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3,353,595 
UNDERWATER WELL COMPLETIONS 

Bobby H. Nelson, David L. Gruller, and Leonard E. 
Williams, Houston, Tex., assignors to Cameron 
Iron Works, Inc., a corporation of Texas 

Filed May 22, 1964, Ser. No. 369,500 
30 Claims. (Cl. 166-.6) 

This invention relates generally to the completion of 
oil and gas wells. In particular, it relates to improvements 
in the method of and apparatus for completing an olf 
shore well in which the wellhead is located at an under 
water level. 

In the completion of wells of this type, after setting a 
conductor casing having a base structure on its upper end 
at the underwater level, the surface casing is run into the 
well through the conductor casing and a casing head se 
cured to its upper end is connected to the upper end of 
the conductor casing and base structure. Pressure control 
equipment is then lowered onto the upper end of the eas 
ing head by means of a guide system extending between 
the underwater level and the water level. This system of 
ten includes a series of spaced-apart cables anchored at 
their lower ends to the base structure and suspended at 
their upper ends from the vessel from which drilling oper 
ations are conducted. 

In some applications, the pressure control equipment 
includes a riser pipe which is connected above one or 
more blowout preventers for extension upwardly to water 
level. In this case, the desired number of inner casings 
may be run through it and each suspended from the cas 
ing head by means of a casing hanger laudable in the 
head while maintaining pressure control over the well. 
When the last casing has been run and hung 01f, produc 
tion tubing is run into the well within the innermost casing 
and suspended therein by means of a tubing hanger sup 
ported within the casing head and preferably on the 
hanger for such casing. With the pressure control equip 
rnent removed, a Christmas tree installed above the tubing 
hanger provides control over production from the tubing. 

This production is conducted from the Christmas tree 
to ?owliness which extend from a ?owline head at one 
side of the Christmas tree along the underwater level 
to a suitable place of disposal, usually some distance from 
the well site. Thus, it is necessary, during the completion 
process, to connect the Christmas tree with the ?owline 
head which has been guidably lowered into an anchored 
position on the underwater base by the same guide ca 
bles on which the riser pipe is lowered. This connection 
is made from a remote location at the water level. 
Even when the well is to produce from only a single 

zone, there may be two. or more tubings suspended from 
the tubing hanger in order to facilitate the running of 
various tools into and out of the well. Obviously there 
fore, a corresponding number of ?ow passages through 
the tubing hanger, the Christmas tree above the tubing 
hanger, and the ?owline head must be sealably intercon 
nected. Thus, the aforementioned connection must not only 
take into account the lateral distance between the Christ 
mas tree- and the ?owline head, but also the position of 
the ?ow passages in the Christmas tree with respect to 
those in the ?owline head in a rotational sense as well 
as the axial alignment of the various ?ow passages. That 
is, it is necessary that the Christmas tree and thus the tub 
ing hanger be so oriented with respect to the casing head 
as to disposed each flow passage therein for remote con 
nection with a corresponding ?ow passage of the ?owline 
head. 
The need for orienting the tubing hanger in a rotational 

sense also occurs in the completion of multiple zone 
wells on land, even though there is no problem in re 
motely connecting the Christmas tree ?ow passages with 
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2 
the ?owlines. Thus, in the case of land completions 
wherein the various wellhead parts such as the tubing 
head and Christmas tree are connected by bolted ?anges, 
the rotational orientation of the tubing hanger with re 
spect to the tubing head on which it is to be supported 
must be' predetermined in order that the ?ow passages in 
the Christmas tree and tubing hanger will be aligned for 
sealed interconnection when the tree ?ange is bolted to 
the tubing head ?ange. 

In this latter case, alignment has been accomplished 
by means of cooperating lugs and grooves on the tubing 
hanger and some permanent portion of the wellhead, such 
as the bore of the tubing head in which the hanger is 
to be landed. The proximity of the latter alignment part 
to the upper end of the blowout preventer stack above the 
tubing head permits the operator to align both parts 
‘fairly closely as the hanger is landed, so that the tubing 
hanger need be further guided through only a few de 
grees of rotation for precise alignment. Thus, the cam 
ming surfaces for guiding the tubing hanger require but 
little height and, consequently, the use of such a system 
does not require a taller tubing head than would otherwise 
be used. ' 

Also, when the tubing hanger has a shoulder to be land 
ed on a seat within the bore of the tubing head, the por 
tion of such bore above the seat as well as the bore of the 
blowout preventer thereabove are in any case large enough 
to pass the shoulder. Thus, the lugs or groove on the head 
for orienting the corresponding part on the tubing hanger 
lowered through this enlarged bore does not increase the 
inner diameter requirements of this equipment. 

This simple lug and groove arrangement has not, how 
ever, provided a ready solution to the problem of orient 
ing a tubing hanger in the completion of an olfshore well 
in which the wellhead is located at the underwater level. 
Thus, when the tubing hanger must be lowered several 
hundred feet or more from the water level to the casing 
head, there is no easy way to approximate its orientation 
as it approaches landed position. In fact, the tubing 
hanger may be so far from its oriented position that only 
wide guide surfaces on both sides of the groove would 
insure its ultimate disposal over the lug. This would re 
quire a more expensive wellhead not only from the stand 
point of its necessarily greater height, but also due to the 
necessity of leaving the specially fabricated part on the 
wellhead at the underwater level. 

In offshore well completions of this type, the tubing 
hanger is preferably supported on the casing hanger for 
the innermost casing string so that the bore through the 
casing head need be no larger in diameter than the eas 
ing hangers which are run‘ through it in the suspension 
of the casing strings. Therefore, whether the lug be located 
on the tubing hanger or on the well-head bore, the latter 
would have to be enlarged in the case of an underwater 
well completion to permit the above-described lug and 
groove to inter?t as the hanger is landed. The correspond 
ingly larger bore of the pressure control equipment would 
require that such equipment have considerably greater 
strength capacity for holding pressure over a larger cross 
sectional area, and that it therefore be much more ex 
pensive than necessary. 

It is understandable, therefore, that prior underwater 
completion techniques have turned in a different direc 
tion, and, more particularly, have adopted the practice 
of guidably lowering the tubing hanger with the Christ 
mas tree by means of parts on the tree cooperable with 
the aforementioned guide cables. Since the ?owline head 
is guidably lowered into place in the same way, the plural 
flow passages in each of such head and the tubing hanger, 
and thus those of the Christmas tree connected to the 
hanger, are automatically oriented into the desired posi 
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tions relative to one another so that the subsequent con 
nection between the tree and flowline head may be made. 

However, since the guide cables are outside of the 
pressure control equipment, such equipment must ?rst be 
removed from above the casing ‘head so that the Christmas 
tree may be connected with the cables. This has several 
shortcomings since the well is not under pressure control 
at this stage of the completion process. Similarly, in the 
event the tubing hanger is raised when the well is re 
worked, pressure control over the well is again sacri?ced. 
More particularly, in accordance with these practices, 

and after removal of the pressure control equipment, the 
tubing is ?rst lowered on the tubing hanger to spear it 
into the inner casing and the tubing hanger is then raised 
to water level for connection with the Christmas tree. This 
is necessary since, when landed, the tubing hanger will 
be within the casing head, so that only the tree is free for 
connection to the guide cables. At this time, the tubing 
hanger with the tubing suspended therefrom and having 
its lower end speared into the inner casing is lowered with 
the tree for landing on the casing head. This presents a 
further problem inasmuch as there is no convenient way 
to test the seal between the tubing hanger and the por 
tion of the casing head in which it is landed until after 
the Christmas tree has been run. Thus, in the event the 
seal does not hold, it is necessary to pull the Christmas 
tree as well as the tubing hinger. 
An object of this invention is to provide a method of 

and apparatus for completing or reworking a well of this 
type in which pressure control may be maintained over it 
during running or pulling of the tubing. 

