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United States Patent Office Re. 26, 149 
Reissued Jan. 24, 1967 

26, 149 
APPARATUS FOR CONTROLLING FLOW 

WITHN A WELL 
Philip S. Sizer, Dallas, Tex., Vonner R. Cherry, Moun 

tain Home, Ark., and Lowell M. Wilhoit, Dallas, Tex., 
assignors to Otis Engineering Corporation, Dallas, Tex., 
a corporation of Delaware 

Originai No. 3, 157,233, dated Nov. 17, 1964, Ser. No. 
592,691, June 20, 1956. Application for reissue Dec. 
17, 1964, Ser. No. 432,915 

32 Claims. (Cd. 166-72) 
Miafter enclosed in heavy brackets appears in the 

original patent but forms no part of this reisslle specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates broadly to the control of flow 
within a well. In one of its aspects, it relates to appa 
ratus especially well suited for controlling flow at a sub 
surface level within a permanently completed well. In 
another of its aspects, this invention relates to an im 
proved safety device for automatically shutting off flow 
within a well conduit in response to a predetermined pres 
sure condition above such level. In still another of its 
aspects, this invention relates to a novel valve usable 
with such safety device which is operable by means of a 
control fluid under pressure and separate from that being 
controlled; and, more particularly, to a valve especially 
weil suited for subsurface use wherein the control fluid 
thereof is contained at ground level. Still further as 
pects of this invention are concerned with novel methods 
employed in the production and reworking of a well hav 
ing a high rate of flow capacity; and, more particularly, 
a well having the aforementioned subsurface flow control. 

This application is a continuation-in-part of our co 
pending application Serial No. 483,318, filed January 21, 
1955, now abandoned and entitled "Flow Control Appa 
ratus.' 

It is an object of this invention to provide apparatus 
for shutting off flow at a subsurface level within a well 
conduit of a permanently completed well in response to 
a predetermined pressure condition above said level. 
Another object of this invention is to provide an in 

proved safety device for automatically shutting off flow 
at a subsurface level within a well conduit upon damage 
to the well head or appurtenant equipment above said level 
and, more particularly, to Such a device which will ac 
commodate a greater rate of flow than prior devices. 

Yet another object is to provide a safety device of the 
character described in the foregoing object which is par 
ticularly well adapted for use in a well conduit at sub 
surface level wherein the pressure responsive control 
medium therefor is dispos.ble at surface level. 
A further object is to provide a subsurface safety valve 

having a member selectively operable to provide a sub 
stantially full opening through the valve, whereby well 
tools and the like may be run therethrough. 
A still further object is to provide, in a well having a 

subsurface flow control, a method of isolating both said 
subsurface flow control and surface flow control mecha 
nism at the wellhead from the high squeeze pressures to 
which the production zone is subjected; and, more par 
ticularly, to accomplish such isolation in a well having 
the aforementioned high rate of flow. 

Still another object is to provide, in the production 
and reworking of a well, a method of using the tubing 
casing annulus for production as well as workover pur 
poses so as to produce the well at a high rate of flow. 

Other objects, advantages and feature of this inven 
tion will be apparent to one skilled in the art upon a 
consideration of the written specification, the attached 
claims and the annexed drawings. 
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In the drawings wherein like reference characters are 

used throughout to designate like parts; 
FIGS. 1A and 1B are successive diagrammatic Sec 

tional views of part of a well capable of an extremely 
high rate of production flow and provided with the novel 
safety device of the present invention for automatically 
shutting off such flow at a subsurface level in response 
to damage or destruction to the well equipment there 
above; 

FIG. 2 is a diagrammatic sectional view of part of the 
well of FIGS. 1A and 1B with a cementing tube extended 
through the substantially full opening in the valve of 
the safety device and connected and sealed to the tubing 
to provide a means of circulating fluid from the wellhead 
to the lower end of the tubing and back; 

FIGS. 2A and 2B are sectional views of a continuation 
of the lower end of the well of Flo. 2 and illustrating, 
respectively, the flow of cement downwardly through the 
tubing for the performance of a Bradenhead type squeeze 
and the reversal of flow downwardly through the annulus 
and upwardly through the tubing; 
FiGS. 2C and 2D are views similar to FIGS. 2A and 

2B, except that they illustrate a packer type Squeeze and 
reversal; 
FIGS. 3A and 3B are successive enlarged sectional 

views of the subsurface portion of the safety device in 
stalled within the well of the foregoing figures, Flg. 3A 
showing the removable valve of the safety device in open 
position to permit flow therethrough; 

FIG. 3C is a sectional view of the lower portion of 
the well beneath that shown in FIG. 3B; 

FIG. 4 is a sectional view similar to FIG. 3C of the 
connection and seal of the cementing tube with the tub 
ing, as shown in FIG. 2: 

FIG. 5 is a view partly in section and similar to FIG. 
3A, but with the valve closed to flow therethrough; 

FIG. 6 is a view similar to FIGS. 3A and 5, but with 
the valve thereof in running-in position with respect to 
a removable landing nipple; 
FIG. 7 is a cross-sectional view of the valve of FIG. 6, 

taken substantially along broken line 7-7 of FIG. 6; 
FIG. 8 is a view similar to the upper portion of FIG. 

3B, but showing the removable landing nipple in running 
in position with respect to a hold-down and seal nipple 
assembly of the tubing; 

FIG. 9 is a sectional view of a well similar to that of 
the preceding figures provided with an alternative type of 
safety device and with the valve of such device in open 
position; 
FIG. 10 is a side elevation of the valve, taken substan 

tially along line 10-10 of FIG. 9, and shows a pressure 
responsive operator for the valve; and 

FIG. 11 is a sectional view of the valve of FIG. 9 
taken at 90 thereon and showing the valve in closed 
position. 

According to the present invention, there is provided 
apparatus which includes a valve for shutting off flow at 
a subsurf.ce level within a well conduit and which is 
provided with a substantially full opening therethrough 
to accommodate well tools. The valve is adapted to be 
closed by a control mechanism at surface level, and 
more particularly by a mechanism which includes a 
source of fluid under pressure for actuating a pressure 
responsive means connected to the valve. The flow con 
nection between such source and the pressure responsive 
means is preferably provided with a choke to insure a 
uniform effect of pressure change on such means. 
A well structure is employed in this particular embodi 

ment of the invention which will flow a single production 
Zone at an extremely high rate, and at the same time 
permit control of such flow at a subsurface level by means 
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of only a single valve as the one embodying a part of 
this invention. For this purpose, the valve is provided 
with a flow passage having maximum capacity in its open 
position. The valve is also preferably constructed with 
its Sealing Surfaces protected by disposal out of the direct 
flow path therethrough and, for this purpose, is provided 
With a plug to provide an imperforate barrier across the 
flow passage therethrough. However, in accordance with 
a previously mentioned aspect of this invention, the plug 
is made removable by wire line or the like such that a 
substantially full opening is provided through the flow 
passage to accommodate well tools. 

According to another novel concept of this invention, 
the fiuid control medium for closing the valve is in turn 
automatically responsive to a predetermined pressure con 
dition within the well above the subsurface level. Thus, 
upon damage or destruction to the well above this level, 
the flow control apparatus serves as a safety device for 
autoniatically shutting off flow therein. For this purpose, 
and in harmony with the maximum flow passage and full 
opening through the valve, the automatic pressure respoil 
sive means for the control fluid is located at surface ieved 
and, in this embodiment of the invention, comprises a 
pilot valve having a fluid connection between the flow 
wing on the wellhead and the source of control fluid. 
Furthermore, such a source of control fluid separate 
from that being controlled enables the valve to be opened 
without pumping down through the well conduit in which 
it is disposed. 
The valve especially well suited for use with the sub 

Surface safety device of this invention includes a movable 
Valve member having a pressure responsive surface com 
municating with the flow connection from the source of 
control fluid for urging said member to open position. 
The valve member is urged to closed position by a resilient 
neans adapted to be overcome by the pressure responsive 
means for opening the valve. Inasmuch as the pressure 
responsive means for opening the valve is resisted by 
the afore-mentioned resilient means, the effect of a change 
in pressure areas on the valve member, as it is unseated, 
is minimized and impact upon opening thereby reduced. 
On the other hand, closing impact is lessened because the 
valve starts to close as soon as the resilient means begins 
to Overcome the pressure responsive means. 
The flow connection with the pressure responsive means 

is preferably carried by a landing nipple for the valve 
and Such nipple is made removable from the well such 
that the flow connection can be repaired or replaced. 

