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[57] ‘1' ABSTRACT 

A method and apparatus for providing flow control at 
a wellhead, characterized by the integration of a re 
motely operated control valve with a swivel assembly. 

The mode of operation and structure of the control 
valve are such as to enable the valve to be opened in 
response to the imposition of a biasing force and 
enable a valve to be maintained open in response to 
the imposition of a relatively lower biasing force. 
The valve may be opened and closed in response to 
the operation of a remote control mechanism or 
alternately may be opened and/or closed in response 
to the application of pump pressure to a conduit 
communicating with an interior passage of the swivel 
assembly. 

5 Claims, 3 Drawing Figures 
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SWIVEL CONTROL HEAD AND METHOD OF 
CONTROL 

This is a division of application Ser. No. 135,219, 
?led Apr. 19, 1971, now US. Pat. No. 3,750,749. 

GENERAL BACKGROUND OF THE INVENTION 

This invention relates to a wellhead safety device and 
a method of control, and more particularly to a remote 
controlled swivel control unit having a safety valve. 

In connection with many well operations a swivel unit 
is supported at a wellhead so as to permit ?uid ?ow be 
tween the interior of a well and a surface facility. 
Conventionally, such a swivel arrangement provides 

a body which is connected by way of conduit means to 
a surface facility. A conduit string, rotatably supported 
relative to the body of the swivel unit, extends into the 
well conduit means or casing. The interior of the swivel 
unit provides ?uid communication between the interior 
of the conduit string and the conduit means extending 
from the swivel body to the surface facility. 
During many well operations it becomes highly desir 

able to be able to control the ?ow of ?uid either into 
or out of the conduit string. 
However, because of the relatively rotatable nature 

of the swivel components, and the rotatable and longi 
tudinally movable nature of the conduit string, substan 
tial complications are presented with respect to the 
provision of an accessible, reliable, control mechanism. 

The control over ?ow through a conduit string, 
where a swivel assembly is employed, often becomes 
signi?cant in connection with well testing operations. 

In many well testing operations, a “testing string” is 
rotatably supported relative to the body of a swivel as 
sembly which is located at the wellhead. , 

In conducting testing operations with an assembly of 
this nature the passage through the swivel assembly is 
opened to permit well ?uid to flow upwardly from a 
formation, through the conduit or testing string, and 
then through the various communicating passage 
means of the swivel assembly to a surface facility which 
receives the formation ?uid during the testing opera 
tions. 

In the event that noxious or excessively high pressure 
?uids should pass upwardly through the conduit string 
during such a testing operation it may be highly desir 
able to be‘ able to safely and reliably terminate such a 
?ow of well ?uids, especially when uncontrollable, and 
prevent such well ?uids from passing through the 
swivel assembly and to the surface facility. 
A variety of proposals have been set forth in the past 

in connection with thecontrol over the ?ow of fluid 
during such testing operations. Both manual and re 
motely operable control valve concepts have been pro 
posed. 
However, such concepts have often been character 

ized by a degree of inaccessibility of operating compo 
nents or by a degree of structural and operational com 
plexity. ‘ 

Accordingly, where conduit strings associated with 
swivel assemblies have been involved, a need has per 
sisted for an improved control mechanism which‘ would 
be reliable and accessible, not involve excessive struc 
tural and/or operational complexity, not complicate . 
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2 
normal operations, and not provide structural encum 
brances in the working area of a wellhead. 

In particular, during the testing of oil and gas wells, 
a dangerous condition sometimes develops at the well 
head as a result of the presence of high pressure hydro 
gen sul?de gas. Natural gas, which is produced in both 
oil and gas wells, sometimes contains hydrogen sul?de. 
When the hydrogen sul?de laden natural gas, or sour 
gas as it is sometimes known, reaches the wellhead, a 
dangerous condition may be created if for some reason 
the gas is allowed to escape. This is so not only because 
of the high pressure involved, but also because hydro 
gen sul?de is a highly ?ammable gas which can deaden 
the sense of smell and which is dangerously poisonous. 

It thus may become necessary, in order to protect 
property and insure the safety of working personnel, to 
devise means for cutting off the well ?ow when the 
presence of the hydrogen sul?de gas was detected. 

In particular, it would be desirable to provide a re 
mote control valve to cutoff the well ?ow when the hy 
drogen sul?de gas is detected. 

OBJECTS AND SUMMARY OF THE INVENTION 

The present invention involves the provisions of a re 
mote control safety valve, embodied as part of a swivel 
unit. This safety valve rapidly and reliably responds, 
when actuated, and the overall unit allows rotation of 
a conduit string extending from the swivel control unit 
and into the well. 

It is a particular object of the invention to provide a 
swivel control unit for a wellhead including a safety 
valve in which the safety valve is controlled from a 
point remote from the wellhead. 
A further object of the invention is to provide a valve 

mechanism, as heretofore noted, which may be opened 
in response to the generation of pump pressure at the 
wellhead so as to permit the valve to be forced to an 
open position and enable ?uid to pass through the 
swivel assembly, or a conduit means, and into another 
portion of a well conduit string. 
Another object of the invention is to provide a valve 

mechanism of the type heretofore noted which may be 
opened in response to the imposition of relatively low 
pressure actuating ?uid and be held open by the contin.~ 
ued application of even lower pressure actuating ?uid. 

