
three basic parts which have. been secured together.
Above the threads 29, by which a casing string may be at-
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tached, the annular, radially extending seat portion 56 is
threaded onto the body proper 48 and welded as at 96.
The seat portion is a ring-like element having the radially
extending spaced flutes 58 formed integrally therewith
and tapered downwardly and inwardly to form a seating
surface engageable with a complementary tapered seat
98 cn the interior of a structure 169, such as a casing head,
from which the hanger is to be suspended. To the top of
the seat portion 56 is welded as at 102 an upstanding flange
194 which is spaced from the body 48 to form the ball-
retaining annulus 62. The balls 60, as described above, -
are movable through the lateral passages 64 into a cir-
cumferential recess 106 in the suspending structure 100.

The hanger sleeve 56 which is threaded to the hanger
body at 52 terminates at its lower end in-a small inwardly
extending flange 1€8 which slidably engages under .a
flanged ring 110. The ring 110 is welded to the top of
another ring element 112 which in turn is threaded over
a ball-setting member 114 having depending annular por-
tion 116 which is' insertable into the ball-retaining an-
nulus 62. The elements 118, 112 and 114 correspond to
the element 54 in FIGURE 1 and are vertically slidable
as a unit on the outside of the hanger body 48, seals 118
and 129 being provided therebetween to prevent leakage.:
The exterior of the element 112 is provided with annular
seals 122 for engagement with the suspending structure
109 and the element 116 is provided with a test port 124.:

The hanger and tool assembly 10 is also provided with
a fizxed inner guide sleeve 126 secured near its upper end
to the tool body 34 and extending downwardly to below
the upper end of the movable tool sleeve 24, Circulation
ports 128 are provided radially through the sleeve near
its upper end.

Referring now to FIGURES 7 and 8 there is shown:
therein an embodiment of a hydraulic guide apparatus
for. accurately controlling the movement of well head
equipment when in close proximity to the well head.
The apparatus comprises. basically two subassemblies: a
guide base 130 which is fixed and a telescoping section
132 which carries the equipment and which is movable
with respect to the first.

As shown, the fixed guide base 130 includes a generally
triangular, flat support plate 134 :(see also FIGURES
11-15) having a central aperture therethrough in which
is secured a sleeve member 136 which may be a short
length of large diameter casing. Three vertical radially
extending reinforcing plates 137 are secured as by weld-
ing to the sleeve 136 and to the lower surface of the sup-
port plate 134. An upstanding, cylindrical guide post
138 is fixed to the support plate 134 near each.apex there-.
of. As shown, each guide post 138 includes a hollow
cylindrical porticn 140 having . external stop members
142 at the base thereof which are tapered downwardly
and outwardly. The top of the cylinder 140 is closed with -
a threaded plug 144 which is tapered upwardly and in-
wardly at its upper end 148. An upstanding pin 150 is
threaded axially into the top of the plug 144 and is se-
cured to a guide cable 152 which extends to the surface
of the water when the guide base 130 is in its operative
position. :

The movable, telescoping section 132 includes three
cylinders 154 each of which has a flared lower end 156
adapted to seat on the stop members 142. Within each
cylinder 154 is a piston 158 having an axial bore there-
through which is contoured at its lower end to seat on the
tapered upper end 148 of the associated guide post 138.
A tubular piston rod 160 through which the guide cable
152 passes is secured to the upper end of the piston 158
and extends upwardly through a cap 162 which closes the .
upper end of the cylinder 154,: Downward movement of
piston 158 within the cylinder 154 is limited by an annu-
lar stop 164. Suitable seals 166 are provided between the
piston and cylinder and between the piston rod and cap.
The cylinder 154 is provided with a fitting 168 which is
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suitably tapped for receiving a hydraulic pressure lin
170 (FIGURE 12).

In order to support equipment which is to be carried
by the guide system three horizontal crossheads 172 are
associated with the cylinders 154. As seen in FIGURE 8
a wide annular groove is formed near the top of each
cylinder 154 between the cap 162 and a flange 174. A
split sleeve 176 having its halves secured together by a
vertical pin 178 resides in the groove and is secured to
one end of a crosshead 172 by a pin arrangement indi-
cated at 189. The other end of the crosshead is pinned
to one of the other cylinders 154 in a like manner. In-
termediate its ends each crosshead 172 is provided with a
pin arrangement 184 which cooperates with a comple-
mentary structure secured to the equipment 188 which is
thereby supported by the crossheads 172. A set of lower
crossheads 190 similar to the crossheads 172 is secured to
the cylinders 154 by pin arrangements 192 and to the
equipment by pin arrangements 186. The split sleeve
portions of these lower crossheads 190 are vertically ad-
justable on the cylinders 154.