Control over an extremely high rate of production flow 
is enabled by a well structure which includes a well 
tubing packed off within a casing beneath the subsurface 
level and having openings therethrough beneath said pack 
ing to provide a flow path for the producing formation 
in the tubing-casing annulus coextensive with that through 
the tibing. Above the joinder of such flow paths, the 
tubing is provided with means for landing and sealing 
with the landing nipple for the valve. 

In accordance with still further novel concepts of the 
present invention, there is provided a tubing which may 
be extended through the well tubing such that an imper 
forate length thereof may be sealed off above surface 
flow control means at the well head and below the upper 
most openings or ports in the well tubing so as to by-pass 
the Subsurface as well as the surface flow controls and 
Said openings. In this manner, there may be provided 
for Workover purposes two separate flow paths within the 
well between said joinder and the well head. Additionally, 
upon closing of the previously mentioned circulating ports 
to flow upwardly therethrough, this tubing serves to iso 
late both flow controls as well as the tubing-casing annulus 
from the high pressures involved in a packer type squeeze. 

Referring now particularly to the above-described draw 
ings, there is shown in FIGS. 1A and 1B a well which 
includes conventional well head equipment 10 at surface 
level and a casing 11 extending downwardly into com 
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4 
munication with a producing formation through perfora 
tions 12. Disposed at surface level adjacent the well 
head 10 is a control system, designated in its entirety 
by the numeral 13, which will be described more particu 
larly in conjection with the improved safety device, which 
device is designated in its entirety by the numeral 14 and 
shown in FIG. 1A in position within the well for control 
ling flow of production therethrough. 

Disposed within the casing and packed off as at 15 
toward its lower end is a section of tubing 16 through 
which production may be flowed. However, this tubing 
Section is also packed off as at 17 at a point within the 
Casing above the lower packing 15 and below the safety 
device 14. Between the packings 15 and A7, the tubing 
Section 16 is provided with a number of openings or ports 
18 and 19 communicating the interior of the tubing section 
with the tubing-casing annulus. The openings E8 may be 
provided by ports in a series of conventional gas lift 
mandrels as shown and described, for example, on page 
3988 of the 1955-56 Edition of the Composite Catalog of 
Oil Field and Pipe Line Equipment, which mandels make 
up a considerable portion of the tubing section, while the 
openings 19 constitute ports within a hold-down and seal 
assembly portion 20 of the tubing section which carries 
packing 17, Said latter ports comprising the uppermost 
Openings through the tubing section. It is noted that a 
commercial type landing nipple 21 having a substantially 
full opening therethrough, such as the Otis Type “S” 
shown on page 3990 of the Composite Catalog, may be 
provided in the tubing section intermediate the gas lift 
mandrels for locating various tools in a manner and for 
a purpose well known in the industry. 
From the foregoing, it is apparent from FIGS. 1A and 

1B that an extremely high rate of production low is 
possible through the above-described subsurface well 
equipment. That is, production from the formation 
through the perforations 12 may flow for a considerable 
length of the well through not only the tubing but also 
the tubing-casing annulus, as shown by the broken arrows 
of FIGS. 1A and B. Also, it will be appreciated that 
the flow through both these paths is joined at the openings 
19 such that it may be controlled by a single safety 
device as at 14. In a manner to be described more fully 
hereinafter, the hold-down and seal assembly 20 is landed 
and locked in place within an enlarged portion of the 
casing by a latching device indicated diagrammatically at 
23, and to be described more fully hereinafter. 

Referring to FIGS. 2A to 2D, it will be seen that in ac 
cordance with conventional workover practices, an exten 
sion hanger 23a, Such as the Otis Type "S" illustrated on 
pages 3988-9 of the aforementioned Composite Catalog, 
may be landed and sealed off as at 23b within the nipple 
21 next above circulating ports 18 next above packer 15. 
Additionally, however, and in accordance with this in 
Vention, a Section of the safely device 14 is removed, as 
shown in FIG. 2 and as in a manner to be described here 
inafter, to permit a tube or tubing 24 to be extended 
through the well tubing 16 and sealed off within the well 
head 10 by a blowout preventer valve 27 or the Jike dis 
posed above the conventional control mechanism at stir 
face level connecting with flow wing 28. This tubing 24 
is connected at its lower end to the well tubing at 25 see 
FIGS. 1B and 4) and Sealed with respect thereto at 25 by 
O-rings or the like beneath ports E9. 

Thus, the imperforate length of tubing 24 intermediate 
the Seals at 27 and 26 by-passes both the surface and sub 
Surface flow controls as well as ports 19 and cooperates 
with extension hanger 23a to establish two separate and 
concentrically arranged flow paths within the conduit 
which connect the well head and lower end of the well 
tubing adjacent the ports 12 at the production zone. 

Referring specifically to FIGS. 2 and 2A, it wit, he secn 
that a Bradenhead type Squeeze may be performed by 
pumping cement down through the tubing 24 and exten 
Sion hanger 23a, as shown by the downwardly directed 
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solid arrows, from the lower end of which it is forced into 
openings 12, as well known in the art. In this type of 
cement squeeze, the pressure is not so great that the casing 
must be isolated therefrom so, as shown in FIG. 2A, the 
mandrel next above packer 15 is left empty to permit the 
passage of cement therethrough and into the annulus, as 
shown by the upwardly directed solid arrows. Subsequent 
to the squeeze, circulation of fluid is reversed through the 
separate flow paths, as will be understood from the solid 
arrows of FIG. 2B and for a purpose which is not per 
tinent to the present invention. 
As previously mentioned, the pressures encountered in 

packer type squeezes are such that the casing must be iso 
lated therefrom. Thus, as illustrated by FIGS. 2C and 
2D, a suitable check valve 23c may be landed within the 
mandrel just above packer 15 for preventing flow upward 
ly therethrough and out of port 18 while permitting flow 
downwardly therethrough. Thus, as illustrated by the 
solid arrows of FIG. 2C, cement pumped downwardly 
through the tubing 24 and hanger 23a and into the pro 
cuction zone ports 12 may be held and the tubing-casing 
annulus isolated therefrom. On the other hand, the check 
valve 23c permits the reversal of flow shown by the solid 
arrows of FIG. 2D. 

In accordance with the present invention, the tubing 24 
also serve to isolate both the surface and subsurface flow 
controls from the high Squeeze pressure, That is, as can 
be seen from FIG. 2, the valves and other parts of both 
controls which might otherwise be damaged by such pres 
sure, is by-passed by the tubing 24. 
The safety device 14, as it is shown diagrammatically 

in FIGS. 1A, 1B and 2, includes a tubular member com 
prising a landing nipple 29 which, as shown, releasably 
locked at 30 within the hold-down and seal assembly 20 
and sealed with respect thereto at 31. A valve, designated 
in its entirety by the numeral 32, includes a body or 
casing 33 releasably and sealably lockable within and re 
movable from the landing nipple and a valve member 34 
movable within said body between open and closed posi 
tion. 
As shown in FIG. A, the valve member 34 is provided 

with a tubular part movable longitudinally within the 
body 33 and having a substantially full opening or passage 
35 therethrough which is closed by a plug 36 disposed 
within the passage beneath ports 37 in the valve member 
and sealed thereto at 38 to provide an imperforate barrier 
to flow therepast. The body 33 is provided with a tapered 
annular seat 39 with which a sealing surface 40 on the 
movable valve member 34 is adapted to cooperate in the 
closed position of the valve. As it is shown in FIG. 1A, 
the valve is open and fiow therethrough is indicated by the 
broken arrows as passing through the ports 37 and up 
wardly through the flow passage 35 to the well head 10. 
However, it will be understood that with the valve closed, 
as shown in detail in FIG. 5, the surface 40 seats upon the 
valve seat 39 to prevent passage of fluid within the well 
conduit through the valve member with, of course, the plug 
36 landed, as shown. 

it will be understood that the valve member 32 is thus 
operable at the subsurface level to either shut off or permit 
production flow at the high rate indicated. More particu 
larly, it controls such flow through a well conduit com 
posed of the tubing section 16, landing nipple 29, and 
valve body 33. With each of the foregoing made up con 
centrically and sealed with respect to one another, the 
well conduit serves as conventional production or well 
tubing. 