It is another object of the‘ invention to provide a 
swivel control unit for a wellhead including a safety 
valve in which the well ?uid is utilized to tend to pres 
sure balance the valve in an open position. 

It is still another object of the invention to ‘provide a 
‘swivel control unit for a wellhead including a safety 
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valve in which an actuating ?uid is utilized to open the 
safety valve and position the safety valve so that it may 
be pressure balanced by the well ?uid. . 

It is a related object of the inventionto provide a 
method of controlling the ?ow of well ?uid from a well 
head from a remote area. f 

It is another related object of the invention to provide 
a method of balancing a valve at a wellhead in an open 
position, utilizing the well ?uid and an externally ap 
plied actuating ?uid. ‘ 

In accomplishing at least some of the foregoing ob 
jectives, there is presented through this invention. a 
method of performing well operations wherein swivel 
means is connected with a well conduit 'string. The 
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swivel means is supported above well conduit means. 
This arrangement permits the conduit string to undergo 

. longitudinal as well as rotary movement relative to the 
well conduit means. > 

A passage means is provided in the swivel means 
which extends generally longitudinally of the swivel 
means and is disposed in ?uid communication with the 
interior of the conduit string. Body means of the swivel 
means is arranged at the wellhead so as to permit rota 

tion of the conduit string. Branch conduit means in the 
body means is operable to communicate with the longi 
tudinally extending passage means of the swivel means. 

A valve means carried by the swivel means is opera 
ble to control ?uid ?ow between at least a portion of 
the longitudinally extending passage means and at least 
a portion of the branch passage means. This valve 
means is maintained operable to control ?ow between 
the general longitudinally extending passage means and 
the branch passage means while the conduit string is 
stationary relative to well conduit means and while the 
conduit string is undergoing rotational movement rela 
tive to the well conduit means. 
An independently significant method aspect of the 

invention,v in the context of the foregoing basic method, 
entails the remote actuation of the valve means. In this 
additional method aspect of the invention, a valve bias 
ing means is operable in response to the opening of the 
valve means to cause the pressure of ?uid in the longi 
tudinally extending passage means of the. swivel means 
to exert a valve opening biasing force on the valve 
means, so long as the valve means remains in an open 
position. Additionally, a valve isolating means remains 
operable to substantially prevent the pressure of ?uid 
in the generally longitudinally extending passage means 
from exerting a valve opening biasing force on the 
valve means is disposed in a closed position. 
A third, independently signi?cant method aspect of 

the invention involves the utilization of a pressure re 
sponsive surface means which is operable in response 
to an increase of pressure in the branch conduit means 
to exert a valve opening force on the valve means. 
Other independently signi?cant facets of the inven 

tion relate to the aforesaid valve mechanism itself and 
its mode of operation and to synergistically interacting 
combinations of apparatus elements or means which 
cooperate to ‘perform the method steps heretofore set 
forth. ' ' 

A preferred embodiment of the invention, intended 
to accomplish at least some of the foregoing objects, 
includes a swivel control unit engaged with a conduit 
string extending up from a well casing. The swivel con 
trol unit utilizes both the pressure of the well ?uid and 
the pressure of an externally applied actuating ?uid to 
control the actuation of a valve contained therein. 
The swivel control unit includes a generally cylindri 

cal swivel body which may be generally secured against 
rotation and a generally. tubular body or mandrel 
threadedly engaged with the conduit string and extend 
ing through and disposed in coaxial relationship with 
the swivelbody. The tubular body or mandrel is rotat 
able along with the conduit string, relative to the swivel 
body. This relative rotation, as well as the axial move 
ment of the control unit and conduit string assembly, 
permits the setting and releasing and actuation of 
downhole test tools. Thus, there is assured a control 
unit which will permit controlled ?ow from the well, if 
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desired, while downhole testing tools are being manipu 
lated. 
The rotatable, generally tubular body includes: a cen 

tral bore aligned with the central bore through the con 
duit string, and through which well ?uid is conveyed to 
the wellhead; discharge port means through which the 
well ?uid is removed outwardly from the tubular body; 
and pressure port means through which a portion of the 
well ?uid is directed for communicating the pressure of 
the ?uid in the central bore to one end of a valve so as 
to bias the valve to a closed position. 
Between the mandrel and swivel body is an annular, 

axially extending chamber. This chamber communi 
cates with an exit port means in the swivel body as well 
as with the discharge port means and the pressure port 
means. 