Another object is to provide a method of and apparatus 
for completing a well of this type in which the seal be 
tween the tubing hanger and the portion of the casing 
hanger on which it is to he landed may be tested prior 
to installation of the Christmas tree thereabove. 
A further object is to provide a method and apparatus 

of the character above described which does not require 
a casing head of greater than ordinary height or diameter. 

Still another object is to provide a method and ap 
paratus of the character above described which does not 
require that the casing head be oriented about its axis 
than that required by prior practices. 
A still further object is to provide a method and ap 

paratus of the character above described which does not 
require that the casing head be oriented above its axis 
in a predetermined manner with respect to the ?owline 
head, and thus permits the casing head to be connected 
to the conductor casing by simple means. 

Still a further object is to provide a method which may 
be performed simply and quickly and apparatus for ac 
complishing this method which is inexpensive to manu 
facture. 
These and other objects are accomplished, in accordance 

with the illustrated embodiment of the invention, by ap 
paratus which permits the tubing hanger and tubing sus 
pended from it to be lowered through the pressure control 
equipment and landed in the casing head separately of the 
Christmas tree. That is, as will be described to follow, 
there is a means on the hanger engageable with means 
on the bore of the pressure control equipment to orient 
the tubing hanger into a desired rotational position as it 
is so lowered. More particularly, the tubing hanger is so 
oriented that when the Christmas tree is connected above 
it with the ?ow passages in the tree accurately aligned 
with those of the tubing hanger, the Christmas tree ?ow 
passages will be properly oriented for connection with the 
flow passages of the ?owline head. 

Thus, during this stage of the completion process, con 
trol over the well pressure may be maintained. Also, a 
seal :between the tubing hanger and the casing head may 
be tested and the hanger and seal pulled for adjustment, 
if desired, prior to installation of the tree. 

, After running and landing of the tubing hanger and 
testing of its seal, the pressure control equipment is re 
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4 
leased from the casing head andraised to water level. The 
Christmas tree is then attached to the guide system and 
lowered onto the upper end of the casing head above the 
tubing hanger. When the guide system includes cables of 
the type previously described, the ?ow passages of the tree 
will be at least reasonably well oriented in a rotational 
sense and axially aligned with respect to those of the 
tubing hanger as the tree is lowered onto the head. How 
ever, these ?ow passages must ‘be sealably connected to 
one another, as by means of nipples which extend from 
one for telescoping within the other. Therefore, there are 
additional parts on the tree and hanger, and to be de 
scribed in detail to follow, which orient and accurately 
align these passages as the tree lands on the casing head. 
The tubing hanger is oriented with respect to the casing 

head by a ‘lug on one of the tubing hanger and bore 
through the pressure control equipment and a groove on 
the other for closely receiving the lug. Cam surfaces taper 
upwardly from each side of the groove for intersection 
with one another and the lower end of the lug is pointed 
so as to guide the lug into the groove. Thus, the hanger 
will move down into properly oriented position regard 
less of the relative positions of the ‘lug and groove as 
they ?rst engage. That is, there are no horizontal surfaces 
on which the lug might rest and prevent continued down 
ward movement of the hanger. 
As previously indicated, in the illustrated embodiment 

of the invention, this orienting means includes a part 
formed on the lower end of the pressure control equip 
ment. This is preferred since it permits the orienting 
means to be removed from beneath the water level upon 
completion of the well so that it may be used at other 
locations. Still further, the height of bore necessary to 
accommodate the part and the cam guide surfaces need 
not be added to the casing head, but rather to the pressure 
control equipment in which the extra height is no prob 
lem. 

In accordance with a further preferred form of the in 
vention, and as shown in the illustrated embodiment 
thereof, the bore through the pressure control equipment 
is of approximately the same diameter as that of the cas 
ing head so as to provide a continuation thereof. A hollow 
bushing is lowered into the bore of the control equip 
ment and located in a desired rotational position by means 
of a spring-pressed lug adapted to ?t in a longitudinally 
extending groove in such bore. The aforementioned lug 
and groove together with cam surfaces for orienting the 
tubing hanger into the desired rotational position are 
formed on the tubing hanger and bushing so that, as the 
hanger is lowered through the bushing for landing on the 
casing head, it will cooperate with the bushing so as to 
be oriented into a desired rotational position with re 
spect to the bushing and thus with respect to the aligned 
bores of the pressure control equipment and casing head. 
Upon landing of the tubing hanger, the bushing may be 
removed upwardly through the bore of the pressure 
‘control equipment preparatory to installation of the 
Christmas tree. 
The ?ow passages of the Christmas tree are accurately 

aligned with respect to the flow passages of the oriented 
tubing hanger in both an axial as well as a rotational sense. 
For this purpose, there is an internal cylindrical surface 
on the lower end of the Christmas tree which is ?ttable 
closely over an external cylindrical surface on the 
upper end of the tubing hanger as the Christmas tree 
moves downwardly onto the casing head along the afore 
mentioned guide system. There are also cooperating parts 
on the Christmas tree and tubing hanger for orienting 
the tree into a more accurate rotational postion with re 
spect to the tubing hanger as such tree is guided axially 
with respect to the tubing hanger. These latter parts, 
which may also include a lug and a ‘longitudinal groove 
together with cam surfaces for receiving the lug, insure 
that the nipples suspended from the Christmas tree will 
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?t closely into the flow passages of the tubing hanger 
during the ?nal phase of downward movement of the 
Christmas tree. 

Preferably, the part on the tubing hanger for orienting 
it with respect to the hollow bushing as well as the part 
thereon for orienting the Christmas tree comprises a 
single lug on the outer side of such tubing hanger. Thus, 
it will be understood that when the tubing hanger has been 
landed, and the hollow bushing is moved upwardly from 
about the tubing hanger, such lug thereon will be exposed 
so that the groove on the Christmas tree is free to move 
over it. 

In the drawings, wherein like reference characters are 
used throughout to designate like parts; 

FIG. 1 is a view, partly in elevation and partly in sec 
tion, of the upper end of an offshore well of the type de 
scribed including a casing head connected to the upper 
end of a conductor casing and the lower end of pressure 
control equipment lowered onto the upper end of the 
casing head by means of a guide system including a plu 
rality of cables anchored at their lower ends to the base 
structure about the conductor casing; 
FIG. 2 is a cross-sectional view of the equipment 

shown in FIG. 1, as seen along broken line 2—2 of 
FIG. 1; 

FIG. 3 is an enlarged half-sectional view of the upper 
end of the casing head and lower end of the pressure 
control equipment shown in FIG. 1, together with the 
means for connecting the two from a remote location at 
the water level; 
FIG. 4 is a full sectional view of the upper end of the 

casing head and lower end of the pressure control equip 
ment of FIG. 1, and illustrating the step of the above 
described process in which the hollow bushing has been 
lowered into and located in the bore of the pressure con 
trol equipment; 

FIG. 5 is a full sectional view similar to FIG. 4, but 
showing a further step in the method wherein the tubing 
hanger has been lowered through the bushing and oriented 
into a desired rotational position as it lands upon the 
casing hanger for the innermost casing string; 
FIG. 6 is a 360 degree development of the groove and 

cam surfaces on the inside of the bushing of FIGS. 4 
and 5; 
FIG. 7 is another full sectional view similar to FIGS. 