In accordance with one of the novel concepts of this 
invention, the plug 36 is releasably lockable within and 
removable upwardly through the valve flow passage to 
provide a substantially full opening through the valve 
through which well tools may be passed into the well con 
duit beneath said valve. An example of such an installa 
tion is shown in FIG. 2 wherein the movable plug or head 
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6 
36 has been removed and the cementing tube 24 passed 
therethrough. 

Pressure responsive surfaces on the movable valve 
member 34 and the fixedly landed body 33 define a varia 
ble capacity pressure chamber therebetween which is clear 
ly shown in FIGS. 3A and 5 and designated thereon by 
the reference character 41. Although, for the purposes of 
clarity, this chamber is not shown on the diagrammatic 
views of FIGS. 1A and 2, there is shown a flow connec 
tion thereto in the form of a pipe 42 which is extended 
downwardly within the tubing-casing annulus from the 
fluid control system 13 at surface level. More specifically, 
there is provided a fluid-tight connection between the flow 
connection 42 and the pressure chamber 41 by means of 
seals 43 and 44 on the valve member 33 for sealing with 
the landing nipple above and below, respectively, the con 
nection of pipe 42 with pressure chamber 41. Such seals 
not only make this connection fluid-tight, but also pro 
vide a seal between the valve body and the landing nipple. 

It is preferred that the connection 42 be filled at all 
times with a liquid rather than a gas, such as air or nitro 
gen, as a quicker hydraulic reaction may thus be obtained 
through the liquid column. Gas or air should be used 
only as a means of maintaining the desired pressure and 
offsetting any loss of fluid through leaks in the System. 
At surface level, the pipe 42 connects with a surge or 

volume tank, designated in its entirety by the numeral 45, 
which contains control fluid under any desired pressure. 
In this manner fluid under a suitably high pressure may 
be exerted upon the pressure responsive means of the 
valve member within the pressure chamber 41 for moving 
said valve member to an open position. It will be under 
stood from the diagrammatic views that when the valve 
is closed such fluid control means acts against the pres 
sure beneath the valve member while with the valve open 
it acts against the frictional force of the fluid flowing 
through the valve as well as the force of such flow acting 
against an opposite pressure responsive surface of the 
wave member. 
As shown on the blow-up in FIG. 1A, as well as on 

FIG. 2, a flow bean 46 is interposed in the flow connection 
42 between the source of control fluid 45 and the pressure 
chamber 41. This restriction in the flow line insures an 
even and uniform distribution of pressure between the 
source of control fluid and the pressure chamber 41, 
whereby impact upon movement between open and closed 
position of the valve member is substantially reduced. As 
well, it can be seen that the flow connection 42 is carried 
by the removable landing nipple 29 and is extended up 
wardly through the lower flange 47 of the flow bean such 
that, upon removal of the well head, the flow connection 
can be removed with the landing nipple for repair and 
replacement, as desired. In fact, this is one of the princi 
pal reasons for providing a removable landing nipple for 
the valve 32. 

It will be understood from the foregoing that the above 
described apparatus provides a means for controlling 
flow through a well conduit at a subsurface level therein 
by means of a control system disposed at surface level 
and a valve member within the conduit at said subsurface 
level, which flow control means is provided with a sub 
stantially full opening therethrough whereby well tools 
and the like may be run therethrough. It will be further 
appreciated that with this arrangement the valve member 
may be reopened by either of two methods. According to 
one method, fluid under pressure may be pumped down 
through the well conduit to force the valve open by exert 
ing pressure above the removable head 36. However, an 
alternative method of reopening the valve is provided by 
the apparatus of the present invention inasmuch as the 
pressure of the control fluid within source 45 may be in 
creased sufficiently to force the valve open by exerting 
sufficient pressure upon the pressure responsive means of 
the valve member 34. It is obvious that this latter means 
of opening the valve obviates the necessity of forcing fluid 
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down through the well conduit and could be used to great 
advantage. 
The remainder of the surface equipment comprises the 

means for automatically shutting the valve member in 
repsonse to a predetermined pressure condition within the 
well conduit above the valve member, More particularly, 
this equipment is operable to automatically shut off the 
fic w within the well conduit at a subsurface level in re 
sponse to damage or destructicn of the well equipment he 
tween said subsurface level and the surface which will, of 
course, reduce the pressure therein. The previously men 
tioned connection between the flow wing 28 and the con 
trol means 13 for the safety device is provided by a flow 
line or pipe 48 which extends between the flow wing and 
a pilot valve 49. As shown in the diagrammatic views of 
FIGS. 1A and 2, the pilot valve 49 is provided with a low 
pressure type pilot 50 and is connected by a flow line or 
pipe 51 to the source 45 of control fluid. Also, as shown 
in the figures, a relatively large flow bean 52 is provided 
within the flow wing 28 for evening out of the pressure 
within the flow wing resulting from the passage of fluid 
therethrough. Specifically, this flow bean is for the pur 
pose of improving the accuracy of the control exerted by 
the pilot valve 49 upon the source 45 and is for that pur 
nose disposed between the well head and the flow line 48. 
Suitable valve controi may be connected in the flow wing 
28, as well as in the flow line 48, as shown on the draw 
ingS. 
The function of the pilot valve 49 is to provide a con 

trol responsive to pressure of the fluid within the well 
conduit above the subsurface level, and flowing outwardly 
through the flow wing 28, for exhausting the control fluid 
within the source 45 when the pressure of such controlled 
fluid reaches a predetermined figure. Specifically, when 
the well equipment above the subsurface level of the valve 
is damaged or destroyed such that the pressure of the fluid 
within the wall conduit drops a predetermined amount, a 
pressure responsive member within the pilot valve is oper 
able to actuate the low pressure pilot 50 in a manner to 
exhaust fluid within the source 45 connected to such pilot 
valve and thus reduce the pressure thereof. It should be 
understood, however, that although the particular arrange 
ent shown, of a pilot waive and a low pressure pilot 

therefor, is preferred, other suitable pressure responsive 
means may be used. 

However, for the purpose of this invention, reference 
is had to the Otis Type “M” pilot valve which is shown 
and described on page 4010 of the aforementioned Com 
posite Catalog, which valve has been found especially well 
Suited for the purposes of this invention. Further refer 
ence is had to page 40 l l of this same catalog for a com 
plete disclosure of a suitable low pressure pilot such as is 
shown at 50 in the drawings. The externally threaded 
cylinder shown in the catalog illustration at the lower end 
of the pilot valve is connected to the flow line 51 for com 
Iunication with the source of control fluid 45, and the 
low pressure pilot 50 is connected to the pilot valve at 
one of the internally threaded connections of the valve 
body. Of course, since this particular application of the 
system merely requires a control responsive to a lowering 
of pressure, the other internally threaded connection of 
the pilot valve body, normally for use with a high pres 
sure pilot, may be plugged in any Suitable manner. It 
will he understood, however, that the system is readily 
adaptable for the provision of additional controls in which 
said other connection may be used. 
The flow line 48 from the flow wing 28 is, of course, 

connected to the external opening of the pilot valve com 
municating with the low pressure pilot such that the pres 
Sure of the fluid within the flow wing 28 will act upon the 
plunger of such pilot valve. As will be apparent from 
this description, when this pressure within the flow wing 
28 reaches a predetermined low figure, the low pressure 
pilot 50 will be actuated to exhaust such fluid whereby 
it plunger is permilled to rise and fluid within the 
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source 45 is exhausted outwardly through the side exhaust 
port shown on the illustrated pilot valve. Since each of 
this type pilot valve and the low pressure pilot are ilius 
trated So adequately in the aforementioned catalog, and 
further since equivalent apparatus may be used, diagram 
niatic representations of same are thought adequate for the 
purposes of this application. 
The alternative device shown in FIGS. 9 to 1 1 is pro 