Supportably received within the chamber are the 
valve and a spring. This spring exerts a pressure tending 
to bias the valve toward a closed position. In the closed 
position, the valve is adapted to interrupt the ?ow of 
well ?uid from the discharge port means through the 
chamber, to the exit port means. 
The valve is retained in its closed position by the 

spring and by the ?uid pressure in the‘ central bore 
communicated through the pressure port means and 
acting against one end vof the valve. To open thevalve, 
actuating ?uid is delivered through an inlet port in the 

_ swivel body, from a remote source, into a chamber por 
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tion communicating with another end of the valve. The 
actuating ?uid exerts a pressure against this other end 
of the valve, acting in a direction opposite to the afore 
said communicated pressure 'of the well ?uid and the 
spring pressure. - 

Upon application of the actuating ?uid pressure the 
valve will open and establish a ?ow' of well ?uid from 
the discharge port means, through a portion of the 
chamber, and out the exit port means. This ?ow gives 
rise to a discharge pressure which is exerted on the 
same end of the valve as that upon which the actuating 
?uid pressure is exerted. 1 

The pressures exerted by the well ?uid on the differ 
ent ends of the open valve are such that the open valve 
tends to become pressure balanced. Thus, the pressure 
of the actuating ?uid may be reduced, when the valve 
is open, to a value sufficient to overcome only the 
spring pressure. If, for any reason, the actuating ?uid 
pressure is reduced or removed, or the‘ pressure bal 
ance condition is disturbed, the valve will tend to close. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present inven 
tion will become apparent from the subsequent de 
tailed description thereof in connection with the ac 
companying drawings in which: _ ' 

FIG. 1 schematically illustrates the swivel control 
unit of the present invention suspended from a travel 
ling block and connected to a conduit string; 
FIG. 2 is a vertical cross-sectional view illustrating 

structural details of the swivel control unit of the 
ent invention; I ’ 

FIG. 3 is an enlarged, fragmentary, vertical cross 

pres; 

sectional view illustrating the inlet port'of the swivel 
body, shown in FIG. 1, through which actuating ?uid 
is delivered to the second annular axially extending 
variable volume chamber portion; - 
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FIG. 4 provides a somewhat further enlarged view of 
a portion of FIG. 2 illustrating the valve in its closed po 
sition; and 
FIG. 5 provides another somewhat further enlarged 

view of a portion of FIG. 2, illustrating the valve in its 
open position, while under the in?uence of full actuat 
ing ?uid pressure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In describing a preferred embodiment of the inven 
tion reference will be made to a swivel assembly in 
tended to be associated with and support a well testing 
string. 
Exemplary of well testing strings with which such an 

assembly may be incorporated are testing strings or 
well tool assemblies featured on pages 140-160 of the 
Halliburton Sales and Service Catalog (1968), avail 
able from Halliburton Services, Duncan, Oklahoma. 

In arrangements of this nature, the swivel assembly 
mandrel and/or the testing string would be supported 
by wellhead support means whil_e__thc swivel assembly 
body would be connected with stationary well ?uid re 
ceiving means located at or near the wellhead. 
The general purpose of this arrangement is to provide 

manipulative control over the testing string, while also 
providing control over the flow of formation ?uid up 
wardly through the testing string and through the swivel 
assembly to the well ?uid receiving means. 
While the invention will be described in this general 

context, it will be recognized that its utility is of a 
broader nature and that the concepts may be em 
ployed, for example, during operations where ?uid is 
being injected into a well. 
Overall Structure 

Referring now more particularly to the drawings in 
which like numerals are used to indicate like parts 
throughout the various views thereof, FIG. 1 schemati 
cally illustrates the swivel control unit 2 in a wellhead 
installation. 
At its lower end, the swivel unit 2 is threadedly con 

nected to a well conduit or testing string 8, either di 
rectly or through an adaptor 10. The adaptor 10 may 
include a manual plug valve 12. 
Extending outwardly from a general cylindrical 

swivel body 16 of the control unit 2 is an actuating ?uid 
conduit 14. The conduit 14 is indicated as extending to 
a remote control source (not shown), from which 
opening and closing of asafety valve 82 is controlled, 
in a manner to be described hereinafter. 
As shown in FIGS. 1 and 2, a swivel mandrel l8,jour 

nalled within swivel body 16, is connected at its lower 
end with conduit string 8 via valve assembly 12 and 
adaptor 10. The upper end of mandrel 18 is connected 
with a threaded adaptor 64. 
Adaptor 64 may. in turn, be threadably connected 

with a handling or support head 4 as generally and 
schematically shown in FIG. 1. This support head 4 
may include a portion 6 which would be supported by 
conventional elevators associated with wellhead hoist 
ing and lowering gear. ‘ 
Exemplary of a support head which might be em 

ployed is a rig elevator supported, bail assembly nor 
mally used to support an L-T 20 control head, available 
from Halliburton Services, Duncan, Oklahoma. A 
swivel and handling subassembly shown on page 63 of 
the 1968 Halliburton Sales and Service Catalog and 
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6 
available from Halliburton Services, Dunacan, Okla 
homa, might also be employed for this purpose. 
With the general swivel arrangement heretofore de 

scribed, the entire axial load of the testing string 8 is 
carried by the support head means 4 and mandrel 18. 
In this manner, the axial weight of the testing string 8 
is not transmitted to the swivel body means 16 or its as 
sociated bearing means. Thus, the swivel means 2 will 
permit rotary movement of the swivel mandrel l8 and 
test string 8 relative to the swivel body 16, regardless 
of the axial load or weight imposed on swivel mandrel 
18. 
Swivel Structure 
Referring now to FIGS. 2-5, the swivel control unit 

2 is shown to include the generally cylindrical swivel 
body 16, a generally tubular body or mandrel l8, and 
the adaptor 10. The generally tubular body 18 extends 
through, is journalled within, and is coaxial with the 
generally cylindrical body 16. 