4 and 5, but illustrating another step in the method in 
which the bushing and pressure control equipment have 
been removed from the upper end of the casing head; 

FIG. 8 is a view similar to FIG. 7, but illustrating a 
further step in the method in which the Christmas tree 
has been lowered onto the casing head above the tubing 
hanger and accurately aligned with respect to said hanger 
so as to dispose the lower ends of seal nipples carried by 
its plural ?ow passages within the plural ?ow passages 
of the tubing hanger; 

FIG. 8A is a detailed sectional view of the parts on the 
tree and tubing hanger for aligning said tree, as seen 
along broken line 8A—-8A of FIG. 8; 
FIG. 9 is a cross-sectional view of the tubing hanger 

and Christmas tree, as seen along broken line 9——9 of 
FIG. 8; and 

FIG. 10 is an elevational view of the completed well 
head including the Christmas tree shown in FIG. 9 and 
a ?owline head anchored with respect to the base to one 
side of the Christmas tree, together with a U-shaped 
pipe lowered into place to connect the upper end of the 
tree with the upper end of the ?owline head. 
With reference now to the details of the above-described 

drawings, the upper end of the well shown in FIG. 1 in 
cludes a conductor casing 20 which has been lowered to 
a desired depth within a relatively large hole 21 drilled 
into the underwater level 22. A base structure 23 is 
secured about the upper end of the conductor casing 20 
and at the underwater level 22. The conductor casing 
has been anchored within the hole 21 by means of cement 
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6 
about a substantial portion of its length, and usually all 
the way to the surface, as indicated at 24. 

There are a plurality of conical anchors 25 on the top 
side of the base structure 23 for attachment to the lower 
ends of cables 26 which extend upwardly to water level 
for attachment to the drilling vessel. As shown in FIG. 2, 
there are preferably three equally spaced-apart anchors 
and cables, each of which is located at a corner of the 
triangularly shaped frame 23‘. 

There is also a support 27 anchored to the base struc 
ture 23 and extending upwardly therefrom to one side 
of the conductor casing, as shown diagrammatically in 
FIGS. 1 and 2. As shown in FIG. 10, this support mounts 
the upper end of a ?owline head 113 at substantially the 
same level as the upper end of a Christmas tree which 
is to form the uppermost part of the completed wellhead. 
This ?owline head is lowered onto the support 27 with 
the aid of the guide system, and is connected to ?owlines 
113a which extend downwardly to the underwater level 
and outwardly from the base structure to either a land 
surface or to a gathering station at some remote location. 
Thus, as previously mentioned, the ?owline head 113 is 
located in a predetermined position with respect to the 
conductor casing, and thus the wellhead parts to be 
mounted thereon, both insofar as the lateral distance be 
tween the centerline of the wellhead and the centerline 
of the ?owline head is concerned as well as the rotational 
orientation of the ?owline head about the axis of the 
conductor casing is concerned. 
As shown in FIG. 1, a casing head 28 has been lowered 

onto and connected with the upper end of the conductor 
casing 20 by means of J-slots 29 about a ?ange 30 con 
nected to the casing head by means of spaced-apart guide 
wings 33. These slots are ?tted over pins 31 extending 
outwardly from the upper end of the conductor casing 
for attaching in an obvious manner. As can be seen from 
FIGS. 1 and 2, these wings serve to guide the casing head 
into the conductor casing 20 and thereby align the ?ange 
30 for ?tting over the upper end thereof. 
As shown in FIG. 1, a string of surface casing 34 is 

connected to the lower end of the bore 28a through the 
casing head 28 for extension downwardly within the con 
ductor casing 20. Pressure control equipment 35 is con 
nected to the upper end of the casing head for extension 
upwardly therefrom to the water level (not shown). It 
includes, from its lower end on up, a remotely actuated 
connector 36, one or more blowout preventers 37 and a 
riser pipe 38. 
As will be described more fully hereinafter, and as 

best shown in FIGS. 3 to 5, the connector 36 has a bore 
39 therethrough which forms a continuation of the upper 
enlarged end of the bore 28a of the casing head. The 
upper end of the connector 36 is, in turn, connected to 
the lower end of blowout preventer 37 by bolts 40 (see 
FIG. 1) extending through the adjacent ?anges of these 
two members, and the preventer also has a bore 41 there 
through which forms a continuation of the casing head 
bore 28a and connector bore 39. The upper end of the 
blowout preventer is connected to the lower end of the 
riser pipe 38 by means of any suitable coupling 42, and 
the bore 43 through this riser pipe provides a. still further 
continuation of the casing head bore as well as the bores 
through the connector and blowout preventer. 

After the surface casing 34 has been run with the cas 
ing head 28 and the casing head connected to the con 
ductor casing 20, the surface casing is cemented in place, 
with the returns being taken up through the annulus be 
tween surface casing and conductor casing. The above 
described pressure control equipment 35 is then guidably 
lowered onto the casing head by means of guide sleeves 
44 which are connected to the body of the connector 36 
by means of radially extending arms 45 having holes 45a 
therein to receive lines 45b which may be let out or taken 
up from the water level. As shown in the sectional portion 
of FIG.,1 as well as in FIG. 2, each guide sleeve passes 
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freely over one of the guide cables 26 so as to at least 
approximately align and orient the control equipment in 
a rotational sense. 
When the lower end of the pressure control equipment 

35 approaches engagement with the upper end of the 
casing head, ?ared lower ends 46 on the sleeves 44 will ?t 
closely over the upwardly tapered sides of the anchors 
25 on the base structure 23. Thus, during this ?nal stage 
of its lowering, and just as it lands upon the upper end of 
the casing head, the pressure control equipment will be 
axially aligned and rotatably oriented in a more accurate 
manner. 

With particular reference to FIG. 3, the connector 36 
includes a main body 47 through which the bore 39 ex 
tends and ?anges 48 and 49 on each end of the body. The 
lower ?ange 48 rests upon a'similar ?ange 50 on the upper 
end of casing head 28, and the two ?anges are coupled 
together by means of spaced-apart dogs 51 carried on the 
?ange 48. The joint between the ?anges 48 and 50 is 
sealed by means of an annular gasket 52 carried by the 
lower end of the inside of the ?ange 48 and ?tting tightly 
with respect to tapered surfaces on the inner diameters 
of the ?anges 48 and v50. 
The dogs 51 are movable between the locking position 

of FIG. 3 and an unlocking position in which their lower 
inside surfaces are free to move upwardly or downwardly 
over the outer end of the ?ange St). For this purpose, the 
dogs are surrounded by a ring 53 carried on the lower 
end of a series of pistons 54 each of which is sealably 
slidable within one of a series of cylinder 55. Thus, with 
reference to FIG. 3, when the pistons are moved down 
wardly, the inner tapered surface of the ring 53 will slide 
downwardly over the outer tapered surfaces of the dogs 
51 to swing them in a clockwise direction and into cou 
pling position. On the other hand, when the ring 53 is 
moved upwardly, it will engage an outwardly extending 
flange 56 on the upper ends of the dogs to swing them 
in a counterclockwise direction and out of locking posi 
tion beneath the ?ange 50. 