ductive of many of the advantages enabled by the above 
described preferred embodiment. The surface equipment 
for such apparatus, including the well head and fluid con 
trol Systein, may be identical to that previously described. 
As well, a casing 53 is extended downwardly to the pro 
ducing formation and a tubing section 54 is disposed within 
the casing in a manner to produce the extremely high rate 
of flow previously described. More particularly, this tub 
ing Section includes a hold-down and seal nipple 55 hav 
ing a "no-left-turn' latching device 56 and seal means 
57 cooperable with a special assembly of the casing to 
confine the flow of production fluid within the well con 
duit through the valve 58. Reference is made to page 523 
of the aforementioned Composite Catalog for a more com 
plete showing of such a latching device. 
An upper portion of the tubing section includes a body 

or casing 59 for the valve which is connected to the ninple 
55. This body is provided with an annular seat 60 sur 
rounding a flow passage 61 therethrough, and semi-circular 
Valve members 62 are pivotally mounted upon pins 63 
journaled in the body for seating upon seat 60 as well as 
adjacent one another, as shown in FiG. 11, in the closed 
position of the valve. Sector gears 64 are connected to the 
pins exteriorly of the valve body and mesh with one an 
other to provide uniform opening and closing movement 
of the valve members. 
A valve of this construction is shown and described in 

Patent No. 2,375,432 to Miller et al. and does not per Se 
constitute a part of the present invention. However, in 
accordance with the novel concepts of this invention, a 
Valve of this type has been rendered adaptable for subsur 
face use. In particular, it forms a part of a device for 
controlling flow at a subsurface level within a well conduit 
and operable by the surface controls previously described. 
Furthermore, it is usable in a manner to provide a sub 
Slantially full opening through its flow passage 61 for ac 
commodating well tools and the like. 

For this purpose, the flow line 42 is extended downward 
ly from the surface fluid control system for connection 
With a variable capacity pressure chamber 65 made lip 
of a cylinder 66 fixed to the valve body and a piston 67 
operable in the cylinder. A rod 68 on the piston provides 
a power connection between this pressure respensive 
means and the valve members 62 by means of rack 69 
and pinion 70. 
AS can be seen from the drawings, the pressure respon 

Sive means 67 is operable to urge the valve members to 
Open position. A coil spring 71 is disposed within cylin 
der 66 between the piston 67 and end of such cylinder to 
urge the valve members to closed position. Thus, as in 
the case of the previously described preferred embodi 
ment, the valve 58 is opened by exerting a force on the 
piston Sufficient to overcome the resilient means 71, while 
the surface control equipment may be made automatically 
Operable to close the valve and shut of flow within the con 
duit at the Subsurface level in response to a predetermined 
pressure condition thereabove. 

Returning now to a detailed description of the pre 
ferred embodiment which has been described chiefly in 
connection with the diagrammatic views of FIGS. i A, 1B 
and 2, it can be seen from FIGS. 3A and 3B, that the 
upper portion of the casing is formed from large diameter 
pipe 72 which is connected at its upper cnid to the lower 
flange 47 of well head 10 in a conventional manner and 
at its lower end to a hold-down and seal nipple 73 by 
means of a reducing coupling 74. As shown in FiOS. 3C 
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and 4, a string of smaller diameter pipe 75 may be con 
nected to and extended downwardly from nipple 73. 
As previously mentioned, the tubing section 16 includes 

at its upper end a hold-down and Seal assembly 20. AS 
shown in FIG. 3B, this assembly includes an upper most 
nipple 76 adapted to receive the lower end of landing 
nipple 29, in a manner to be described, and threadedly 
connected at its lower end to a sub 77 having a recess 78 
formed about its inner periphery and a downwardly fac 
ing shoulder 79 on its exterior. A tubular part 80 is con 
nected to internal threads on the sub 77 and is provided 
with an upwardly facing expander 81 upon which a down 
wardly facing shoulder on latching ring 82 is adapted to 
ride. As shown in FIG. 3B, this ring is guidably con 
tained between the recess in the sub and the tubular part 
79. 
The hold-down nipple 73 is provided with a shoulder 

83 oppositely facing to shoulder 79 on Sub 77 in position 
to land the same as tubing section 16 is lowered into posi 
tion within the well casing. Beneath the shoulder 83 are 
square threads 84 for cooperation with teeth on ring 82 
guidably carried about the hold-down and Seal assembly. 
The lower faces of the teeth on ring 82 are tapered such 
that as the assembly 20 is lowered into place, the tecth will 
ride down over threads 84. However, when shoulder 79 
lands upon shoulder 83, an upward pull may be exerted 
on the tubing section. When this is done, the expander 
81 forces the guidably mounted ring outwardly into the 
threads 84, as shown in FIG. 3B, for holding the tubing 
section down against upwardly directed pressure thereon. 
The above-described hold-down apparatus has been pre 

viously described as a "no-left-turn' latching device 23, 
and reference has also been made in connection with FIG. 
9 to a publication of same. Obviously, equivalent appa 
ratus may be used in each case. 
A packer and side port nipple 85 are threadedly con 

nected to the lower end of tubular part 80, as shown in 
FIGS. 3C and 4. This nipple carries the packing 7 for 
sealing engagement with a sealing Surface 86 on the hold 
down and seal nipple 73 when the tubing section is prop 
erly locked in place within the casing. As well, this ripple 
85 is provided with the ports 19 communicating the tubing 
casing annulus with the interior of the tubing beneath the 
seat means 17. 
A sub 87 coupled to the lower end of nipple 85 is pro 

vided with the square threads 25 to which the cementing 
tube may be attached, as shown in FIG. 4. The O-rings 
26 are carried on the tube for sealing with a sealing SLirface 
88 on nipple 85 beneath ports 19. The remainder of the 
tubing section 16 may be composed, as previously de 
scribed, of suitable tubular members which may include 
gas lift mandrels, landing nipples, and the like. 
The means 30 for releasably locking lading nipple 

29 within the tubing section 16, and particularly the up 
permost nipple 76 thereof, does not constitute a part of 
this invention and will not be described in great detail. It 
will be noted, however, from FIG. 3B that a lowermost 
part 89 of the landing nipple 29 carries iugs 90 for radial 
movement with respect thereto into locking position with 
in complementary recesses 91 in the inner bore of nipple 
76. This part 89 also carries the packing 31 for sealing 
engagement with sealing surface 92 on nipple 76 when 
the landing nipple is locked in position, as shown in FIG. 
3B. 
The packing 31 is held in place by a tubular part 93 

which is threadedly connected to part 89 and provided 
with a downwardly facing shoulder 94 for landing upon 
the upper edge of nipple 76 for locating the lugs 90 oppo 
site recesses 91. An expander ring 95 (not shown in 
FIG. 1A) is received within the tubular parts 89 and 93 
and is slidable from a position as shown in FIG. 8 where 
in the landing nipple 29 is being run into the tubing sec 
tion, to the position shown in FIG, 3B, wherein the lugs 
90 have been forced outwardly into locking position 
within the recesses 91. 

20 

2. 

30 

3. 