Relative rotation of the swivel body 16 and the tubu 
lar mandrel 18 is achieved by the rotation of the con 
duit string 8 which rotates the tubular mandrel l8. Dur 
ing this rotation, the swivel body 16 is held relatively 
stationary by virtue of its connection to conduit means 
extending to a stationary, well ?uid receiving site, not 
shown. 
The swivel body 16 includes: an upper section 20 

from which a pair of bosses 22 and 24 radially extend; 
a cylindrical skirt 26, which extends axially from' the 
upper section 20; and a swivel nut 28, which is engage 
able with the open end of the skirt 26. 
The boss 24 includes an internally threaded socket 

36 into which a nipple 38 is threadedly engaged. This 
nipple connects to conduit means leading to the well 
?uid receiving means. The nipple 38 has a bore 42 
which is coaxial with an exit port 44 of the swivel body 
16. 
‘Outlet conduit or nipple 38 may be connected with 

a manifold control head assembly, not shown. This as 
sembly may comprise components peripherally encir 
cling swivel body means 16, with the control head as 
sembly being connected through conduit means to the 
stationary well ?uid receiving means in the vicinity of 
the wellhead. A control head which may be employed 
for this purpose comprises an L-T 20 control head de 
scribed on page 143 of the 1968 Halliburton Sales and 
Service Catalog, available from Halliburton Services, 
Duncan, Oklahoma. The support of this control head 
may be facilitated by a control head supporting socket 
30 formed in boss 22. 

In this arrangement, the conduit connection between 
the well fluid receiving site and conduit means 38, or 
its associated control head, will tend to prevent rota 
tion of swivel body 16 and its associated components 
even through the conduit string 8 and swivel mandrel 
18 are being rotated to effect certain operational ma 
nipulations of the testing string 8. 
Such rotational manipulations may be effected, for 

example, by drivingly engaging a portion of the conduit 
string 8 with a rotary table at the wellhead, possibly 
providing vertical support for the conduit string with 
rotary table slips, and operating the rotary table to ef 
fect rotation of the conduit string 8. 

Alternatively, full or partial vertical support may be 
provided by the adaptor 4 and elevators, with rotation 
being imparted to the conduit string 8 by manual ma 
nipulation of tongs or wrenches. In some instances, ros 
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tation of string 8 may be effected with all of the weight 
of the testing string being supported within the well cas 
mg. 
The skirt 26 includes, in addition to a threaded por 

tion at its open lower end for receiving in threaded en 
gagement therewith the swivel nut 28, four indicator 
slots 29 through which the position of the valve 82 can 
be observed, as described hereinafter. 
The tubular body 18 de?nes a central bore 46 

through which a well fluid ?ows. 
As the tubular body 18 emerges from the lower end 

of the swivel body 16, it ?ares out to form a shoulder 
48 and a skirt section 50 extending therefrom. The 
shoulder 48 seats a thrust bearing 52 and an annular 
sealing ring 54. The bearing 52 ?ts within a cavity 56 
de?ned by the tubular body 18 and shoulder 48 along 
with the swivel nut 28. The sealing ring 54 is provided 
to con?ne bearing lubricant within the cavity 56. 
The skirt 50 receives -therein an adaptor 10 in 

threaded engagement therewith. The adaptor 10 has a 
skirt section 58 which is internally threaded for receiv 
ing the conduit string 8 in threaded engagement there 
with. The adaptor 10 de?nes a central bore 60 there— 
through which is coaxial with the central bore 46 of the 
tubular body 18. The central bore 60 forms a continua 
tion of the central bore 46 for the ?ow therethrough of 
the well ?uid. 
The adaptor 10 also includes a plug valve 12 which 

can be actuated by the rotation of handle 62. The valve 
12 provides, therefore, a means for manually control 
ling the ?ow of well ?uid through the central bore 60 
and into the central bore 46. Desirably, valve 12 may 
comprise a LoTorc plug valve available from Hallibur 
ton Services, Duncan, Oklahoma, and described on 
pages 68-69 of the 1968 Halliburton Sales and Service 
Catalog. 
A plug 66 is threadedly engaged within the top part 

of the tubular body 18. This plug 66 prevents outward 
axial flow of the well ?uid from the central bore 46. 
The top part of the tubular body 18 may also thread 

edly engage the ?ange portion 70 of a tubular wear 
sleeve 68. The tubular sleeve 68, if used, extends 
through the swivel body 16 to a shoulder 72 which bor~ 
ders the cavity 56. The tubular sleeve 68 and the boss 
section 20 de?ne an annular cavity 74 within which a 
thrust bearing 76 is located. An annular sealing ring 78 
is provided to con?ne the bearing lubricant within the 
cavity 74. 
Safety Valve _ 

