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Patented Mar. 14, 1939

UNITED STATES

2,150,887

PATENT OFFICE

2,150,887

METﬂOD AND APPARATUS FOR COMPLET-
ING WELLS

Robert A. Mueller and Roger Smith, Houston,
Tex., assignors to Gray Tool Company, Hous-
ton, Tex., a corporation

Application January 13, 1936, Serial No. 58,821

9 Claims.

Our invention relates to methods and equip-
ment for completing a well under gas pressures
in such manner as to prevent any danger of blow-
out or of damage to the well.

Our device is employed in the finishing of a
well including the operations of drilling into the
producing formation, setting the strainer and
packer and then accomplishing the equipment
of the well where the tubing is hung in posi-
tion so that the well may be properly equipped

_and the control apparatus removed from the well.

15

There are devices previously employed whereby
tubing may be supported in the well such devices
being secured permanently to the tubing and
which act to support the tubing in its proper posi-

- tion. Such devices do not commonly provide for
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any vertical adjustment of the tubing and the
hanging of the tubing thereafter without endan-
gering the blowout of gas from the well. It is
important to be able to move the tubing verti-
cally for the setting of the packer or other similar
operations after the seal has been made about the
upper end of the tubing. This vertical adjust-
ment is not ordinarily possible with equipment
now in use where the well is under heavy pres-
sure. :

1t is an obiéct of our invention to provide con-
trol equipment and to so operate the finishing
of the well that there will during the series of
operations be no time when the well is open so
that a blowout might occur.

Tt is a further object of the invention to pro-
vide a combined hanger and seal to be employed
in the tubing head and through which the tubing
may be slidable while the packer is being set and
which permits the tubing to be then supported in
any adjusted position and continuously to main-
tain a seal at the well head while so doing.

‘We desire to provide a construction which will
permit the drilling-in operation, the equipping of
the well with strainer and packer, the adjusting
and hanging of the tubing in the well and the
equipping of the tubing for flowing, and to form
a continuous seal between the casing and the
tubing or other pipe while doing so.

Tt is a further object to provide a device of this
character which may be firmly locked in position
relative to the casing head so as to prevent dis-
placement thereof under heavy gas pressures.

Referring to the drawings herewith, Fig. lisa
side view partly in central longitudinal section
and partly in elevation showing the construction
of our device.

Fig. 2 is a transverse section on the plane 2—2
of Fig. 1. .

(Cl. 255—1)

Fig. 3 is a broken side elevation showing an
arrangement whereby the tubing may be inserted
into the well under pressure.

Fig. 4 is a side elevation partly in vertical sec-
tion illustrating the hanger in position going into
the well.

Fig. 5 is a similar view showing the hanger in
a still different position.

Fig. 6 is a longitudinal section through a casing
head showing our hanger in fixed position therein.

Fig. 7 is a vertical section similar to Fig. 6 with
a different hanger.

Fig. 8 Is a side elevation of the well head show-
ing the well equipment for drilling in with cable
tools.

Fig. 9 Is a side elevation similar to Fig. 8, but
with the Christmas tree substituted for the drill-
ing control equipment.

Fig. 10 is a side elevation of the well head
equipped for drilling in with a rotary rig.

PFig. 11 is a side view partly in vertical section
showing the type of sealing member seen at the
upper end of Fig. 10.

1t is understood that the apparatus which we
employ is capable of installation within the upper
end of the inner string of casing, such as is shown
at | in the drawings. The casing head 2 is con-
nected to the upper end of the casing and has
the usual lateral ports 3 and 4 into which may
be connected a pipe § or a closure plug 6. The
upper end of the casing head ‘has a radial flange
7' thereon through which a connection may be
made with other devices when desired. The
inner portion of the upper end of the casing head
has an upwardly flaring seat 8, which serves in
this instance to interfit with the lower end 9 of
the hanger for tubing or other inner pipe.