As is shown in FIG. 3, the stern 54a of each piston 54 
is enclosed by a sheath 57. Also, each piston and its cylin 
der provides an assembly which is removably ?ttable 
within an opening 58 in an outwardly extending ?ange on 
the connector body 47, and locked therein by means of 
bolts 59 through a ?ange on the upper end of the cylin 
der. A skirt 60 extends downwardly from the outer end 
of the connector body ?ange to protect the piston and 
cylinder assemblies as well as the dogs 51 in the opera 
tion of the connector. 
The above-described connector will be found to be simi 

lar in many respects to that shown and described in US. 
Patent No. 3,096,999. It is remotely operable from water 
level by means of hydraulic ?uid which is admitted to 
and exhausted from the cylinders on opposite sides of the 
pistons 54. Thus, in the use of the connector at the lower 
end of the pressure control equipment 35, the pistons 54 
are moved upwardly so as to cause ring 53 to retract the 
dogs 51 from locking position. In this manner, the tapered 
inside surfaces on the lower ends of the dogs will guide 
the lower end of the pressure control equipment in mov 
ing downwardly into engagement with the upper end of 
the casing head 28. Then, when the ?ange 48 is seated‘ on 
the ?ange 55, the piston 54 and thus the ring 53 may be 
moved downwardly so as to force the lower ends of the 
dogs inwardly beneath the casing head ?ange 50, and 
thereby releasably connect the lower end of the pressure 
control equipment to the upper end of the casing head. 
When the pressure control equipment has been con 

nected above the casing head, as above described, one or 
more strings of easing are run therethrough and suspended 
from the casing head 28. In the well illustrated, there is 
an “intermediate” string 61 within surface casing 34 and 
an “oil” string 62 within the intermediate string. The ?rst 
mentioned string is suspended from a casing hanger 63 
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8 
seated upon a tapered shoulder 64 in the bore 28a of the 
casing head beneath the upper enlarged portion thereof. 
As best shown, for example, in FIG. 4, this hanger in 
cludes a body 65 threadedly connected to the upper end 
of the casing 61 and a seal assembly 66 closing off the 
annular space between the upper end of the body and the 
bore 28a of the casing head. In these and other respects, 
it may be similar in construction and operation to that 
shown and described in a copending patent application, 
executed May 6, 1964 by Bobby H. Nelson and Leonard 
E. Williams, and entitled “Well Apparatus,” and assigned 
to the assignee of the present application. Thus, as de 
scribed in this copending application, there may be one 
or more openings through the casing hanger body 65 to 
permit cement returns to be taken upwardly through the 
annulus between the casing suspended by the hanger and 
the next outer casing. After the casing has been cemented 
in place, the seal assembly is lowered into the position 
shown in the drawings and then looked to the upper end 
of the casing hanger body about which it is disposed. 
The oil string 62 is suspended from a casing hanger 

67 which may be substantially identical in construction and 
operation to the casing hanger 63. Thus, it includes a body 
68 having a downwardly tapered seat 69 for landing upon 
an upwardly tapering seat 70 on the upper end of seal 
assembly 66 of the casing hanger 63. As in the case of 
easing hanger body 65, the hanger body 68 is threadedly 
connected to the upper end of the casing string 62 which 
is hung from it. Also, body 68 may have one or more 
holes therethrough which are closed, after cementing of 
the string 62 in place, by means of seal assembly 71 form 
ing part of the casing hanger and lowered onto and con 
nected with the upper end of easing hanger body 68. 

For this latter purpose, and as can be seen from the 
drawings, the seal assembly 71 provides a seal between 
the body 68 and the bore 28a of the casing head. In addi 
tion, this assembly may also carry parts for holding the 
casing hanger 67, and thus the casing hanger 63 upon 
which hanger 67 rests, down within the casing head. For 
example, this assembly 71 may carry slips which are auto 
matically urged into hold-down position by actuation of 
the seal assembly in the manner described in the afore 
mentioned pending patent application. 

Obviously, other casing hanger construction may be 
used in running and hanging off the casing strings with 
in the casing head 28. In any case, however, the casing 
hangers are of such construction as to permit them to be 
run through the bore of the pressure control equipment 
and into landed positions within the casing head, where 
by the well pressure may be kept under control at this 
stage of the completion process. Also, they are preferably 
“nested” so that the bore of the casing head need not be 
enlarged above the seat 64. 
As shown in FIGS. 4 and 5, there is a longitudinally 

extending groove 72 in the bore of the lower end of the 
connector 36 of the pressure control equipment 35. This 
groove is adapted to closely receive a lug 73 which is 
carried within a recess 73a on the outer periphery of a 
hollow bushing 74 which ?ts closely within the bores of 
the connector and blowout preventer. More particularly, 
the dog is urged radially outwardly from the outer periph 
ery of bushing 74 by means of a spring 75 carried between 
the inner side of the dog and the recess 73a of the bush 
ing, such urging being limited by pins 75a in the recess. 
Thus, as the bushing is run through the pressure control 
equipment by means of a running tool 76 (see FIG. 4), 
the dog 73 will be pressed inwardly so as to be in sub~ 
stantial alignment with the inner periphery of the pres 
sure control equipment. However, when the lug reaches 
the level of the groove 72, and is rotated into a position 
in which it is opposite the groove, the lug will snap into 
the groove so as to locate the bushing in a desired rota 
tional sense. 
When the bushing has been so located, its lower end 77 

will seat upon the upper end 78 of the seal assembly 71 
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of easing hanger 67. Actually, this landing of the lower 
end of the bushing on the casing hanger will enable the 
operator at water level to determine that the bushing 74 
has reached the desired position and that it may be rotated 
so as to cause the dog to engage in the groove 72. As can 
be seen from FIGS. 4 and 5, the bore 74a through the 
bushing is at least as large as the bore through the upper 
end of easing hanger 67 so as to receive the tubing hanger 
in a manner to be described hereinafter. 
As best shown in FIG. 4, there is a longitudinally ex 

tending groove 79 on the bore 74a of the lower end of the 
hollow bushing. Also, and as previously described, there 
are cam surfaces 80 which taper upwardly from each op 
posite side of the upper end of the groove 79 to a point of 
intersection 81 which, when the tapers are at the same 
angle, is disposed diametrically opposite the center of the 
groove 79. The upper end of the bushing includes an 
annular recess 32 having threads 83 thereabout for con 
necting with the lower threaded end of running tool 76. 
When the bushing has been run and located in the man 

ner described, the running tool 76 is removed therefrom 
and tubing hanger 84 is lowered on a suitable running tool 
(not shown) through the pressure control equipment and 
bushing into the position shown in 'FIG. 5 in which a 
downwardly tapering shoulder 86 thereon seats upon an 
upwardly tapering shoulder or seat on the inner side of 
the seal assembly 71 of easing hanger 67. With the tubing 
so landed, a pair of tubing strings 84a and 8412 connected 
to the lower ends of flow passages 84c and 84d there 
through are suspended within the oil string 62. There are 
threads 84c and 84]‘ about the upper ends of the ?ow pas 
sages to receive removable back pressure valves and/or 
to connect with the aforementioned running tool. 
When so landed, the tubing hanger is sealed with respect 

to the casing hanger by means of one or more seal rings 87 
carried about its downwardly tapering shoulder 86. Also, 
the tubing hanger is locked down within the casing hanger 
by means of dogs 88 carried about the body 90 of the 
hanger above the seat 86 thereon and adapted to be moved 
outwardly into locking position within a recess 92 in the 
seal assembly 71 of easing hanger 67 by means of pistons 
89 longitudinally slidable with respect to a body 90 of the 
hanger. 