If necessary or desired, an auxiliary guide section 202
may be provided in the form of relatively hollow posts
201 the bores of which are tapered at their lower ends
204 to mate with the caps 162 of the cylinders 154, The
upper ends 206 (FIGURE .14) of the posts are tapered
upwardly and inwardly so as to receive another similar
post if desired. Each set of posts 202 is provided with
crossheads 208 which, like the crossheads 190, are verti-
cally adjustable.

Referring to FIGURES 9 and 10 there is shown a modi-
fied hydraulic guide system in which the piston is in-
corporated into the fixed guide base 130’ rather than into
the telescoping section 132’ as in the previously described
embodiment. As shown the triangular support plate 134,
the sleeve 136, and the reinforcing plates 137 are identical
with those already described. Fixed to the plate 134 near
each apex is an upstanding cylinder 210 having its upper
end closed with a fixed piston 212 and having down-
wardly and outwardly tapered stops 214 at its lower end.
A hydraulic pressure line 216 passes through the wall of
the fixed cylinder 210 and connects with an eccentric
vertical passage 218 in the piston 212.

Vertically slidable over the piston 212 and fixed cylin-
der 210 is a movable cylinder 220 which has an outwardly
flared lower end 222 adapted to seat on the stops 214. A
fixed, axial piston rod 224 is secured at its lower end to
the top of the piston and extends upwardly through the
movable cylinder 220 where it terminates in a knob 226
which serves as a stop to limit upward movement of the
cylinder 226. A guide cable 152 is secured to. the knob
226 and extends upwardly to the surface. The upper end
228 of the cylinder 220 is tapered inwardly and upwardly
to form a seat for the equipment-carrying portion of the
guide system. Leakage into or out of the chamber de-
fined by the piston 212 and the cylinder 220 is prevented
by seals 230 in the periphery of the piston and a seal 232
in the top of the cylinder 220.

The equipment-supporting portion of the guide system
of FIGURES 9 and 10 consists basically of three hollow
posts which carry crossheads and which are adapted to
seat on the upper end of the cylinders 220. As shown,
each post is constructed of an inner and an outer con-
centric tube, 234 and 236 respectively. The upper end
of the inner tube 234 passes through an upwardly and
inwardly tapered cap 238 which is secured to the outer
tube 236 and which provides a seat for additional support-
ing structure (mot shown) identical to parts 202, 204,
206 and 208 in FIGURES 7 and 8. The lower end of the
inner tube 234 is connected to a plug 240 which has a
bore 242 of sufficient diameter to receive the piston rod
224,

Each outer tube 236 is connected to equipment-support-
ing crossheads 172 and 190 in the same manner as the
cylinder 154. The actnal connections between the tube
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236 and the crosshead sleeves are illustrated schematically
in FIGURES 9 and 10.

Specific example of use and operation of the apparatus

FIGURES 11-16 illustrate the use and operation of the
above-described equipment in the construction and com-
pletion of a submerged oil well. In the particular pro-
cedure illustrated the well is drilled through a large diam-
eter conductor pipe 246, for example a 20 inch O.D. pipe,
which is driven into a submerged bottom 248 from a float-
ing or fixed platform at the surface. First, the guide base
130 of FIGURES 7 and 8 with its guide lines 152 attached
is supported at about platform level which is illustrated
at 250 in the drawings. The first section of conductor
casing 246 with a conventional drive shoe (not shown)
secured to its lower end is then lowered through the
sleeve 136 of the guide base 130 and additional sections
of conductor casing are joined in sequence, as by welding,
to complete the conductor pipe 246. When the shoe
reaches the bottom 248 and the casing 246 is supported,
the guide base 130 is lowered to the bottom by means
of the guide cables 152. As seen in FIGURE 16, the
upper end of the last section of conductor casing 246 is
provided with a head 252 defining a downwardly facing
exterior shoulder 254 and coarse interior threads 256 for
forming a releasable connection. Immediately below the
head 252 the casing 246 is provided with vertically and
radially extending centering guides 258. The casing 246
is then driven into the bottom 248 in a conventional man-
ner until the shoulder 254 rests on top of the sleeve 136
and the support plate 134, the guides 258 having engaged
the bore of the sleeve 136 during the last few feet of
travel. As the casing 246 is driven, additional sections of
casing are added by means of releasable couplings. After
the casing 246 has been driven, the hole for the first
string of casing to be suspended is drilled in conventional
manner from the surface through the releasably connected
sections -and through the casing 246, the former serving
as the mud riser 247 (FIGURE 14).