45 

60 

O 

75 

10 
In this locked position, fingers 96 on the lower split 

end of ring 95 engage beneath and are held by the collet 
97 of part 89. As shown in the drawings, the upper 
portion of the ring is enlarged somewhat and a tapered 
shoulder 98 is provided therebelow, such that while the 
fingers 96 do not expand the lugs 90 in the position of 
FIG. 8, downward movement of the ring relative thereto 
will cause shoulder 98 to ride over a tapered inner por 
tion of the lugs and the enlarged portion of the ring will 
hold the lugs expanded. 
The limit of this downward lug-expanding movement 

of the ring, as well as the locking position of fingers 96 
within collet 97, is defined by engagement of shoulder 
93 with an oppositely facing inner shoulder on part 89. 
The limit of upward movement is defined by the engage 
ment of an external shoulder 99 on the ring 95 with a 
pin 60 fixedly carried on the part 93 by a member 101, 
which engagement is shown in FIG. 8. 
The inner bore of the expander ring is provided with 

an inner recess 102 for attachment by a suitable wire 
line tool. It will be understood that as the landing nipple 
29 is lowered into the well by means of such a tool, the 
ring will be held in its upper position, as shown in FIG. 
8. When, however, the shoulder 94 lands upon the nipple 
76 and lugs 90 are positioned opposite recesses 91, the 
ring 95 will slide downwardly to expand the lugs into 
locking position, as shown in FIG. 3B. lt will be further 
understood that the ring may be jarred upwardly out of 
lug-expanding position, whereby the lugs may be collapsed 
as shoulder 99 engages pin 100 and lifts tubular parts 
89 and 93, and the landing nipple removed from the 
well. 

Continuing upwardly along the landing nipple 29, and 
with reference now to FIGS. 3A, 5 and 6, a tubular part 
133 is threadedly connected between part 93 and a nipple 
14 in which tie valve 32 is received, releasally locked, 
and sealed. Extending upwardly from the nipple 10-s for 
any desired length is a tubular section 105. 
The body of casing 33 of the valve is releasably locked 

within and removable from the nipple 104 of the landing 
nipple 29 in substantially the same manner in which the 
Said landing nipple is locked within the tubing section 
6. Thus, the body 33 carries lugs 106 for radial move 

ment with respect thereto into and out of locking posi 
tion within complementary recess 107 in nipple 104. 
An external shoulder 108 on the body is landable upon an 
Cppositely facing shoulder on the nipple to locate the 
lugs opposite the recesses, as shown in FIG. 3A. When 
the lugs are locked in place, the packings 43 and 44 are 
Seatably engageable with sealing surfaces 109 and 110, 
respectively, on the bore of nipple 14 above and below 
the control fluid connection with pressure chamber 41. 
Thus, as previously mentioned, these seal means serve not 
only to Seal off between the valve member and landing 
nipple but also about the above mentioned control fluid 
connection with the pressure chamber. 

Still further, an expander ring 111 (not shown in FIGS. 
1A and 2) is received within the valve body for slidable 
movement longitudinally with respect thereto between 
a running-in position, as shown in FiG. 6, and a lug-ex 
panding position, as shown in FIGS. 3A and 5. The 
mechanism differs slightly at this point from that pre 
viously described in that in the running-in position, fingers 
112 are actually disposed above the lugs in an upper posi 
tion limited by the engagement of ring shoulder 13 with 
pin 114 fixed to the valve body. However, lowering of 
the ring 111 to its lug-expanding position defined by the 
engagement of ring shoulder 115 with an oppositely fac 
ing shoulder on the valve body moves the lugs outwardly 
and permits latching of fingers 112 in the collet 16 in the 
valve body. The solid portion of the ring above the 
fingers serves to securely hold the lugs expanded. As in 
the previously described mechanism, a recess 117 within 
the upper end of the ring permits its wire line manipula 
tion, 
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In further detail, it can be seen that the valve body 
33 is made up of a portion 1 i8 in which the lugs 106 are 
carried and to the upper end of which is threaded a ring 
like member i:9 for securing the pin 114 in place. The 
packing 43 is held in place about the portion 18 by an 
upwardly facing shoulder on a tubular part 120 thread 
edly connected to the portion 18, while the packing 44 
is held about such part by a ring-like member 12i threaded 
onto the lower end of tubular part 120. 
The valve member 34 is best shown in Section in FIG. 

3A as comprising upper and lower threadedly connected 
tubular parts 122 and 123, respectively, which define he 
flow passage 35 therethrough. As can be seen from this 
figure, the upper part 122 is slidably received in the 
valve bcdy as well as in a counter-bored portion 124 of 
the expander ring 11. As such, the flow passage through 
the valve member is substantially full opening with re 
spect to the smallest inside diameter through the ring. 

Perts 37 are provided through upper part 122, while 
plug 36 is releasably lockable within the flow passage 
through the iower part 23, in a manner to be described 
ereinafter. As can be seen from a comparison of FloS. 
5 and 3A, the valve member is movable longitudinally 
of the valve boy 34 from a closed position in which seal 
ing surface 39 seats upon valve seat 40 to an open posi 
tion in which said surface is spaced there from to perinit 
flow longitutiiniily within the well conduit to pass through 
the ports 37. It will be appreciated that with this con 
struction, the surface 39 is out of the direct flow path 
such that the cutting action of fluid therepast is reduced 
to a minimum. 
The variable capacity pressure chamber 41 is disposed 

in an annular space between the valve member and body 
and is defined at opposite ends by pressure responsive 
surfaces carried by each. The pressure responsive Sur 
face on waive body 33 is provided by a ring 125 which 
is carried by the body between a shoulder on part 118 
and a back-up ring .25a adjacent an oppositely facing 
shouide on part 120. O-rings 126 are provided on both 
the inner and outer diameters of the pressure-responsive 
ring 23 to provide a seal across the annular space be 
tween the valve member and body. A similar pressure 
responsive ring 127 having O-rings 128 is carried by the 
valve member between a back-up ring 127a bearing upon 
a shoulder on tubular member 122 and a split ring 129 
which is received within an annular recess 129a of mem 
ber 22 and retained therein by a retainer ring 129b con 
nected to the spit ring by set screws (not shown). 
Obviously, if desired, the back-up ring 125a and pressure 
responsive ring 125, as well as back-up ring 127a and 
pressure-responsive ring 27, could be made integral. 
Pressure fluid between O-rings 126 and 128 will obviously 
tend to separate the pressure-responsive surfaces and open 
the valve. As illustrated in FGS. 5 and 6, the opposing 
surfaces of part 125 and retainer ring 129b above ring 
127 are saced arart a slight amount. Opening move 
ment of the valve member is limited by engagement of a 
portion beneath ring 127 with an upwardly facing shoulder 
130 on part 120 of the valve body. 
The tulular part 122 is imperforate with respect to 

this ch: Innber 41 such that, with the sliding seals previously 
described, the control pressure fluid within the chamber is 
separate from the fluid controlled by passage through the 
waive. Control fluid is introduced into the chamber from 
the flow line 42 through ports 131 and 132 in part 120 
of the valve body and nipple 104 of the landing nipple 
29, respectively. The outer periphery of nipple 104 is 
flattered adjacent the port 132 to receive a manifold 133 
welded or otherwise Secured thereto with a passage 134 
therethrough communicating with the port 132 as well as 
a conjection for the lower threaded end of the flow line 
42. This, this line is carried by the landing nipple and, 
for purposes previously described, is removable there 
with. 
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While the introduction of control fluid into the cham 

her 41 between Seals 126 and 123 will urge the valve mem 
ber to open position by expanding the chamber and mov 
ing the pressure-responsive means downwardly, a resilient 
neans in the form of a coil spring 135 is provided for 
urging the valve member closed. For this purpose, the 
Siring is received about upper tubular part 122 of the 
valve inenber between a Stop ring 136 carried thereon and 
the back-up ring 125a above pressure-responsive ring 125. 
As previously inhentioned, he fluid flowing through the 

Valve exerts a frictional closing force on the valve member. 
A:{), a closing force is exerted by pressure of the fluid 
being coni Toiled acting upon the underside of the pres 
Sire responsive means 127 of the waive member. The 
coil spring 135 Inay be used as an additional safety device 
in case of failure of the fluid control system at times other 
thin the allionatic exhaustion of such control fluid in 
i es; onse to a predetermined pressure drop in the well con 
duit above the valve. That is, the spring may be designed 
to have sufficient force to actually close the valve should 
the pressure within the chamber 41 drop below a prede 
termined amount, 
The resilient spring 135 thus acts as a closing force 

which must be overcoine by the force due to control fluid 
within the chamber 41, such that the effect of changing 
pressure respo, Sive areas, as the seating surface 40 is 
actually disengaged from seat 39, is materially reduced. 
As a result, the possibility of heavy impact of ring 127 
upon shoulder 130 during the reopening cycle is lessened. 
Aisk), of course, this Sudden change in pressure areas is 
resisted by the increasing effect of spring 135 as it is 
further compressed during opening. As a matter of fact, 
the valve has been constructed in actual practice in a 
in a liner to perimit opening due to control fluid under a 
pressure One and one-half times that of the controlled 
fluid acting beneath the closed valve member. It has 
been found that cracking of the valve member from its 
Seat will not move it to full open position without the ap 
plication thereto of additional force by means of the con 
trol fluid. 