Thus, as shown in FIG. 5, there is a pressure chamber 
91 intermediate oppositely facing shoulders on the piston 
89 and body 90 of the tubing hanger to receive hydraulic 
fluid for forcing the piston downwardly to move the dogs 
from a ?rst position in which they are retracted with re 
spect to the hanger to the locking position shown in FIG. 
5. As will be appreciated from FIG. 5, in its upper posi 
tion, piston 89 permits the dogs to move inwardly of the 
bore through the upper end of casing hanger 67 so that 
the tubing hanger may be lowered therethrough. Although 
the details of same are not important, it will further be 
understood that upon release of pressure ?uid from within 
the chamber 91, the piston 89 is free to move upwardly, 
whereby an upward pull on the tubing hanger will cause 
the downwardly tapering shoulder on the upper side of 
locking dog recess 92 to bear against a complementary 
shoulder on the upper ends of the dogs 88. Thus, the 
dogs are cammed inwardly to free the tubing hanger for 
withdrawal. If desired, of course, the hydraulic actuator 
maybe constructed to act in both directions so as to posi 
tively move the piston 89 upwardly as well as down 
wardly. 
As shown in FIG. 5, there is a lug 94 at the upper end 

of the body 90 of tubing hanger 84 for ?tting closely with 
in the longitudinal groove 79 in bushing 74. As previously 
described, the close ?t of this lug within such groove will 
orient the passages -84c and 84d in the tubing hanger into 
a desired rotational position. That is, since the pressure 
control equipment 35 is lowered onto the casing head by 
means of the same guide cables 26 which are used for 
guidably lowering the ?owline head onto the base struc 
ture 23, and further since the bushing 74 is ?xedly located 
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10 
in a rotational sense with respect to the groove 72 in the 
lower end of the pressure control equipment, the disposal 
of lug 94 in groove 79 will thereby predetermine the posi~ 
tion of tubing hanger ?ow passages 84c and 84d with 
respect to the ?ow passages in the ?owline head. 
As previously described, as the tubing hanger 84 is 

lowered through the pressure control equipment, the lug 
94 thereon will most probably be disposed out of axial 
alignment with the bushing groove 79. Thus, as illustrated 
by the broken lines of FIG. 6, the lower end of the lug 
will ordinarily ?rst engage the bushing along one of the 
cam surfaces 80. However, due to the fact that the lower 
end of the lug is pointed and that the cam surfaces extend 
entirely about the bore of the bushing 84a, the tubing 
hanger will continue to move downwardly after this 
initial engagement of the lug until the lug is axially aligned 
with the groove 79. At this time, the lug moves downward 
ly within the groove 79 so as to ?nally orient the tubing 
hanger in the desired rotational sense. 

It will be noted, in this respect, that the relatively close 
?t of the piston 89 within the upper bore of the casing 
hanger 67 will align the tubing hanger with respect to the 
axis of the bore through the wellhead prior to ?tting of the 
lug within the groove 79. More particularly, the tubing 
hanger is guided into the upper bore of easing hanger 67 
by tapered seat 87 on the lower end thereof. That is, as 
can ‘be seen from FIGS. 4 and 5, this tapered seat will 
initially engage with an inner taper on the upper end of 
seal assembly 71 of easing hanger 67 since the tubing 
hanger ?ts rather loosely within the bushing 74 as it is 
lowered through it. 
When the tubing hanger has thus been oriented, landed 

and locked in place, the eifectiveness of the seal 37 may be 
tested. For this purpose, the ?ow passages 84c and 84d 
are plugged and the rams (not shown) of the blowout 
preventer 37 are closed so as to form a pressure chamber 
within the bore and above the seal 37. At this time, test 
?uid may be introduced from the water level into the 
pressure chamber by means of the kill line (not shown) 
of the blowout preventer. If the seal does not hold pres 
sure, the tubing hanger may be withdrawn upon opening 
of the blowout preventer rams. On the other hand, if the 
seal does hold, the operator may proceed with the com 
pletion of the well. 

In this latter event, the running tool '76 or its equivalent 
is lowered to engage with the upper end of bushing 74, 
and the bushing is then pulled from the well through the 
pressure control equipment. In this respect, it will be 
noted that the groove 79 on the inner side of the bushing 
extends all the way through the lower end of the bushing 
so that the latter is free to move upwardly from the tubing 
hanger lug 94. Also, of course, as the bushing is pulled 
upwardly, the spring-pressed dog 73 will be urged in 
wardly so that it will ride upwardly along the bore through 
the pressure control equipment. 
Upon pulling of the bushing 74, the pressure control 

equipment 35 is removed from above the casing head 28, 
as illustrated in FIG. 7. That is, as will be obvious from 
the foregoing description, pressure ?uid is admitted to the 
cylinders 55 of the connector 36 beneath the pistons 54 
therein so as to raise the ring 53 and thereby swing the 
lower end of the dogs 51 out of locking position beneath 
the casing head ?ange 50. This frees the dogs to be raised 
past the flange 56, whereby the pressure control equipment 
may be lifted from above the casing head guided by the 
guide cables 26. As shown in FIG. 7, with the pressure 
control equipment so removed, the upper end of the cas 
ing hanger 67 will project upwardly from the flange 50 at 
the upper end of the casing head, and the upper end of 
tubing hanger 84 will project upwardly from the upper 
end of the casing hanger. More particularly, the lug 94 on 
the upper end of the tubing hanger will be exposed above 
casing hanger 67 for cooperation with the Christmas tree 
in a manner to be described. 



3,853,595 
1 i 

As illustrated in FIGS. 8 and 10, and as previously de 
scribed, the Well is completed by the lowering of a Christ 
mas tree 95 onto the tubing hanger 84 and the connection 
of the lower end of such Christmas tree with the upper 
end of the casing head 28. More particularly, as the 
Christmas tree is so lowered, the flow passages 95:: and 
95b therethrough are accurately aligned with respect to 
the flow passages 84c and 84d, respectively, of the tubing 
hanger, whereby the flow passages in the Christmas tree 
are, similarly to the ?ow passages in the tubing hanger, 
oriented into a desired rotational sense and axially aligned 
with respect to the bore of the wellhead for connection 
with corresponding passages of the ?owline head 113. 

Since the ?ow passages are accurately aligned, tubular 
nipples 96 and 97 threadedly connected to and depending 
from the lower ends of ?ow passages 95a and 5352), re 
spectively, will fit closely Within the upper ends of tubing 
hanger ?ow passages 84c and 34d to provide a sealed 
connection therebetween. Obviously, this alignment must 
be accurate in order to prevent damage to the nipples, and 
especially the seal rings 98 about their lower ends which 
?t within the tubing hanger ?ow passages. 