When the hole has been completed, the lower end of
the mud riser 247 is unscrewed from the threads 256 in
the head 252 and is withdrawn to the surface. The
lower end of a string of casing 260, for example a 16
inch O.D. casing, is then attached to the crossheads 190
of the guide structure 132 at the surface, and the guide
structure 132 is lowered by suitable lowering cables along
the guide cables 152 to guide the lower end of the casing
260 into the conductor casing 246. The telescoping guide
structure 132 is then released from the casing 260 and
raised to the surface.

As the casing 260 is run, a casing head 100 (see FIG-
URE 11 and also FIGURES 4, 6 and 16) for the next
next string of casing is threaded onto the upper end of
the last section of the casing 269. The upper end of the
casing head 100 is releasably connected to the lower end
of a drill pipe 263 by means of a remotely operated
coupling 270. The casing head 100 and the casing 260
are then lowered by means of the drill pipe 263 until
the head 160 rests on the head 252, as seen in FIGURE
1i. The lower portion of the casing head 100 is pro-
vided with circumferentially spaced, radial flutes 266
which communicate with the annulus between casings
246 and 260. The upper portion of the casing head 109
has an external circumferential groove 268 (FIG-
URES 12 and 16) therein for engagement with a clamp-
ing element 269 in the coupling 270. Intermediate its
ends the head 109 is provided with the inner; downwardly
sloping seat 98 (see also FIGURES 3-6) for receiving
the hanger for the next string of casing, and above the
seat 98 there is provided the circumferential recess 1066
for receiving the locking balls 60 associated with the next-
installed hanger.

The remotely controlled coupling 270 and other re-
motely controlled couplings 292 and 302 to be referred
to later are preferably of the gemeral type disclosed in
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copending application Serial No. 128,174, Watts et al.,
filed July 31, 1961. It will be appreciated, however, that
other types of couplings may be used if desired. It will
be understood also that the various items of control equip-
ment and other well completion equipment referred to
herein may be interconnected by means of couplings: of
the type disclosed in Patent No. 2,766,829 rather than by
means of the flange and bolt connections illustrated sche-
matically in FIGURES 11-14. )

‘When the casing head 189 has been landed on the
head 252, circulation may be established down through
the casing 260 and up the annulus between it and the outer
conductor casing 246. The casing 260 is then cemented
in place by pumping cement down casing 269 until the
returns come out through the flutes 266.

The coupling 2790 is then released by operating its con-
trol lines 276 from the surface and.is withdrawn by the
drill pipe 263.° Blowout preventers are then assembled
at the surface and are connected to the telescoping guide
section 132 for lowering to.the casing head 100. As
seen in FIGURE 12, three blowout- preventers 278, 280
and 282 are connected to the top of the coupling 270.
The lower blowout preventer 278 may be of the blind
ram type and the other two may be of the Hydril type,
but any combination of blowout preventers and/or master
drilling valves may be used, as known in the art and re-
ferred to herein. The upper preventers 282 and the cou-
pling 270 are connected to the crossheads 172 and 199,
respectively, of the telescoping guide section 132. The
drill pipe 263 is releasably secured to the top of the
upper preventer 282 by means of a conventional exten-
sion nipple 284 and a threaded adapter 286, and the en-
tire assembly is lowered by means of the drill pipe 263
along the guide cables 152 to a point at which the guide
cylinders 154 engage the tops of the fixed guide posts
138. FIGURE 12 shows the assembly just before the
cylinders 154 engage the posts 138.