Extending radially through the flange 1 at the
upper end of the casing head we may employ
locking bolts 10, which are threaded at 11 to be
advanced into position to engage within an annu-
Jar recess 12 in the hanger 9. We employ a
stuffing box around the shaft of the bolt 10 in-
cluding the packing rings 13 and the gland (4.
The outer end of the locking bolt is squared to
receive a wrench or handle whereby it may be
manipulated. )

The hanger which we have devised is slidable
relative to the inner pipe 5. It engages closely
about the pipe or tubing and the lower head 9 on
the hanger has a tapered portion {6 to engage
within the seat 8. Packing rings {1 on this
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tapered portion assist in forming a seal between -

the hanger and the seat. Below the tapered
seat-engaging portion, the lower end is beveled
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off at I8 to enabie the operator to handle the
device more readily in introducing it into posi-
tion.’

extending neck (8, the upper end of which is
threaded at 20 to receive a bushing 21. Within
theneckl!isareeeutorecelvethepacklngrlngs
22 adapled to be clamped in position in sald
recess by the gland 23. '

The bushing 21 is adapted to be screwed down-
wardly upon the threaded portion 20 of the
hanger and an inner flange 24 thereon is ar-
ranged to engage the upper end of the gland

" 23 50 as to tighten the packing rings into seal-
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ing position. Above the flange 24 the bushing
Is recessed to provide a downwardly tapered seat
25 to receive pipe engaging slips 26 of ordinary
construction.

The hanger may be more firmly fixed in the
seat in the casing head by means of a clamping
plate 21. Said plate is preferably in two sec-

tions, as shown in Fig. 2. The two sections are -

fitted about the neck of the hanger and the
plate is then bolted to the flange 7 of the cas-
ing head and by engagement above the shoulder

.28 upon the hanger said hanger may be held

in sealing engagement after the hanger is prop-
erly seated. )

In the operations preceding the clamping of
the hanger into position, it is necessary to in-
troduce the tubing and packer or other devices
thereon under gas pressure without danger of
blowout around the tubing. In Figs. 3 to 6 the
devices required in these operations are shown,
and it is to be understood that these devices
are well known in the art. In Fig. 3 the master

valve 29 is bolted to the flange T of the casing _

head in the usual manner and above the valve
is a blowout preventer 30, also of ordinary con-
struction and having rams or valve members 3,
which may be moved into sealing engagement
around the tubing (5 to prevent the escape of
gas around said tubing. In Figs. 4 and 5 we
show, above the blowout preventer 30a, a second
blowout preventer or tubing stripper 32, said
blowout preventer having rams or sealing devices
33, which may be advanced into sealing engage-
ment about the tubing 15 by threaded stems or
rods 34.

In introducing the tubing into the well it is
to be understood that the usual packer, and
other devices ordinarily employed, are connected
with the lower end of the tubing, The hanger
shown at A in the drawings, and previously de-
scribed, is connected with the tubing at ap-
proximately the height where it is estimated that
the tubing is to be supported. The hanger is,
as previously stated, slidable along the tubihg

"between adjacent collars 35 thereon and while

the tubing is being introduced into the well the
slips 26 are not in position.

The tubing is sealed adjacent the lower end
at some desired point with a retractable valve
such as is now in common use, or by a frangible
transverse disc 36, shown in Fig. 4, which may
be broken where desired by dropping a weight
thereon as is now commonly done where a tem-
porary seal of this character is used.

The lower end of the tubing is inserted through
the upper blowout preventer 32 while the master
valve 29 is closed. When the blowout preventers
have been fitted about the tubing so as to form
a seal therewith the gate valve is opened and

the tubing moved downwardly to proper position
in the well. In order to move the hanger A into’

Al;ovethehead!ofthehanzeris an upwardly
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the well the blowout preventer 32 is opened, as
shown in Fig. 4, to allow the hanger to pass.
After the hanger has passed, the blowout pre-
venter is closed and the lower one opened, and
the device thus safely moved into position with
the hanger engaging within the seat in the cas-
ing head, as shown in Fig. 1. - The latching bolts
10 are then employed to secure the hanger firmly
against upward movement. The valve and blow-

‘out preventers may then be removed and the

plate 27 bolted in place to further guard against
blowout.

It is then necessary to set the packer and in
doing so the tubing must be moved longitudi-
nally in performing the operations in setting the
packer, and as the tubing is slidable in the hanger
fhese movements may be accomplished without
in any way endangering the seal between the
tubing and the hanger and casing head. The
amount of necessary vertical adjustment is not
great and the distance between adjacent coupling
35 on the tubing will allow for it. When such
operations have been completed the tubing is
adjusted to the proper height and the slips 26
Inserted to support the tubing in approximately
permanent position in the well.