In addition, and as previously mentioned, the likeli 
hood of impact upon closing is materially reduced inas 
much as the valve member will start to close as soon as 
the control fluid has been exhausted to an extent sufficient 
to perfmit it to be overcome by the force of the Spring. 
Thus, the suddenness of such movement is avoided. Also, 
of course, the provision of a suitable flow bean 46 within 
flow line 42 aids in evening out both the reduction of 
force by the control fluid, as well as its increase lupon 
Opening of the valve. 
As previously mentioned, the plug 36, when locked 

within the flow passage of the valve member, provides an 
imperforate barrier thereacross. However, the plug is re 
leasable from its locked position and is removable up 
Wardly through the valve member and well conduit to pro 
vide a Substantially full opening therethrough to permit 
the passage of well tools and the Jike. Although the 
neans for so releasably locking the plug within the valve 
Inenber flow passage does not constitute a part of the 
present invention, it does provide a convenient method 
of enabling the substantially full opening, and is described 
briefly below. 
As it is shown in Section in FIG, 3A, the plug member 

36 comprises a central body 137 and a sleeve portion 138 
slidably received thereabout. An O-ring 139 carried by 
the body provides a sliding seal between the body and 
sleeve, while packing 38 carried by the sleeve portion 
Seals with a sealing surface 140 on the bore of valve 
member part 123 when the plug is locked in place. More 
particularly, the sleeve portion 138 comprises an upper 
part 14 leaving a fishing neck 142 at its upper end and 
il lower part 143 threadedly connected to part 141 and 
being slotted at its lower end to provide spring fingers 144. 
A shoulder 145 on upper part 141 of the sleeve portion 
is landable upon an oppositely facing shoulder on the bore 
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of valve member part 123 for locating the fingers in proper 
position opposite the lower edge of the valve member. 
The central body 137 includes a stem 146 having a 

fishing neck 147 at its upper end and threadedly connected 
at its lower end to an expander ring 148 which is closed 
by a conical nose 149 at its lower end. As shown in FIG. 
3A, with the body 137 and sleeve 138 disposed in the 
relative position shown in FIG. 3A, an outwardly pro 
jecting shoulder on the expander ring fits within a corre 
spondingly shaped portion of the fingers 144 to urge them 
outwardly into locked position beneath the lower edge 
of the valve member. 

Release and removal of the plug from its locked posi 
tion within the valve member is accomplished by wire 
line operation. The stem 146 may be jarred downwardy 
relative to the sleeve portion 138 so as to release expander 
148 from its finger-expanding position and the entir 
plug then lifted from the well conduit. Conversely, the 
plug is locked in place by being lowered into landed posi 
tion with the central body and sleeve portions in non 
finger-expanding position relative to one another, and 
the stem then being jarred upwardly with respect to the 
sleeve portion to move fingers 44 into expanding posi 
tion. 

In view of the foregoing detailed description of the 
preferred embodiment of the present invention, further 
detailed study of the alternative apparatus is not thought 
necessary. As shown in FIG. 9, the casing 53 thereof 
includes a large diameter tubular portion i56 which is 
connected by a reducing coupling 15 to the hold-down 
and seal assembly, which in turn, is connected to a 
snaller diameter pipe string 152 extending to the pro 
ducing formation. As can be seen from a comparison 
of FIG. 9 with FIGS. 3B and 3C, the hold-down and seal 
assembly of the tubing section 54, including the latching 
device 56 and packing 57, corresponds in all respects to 
the similar assembly of the preferred embodinert. An 
obvious difference between the two embodiments is that 
in the apparatus of FG, 9 a removable landing nipple is 
not provided, but rather the hold-down and seal nipple 
55 is connected directly to that portion 59 of the tubing 
section which forms the valve body. 

lt will also be understood that the valve 58 is similar 
in many respects to the valve 32 and, as such, is produc 
tive of the novel manner of operation in opening and 
closing with a minimum of impact. That is, the coil 
spring 71 may be designed in a manner similar to the 
spring 135 of the preferred embodiment for acting as a 
closing force opposite to the force exerted by the control 
fluid upon pressure responsive means 67. 
From the foregoing it will be seen that this invention 

is one well adapted to attain all of the ends and objecis 
hereinabove set forth, together with other advantages 
which are obvious and which are inherent to the appa 
ratuS. 

It will be understood that certain features and sub 
combinations are of utility and may be employed with 
out reference to other features and subcombinations. This 
is contemplated by and is within the scope of the ciains. 
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 
illustrative and not in a limiting sense. 
The invention having been described, what is claimed 

S. 
1. Apparatus for controlling flow at a subsurface level 

within a well conduit comprising landing means disposed 
in said well conduit at a subsurface level, said landing 
means having an opening therethrough in substantial 
alignment with said well conduit to perhit the running 
of well tools therethrough, valve means movable through 
said well conduit, means for releasably locking said 
valve means in the opening of said landing means, said 
valve means being movable between open and closed 
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14 
positions to control flow through said opening, spring 
means for urging said valve means to closed position, 
said valve means including pressure-responsive means 
for urging said valve means to open position against the 
bias of said spring means, a source of fluid pressure at 
the surface of said well and conduit means connecting 
said source of fluid pressure to said pressure-responsive 
leaS. 
2. Apparatus as set forth in claim 1 wherein said valve 

means noves to open position against the direction of 
fluid fow within the well conduit and in an opposite 
direction to close the same. 

3. Apparatus as set forth in claim 1 and further includ 
ing control inneans responsive to a predetermined pressure 
tf fluid within the well conduit above said subsurface 
level for reducing the pressure within said conduit means 
to allow said valve means to close. 

4. Apparatus as set forth in claim 1 and further includ 
ing means for releasably locking said landing means to 
said well conduit at said subsurface level. 

5. Apparatus for controlling fiow at a subsurface level 
within a weli conduit comprising landing means disposed 
in said well conduit at a subsurface level, said landing 
means having an opening therethrough in Substantial 
alignment with said well conduit to permit the running 
of wei tools therethrough, valve means movable through 
s:aid well conduit, mcans releasably locking said valve 
means in the opening of said landing means, said valve 
means having two relatively movable parts defining a 
variable capacity chamber there between, one of said parts 
having a valve seat thereon and the other of said parts 
having a valve member thereon seatable with said valve 
seat, said valve means having a passage therethrough to 
allow flow through said opening when said valve is un 
seated from said valve scat, spring means biasing said 
valve into seated engagement with Said valve seat, said 
valve being novable from Said valve seat upon the pres 
eice of suilicient pressure within said variable capacity 
chamber, a source of fluid pressure as the surface of said 
well, and conduit means connecting said source of fluid 
pressure to said variable capacity chamber. 

6. Apparatus as set forth in claim 5 wherein said valve 
member moves to open position against the direction of 
fluid flow within the well conduit and in an opposite 
direction to close the same. 

7. Apparatus as set forth in claim 5 and further includ 
ing control means responsive to a predetermined pressure 
of fluid within the well conduit above said subsurface 
level for reducing the pressure within said conduit means 
to allow said valve means to close. 

8. Apparatus as Sct forth in claim 5 and further includ 
ing means for releasably locking said landing means to 
said well conduit at said subsurface level. 