The pistons 158 which are in the position shown in
FIGURE 7 then assume the load of the blowout pre-
-venters 278, 280 and 282 and the last few feet of travel
is controiled from the surface by gradually releasing

hydraulic fluid from the cylinders 154 through the lines -

173. This operation transfers the preventer load from
the drilling platform or barge to the foundation on the
submerged bottom, ehmmatmg the effect on the preventers
of wave action and giving positive and acurate coatrol
at this critical moment. When it has been determined
that coupling 276 is in contact, the controls for the
same are actuated at the surface to join the preventer
assembly to ‘the casing head 100.

When the preventer assembly has been connected, the

drill pipe 263, adaptor 286 and nipple 284 are discon-
nected and withdrawn. The mud riser 247 with another

blowout preventer (not shown), for exampie, of the

Regan type, at its lower end are lowered and connected
to the upper blowout preventer 282. Conveniently, the
preventer at the lower end of the mud riser is connected
at the water surface to the crossheads 208 of an auxiliary
guide section such as is shown in FIGURE 8 so that the
guide cables 152 assure proper alignment of the mud riser
assembly with the upper blowout preventer 282. When
connection has been efiected drilling for the next string
of casing is performed through ‘the mud riser assembly
and the blowout preventers 282, 280 and 278.

“After a hole has been drilled using the drill pipe 263
and conventional procedures, the drill pipe 263 is with-
drawn and -the running of the next string of casing 288
is'begun in a conventional manner. At the water surface

the tool and hanger assembly 10 of FIGURES 1-6 is con~

nected by means of the threads 20 to the top of the last

section of the casing 288 and to the lower end of a string

of landing casing (not shown) by means of the threads
18. The landing casing is then lowered through the mud
riser 247 until the exterior shoulder 56 on the hanger
subassembly 14 engages the inner seat 98 on the casing
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head 100. - Ordinarily centralizers will be used during -
-this step. Preferably, also, a long guide tube will be

provided just below the assembly 10 so as to prevent hang-
ing up on sharp shoulders that may be in the mud riser,
the blowout preventers or the head 160. ]

While the casing 288 is suspended from the drill pipe
by means of the tool and hanger assembly 10 (sce FIG-
URES 1-6) the load is transmitted. from the casing 288 -
through the hanger body 48 across the left hand threads
16 to the inner hanger sleeve 24, 24q. From the hanger
sleeve the load is transferred to the body 34 of the tool
subassembly 12 by means of the complementary shoulders
30, 32 and thence to the landing casing throuvh the
threads 18.

When the landing casing is lowered so as to set the
shoulder 56 of ‘the hanger body 48 on the seat 98, the
load of the landing casing will be transmitted through
the threads 18 to the body 34 of the tool subassembly
12 and thence through the threads 38 to body portion
35. From body portion 36 the load is transmitted through
the teeth 44, 46 to the hanger-sleeve 58 then through -
the threads 52 to the hanger body 48 and finally to ‘the
seat 98.

In this position circulation can be established ‘down
through the casing 288, up through the annulus between
casings 288 and 260, through the flutes 58, past the balls

60 and into the mud riser back to the surface. In a simi-

lar manner the casing 288 is cemented by pumping cement
down the landing casing. . As described before, right hand
rotation of the body portions 34 and 36 of the tool sub-
assembly 12 causes the tool sleeve 24 to move upwardly
and the hanger sleeve 50 to move downwardly as a result
of the torque applied to these parts' and as a result of
the left hand and right hand threads at 16 and 52, re-
spectively. ~ As will be understood the number and pitch
of the threads at 16 and 52 will determine the relative
magnitudes of movements. In the particular construction
described the fellowing sequence occurs.

Six revclutions raise- the tool-sleeve 24 to a position
at which it no longer engages the seals 79. Circulation
may then be established down the drill pipe 263 through
the -guide sleeve 126, past the seals 70 and out the ports
94 in tool body portion 36, Sixteen revolutions disengage
the left hand threads at 16 between the tool subassembly

‘12 and the hanger subassembly 14 so that, if desired,

the former may be withdrawn to the surface.

Referring to FIGURE 6 at 18 revolutions the hanger
sleeve 5 will have descended a distance sufficient to force
the tip 116 of the .ring 114 into engagement with the
balls 60. It'is, of course, necessary to lower the landing
casing during this operation in order to maintain the
teeth 44, 46 in contact.