Any desired fittings and valves may then be
connected with the upper end of the tubing as
by collar 35 and when the well is ready to be
flowed a weight is dropped through ‘an upper
valve or fitting to break the disc 38 and the
valve again closed.

Although our apparatus is concerned particu-
larly with the operation of handling the equip-
ping of the well it is to be understood that the
operation of drilling into the producing forma-
tion prior to the hanging of the tubing must
also be done under gas pressure and attention
is now called to the equipment which is intended
to be employed in these operations. In Fig. 8
the equipment for drilling In with cable tools
is shown. The casing head 2 has mounted there-
on 3 gate valve 29, as was shown in Figs. 4 and 5.
Above this gate valve is a blowout preventer 31,
such as is ordinarily employed with cable tool
drilling. The exact construction of this device
which is now in ordinary use forms no part of
the present invention but it is to be understood
that a packing therein forms a seal about the
cable - 38 which works through an upstanding
nipple 39 and pipe .extension 40. At the upper
end of the extension is the usual adjusting mech-
anism 4{ ordinarily employed,
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This device allows the drill to be drawn up- .

wardly out of the well at the lower end of the
cable 38, past the gate valve 28. This valve may
then be closed while the blowout preventer 31
and other equipment is removed together with
the drill. After the drilling is thus completed the
upper end of the well may be equipped for set-
ting the tubing and when this is accomplished
in the manner previously described it will be pos-
sible to remove the gate valve 29 and substitute
the Christmas tree shown generally at C in Fig. 9.

If no vertical adjustment of the tubing in
hanging the same in the well is necessary the
type of hanger shown in Fig. 7 may be employed
said hanger including a tapered bushing 9’, the
Inner portion of which is threaded for engage-
ment with the upper end of the tubing 15. The
Christmas tree assembly may then be connected
to the flange T above the hanger and the closure
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disc 36 in the.tubing may then be broken or .

otherwise removed.
In'Figs. 10 and 11, the equipment for drilling
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in by rotary drilling methods is shown. The drill
stem 42 is extended upwardly through the cas-
ing head 2 and gate valve 29 and through a
blowout preventer 30b. There is also an upper
packing member 43 mounted at the upper end of
a casing extension 44 and which serves to seal
the upper end of the well around the sald drill
stem 42.

The sealing member 43 is one now in ordinary
use and is disclosed somewhat more specifically in
Fig. 11. The housing 43 is connected to the upper
end of the casing 44, said housing having there-
in an expansible packing ring 45 which is adapt-
ed to be inflated by fluid introduced under pres-
sure therein through the pipe 46. This is a com-
mon type of sealing member and need not be
further described. Above this packing unit is a
second packing member which is housed within
a sleeve 471 connected at its lower end to the
housing 43 and at its upper end it is threaded
within a cap 48. The interior of the sleeve
471 houses a tapered bowl 49 supported upon the
lower sealing member 45 and having a down-
wardly tapered packing collar 50 of rubber or
similar compressible material which is adapted
to fit around the drill stem 42. Above the sealing
member 50 is a ring 5§, which may be tightened
in position to compress the packing member 50
by means of set screws 52 extending through a
plate 53, which is clamped beneath an inner
flange on the cap 48. This plate 43 is separated
from the packing member 50 by a spacing ring
54, which rests upon the said packing member.
It will be seen that a close seal may be made
with this device and that adjustment may be
made by screwing the cap member 48 down-
wardly so as to further compress the packing
members.

The drill stem is understood as having therein
a back pressure valve such as is shown at D in
Fig. 11. This valve is adapted to be moved to
open position by the flushing fluid but will close
when the circulation is reversed, so that when the
well tends to blow out through the drill stem the
valve D prevents the discharge of the fluid up-
wardly through the stem.

When the well is being drilled in by the rotary
method the drill stem and bit may be withdrawn
from the well through the blowout preventers
above the gate valve 29 and when the bit has
been moved upwardly past the valve it may be
closed, allowing the whole upper structure of
the drilling equipment to be removed. When
thus removed the well may be equipped as shown
in Figs. 4 and 5 for hanging the tubing in the
manner previously noted.