9. Apparat is as set forth in claim 5 wherein said con 
duit means comprises a port extending laterally from the 
opening of said landing means to thc exterior thereof 
and a tubing extending from the landing means port ex 
teriorly thereof to said source of fluid pressure, said valve 
means having a port from the exterior thereof extending 
into Said variable capacity chamber, said landing means 
ports and said valve means ports being in fluid commu 
nication when said valve means is locked in said landing 
port, and means packing off between said valve means 
and said landing means about said fluidly communicating 
ports. 

10. Apparatus for controlling flow at a subsurface 
level within a well conduit comprising landing means dis 
posed in said well conduit at a subsurface level, said 
landing means having an opening therethrough in sub 
stantial alignment with said well conduit to permit the 
passage of well tools there through, wave means movable 
through said well conduit, means releasably locking 
said valve means in the opening of said landing means, 
said valve means having two relatively movable parts 
defining a variable capacity chamber therebetween, said 
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valve means having a flow passage therethrough and a 
valve member movable between first and second posi 
tions for opening and closing said flow passage, spring 
means resiliently biasing said valve member to its second 
position, means for moving said valve member to its first 
position against the hias of said spring means unen rela 
tive movement of said two relatively movable parts 
resulting from the presence of sufficient pressure within 
Said variable capacity cham her, a source of fluid pres 
Sure at the surface of the well, and conduit means connect 
ing said source of fluid pressure to said variable capacity 
chamber. 

11. Apparatus for controlling flow at a subsurface 
level within a well conduit comprising landing means dis 
posed in said well conduit at a subsurface level, said 
landing means having an opening therethrough in sub 
stantial alignment with said well conduit to permit the 
running of well tools therethrough, valve means movable 
through said well conduit, means for releasably securing 
said valve means in the opening of said landing means, 
said valve means including valve elements movable be 
tween open and closed positions to control flow through 
said opening, spring means for urging said valve elements 
to closed position, said valve means including pressure 
responsive means for urging said valve elements to open 
position against the bias of said spring means, a source 
of fluid pressure at the surface of said well and conduit 
means connecting said source of fluid pressure to said 
pressure-responsive means. 

12. Apparatus for controlling flow at a subsurface level 
within a well conduit, comprising: landing means dis 
posed in said well conduit at a subsurface level; said land 
ing means having an opening therethrough in substantial 
alignment with said well conduit to permit the passage of 
well tools therethrough, valve means movable through 
said well conduit, means releasably securing said valve 
means in the opening of said landing means, said valve 
means having two relatively movable parts defining a 
variable capacity chamber therebetween, said valve means 
having means providing a linear flow passage therethrough 
and valve members movable between first and second 
positions for opening and closing said flow passage, 
spring means resiliently biasing said valve members to 
the second position, means for moving said valve mem 
bers to the first position against the bias of said spring 
means upon relative movement of said two relatively 
movable parts resulting from the presence of sufficient 
pressure within said variable capacity chamber, a source 
of fluid pressure at the surface of the well, and conduit 
means connecting said source of fluid pressure to said 
variable capacity chamber. 

13. Apparatus for use in controlling flow at a Sub 
surface level within a well conduit comprising a land 
ing nipple adapted to be disposed in a well conduit, said 
landing nipple having an axial opening therethrough, 
valve means movable into and out of said landing nipple 
opening, means releasably securing said valve means in 
said opening, said valve means including valve elements 
movable between open and closed positions to control 
flow through said opening, said valve means including 
pressure-responsive means for urging said valve elements 
to open position, and conduit means from the exterior 
of said landing nipple to said pressure-responsive means. 

14. Apparatus for use in controlling flow at a Sub 
surface level within a well conduit comprising a landing 
nipple disposed in said well conduit at a subsurface level, 
said landing nipple having an opening therethrough in 
substantial alignment with said well conduit to permit 
the running of well tools therethrough, said landing nipple 
including means for releasably securing a valve in said 
opening, said landing nipple having a port extending from 
said opening to the exterior thereof, a source of fluid 
pressure at the surface of said well, and a tubing ex 
tending from said landing nipple port to said source of 
fluid preSSlure. 
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15. Apparatus as set forth in claim 14 and further 

including means for releasably locking said landing nipple 
to Said well conduit at said subsurface level. 

15. Apparatus for controlling flow from a well at a 
Subsurface level comprising a well casing extending to 
the surface of said well, a tubing disposed in said casing 
and having its upper termination below the surface of 
Said well, a landing means connected to said tubing, said 
landing means having an opening therethrough in sub 
stantial alignment with said tubing to permit the running 
of tools therethrough, valve means movable through said 
casing, means for releasably securing said valve means 
in the opening of said landing means, said valve means 
including valve elements movable between open and 
closed positions to control flow through said opening, 
Spring means for urging said valve elements to closed 
position, Said valve means including pressure-responsive 
means for urging said valve elements to open position 
against the bias of said spring means, a source of fluid 
under pressure at the surface of said well and conduit 
means connecting said source of fluid pressure to said 
pressure-responsive means. 

17. Apparatus as set forth in claim 16 and further 
including means for releasably locking said landing nip 
ple to said tubing. 

18. Apparatus for protecting a flowing well against the 
loss of fluid products of the well from a conduit at the top 
of the well, including: means at the top of the well adapted 
to be actuated by forces which if sustained by the conduit 
at the top of the well would cause such loss; valve means 
located in the well below said conduit at the top of the 
well, said valve means including a body open to well fluids 
therebelow and having a passage leading to the well above 
the 'alve means from said body; a valve element in said 
body shiftable to a position closing said passage to close 
the valve ineans and to a position spaced from said passage 
to open the valve means, said element having a first fluid 
pressure responsive surface for hydraulically holding said 
valh'e means open and a second fluid pressure responsive 
surface for hydraulically closing said valve means, and 
means including a conduit connected with said first 
named means, said flow conduit and said valve means for 
conducting fluid under pressure from the top of the well 
to said first fluid pressure responsive surface to permit 
fios' of the well. 

19. A well tool including: a tubular body adapted to 
be anchored in a well said body having a passageway ex 
tending above said packing means for conducting fluid 
from said body into the well above said body, packing 
means on the body operable for sealing against the wall 
of the well anchoring means on the body operable to 
anchor the tool in the well; a sleeve valve shiftably dis 
posed in said body, means for shifting said sleeve valve in 
(Ep?isi e dirt clic is to open and close said passage 
way including opposed surfaces on said sleeve valve re 
sponsive to fluid pressure, one of said surfaces being ex 
posed to well fluid pressure, means including a conduit 
leading from the top of the well for conducting fluid pres 
sure from the top of the well to the other of said valve 
sleeve surfaces, and means at the top of the well and con 
nected with said conduit for controlling the application of 
fluid pressure through said conduit to said other sleeve 
valve surface to cause said port to be maintained open. 

20. A well tool including: a tubular body adapted to be 
anchored in a well conductor; packing means on the 
body operable for sealing against the wall of the well 
conductor, anchoring means on the body operable to an 
chor the tool in the well; said body having a flow passage 
with an outlet port above said packing means for conduct 
ing fluid from said body into the well above said body; 
valve means associated with said body for opening and 
closing flow through said passage and said port, said valve 
means having opposed first and second surfaces exposed 
for application thereto of fluid pressure, said first surface 
being exposed to well fluid pressure from below said body; 
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a conduit connectable to a source of fluid pressure at the 
top of the well and connected to said body above said 
packing means and below said port for applying fluid 
pressure to said second surface of said valve means, and 
means operable at the top of the well and connected with 
said conduit for controlling the application of fluid pres 
sure from said source at the top of the well to said second 
surface of said valve means to cause said valve means to 
be held open and closed responsive to said fluid pressures 
applied to said opposed surfaces, 

21. Apparatity for protecting a flowing well having 
casing therein against the loss of the fluid products the re 
from in the event the structure of the well above the 
ground is subjected to a damaging force, including means 
operatively connected with said structure arranged to he 
actitated by response to initial loss of fluid products front 
the well; and means located in the well and connected 
with said first nanied means for shutting off the flow 
of the well responsive to said first named means being 
activated said means for shitting off well flow including 
a fluid pressure operated valve, and means for subjecting 
sail valve to pressure from a source at the ground Star 
face for maintaining said valve open. 