At 22 revolutions the balls 60 will have been forced
through their channels 64 into the annular recess 108 .in
the casing head 100 thus locking the hanger body 48 in
the latter. - At the same time the sealing elements 122 .

‘'will begin to engage a slightly tapered seat in the head

169 immediately above recess 1886. Twenty -seven revo-
lutions complete the operation by engaging the lower edge

of the ring 112 with the upper edge of element 104 which

serves as a stop. The landing casmg and the tool sub-
assembly 12 are then withdrawn in preparation for further
drilling.

With the particular casing program being described it

-is desirable to retain the pressure in the next-installed

string of casing and the tubing within a single head of a
high pressure rating. . To accomplish this the blowout pre-
venters 278, 286 and 282 and the Regan blowout preventer.
(not shown) should ‘be removed iand replaced 'with
another set. and at the same time attach the required

" head. The Regan preventer is retrieved by disconnecting -

it from the upper-preventer 282 and stripping it along with
the auxiliary guide structure over the drill pipe 263 by
means of the mud riser. The coupling 270 is then re-
leased and the blowout preventer assembly which is con-
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nected to the telescoping guide section 132 is raised a
short distance by applying hydraulic pressure to the
cylinders 154 through the lines 17¢ from a suitable con-
trolled source at the surface. The drill pipe, which is stiil
connected to the upper preventer 282, is then raised by
the draw works to assume the load and bring the pre-
venter assemnbly and the telescoping guide section 132
to the surface. . )

FIGURE 13 illustrates the next stage in the construc-
tion of the well. As seen therein and in FIGURE 16 a
casing and tubing head 29§, constructed as an integral
unit and having an external circumferential groove 291
at its lower end has been connected to the upper end
of the coupling 279. Another remotely controlled cou-
pling 292 connects the upper end of the head 290 to
the lower end of another blowout preventer assembly.
The latter includes two Hydril type blowout preventers
294 and 296 of a Cameron blowout preventer 398, the
upper section of which contains dual rams for two strings
of tubing. The upper preventer294 has been connected
to the lower end of the drill pipe 263 by means of an-
other remotely controlled coupling 302, and the entire
preventer assembly has been secured to the telescoping
guide section 132 by means of the crossheads 172 and
198. The driil pipe 263 is then lowered carrying with
it the preventer assembly and the guide section 132 which
slides along the guide cables 152. FIGURE 13 shows
guide section 13 about to engage. the posts 138. As be-
fore, when the pistons 158 in the cylinders 154 engage
the upstanding posts 138 the load is transferred to the
later and the remainder of the travel is hydraulically
controlled. When the preventer assembly is properly seat-
ed, operation of the lower coupling 270 completes the
connection. The upper coupling 302 is released and is
withdrawn to the surface by the drill pipe 263.

The coupling 302 is then removed from the drill pipe
263 and, as shown in- FIGURE 14, is attached to the
lower end of the mud riser 247. The crossheads 208 of
the auxiliary guide section 202 are secured to the cou-
pling 302 and the assembly is lowered to the upper pre-
venter 294 where connection is made by remote oper-
ation of the coupling 302. Drilling is continued through
the mud riser 247 and through the equipment installed
on the casing 260 until sufficient depth has been reached
to run the next string of casing 304.

The casing 304, for example 7 inch O.D. casing, is
run in the same manner as was the casing 288, that is,
with a tool and a hanger 14’ (FIGURE 16) like those
of FIGURES 1-6. Again, centralizers and a long guide
tube are used to protect the hanger subassembly from
damage while it is being lowered into position and to
keep the hanger subassembly centered while it is enter-
ing the seating and sealing section of the head 299. The
cementing of the casing 304 is carried out with its hanger
subassembly 14’ resting on a seat 98’ within the head
299, the returns passing through the flutes at the base
of the hanger subassembly. The head is also provided
with an inner annular recess above the seat for receiv-
ing locking balls 60’ which are analogous to the balls
69 in the head 100. The same procedure is followed for
setting and sealing the hanger subassembly as used when
setting and sealing the casing 288.