The swivel body 16 and the mandrel l8 de?ne there 
between an annular axially extending chamber 80. 
Within the chamber 80 a valve 82, a compression type 
coil spring 84 and a valve positioning sleeve 86 are lo 
cated. Both the positioning sleeve 86 and the spring 84 
rest against a surface 88 of the swivel nut 28. The upper 
end of sleeve 86‘provides a stop operable to engage 
valve 82, when it moves down, and determine the open 
valve position. 
The valve 82 comprises a piston including an annular 

head portion 90 and two an‘nular axially extending 
sleeve portions 92 and 94, directed oppositely away 
from the head portion 90. 
The annular axially extending chamber 80 provides 

three annular, axially extending, variable volume 
chamber, portions. ' 
The ?rst chamber portion 96 is de?ned by the posi 

tioning sleeve 86, the head portion 90, the axially ex 
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8 
tending sleeve portion 92 and the tubular sleeve 68. 
The second chamber portion 98 is de?ned by the head 
portion 90, the axially extending sleeve portion 94 and 
the swivel body 16. The third chamber portion 10 is de 
?ned by the axially extending sleeve portion 94, the tu~ 
bular sleeve 68 and the swivel body 16. 
The tubular body 18 is provided with one or a plural 

ity of equally spaced pressure ports 102 and one or a 
plurality of equally spaced discharge ports 104. The tu 
bular sleeve 68 is provided with openings 106 and 108 
which are radially aligned with the pressure ports 102 
and the discharge ports 104, respectively. 

In order to ensure that the openings 106 of the wear 
bushing remain aligned with the mandrel openings 102, 
pin means 110, shown in'FIG. 2, may intersect certain 
of the aligned openings 102 and 106 of the sleeve 68 
and the body of mandrel 18 so as to maintain the ports 
or openings 102 and 106 in radial alignment. 
As will be recognized, sleeve 68, in essence, com 

prises a wear bushing and thus may be considered as a 
mere external portion of mandrel 18. Thus, a mandrel 
wear surface may be provided by means other than the 
separate wear sleeve 68'. For example, a ceramic coat 
ing on the exterior of the mandrel 18 might be em 
ployed. ’ . 

The third chamber portion 100 establishes a passage 
between the discharge ports 104 and the exit port 44 
through which the well ?uid ?ows when the valve 82 
is open. _ 

. The actuating ?uid which, for example, may be nitro 
gen, is directed from a remote source in the vicinity of 
the wellhead through the conduit 14. This conduit'is 
threadably engageable with an inlet port 112 of the 
swivel body 16. Port 112 communicates with an annu 
lar chamber 114. The annular chamber 114 leads the 
actuating ?uid into a second chamber portion 98, to 
thereby enable the ?uid to exert pressure against the 
upper side of the head portion 90. 
Mode of Operation 
The mode of operation will be described with refer 

ence to FIGS. 3—5. 

With the valve 82 closed (FIGS. 3 and 4), and well 
?uid present in central bore 46, the ?rst chamber por 
tion 96 ?lls with well ?uid which is bled from the cen 
tral bore 46 through the pressure ports 102 and the 
aligned holes 106. Thus, the pressure of the ?uid in the 
central bore 46 is communicated to the lower side 90b 
of the head portion 90 of the valve 82. The pressure ex 
erted thereby biases the valve in a closed position and 
augments the valve closing bias of spring means 84. 
To open the valve, and thereby establish the outward 

?ow of the well ?uid from the central bore 46,'an oper 
ator located at a remote source causes an actuating 
?uid (possibly nitrogen) to be delivered throughthe 
conduit 14, inlet port 1 12 and annular passage 1 14 into 
the second'chamber portion 98 (FIG. 3). The actuating 
?uid exerts a pressure against the upper side 90a of the _ 
head portion 90 of the valve member 82. - 

Because of the relative dimensionsof the surface 
areas 90a and 90b of the head portion 90- (area 90a 
being signi?cantly larger) being acted upon by the 
communicated pressure and the actuating pressure, the‘ 
actuating ?uid pressure required to open valve 82 need' 
only be a fraction of the pressure communicated from 
passage 46 to cavity 96. That is, the‘ actuating pressure 
acting on large surface 90a need only exert a force on 
piston'82 sufficient to overcome the force‘ exerted by 
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the communicated pressure acting on small surface 90b 
and the spring pressure, to thereby cause the valve 82 
to open and assume the position as shown approxi 
mately in FIG. 5. _ 
With the valve 82 open, the well ?uid establishes a 