22. Apparatus for protecting a flowing well against the 
loss of the fluid products there from in the event the struc 
ture of the well above the ground is subjected to dam 
aging forces, including: valve means positioned in the 
well below said structure; said valve means being spring 
loaded to a closed position preventing flow through the 
well, said valve means being exposed to the pressure of 
fittid in the well and also movable responsive to said 
pressure into position to shut off said flow; means for 
subjecting said valve means to hydraulic fluid pressure 
from above the ground counteracting the spring pressure 
tending to move satid valve to closed position whereby said 
hydraulic fluid pressitre will maintain the valve open 
and control means operable responsive to damage of the 
structure of the well above the ground for relieving the 
halve means of said counteracting hydraulic fittid pressure 
whereby said valve means will be moved by the spring and 
the well pressitre into said closed position. 

23. Apparatus for protecting a flowing well against the 
loss of fluid products from a flow conduit at the top of 
the well in the event the structure of the well above the 
ground is subjected to damaging forces, including a flow 
conduit at the top of the well subsurface valve means 
disposed in the well below said flow conduit including a 
body having a bore therein open to the well fluids there 
belos', said body having a passage leading from said bore 
through said body to the well above said body; a valve 
sleeve shiftable in opposite directions fron an open to a 
closed position to permit and prevent fluid flow through 
said bore and passage to the top of the well said valve 
sleeve having opposed fluid pressure responsive areas; one 
of said areas being exposed to fluid pressure in said bore 
for urging the sleeve to a closed position means including 
a second conditit leading from said substrface valve 
nea is to a source of fluid pressure at the top of the well 
for exposing the other of said areas of said valve sleeve 
to the pressure fron such soutree to hold open said sub 
strface valve means; and control valve means at the top 
of the well connected to said conduits and operable re 
sponsive to said forces above the ground for relieving said 
second conduit of fluid pressure, whereby said valve 
sleeve will be shifted by said fluid pressure in said well to 
a position closing off well fluid flow through said bore 
and passage. 

24. Apparatus for protecting a flowing well against the 
loss of fluid products from a flow conduit at the top of the 
well, coin prising: 'alve means having means thereon for 
releasably securing the same in the well below said flow 
conduit, said valve means including a body open to well 
fluid below the body and having a passage extending 
through the body; a valve element shiftable to positions 
opening and closing said passage, said element having a 
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first fluid pressure responsive area subjected to the pres 
sure of fluid in said well for shifting said valve element 
to a position closing said passage, said element having a 
second fluid pressure responsive area, and means extend 
ing from said valve means and connected to said flow 
conduit for conducting fittid under pressure from the top 
of the well to said valve means so that the pressure of such 
fittid from the top of the well is imposed on said second 
fittid pressure responsive area to prevent said valve means 
front closing, whereby upon relief of the pressure of such 
fluid from the top of the well imposed on said second fluid 
pressure responsive area said valve means will be atto 
Frnatically closed. 

25. A well tool including: a tuhular body adapted to he 
anchored in a well; packing means on the body operable 
for sealing against the wall of the well anchoring nicals 
on the body operable to anchor the tool in the well said 
body having a passage therethrough opening above said 
packing means for conducting fluid from said body into 
the well above said body, valve means having an aperture 
there through movably disposed in said body; means for 
moving said apertured valve means in opposite directions 
to open and close said passage including opposed first 
and second surfaces on said valve means responsive to 
fluid pressure, said first surface being exposed to well 
fluid pressure, means including a conduit leading from 
the top of the well for conducting fluid pressure from the 
top of the well to said second surface; and means at the 
top of the well and connected with said conduit for con 
trolling the application of pressure from the top of the 
well through said conduit to said second surface to cause 
said passage to be closed by said valve means. 

26. Apparatus for use in controlling flow at a sub 
surface level within a well conduit comprising a landing 
nipple adapted to be disposed in a well conduit, said land 
ing nipple having an axial opening therethrough, valve 
means movable into and out of said landing nipple open 
ing, means releasahly securing said valve means in said 
opening, said valve means including valve elements mo'- 
able between open and closed positions to control flow 
through said opening, said valve means including pressure 
responsive means for urging said valve elements to open 
position, control valve means at the surface of the well 
operatively connected with the well conduit at the sur 
face; and conduit means from the control valve means 
at the surface of the well to said landing nipple to said 
pressure-responsive means. 

27. A well tool including a tubular body adapted to 
he positioned in a well conduit; means for sealing between 
said conduit and said body, means for supporting said 
body in said conduit, said body having a passage above 
said sealing means for conducting fluid from within said 
body into said conduit; a valve associated with said body 
for opening and closing said passage; means for shifting 
said 'alie in opposite directions to open and close said pas 
sage including first and second surfaces responsive to fluid 
pressure, means including a tube leading from the top of 
the well for conducting fluid to said first surface to open 
said passage, said second surface being exposed to the well 
fittid pressure below said sealing means to close said pas 
sage upon relief of the pressure applied to said first sur 
face, and valve means in said the at the top of the well 
for controlling the application of fluid pressure through 
said tube to said first surface to cause said valve to be held 
in a position at which said passage is open and to allow 
said valve to be moved to a position at which said passage 
is closed. 

28. A well tool as defined in claim 27, wherein the 
means for controlling the application of fluid pressure 
through said tube comprises a valve. 

29. A well tool as defined in claim 28, in which said 
valve is a manital valve. 

30. A well tool including: a tubular body adapted to 
be positioned in a well conduit; means for sealing between 
sail conduit and said body; means for supporting said 
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body in said conduit; said body having a passage above 
said sealing means for conducting fluid from within said 
body into said conduit; a valve associated with said body 
for opening and closing said passage, means for shifting 
said valie in opposite directions to open and close said 
passage including first and second surfaces responsive to 
fluid pressure, means including a tube leading from the 
top of the well for conducting fluid to said first surface 
to open said passage, said second surface being exposed 
to well fluid pressure below said sealing means to close 
said passage upon relief of the pressure applied to said 
first strface; and means at the top of the well for con 
trolling the application of fluid pressure through said tube 
to said first surface to cause said valve to be held in a 
position at which said passage is open and to allow said 
valh'e to be noved to a position at which said passage is 
closed. 

31. A well tool including: a tubular body adapted to he 
anchored in a well packing means on the body operable 
for sealing against the wall of the well anchoring means 
on the body operable to anchor the tool in the well said 
body having a passage above the packing means for con 
ducting fluid from said body into the well above said 
body, a sleeve 'alve associated with said body for open 
ing and closing said passage, said valve having its internal 
and external surfaces exposed for application thereto of 
fluid pressure; a conduit connectable to a source of fluid 
pressure at the top of the well and connected to said body 
above said packing means and below said passage for 
applying fluid pressure externally of said valve; and 
ineans operable at the top of the well and connected 
with said conduit for controlling the application of fluid 
pressure enternally of said valve to cause said valve to be 
held open and closed responsive to fluid pressure derived 
from the well. 

32. Apparatus for protecting a flowing well against the 
loss of well fluid from a flow conduit at the top of the 
4'ell, comprising: valve means disposed in the well below 
said flow conduit and including a body open to well fluid 
below the body and having a passage extending through 
the body; a l'alve element shiftable to positions opening 
and closing said passage, said element haning a first fluid 
pressitre responsive area subjected to the pressure of fluid 
in said well for shifting said valve element to a position 
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closing said passage, said element having a second fluid 
pressure responsive area, and means extending from said 
halve means to the well surface and connected to said 
flow conduit and to a source of fluid under pressure at 
the top of the well for conducting such fluid under 
pressure from said source at the top of the well to 
said valve means so that said fluid pressure is imposed 
on said second fluid pressure responsive area to pre 
'ent said valve means from closing, and including means 
responsive to variations in the well fluid pressure in 
said flow conduit whereby upon reduction of the well 
fluid pressure in said flow conduit the fittid pressure 
from said source imposed on said second fluid pres 
Sitre responsile area of said 'alve means will be reliered 
and said valve means will be automatically closed. 
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