When all of the conventional testing and bottom hole
work has been completed, the tubing is run. Hydraulical-
1y set packers are used and the tubing is run simultane-
ously. A pack-off assembly may be placed at the top of
‘the mud riser for partial protection if desired. As seen
in FIGURE 14, a tubing hanger subassembly 308 adapt-
ed to suspend the strings of tubing 306 on two internal
seats and having an outer parent seat is used. The hanger
308 may be generally of the type disclosed in Patent Nos.
3,052,301 and 3,001,803 modified to the extent of hav-
ing locking balls 60”, an actuaiing ring analogous to the
ring 54 and an outer rotatable sleeve analogous to the
sleeve 34, 36. The upper end of the rotatable sleeve
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is provided with axial teeth 310 for engagement with
complementary teeth on a rotatable tool assembly (not
shown).

After the hanger 308 has been placed on the tubing
306, two strings of landing tubing 312 are threaded into
the top of the hanger 308 and the assembly is lowered
through the mud riser 247 and biowout preventer as-
sembly as seen in FIGURE 14 until the parent seat on
the hanger 308 engages the complementary seat 98" (FIG-
URE 16) in the tubing head 299. Preferably, tubing
control valves, such as Otis valves, are included in the
tubing for control after the preventers have been removed.
The landing tubing 312 is then unscrewed from the hang-
er 308 and withdrawn. The hanger 398 is then locked
in place by lowering a tool subassembly (not shown)
through the mud riser by means of the drill pipe 263 and
rotating the same. The tool subassembly has downward-
ly extending teeth thereon which mesh with the teeth
310 so that rotation of the drill pipe and tool assembly
effect rotation of the sleeve of the latter and thereby force
the locking balls into an annular recess in the head 299.
The too] is then withdrawn to the surface.

After the tubing 306 has been set the mud riser is re-
leased from the top of the blowout preventer assembly
and withdrawn. The drill pipe 263 is then lowered and
connected to the top of the preventer assembly. The
coupling 292 at the lower end of the preventer assembly
is released and the cylinders 154 of the telescopic guide
section 132 are pressurized to raise the preventer assem-
bly from the casing head 180. The load is then trans-
ferred to the drill pipe 263 which is hoisted to the sur-
face carrying with it the preventer assembly, the guide
section 132 and the auxiliary guide section.

Next a Christmas tree 314 with the coupling 292 as
the lowermost element is assembled at the surface and
the telescoping guide system 132 attached as seen in FIG-
URE 16. The Christmas tree assembly 314 is then low-
ered along the guide cables 152 by means of the two
strings of landing tubing 312.  As before, the load is
transmitted to the fixed guide posts 138 when the pistons
158 engage the same and the last few feet of travel is
hydraulically controlled from the -surface. Preferably,
the Christmas tree 314 is so arranged on the crossheads
172 ‘and 199 that swiveling action may take place be-
tween the guide system and the tree. This freedom to
rotate will allow the tree to align itself with the hang-
ers when the upper section of the tree engages the par-
ent hanger. When the final contact position is reached
the coupling 292 is tightened to complete the connec-
tion. The tubing control valves may then be retrieved
with a wire line from the surface passing through one
of the strings of landing tubing 312. A conventional
packing operation is then performed using the landing
tubing 312 to service the well. After the well has been
cleaned the valves 326 on the Christmas tree are closed
and the well arranged for production in conventional man-
ner. The returns from the casing 304 are controlled
through a side outlet 316 and production from the tub-
ing 306 is controlled through outlets 318 in the Christ-
mas tree.

It will be appreciated also that the detailed descriptions
of the hanger and tool assembly 10 and the guide sys-
tem 130, 132 illustrate the principles of these devices and
that modification may be made thereto without depart-
ing from the scope of the invention.. The details of the
described procedures and apparatus are not intended to be
limiting except as they appear in the appended claims.

What is claimed is:

1. A hanger and tool for use in suspending a string of
tubing or casing in a well structure comprising: a hanger
body having an axial bore and an exterior tapered surface
intermediate its ends for engaging a complementary sur-
face in the well structure; at least one laterally movable
locking element carried by said hanger body for engage-
ment with a recess within the well structure; first thread
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means on the upper inner extremity of said hanger body; .