?ow through the exit ports 104 and their aligned open 
ings 108 through the passage de?ned by the chamber 
portion 100 and out the exit port 44. During this out 
ward ?ow, the well ?uid ?lls the chamber portion 100, 
As a result, the pressure of the discharging ?uid is ex 
erted against surface 94a of the outwardly extending 
sleeve portion 94 of the valve 82. 
The communicated pressure and the discharging 

pressure now pressure balance the valve 82 in the open 
position since area 94a is equal to area 90b. When the 
open position of the valve is achieved, which the opera 
tor can determine by looking through the indicator 
slots 29 to sight the relative location of the sleeve por 
tion 92, the actuating ?uid pressure may be reduced to 
a point suf?cient only to balance the biasing force ex 
erted by the spring 84. The result is a balanced valve 
held in the open position with relatively low pressure 
actuating ?uid. 
An additional operative feature of the valve arrange 

ment is that it can be pumped open by applying a pres 
sure through the exit port 44 into the third chamber 
portion 100 (FIG. 4) against the outwardly extending 
sleeve portion 94. When suf?cient pressure is applied 
to area 94a, as permitted by clearance zone 100a 
shown in FIG. 4, to overcome the communicated pres 
sure exerted against the lower end 90b of the piston 
head portion 90 in the ?rst chamber portion 96, in ad 
dition to the spring biasing force, valve opening will oc 
cur. This will allow ?uids to be forced back down the 
well for well “killing” operations. 
Should the pressure in conduit 14 fall, the valve 82 

would automatically close, due to a reduction in pres 
sure in chamber portion 98. 

It is also believed that if the conduit or control head 
means connected with passage 42 should rupture or 
break away from the swivel assembly 2, a ?ow of well 
?uid from passage 46, through the open conduit means 
38 into the atmosphere, would tend to produce auto 
matic valve closing action even if some spring force 
balancing, actuating ?uid pressure should exit in cavity 
98. 

It is believed that the closing phenomena would tend 
to occur as a result of a reduction in pressure in well 
fluid in passage 42 which would result from the ?ow of 
such ?uid through the pressure drop inducing ori?ce 
means asde?ned by exit port 104. Once such a closing 
of the valve means 82 occurred, the pressure balancing. 
valve end 94 would be isolated from the pressure of 
?uid in passage 46 such that the valve 82 would tend 
to stay closed. > 

Overall Summary of Principal Method 
and Apparatus Aspects ‘ 
From the foregoing discussion it will be recognized 

that the swivel means 2 is arranged so as to be con 
nected with the well conduit or testing string 8 and be 
supported at a wellhead, above the well casing or con 
duit means. 
The central passage means 46 of the swivel means 2 

extends generally longitudinally of this swivel means 
and is disposed in fluidcommunicating relation with 
the interior of the conduit string 8. ‘ 
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The swivel body means 16 is operable to permit rota 

tion of the conduit string 8. The branch passage means 
42 of the swivel body means 16 is operable to commu 
nicate with the longitudinally extending swivel passage 
means 46 under the control of valve means 82. 
Valve means 82 is carried by swivel means 2 and is 

operable to prevent ?uid ?ow between at least a por 
tion of the passage means 46 and at least a portion of 
the passage means 42. Valve means 82 remains opera 
ble to effect this ?ow control while the conduit string 
8 is stationary relative to the well casing, as well as 
while the string 8 is undergoing either rotational and/or 
longitudinal movement relative to the well casing. 
The remote actuating means provided by conduit 

means 14, passages 112 and 1 14, and chamber 98 is op 
erable to effect selective actuation of the valve means 
82 from a location remote from the swivel means 2 and 
the testing string 8. 
The existence of this remote actuating means not 

withstanding, the valve means 82 is continuously biased 
to a closed position by spring means 84 so as to provide 
a “fail-safe” mode of operation. In other words, should 
the pressure of actuating ?uid transmitted through con 
duit means 14 fail, the spring 84 would ensure auto 
matic closing of the valve means 82. 
Additional manual control is provided by the manu 

ally’ operable plug valve means 12. ‘This plug valve 
means 12 is interposed between the swivel body means 
16 and the conduit string 8. 
The valve sleeve portion 94, when disposed in the 

FIG. 5 open valve position provides a valve biasing 
means operable to cause the pressure of ?uid in the 
passage means 46 to exert a valve opening biasing force 
on the valve means 82, tending to provide a pressure 
balancing phenomena acting on the open valve vmeans; 
With the existence of such pressure balancing, i.e., 
equal pressure of ?uid in passage means 46 acting on 
opposite axial ends of the valve means 82, the condi 
tion of valve means 82 will be determined by whether 
or not the pressure in actuating chamber 98 is suf?cient 
to balance or overcome the valve closing, biasing-in?u 
ence of spring means 84. 
While the valve means is disposed in-the closed dis 

position illustrated in FIG. 4, the sleeve means 68 is dis 
posed in substantially telescoping engagement with 
portion 94 of valve means 82 so as to function as valve 
isolating means, i.e., provide a seal between the ex 
tremity 94a of valve means 82 and the pressure of ?uid 
in passage means 46. This mode of operation of the 
valve isolating means 68 will tend to substantially pre 
vent the pressure of ?uid in the passage means 46 from 
exerting ‘a valve opening biasing force on the valve 
means 82, so long as the valve means 82 remains 
closed. As a result, the pressure of ?uid in passage 
means 46 will augment the valve closing bias of spring 
means 84 so long as the valve means 82 remains closed. 