By the use of the apparatus here shown it
will be understood that the wall may be drilled
into the producing sand under high gas pressure
and the drill stem and drill or cable gnd drill
may be withdrawn upwardly past the gate valve
29 so that the structure above said gate valve
may be entirely removed. The equipment for
hanging the tubing including the blowout pre-
venters 30a¢ and 32, as shown in Fig. 4 and Fig.
5, may be placed in position and the tubing in-
serted and hung within the casing head 2, as is
shown in Fig. 1. When thus supported in posi-
tion the hanger 8 may be secured in position and
it will be possible thereafter to entirely remove

the control equipment, leaving the upper end of

the well equipped approximately as shown in
Fig. 1. The tubing may be then adjusted verti-
cally to wash the well, set the packer or per-
form other similar operations in the well and be

3

H
then raised to the desired point off the bottom of
the well and supported in the slips 26.

It will be noted that at no point in the series of
operations which are necessary to go through in
the equipping of the well is it necessary to leave
the well unguarded against a blowout. There is
a seal maintained between the drill stem or be-
tween the tubing and the casing and also the
passage through the drill stem or tubing is closed
at all times when a blowout therethrough might
occur.

While guarding against the danger of blowout
all of the necessary and desirable steps which are
ordinarily performed in the finishing of the well
amil accomplished without danger of losing the
well,

Furthermore, the equipment which is employed
in handling the operations of finishing the well
may be removed and used again on other wells,
it being necessary only to maintain the hanger

secured firmly in position on the casing head

by the means disclosed particularly in Fig. 1.

The invention of this application is an im-
provement in the apparatus and methods for
completing wells described and claimed in ap-
plication Serial No. 736.635, Roger Smith, filed
July 24, 1934,

What is claimed as new is:

1. In apparatus for completing a well in for-
mation having high pressure providing for a se-
quence of control operations, a casing, a casing
head, a seat in said head, a drilling master valve
mounted on said head above said seat, means on
said head for removably securing said valve
thereon, said means being also adapted to con-
nect with a Christmas tree including a smaller
master flow valve supported on said head, said
head and drilling master valve having bores at
least as large as that of said casing to permit
operations prior to completion such as passing a
drill substantially as large as the casing bore
therethrough, a tubing engaging blow-out pre-
venter mounted above said drilling master valve,
a flow tubing in said casing, means for closing
said tubing against flow of fluid from the well,
a hanger on said tubing of diameter adapting it
for lowering through said preventer and master
drilling valve for disposition in said seat to seal
the well against flow of fluid from said casing,
and means operable while said preventer is en-
gaged with said tubing above said hanger to lock
the same in said seat and said tubing against up-
ward movement under well pressure, whereby
said securing means on said casing head may be
released for removal of said drilling master valve
and preventer, and engaged with a Christmas
tree supported on said head including a master
flow valve for use during the:flowing of the well
when said tubing is opened.

2. In apparatus for completing a well in for-
mation having high pressure providing for a se-

quence of control operations, a easing, a casing -

head, a seat in said head, control equipment sup-
ported on said head as a foundation including a
drilling master valve mounted on said head above
said seat and a tubing engaging blowout pre-
venter above said valve, flanged securing means
on said head for removably securing said valve
thereon, said means being adapted to also con-
nect with a Christmas tree including a smaller
master flow valve supported on said head, said
head and control equipment having bores at least
as large as that of said casing to permit opera-
tions prior to completion such as passing a drill
substantially as large as the casing bore there-
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through, a flow tubing In said casing, means for
closing the lower end of said tubing against flow
of fluid from the well, a hanger on said tubing
of diameter adapting it for lowering through said

- control equipment for disposition in said seat to

seal the well against flow of fluid from sald cas-
ing, and means operable exteriorly of sald head
while sald control equipment is mounted there-
on and said preventer is engaged with said tub-
ing above said hanger to lock said hanger in
sald seat and said tubing against upward move-
ment under well pressure, whereby said securing
means on said casing head may be released for
removal of said control equipment, and engaged
with a Christmas tree supported on said head as a
foundation including a smaller master flow valve
in alignment with sald casing for use during the
flowing of the well when said tubing is opened.