These nipples 96 and $7 extend downwardly within a 
connector 99 coupled to the lower end of the master valves 
of the Christmas tree by means of bolts 1% extending be 
tween the adjacent ?anges 101 and 1552 of the connector 
body and the master valve body. This connector may be 
similar in construction to the connector 36 previously de 
scribed so as to provide a remotely operable and releas 
able connection for the tree to the upper end of the eas 
ing head as the tree is guidably lowered onto the position 
shown in FIGS. 8 and 10. 
For this latter purpose, the connector 99 includes a 

connector body 103 having a ?ange 1% on its lower end 
for seating on the casing head ?ange 5t) and dogs 195 
carried by the ?ange 104- for swinging between locking 
and unlocking positions by means of apparatus similar to 
that described in connection with connector 36. As was 
also true in the case of connector 36, a gasket 105 is car 
ried Within a tapered recess on the lower end of connector 
body 1€§3 to form a seal with respect to another tapered 
recess on the inner end of the encasing head ?ange 50. 
Still further, there are arms M7 which extend outwardly 
from a skirt 188 about the body 103 of the connector, and 
sleeves 1&9 are disposed on the outer ends of the arms 167 
for guidably sliding over the guide cables 26. As pre 
viously described, this insures that the ?ow passages 
through the Christmas tree will be at least approximately 
aligned with respect to those of the tubing hanger as the 
Christmas tree is lowered into place. 
As shown in FIG. 8, the connector body 103 has an 

upper cylindrical bore 110 and a concentrically arranged 
enlarged cylindrical bore 111 beneath the bore 110. The 
upper bore 110 ?ts closely over the upwardly extending 
cylindrical portion of the upper end of the body of tubing 
hanger 84, while the lower bore 111 ?ts relatively closely 
about the upwardly extending cylindrical portion of the 
casing hanger 67. As also shown in FIG. 8, as well as 
in FIG. 9, there is a longitudinal groove 112 in the lower 
end of the bore 1191 of the connector body 163 for ?tting 
closely over the lug 94 on the tubing hanger 84. As shown 
in FIG. 8A, there are cam surfaces 112a on each oppo 
site side of the lower end of groove 112 for guiding the 
groove onto the lug $4. Thus, as the Christmas tree ap 
proaches its landed position, it will not only be guided in 
an axial sense, but also will be oriented into a desired ro 
tational position by the ?tting of this groove over the lug 
94. More particularly, the above-described parts for align 
ing the ?ow passages axially and orienting them in a rota 
tional sense are effective prior to the movement of the 
lower ends of tubular nipples as and 97 into the upper 
ends of tubing hanger ?ow passages 84c and 84d. 
When the Christmas tree has been so landed and con 

nected to the upper end of the casing head with its ?ow 
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passages sealably connected to the ?ow passages in the 
tubing hanger, the running tool for same (not shown) may 
be removed from a neck 115 about its upper end, and the 
flow passages therethrough connected to the corresponding 
?ow passages through the ?owline head 113. As previously 
described, this ?owline head has been lowered onto and 
releasably connected with the flowline head support 27 
with the aid of the guide cables 26. With the ?owline head 
landed and supported on the support 27, a neck 114 having 
?ow passages at the upper end thereof will be at substan 
tially the same level as the neck 115 on the upper end 
of the ‘Christmas tree 95. The upper ends of these ?owline 
head ?ow passages are, of course, oriented and axially 
aligned with those through the Christmas tree. Thus they 
may be interconnected by a U tube 116 or the like having 
corresponding passages therethrough, guidably lowered 
onto the heads by the guide system. 

This U tube 116 may be similar in construction and 
operation to that described in copending application Ser. 
No. 130,387, ?led August 9, 1961, by Arthur G. Ahlstone, 
entitled “Well Completion Apparatus,” and assigned to the 
assignee of the present application. Thus, its opposite ends 
are releasably connected to the necks 114 and 115 on 
the ?owline head and Christmas tree, respectively, by 
any suitable remotely coupling mechanism, such as that 
described in the above mentioned copending application. 
Since the U tube 116 is lowered by means of the same 
guide system, the coupling mechanisms on its opposite 
ends will be sui?ciently well aligned with the necks of 
the Christmas tree and ?owline so that the remote con 
nection may be made without difficulty. 
From the foregoing it will be seen that this invention is 

one well adapted to attain all of the ends and objects 
hereinabove set forth, together with other advantages 
which are obvious and which are inherent to the method 
and apparatus. 

It will be understood that certain features and sub-com 
binations are of utility and may be employed without 
reference to other features and subcornbinations. This is 
contemplated by and is within the scope of the claims. 
As many possible embodiments may be made of the 

invention Without departing from the scope thereof, it is 
to be understood that all matter herein set forth or shown 
in the accompanying drawings is to be interpreted as il 
lustrative and not in a limiting sense. 
The invention having been described, what is claimed 

is: 

1. In a method of completing an offshore well includ 
ing a casing head disposed at an underwater level, a guide 
system extending downwardly from the water level to the 
underwater level, and pressure control equipment releasa 
bly connected in a predetermined rotational position to 
the upper end of the casing head; the steps of lowering 
a tubing hanger having plural ?ow passages therethrough 
and tubing suspended from the passages through the con 
trol equipment, engaging the hanger with means on the 
pressure control equipment, as said tubing hanger is so 
lowered, to orient said tubing hanger into a desired rota 
tional position within the casing head and landing it in 
such position, releasing the control equipment from the 
upper end of the casing head and raising it to water level, 
connecting a Christmas tree having plural ?ow passages 
therethrough to the guide system, and lowering the tree 
onto the upper end of the casing head and the tubing 
hanger with its ?ow passages accurately aligned with and 
sealed to the ?ow passages of the tubing hanger. 

2. In a method of completing an offshore well includ 
ing a casing head disposed at an underwater level, a 
guide system extending downwardly from the water level 
to the underwater level, and pressure control equipment 
removably connected in a predetermined rotational posi 
tion to the upper end of the casing head; the steps of 
lowering a tubing hanger having plural ?ow passages 
therethrough and tubing suspended from the passages 
through the control equipment and engaging said tubing 
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hanger with means within the control equipment as the 
tubing hanger is so lowered for orienting said tubing 
hanger into a desired rotational position with respect to 
the casing head, landing said tubing hanger in the casing 
head in said desired rotational position,-removing said 
control equipment and said orienting means therein from 
the upper end of the casing head and raising it to water 
level, connecting a Christmas tree having plural ?ow pas 
sages to the guide system, lowering the tree by means of 
the guide system onto the upper end of the casing head, 
and engaging said tree with means on the tubing hanger 
as it is so lowered for accurately aligning the passages 
therethrough with the passages of the tubing hanger. 