Should operations require the injection of ?uid into 
the well, for example, in order to “kill" a well, the pres 
sure in branch conduit means 42_may be raised. This 
raising of pressure will exert a substantial valve opening 
biasing force on the pressure responsive surface means 
94a carried by the valve means 82. The force acting-on 
surface means 94a will exert a valve opening force on 
the valve means and cause the valve means to move to 
an open position. ' , ‘ 
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Under these circumstances, once the valve means 82 
has moved to an open position, it will tend to stabilize 
in an at least partially open condition so as to permit a 
substantially continuous injection of ?uid into the con 
duit string 8. 
The pressure balancing tendency relating to the open 

condition of valve means 82, acting either alone or aug 
mented by the differential piston area phenomena re 
sulting from the fact that the reaction surface 90a of 
FIG. 3 (exposed to nitrogen) exceeds the area of‘reac 
tion surface 90b (exposed to pressure of ?uid in pas 
sage 46), enables the valve means 82 to be maintained 
in an open condition with relatively low pressure nitro 
gen. The differential area phenomena, i.e., the fact that 
the area of reaction surface 90a exceeds the area of re~ 
action surface 90b, serves to enable relatively interme 
diate, but still low, pressure nitrogen to effect the initial 
opening of the valve means 82. 
Of course, once the valve menans 82 is open, the ni 

trogen pressure may be reduced and still hold the valve 
means open because of the previously discussed pres 
sure balance phenomena resulting from the exposure of 
each axial end of the valve means 86 to the pressure of 
?uid in central passage 46. 

SUMMARY OF ADVANTAGES AND SCOPE OF 
THE INVENTION 

In describing method and apparatus aspects of the 
invention, certain advantages have been made appar 
ent. . v 

A principal advantage resides in the provision of a 
swivel assembly including a simple but reliable control 
valve mechanism which may be operated from a re‘ 
mote location and which is possessed of fail-safe char 
acteristics. 
Another principal advantage of the invention relates 

to the manner in which the pressure balancing phenom 
ena, in the open condition of the swivel valve means, 
enables the valve means to be maintained in an open 
condition with relatively low pressure actuating ?uid. 

Another signi?cant advantage of the invention en 
tails the manner in which the pressure of ?uid in branch 
conduit means 42 may be substantially increased so as 
to cause the valve means 82 to open and enable ?uid 
to be forced downwardly through the testing or conduit 
string. 
The differential area aspects of the valve enable it to 

be initially opened with relatively low pressure in the 
actuating ?uid. ' 

Other signi?cant advantages also result from the 
structure and operational characteristics heretofore 
noted. ’ 

The longitudinal passage 46 is characterized by- a 
substantially unobstructed, relatively large internal di 
ameter which enables large flowv volumes to be safely 
and effectively handled. 
The nature of this remote operating mechanism is 

such as to permit a variety of liquid or gaseous actuat 
ing ?uids to be employed. 
The load supporting swivel mandrel and the thrust 

bearing arrangement incorporated in the swivel mecha 
nism enable heavy string loads to be supported and en 
sure easy swivel rotation, concurrent with the provision 
of prolonged operating life and minimum maintenance 
requirements. 

10 

20 

v25 

30 

35 

45 

50 

55 

60 

65 

12 
The utilization of the remotely actuated safety valve 

and the manually controlled plug valve enhance the 
safety aspects of the tool in providing alternately opera 
ble control techniques. 
The slot arrangement in the periphery of the swivel 

body enable an operator to determine positively the 
condition of the safety valve. 
The overall arrangement is such as to virtually elimi 

nate externally protruding parts which would impede 
operations or be vulnerable to damage. 
The overall structure of the swivel assembly is such 

as to enable it to be safely utilized with relatively high 
well pressures. ' 

The three separate pressurizing zones operable to act 
on the valve means provide predictable and selectively 
variable control criteria. The changes of volume of 
these zones is such as to enable the valve piston sleeve 
94 to be operable to produce the pressure balancing 
phenomena under control conditions, after the inertia 
problems associated with initiating valve movement 
have been overcome. 
Although the control unit is particularly useful in 

connection with sour gas well operations, the remote 
control safety valve feature makes it particularly'suit 
able for offshore operations. In general, offshore ves 
sels ?oat up and down because of wave motion and in 
such cases the control head is normally secured high in 
the rig. Manual operation of the control head is hazard 
ous under these circumstances; however, the remote 
control feature of the present invention would elimi 
nate this difficulty. 
When the‘invention is to be utilized in connection 

with well ?uids having a hydrogen sul?de content, im 
proved resistance to hydrogen sul?de induced embrit 
tlement may be provided by heat treating components 
so as to reduce their hardness. 
Although the invention has been described in con 

nection with one preferred and illustrated embodiment, 
it will be appreciated by those skilled in the art that ad 
ditions, modi?cations, substitutions and deletions not 
speci?cally described may be made without departing 
from the spirit and scope of the invention as de?ned in 
the appended claims. 
What is claimed is: 
1. A method for use in connection with well opera 

tions, said method comprising: 
connecting swivel means with a well conduit string 
and supporting said swivel means above well con 
duit means; ' 