3. In apparatus for completing a well in for-
mation having high pressure providing for a se-
quence of control operations, a casing, a casing
head, a downwardly tapered seat in sald head,
control equipment supported on said head as a
foundation including a drilling master valve
mounted on said head above said seat and a tub-
ing engaging blowout preventer above said valve,
means on said head for removably securing said
valve thereon, saild means being adapted to also
connect with a Christmas tree including a smaller
master flow valve supported on said head, said
casing head above sald seat and said control
‘equipment having bores larger than that of said
casing permitting operations prior to completion
such as passing therethrough a drill substantial-
ly as large as the casing bore, a flow tubing in
said casing, means for closing said tubing against
flow of fluid from the well, a downwardly ta-
pered hanger on said tubing of larger size than
sald casing bore but of diameter-adapting it for
lowering through said control equipment for dis-
position in said seat to seal the well against up-
ward flow of fluld from sald casing, and means
operable exteriorly of sald head while said con-
trol equipment is mounted thereon and said pre-
venter is engaged with said tubing above said
hanger to lock said hanger in said seat and said
tubing against upward movement under well
pressure, whereby sald securing means on said
casing head may be released for removal of said
control equipment and engaged with a Christmas
tree supported on said head as a foundation in-
cluding a master flow valve in alignment with
said casing for use during flowing of the well
when said tubing is opened. .

4. In an apparatus for completing a well in
formation having high pressure providing for a
sequence of control operations, a casing, a casing
head, a seat in said head, control equipment sup-
ported on said head as a foundation including a
drilling masted valve mounted on said head above
said seat and a tubing engaging blowout preventer
above said valve, means on sald head for remov-
ably securing said valve thereon, said head and
control equipment having bores at least as large
as that of sald casing to permit operations prior
to completion such as passing a drill substantially

" as large as the casing bore therethrough, a flow

70
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tubing in saild casing, means for closing said
tubing against upward flow of fluid from the
well, a hanger on said tubing of diameter adapt-
ing it for lowering through said control equip-
ment for disposition in said seat, to seal the well
against flow of fluld from said casing, sald hanger
having means for slidably g the same to
said tubing while maintaining a seal therewith,

2,150,887

means extending laterally through said head ad-
Jacent said seat and operable exteriorlyof said
head while said control equipment is positioned
thereon and said preventer is engaged with said
tubing above said hanger to lock said hanger in
said seat and said tubing against upward move-
ment under well pressure, d securing means
being releasable for removal of 'said control equip-
ment, said tubing being movable longitudinally
with respect to said hanger after the latter is
locked in said seat while maintaining a geal around
said tubing, whereby the well may be flowed with
the tubing in desired position therein when the
tubing is opened. .

5. In an apparatus for completing a well in
formation having high pressure providing for a
sequence of control operations, a casing, a cas-
ing head, a seat in said head, control equipment
supported on said head as a foundation including
& drilling master valve mounted on said head
above sald seat and a tubing engaging blowout
preventer above sald valve, means on said head
for removably securing said valve directly there-
on, sald head and control equipment having bores
at least as large as that of said casing to permit
operations prior to completion such as passing a
drill substantially as large as the casing bore
therethrough, a flow tubing in said casing, means
for closing sald tubing against upward flow of
fluid from the well, a hanger on said tubing of
diameter adapting it for lowering through said
control equipment for disposition in said seat,
to seal the well against flow of fluid from said
casing, said hanger having means for slidably
securing the same to said tubing while maintain-
Ing a- seal therewith, means extending laterally
through said head adjacent said seat and operable
exteriorly of sald head while said control equip-
ment is positioned thereon and said preventer is
engaged with said tubing above said hanger to
lock said hanger in said seat and said tubing
against upward movement under well pressure,
sald securing means being releasable for removal
of said control equipment, said tubing being ad-
Justable longitudinally with respect to said hanger
after the latter is locked in said seat while main-
taining a seal around said tubing, and means for
supporting said tubing in adjusted position,
whereby the well may be flowed with the tubing
supported In desired position thereln when the
tubing is opened.