3. In a method of completing an offshore well includ 
ing a casing head disposed at an underwtaer level, a guide 
system extending downwardly from the water level to the 
underwater level, and pressure control equipment releasa 

.b1y connected in a predetermined rotational position to 
the upper end of the casing head, the bore through the 
pressure control equipment being of approximately the 
same diameter as the bore through the casing head; the 
steps of lowering a hollow bushing through the control 
equipment and locating it in a ?xed rotational position 
with respect to the bore of the control equipment, lower 
ing a tubing hanger having plural ?ow passages there 
through and tubing suspended from the passages through 
the control equipment and bushing and engaging the tub 
ing hanger with the bushing as it is so lowered for orient 
ing said hanger into a desired rotational position with re 
spect to the casing head, landing the tubing hanger within 
the casing head in said desired rotational position, re 
moving the bushing upwardly from within the control 
equipment, releasing the control equipment from the 
upper end of the casing head and raising it to water level, 
connecting a Christmas tree having plural ?ow passages 
therethrough to the guide system, and lowering the tree 
onto the upper end of the casing head and tubing hanger 
with its flow passages accurately aligned with the flow pas 
sages of the tubing hanger. 
'4. For use in the completion of an offshore well includ 

ing a casing head at an underwater level having a bore 
therethrough, pressure control equipment releasably con 
nected in a predetermined rotational position to the upper 
‘end of the casing head, and a guide system disposed ex 
ternally of the casing head and extending between water 
level and the underwater level; a tubing hanger having 
plural ?ow passages therethrough with means for suspend 
ing tubing from the passages, means on the tubing hanger 
for lowering it through the control equipment into a 
landed position within the casing head, means on the con 
trol equipment for orienting the tubing hanger into a de 
sired rotational position with respect to the casing head 
as the hanger isso lowered, a Christmas tree having 
plural ?ow passages therethrough and means thereon co 

. operable with the guide systemv for lowering it onto the 
upper end of the casing head above thetubing hanger 
'upon release and removal of the control equipment and 
means’ for accurately aligning the ?ow passages through 
the tree with the tubing hanger ?ow passages as the tree 
is so'lowered. - 

"5. Olfshore wellhead apparatus, comprising a casing 
’ head having'a bore therethrough for disposal at an under 
Water level, pressure control equipment having means on 
its lower end for releasably connecting it in a predeter— 
mined rotational position to the upper end of the casing 
head with the bore through the control equipment aligned 

‘:‘with’the' bore through the casing head, a tubing hanger 
having" plural ?ow passages therethrough and lowerable 
through‘ the control equipment into a landed position 
within the casing head, and meansincluding a part on 
the tubing‘hanger cooperable with a part in the bore of 
‘said control equipment as the hanger is so lowered to 
orienti'the hanger "into a desired rotational position with 
respect" to' said head when landed therein. , ' ' 
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6. Offshore wellhead apparatus of the character de 

?ned in claim 5, including a Christmas tree having plural 
?ow passages therethrough and lowerable onto the upper 
end of the casing head for connection thereto above the 
tubing hanger upon release and removal of the control 
equipment, and means for accurately aligning the ?ow 
passages on the tree and hanger as the tree is so lowered. 

7. An offshore wellhead assembly, comprising a cas 
ing head having a bore therethrough for disposal at an 
underwater level, pressure control equipment having 
means on its lower end for releasably connecting it in a 
predetermined rotational position to the upper end of 
the casing head with the bore through the control equip 
ment aligned with the bore through the casing head, a 
tubing hanger having plural ?ow passages therethrough 
and lowerable through the control equipment into a landed 
position within the casing head, and means including 
parts on the tubing hanger and in the bore of one of the 
casing head and control equipment for engagement with 
one another, as the hanger is so lowered, to orient the 
hanger into a desired rotational position with respect to 
the head when landed therein, one of said parts includ 
ing a lug and the ‘other a longitudinally extending groove 
to closely receive ‘the lug and cam surfaces tapering from 
each side of the groove for intersection with one another. 

8. O?shore wellhead apparatus, comprising a casing 
head having a bore therethrough for disposal at an under 
'water level, pressure control equipment having a bore 
therethrough of approximately the same diameter as the 
casing head bore and means on its lower end for releasably 
connecting it in a predetermined rotational position to the 
upper end of the casing head and with the bores there 
through arranged coaxially, a longitudinally extending 
groove on the bore of one of said control equipment and 
easing head, a tubing hanger having plural ?ow passages 
therethrough and adapted to be lowered through the con 
trol equipment into a landed position within the casing 
head, and means including a lug for ?tting within the 
groove to orient the hanger into a desired rotational posi 
tion with respect to the casing head as it is so lowered, said 
lug being spring-pressed to permit it to be rotated into the 
groove and to be moved vertically through the bore of the 
pressure control equipment. 

9. O?shore wellhead apparatus of the character de 
?ned in claim 8 including a Christmas tree having plural 
?ow passages therethrough and lowerable onto the upper 
end of the casing head above the tubing hanger for con 
nection thereto upon release and removal of the control 

‘equipment, and means for accurately aligning the‘?ow 
passages through the tree and hanger as the tree is so low 
ered. 

10. Offshore wellhead apparatus of the character de 
?ned in claim 8, wherein the groove is on the bore of the 
control equipment. 

11. An offshore wellhead assembly, comprising a casing 
head having a bore therethrough for disposal‘ at an under 
water level, pressure control equipment having a bore of 
approximately the same diameter as the casing head bore 
and means on its lower end ‘for releasably connecting it 
in a predetermined rotational position to the upper end 
of the casing head and with the bores arranged coaxially, 
a longitudinally extending groove on the bore of one of 
said control equipment and casing head, a hollow bushing 
lowerable through the control equipment and having a 
spring-pressed lug for ?tting within the groove when so 
lowered, a tubing hanger having plural ?o'w passages 
therethrough and adapted to be lowered through the con 
trol equipment and bushing into a landed position within 
the casing head, and means on the hanger and bushing for 
orienting the hanger into a desired rotational position with 
respect to the casing head as it is so lowered into landed 
position. 

12. An offshore wellhead assembly of the character de 
?ned in claim 11, wherein the groove is formed in the con 
trol equipment. 
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13. An offshore wellhead assembly of the character de 
?ned in claim 11, wherein the orienting means comprises 
a longitudinal groove on one of the hanger and bushing, 
and a rigid lug on the other of the hanger and bushing 
for ?tting within the groove. 

14. Offshore wellhead apparatus for use with a casing 
head having a bore therethrough disposed at an under 
water level, comprising pressure control equipment having 
a bore therethrough and means on its lower end for re 
leasably connecting it in a predetermined rotational posi 
tion to the upper end of the casing head with the bore 
therethrough axially aligned with the bore through the 
casing head, a tubing hanger having plural ?ow passages 
therethrough and adapted to be lowered through the con 
trol equipment into a landed position within the casing 
head, means for orienting the hanger into a desired rota 
tional position with respect to the head, a Christmas tree 
having plural ?ow passages therethrough and means there 
on for guidably lowering it onto the upper end of the cas 
ing head above the tubing hanger when the control equip 
ment is released and removed therefrom and means on the 
tree and tubing hanger for accurately aligning the ?ow 
passages therethrough as the tree is so lowered. 

15. Offshore wellhead apparatus of the character de 
?ned in claim 14, wherein said last-mentioned means in 
cludes a cylindrical surface on the tree closely ?ttable 
over a cylindrical surface on the tubing hanger, a lug on 
one of said tree and tubing hanger, and a longitudinal 
groove in the other of the tree and tubing hanger for 
closely receiving the lug as the tree is so lowered. 

16. Offshore wellhead apparatus of the character de 
?ned in claim 14, wherein the hanger orienting means 
comprises a part on the tubing hanger engageable with a 
part in the bore of said pressure control equipment as the 
tubing hanger is so lowered. 