‘providing passage means extending-generally longitu 
dinally of said swivel means and disposed in ?uid 
communication with the interior'of said conduit 
string; ' 

supporting body means of said swivel means so as to 
permit rotation of said conduit string; 

providing branch passage means in said body means 
operable to communicate with said longitudinally 
extending passage means; 

providing valve means carried within said supporting 
body means of said swivel means and operable to 
prevent ?uid ?ow between at least a portion of said 
longitudinally extending passage means and at least 
a portion of said branch passage means; 

maintaining said valve means operable to control 
?ow between said generally longitudinally extend 
ing passage means and said branch passage means 
while said conduit string is stationary relative to 
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said well conduit means, and while said well eon 
duit string is undergoing rotational movement rela 
tive to said well conduit means; and 

selectively actuating said valve means within said 
supporting body means from a location remote 
from said swivel means and said conduit string to 
selectively control ?ow between said generally lon 
gitudinally extending passage means and said 
branch passage means from a location remote from 
said swivel means. 

2. A method for use in connection with well opera 
tions, said method comprising: 
connecting swivel means for a well conduit string and 
supporting said swivel means above well conduit 
means; 

providing passage means extending generally longitu 
dinally of said swivel means and disposed in fluid 
communication with the interior of said conduit 
string; 

supporting body means of said swivel means so as to 
permit rotation of said conduit string; 

providing branch passage means in said body means 
operable to communicate with said longitudinally 
extending passage means; 

providing valve means carried by said swivel means 
and operable to prevent ?uid ?ow between at least 
a portion of said longitudinally extending passage 
means and at least a portion of said branch passage 
means; 

maintaining said valve means operable to control 
?ow between said generally longitudinally extend 
ing passag means and said branch passage means 
while said conduit string is stationary relative to 
said well conduit means, and while said conduit 
string is undergoing rotational movement relative 
to said well conduit means; 

remotely actuating said valve means in said swivel 
means from a location remote from said swivel 
means and said conduit string; 

in response to opening of said valve means, causing 
the pressure of fluid in said longitudinally extend 
ing passage to exert a valve opening biasing force 
on said valve means so long as said valve means re 

mains in an open position; and 
substantially preventing the pressure of ?uid in said 

generally longitudinally extending passage means 
from exerting a valve opening biasing force on said 
valve means when said valve means is disposed in 
a closed position. 

3. A method as described in claim 2 further compris 
ing: 

increasing ?uid pressure in said branch conduit 
means and in response to this increase exerting a 
valve opening force on said valve means and caus 
ing said valve means to move to an open position. 

4. A method of balancing a valve, located at a well 
head, in an open position, 
said method utilizing an apparatus including: 
a generally cylindrical swivel body, - 
a rotatable generally tubular body extending through 

said swivel body in generally coaxial relationship 

14 
therewith, 

said tubular body including a central bore through 
which a well ?uid ?ows, 

pressure port means and discharge port means car 
5 ried by said tubular body and communicating with 

said central bore, 
said swivel body including exit port means, 
said discharge port means and said exit port means 

including passage means therebetween, 
an annular, axially extending chamber, 
said chamber including said passage means, said 

valve, and a spring biasing said valve toward a 
closed position, 

the method comprising: 
communicating the pressure of the ?uid ?ow in said 

central bore through said pressure, port means into 
said annular chamber to one end of said valve, to 
bias said valve closed; 

delivering an actuating ?uid into said annular cham 
ber from a remote source to another end of ‘said 
valve at a pressure less than and in a direction op 
posed to said communicated pressure, to thereby 
open said valve so that ?uid will ?ow from said cen 
tral bore through said passage means; and 

25 causing said fluid ?ow in said passage means to exert 
a pressure against said valve on said another end of 
said valve,v with said communicated pressure and 
said pressure of said ?uid ?ow in said passage 
means coacting to tend to balance said' valve in an 
open position. ‘ 

5. A method for use in connection with well opera 
tions, said method comprising: 
connecting control means with a well conduit string; 

20 

35 providing passage means extending generally cen 
trally and longitudinally of said control means and 
disposed in longitudinal alignment and ?uid com 
munication with the interior of said conduit string; 

40 . . . . 

providing valve means carried by said control means, 
generally encircling said longitudinally extending 
passage means, and operable to control ?uid ?ow ‘ 
communicating with at least a portion of said longi 
tudinally extending passage means; 

remotely actuating said valve means in said control 
means to effect the positioning of said valve means 
in one of a closed and an open position; 

continuously urging said valve means to one of said 
positions; 

in response to the positioning of said valve means in 
one of said- positions, causing the pressure of ?uid 
in said longitudinally extending passage means to 
exert a valve opening biasing force on said valve 
means so long as said valve means remains in said 
one position; and 

substantially preventing the pressure of ?uid in said 
generally longitudinally extending passage means 
from exerting a valve opening biasing force on said 
valve means when said valve means is dispo'se'd‘in 
the other of said positions. 

* * * * * 
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