second thread means of opposite rotation from said first
thread means on the upper outer extremity of said hanger
body; hanger sleeve means engaging said second thread
means and including means engageable with said locking
element to move the same laterally; a tool body having a
bore coaxial with the bore of said hanger body; a tool
sleeve connected to said tool body for rotation therewith
and for independent longitudinal movement, the lower
end of said tool sleeve threadedly engaging said first
thread means; and complementary tooth and socket
means on the opposed ends of said hanger sleeve and said
tool body whereby rotation of said tool body rotates said
tool sleeve and said hanger sleeve and whereby said tool
sleeve moves upwardly to disengage from said . hanger
body and said hanger sleéve moves downwardly to actuate
said locking element.
2. A hanger and tool assembly for use in suspending a
string of casing in a well comprising:
a hanger subassembly including an annular ‘hanger
body having an exterior downwardly and inwardly
tapered seating surface for engaging a complemen-

tary surface within the well, thread means on. the

inner surface of said hanger body, a laterally movable
latch element carried by said hanger body above said
seating surface, said latch element being movable be-
tween a retracted position and an extended position
in which its outer edge projects laterally outwardly
of said seating surface, an annular latch control
member threaded onto said hanger body and mov-
able axially when rotated into and out of engage-
ment with said latch element, the threads between
said hanger body- and said latch control member and
the thread means on the inner surface of said hanger
being of opposite hand;

an annular tool subassembly including a first sleeve,

thread means on the lower end of said first sleeve in
engagement with said thread means on said hanger
body whereby said subassemblies may be discon-
nected from each other, a second sleeve surrounding
said first sleeve and axially movable with respect
thereto, said second sleeve having a lower end por-
tion adapted when rotated to effect rotation of said
latch control member; means associated with said
first and second sleeves for limiting relative axial
movement between them to a predetermined amount
whereby said first and second sleeves may be with-
drawn upwardly as a unit away from said hanger
subassembly after said first sleeve has been rotated
in a- direction to disconnect said inner sleeve from
said hanger body.

3. Apparatus as in claim 2 wherein said first and sec-.

ond sleeves of said tool subassembly are carried on the
lower end of an annular body, said annular body includ-
ing means disposed above said sleeves for rigidly con-
necting said annular body to the lower end of a running-
in pipe, said inner sleeve being rotatable with and axially
movable relative to said annular body, and said outer
sleeve being fixed relative to said annular body.

4. Apparatus as in claim 2 wherein said annular latch
control member has a lower end portion engageable with
said latch element and wherein said control member car-
ries a circumferential sealing element at 4 locaticn above
and radially outwardly of said lower end portion.

5. A well head assembly comprising: a tubular sup-
porting head having an internal upwardly facing seat
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for receiving a hanger, an internal recess for receiving
a latch member and an‘annular surface for engagement
by an annular sealing element;

a tubular hanger having an external downwardly facing
shoulder resting on said seat in said head, said hang-
er defining with said head an upper annular space
above said seat and a lower annular space below
said seat;

a movable latch member carried by said hanger, said
latch member being movable from a first position
free of said head to a latching position within said.
recess in said head;

a movable, circumferential sealing element carried by
said hanger, said sealing element being movable from
a first position free of said head to a sealing posi-
tion in sealing engagement with said annular surface
in said head;

means defining at least one vertical passage connecting
said upper and lower annular spaces; and

means for suspending said hanger from the lower end
of a running-in pipe and for effecting latching move-
ment of said latch member and sealing movement
of said sealing element after said hanger shoulder has
been lowered into engagement with said seat, said
means including an annular tool device concentric
with said hanger, said tool device including connect-
ing means for connecting said tool device to the
lower end of a running-in pipe, thread means dis-
posed below said first connecting means and engaged
with the complementary threads on said hanger, and
an actuating element operable upon rotation of said
tool device in a direction to disconnect the latter
from said hanger for moving said latch member and
said sealing element into their latching and sealing
positions.

6. Apparatus as in claim 5 wherein said tool device
includes an annular body, an inner sleeve carried by said
body and an outer sleeve carried by said body, said outer
sleeve being fixed with respect to said annular body and
having a lower end portion defining said actuating ele-
ment, said inner sleeve being rotatable with and axially
movable relative to said annular body and having a cir-
cumferential portion defining said thread means whereby .
rotation- of said body in a direction to disconnect said
thread means from said hanger causes said inner sleeve
to move upwardly relative to said hanger, said inner
sleeve having .a second circumferential portion which
seals against said body in one axial position of said inner
sleeve and defines a passage between said body and said
inner sleeve in a higher axial position of the latter.
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