17. Offshore wellhead apparatus, comprising a casing 
head having a bore therethrough and disposable at an un 
derwater level, pressure control equipment having means 
on its lower end for releasable connection in a prede 
termined rotational position to the upper end of the eas 
ing head with the bore through the pressure control equip 
ment axially aligned with the bore through the casing 
head, a tubing hanger having plural ?ow passages there 
through and adapted to be lowered through the pressure 
control equipment into a landed position within the cas 
ing head, means providing a longitudinal groove in the 
bore of one of said casing head and pressure control equip 
ment, a lug on the tubing hanger ?ttable within the groove 
for orienting the hanger into a desired rotational position 
as it is so lowered, a Christmas tree having plural ?ow 
passages therethrough and means thereon for guidably 
lowering it onto the upper end of the casing head above 
the tubing hanger when the connector is released and re 
moved therefrom, and means including a longitudinal 
groove on the tree ?ttable over the lug on the tubing‘ 
hanger for accurately aligning the passages therethrough 
as the tree is so lowered. 

18. An offshore wellhead assembly, comprising pres 
sure control equipment having a bore therethrough and 
means on its lower end for connecting it in a predetermined 
rotational position to the upper end of a casing head, a 
longitudinally extending groove on the bore of the pres 
sure control equipment, a hollow bushing lowerable into 
and rotatable within said bore and having a spring-pressed 
dog on the outer side thereof ‘for disposal within the 
groove to locate the bushing in a desired rotational posi 
tion within the body, and means on the bushing for orient 
ing a tubing hanger into a desired rotational position as 
the tubing hanger is lowered through the pressure control 
equipment and bushing into a landed position in said cas 
ing head. 

19. An offshore wellhead assembly of the character de 
?ned in claim 18, wherein said orienting means includes 
a lug on the tubing hanger and longitudinally extending 
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groove on the bushing to receive the lug and a camming 
surface tapering upwardly from each side of the groove. 

20. For use with an offshore wellhead assembly, pres 
sure control equipment having a bore therethrough and 
connecting means on its lower end, and means within the 
bore of the pressure control equipment providing a longi 
tudinal groove and camming surfaces tapering upwardly 
from opposite sides of the groove. 

21. An offshore wellhead assembly, comprising pres 
sure control equipment having a bore therethrough and 
connecting means on its lower end, means within the 
bore of the pressure control equipment providing a longi 
tudinal groove, a tubing hanger lowerable into said bore, 
and a lug on the tubing hanger movable into the groove 
as the tubing hanger is so lowered to orient the tubing 
hanger into a desired rotational position with respect to 
said pressure control equipment. 

22. An offshore wellhead assembly, comprising pres 
sure control equipment having a bore therethrough and 
connecting means on its lower end, a longitudinal groove 
on the bore, a tubing hanger lowerable into the bore, and 
means including a spring-pressed lug disposable within 
said groove for orienting the tubing hanger into a desired 
rotational position with respect to said pressure control 
equipment as the tubing hanger is so lowered. 

23. For use with an offshore wellhead assembly, a hol 
low bushing, a spring-pressed lug on the outer side of the 
bushing, a tubing hanger lowerable into a closely ?tting 
position within the bore of the bushing, a longitudinally 
extending groove in one of said hanger and the bore of 
the bushing, and a rigid lug on the other of the hanger 
and bore of the bushing disposable within the groove as 
the hanger is so lowered to orient the hanger into a de 
sired rotational position within the bushing. 

24. For use with an offshore wellhead assembly, a 
hollow bushing having connecting means on the upper 
end, a longitudinal groove on the bore of the bushing, 
camming surfaces tapering upwardly from opposite sides 
of the groove, a lug on the outer side of the bushing, 
and spring means normally urging the lug from the outer 
side of the bushing but being compressible inwardly to 
permit the lug to move inwardly to provide a substantial 
continuation of said outer side. 

25. For use with an offshore wellhead assembly, a 
tubing hanger having plural ?ow passages therethrough, 
a Christmas tree having plural ?ow passages therethrough 
adapted to be sealably connected with the tubing hanger 

' passages as the tree is lowered over said tubing hanger, 
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and a lug. on one and a longitudinal groove on the other 
of said hanger and tree for orienting the tree into a de 
sired rotational position with respect to the hanger as said 
tree is so lowered, said hanger having a cylindrical portion 
at its upper end and said Christmas tree having a cylin 
drical portion at its lower end for ?tting closely over the 
cylindrical portion of the hanger so as to axially align 
the passages as the tree is so oriented. 

26. As in 25, wherein said lug is on the cylindrical 
portion of the hanger and said groove is on the cylindrical 
portion of said tree. . 

27. For use with an offshore wellhead assembly,»a 
hollow bushing having a longitudinal groove on its bore, 
a tubing hanger having plural flow passages therethrough 
and lowerable into the bushing, a lug on the hanger to ?t 
within the groove for orienting the hanger in a rotational 
sense as the hanger is so lowered, a Christmas tree having 
plural ?ow passages therethrough and lowerable onto the 
tubing hanger, ‘and means including a longitudinal groove 
on the tree ?ttable over the hanger lug for accurately 
aligning the tree passages with the hanger passages as 
the tree is so lowered. 

28. For use in the completion of an offshore well in 
cluding a casing head at an underwater level having a 
bore therethrough and a guide system extending between 
water level and the underwater level; apparatus compris 
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ing a ?rst wellhead member having a plurality of longi 
tudinal ?ow passages therethrough and lowerable into 
connection with said casing head, means for orienting the 
?rst Wellhead member into a desired rotational position 
with respect to the casing head as it is so lowered, a sec 
ond wellhead member having a plurality of longitudinal 
?ow passages therethrough, means on the second well 
head member cooperable with the guide system for low 
ering it onto said ?rst member, said ?rst member hav 
ing a cylindrical portion and said second member having 
a cylindrical portion for ?tting telescopically with re 
spect to the cylindrical portion of said ?rst member as it 
is lowered thereon, and means on the cylindrical portions 
of said ?rst and second members for orienting the second 
member into a desired rotational position as the cylin 
drical portion of the second member telescopes with re 
spect to the cylindrical portion of the ?rst so as to align 
the ?ow passages in said members with one another. 

29. Apparatus of the character de?ned in claim 28, 
wherein one of said wellhead members has a tubular ex 
tension from one of its ?ow passages for ?tting closely 
within the aligned ?ow passage of the other wellhead 
member, and said means for orienting the ?rst and sec 
ond Wellhead members relative to one another comprises 
a groove in one and a lug on the other for entering the 
groove before said tubular extension ?ts within said 
aligned ?ow passage. 

30. In a method of completing an offshore well in 
cluding a casing head disposed at an underwater level 
and pressure control equipment releasably connected in 
a predetermined rotational position to the upper end of 
the casing head, wherein the bore through the pressure 
control equipment is of approximately the same diameter 
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as the bore through the casing head; the steps of lowering 
a casing hanger having casing suspended therefrom 
through the control equipment and casing head into a 
landed position within said casing head, lowering a hol 
low bushing having substantially the same outer di 
ameter as the casing hanger through the control equip 
ment and locating it above the casing hanger in a ?xed 
rotational position with respect to the bore of the control 
equipment, lowering a tubing hanger having plural ?ow 
passages therethrough and tubing suspended from the 
passages through the control equipment and hollow bush 
ing, engaging the tubing hanger with the bushing as it is 
so lowered for orienting said tubing hanger into a desired 
rotational position with respect to the casing head, and 
landing the tubing hanger within the casing head in said 
desired ‘rotational position. 
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