_ 6. The method of bringing in a well in forma-
tion having high pressure, provided with a cas-
ing, casing head and drilling valve positioned on
and above the same having bores to permit of
drilling therethrough, comprising drilling through
the casing head and .yalve, removing the drill
and leaving the valve in place on the casing head,
temporarily sealing the flow tubing adjacent the
lower end thereof, lowering the tubing equipped
with a hanger into the well through said valve
while providing a temporary seal between said
tubing and casing above said valve, hanging said
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tubing in the casing head below sald valve, si-

multaneously forming a seal with said hanger
between the same and the casing head below said
valve by the weight of the flow tubing, making
permanent said last-named seal against upward
movement of the hanger under well pressure
-which could be great enough to overcome the
sweight of the tubing by securing said hanger in
the casing head while said temporary seal between
the casing and tubing above the hanger is still
provided, removing said valve and the temporary
seal between the casing and tubing while the
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well is still under high formation pressure, re-
placing the drilling valve with a smaller flow._
valve, and thereafter removing said temporary
flow tubing seal to permit the well to flow under
pressure controlled by said last-named valve.

7. In apparatus for completing a well in for-
mation having high pressure providing for a se-

quence of control operations, a casing, a casing

head, a seat in said head, control equipment
mounted on said head above said seat including a
drilling master valve and blow-out preventer,

means on said head for removably securing said

control equipment thereon, said mans being also
adapted to connect with a Christmas tree includ-
ing a smaller master flow valve supported on said
head, said head and control equipment having
bores at least as large as that of said casing to
permit operations prior to completion such as
passing a drill substantially as large as the casing
bore therethrough, a flow tubing in said casing,
means for closing said tubing against flow of
fluid from the well, a hanger on said tubing of
diameter adapting it for lowering through said
control equipment for disposition in said seat to
seal the well against flow of fluid from said cas-
ing, and means operable, while said control equip-
ment is mounted on said head and said preventer
is provided for sealing engagement with said
tubing above said hanger, to lock the hanger in
said seat and said tubing against upward move-
ment under well pressure, whereby said securing
means on said casing head may be disengaged for
removal of said control equipment and engaged
with a Christmas tree supported on said head
including a smaller master flow valve for use
during the flowing of the well when said tubing is
opened. i

8. In apparatus for completing 'a well in for-
mation having high pressure providing for a se-
quence of control operations, a casing, a casing
head, a seat in said head, a drilling master valve
mounted on said head above said seat, means on
said head with which said valve is removably se-
cured, said means being also adapted to connect
with a Christmas tree including a smaller master
flow valve supported on said head, said head and
drilling master valve having bores at least as large
as that of said casing to permit operations prior

" to completion such as passing a drill substan-

50

tially as large as the casing bore therethrough,
a tubing engaging blow-out preventer mounted
ahove said drilling master valve, a flow-tubing in

S

said casing, means for closing said tubing against
flow of fluid from the well, a hanger on said tub-
ing of diameter adapting it for lowering through
said preventer and master drilling valve for dis-
position in said seat to seal the well against flow
of fluid from said casing, and means operable,
while said preventer is provided for sealing en-
gagement with said tubing above said hanger, to
lock the hanger in said seat and said tubing
against upward movement under well pressure,
whereby said securing means on said casing head
may be disengaged for removal of said drilling
master valve and preventer, and engaged with a
Christmas tree supported on said head including
a master flow valve for use during the flowing of
the well when said tubing is opened.

9. In apparatus for completing a well in for-
mation having high pressure providing for a se-
quence of control operations, a casing, a casing
head, a downwardly tapered seat in said head, a
drilling master valve mounted directly on said
head above said seat, means on said head for re-
movably securing said valve directly thereon, said
means being also adapted to connect with a
Christmas tree supported on said head, said head
and drilling master valve having bores at least
as large as that of said casing to permit opera-
tions prior to completion such as passing a driil
substantially as large as the casing bore there-
through, a tubing engaging blow-out preventer
mounted above said drilling master valve, a flow
tubing in said casing, means for closing said tub-
ing against flow of fluid from the well, a down-
wardly tapered hanger on said tubing of diameter
adapting it for lowering through said preventer
and master drilling valve for disposition in said
seal~to seal the well against flow of fluid from
said casing;, and means extending laterally
through said head adjacent said seat and op-
erable while said preventer is available for sealing
engagement with said tubing above said hanger
to lock said hanger in said seat and said tubing
against upward movement under well pressure,
whereby said securing means on said casing head
may be disengaged for removal of said drilling
master valve and preventer and engaged with a
Christmas tree supported on sald head for use
during the flowing of the well when said tubing
is opened.

ROBERT A. MUELLER.
ROGER SMITH.
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