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157] ' ABSTRACT 

This invention is directed to a system for operating ap 
paratus which includes submerged hydraulically actu 
ated devices and has provision. for cycling the hydrau 
lic fluid continuously in a closed loop from a high 
pressure side from which the actuated device is ener 
gized to a low pressure side which receives hydraulic 
fluid discharged from the device, and includes a sys 
tem for repressuring the discharged hydraulic ?uid 
with a gas which may also be recycled in an indepen 
dent closed loop, the repressured hydraulic ?uid then 
being'continually recycled to function as the energy 
transmitting medium in the system. The repressuring 
,portion of the system is arranged for automatic opera 
tion. The system is adaptable to the operation of sub 
sea well control apparatus. 

15 Claims, 4 Drawing’ Figures 
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SYSTEM FOR OPERATING HYDRAULIC 
APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to a system for operating, and 
controlling the operation of, apparatus which uses a hy 
draulic ?uid under pressure as a motive ?uid for ener 
gizing various devices. The invention comprises means 
for retaining all of the hydraulic ?uid within the appa~ 
ratus in an arrangement which permits the ?uid to be 
cycled continuously as the energy-transmitting medium 
for the selective operation of hydraulically actuated de 
vices in the apparatus. Of particular interest for appli 
cations of the present invention are installations where 
the apparatus is submerged in a body of water and is 
not readily available for adjustment or repair, and 
where it is undesirable to permit any of the hydraulic 
?uid either to be purposely discharged from or to inad 
vertently escape from the apparatus into the surround 
ing water. 
The arrangement of the apparatus which embodies 

the invention and the system of its use and control 
makes it especially suitable for installation as a control 
means for wellhead apparatus, particularly for well 
control apparatus which is submerged in a body of 
water and af?xed to subsea oil wells. 
As the oil resources in the deeper waters of the 

oceans are being developed more consideration is 
being given to procedures for producing wells without 
the necessity of erecting ?xed platforms at the wellsite. 
The expense of ?xed platforms increases rapidly as the 
water depth increases, and unless a sufficient number 
of very productive wells can be drilled and produced 
from a single platform installation, it becomes econom‘ 
ically unfeasible to recover the oil at that location. Var 
ious proposals have been made heretofore to treat sub 
sea wells individually, that is, to drill them at their re 
spective dispersed locations, to equip each with its own 
wellhead apparatus, and then by pipelines to bring the 
production from the individual wells together at a cen 
tral, ?xed offshore platform or to an on-land location. 
Some such individual subsea wells have successfully 
been drilled, equipped and produced, and the art in this 
area is continuously developing. It is within this envi 
ronment that the present invention has important sig 
ni?cance although it will be appreciated, as the de 
scription proceeds hereinafter, that the invention has 
useful application apart from the ?eld of offshore oil 
recovery. 
Subsea systems for controlling the operation of well 

head apparatus, of which I am aware, now in use in 
?eld operations employ hydraulic ?uid pumps, located 
either above the surface of the water or incorporated 
in the submerged apparatus, to provide a supply of 
power ?uid to operate subsea devices. Accumulators 
for the hydraulic ?uid are mounted on the subsea 
equipment to provide an adjacent reservoir for the 
pressurized power ?uid. When the hydraulic pump is 
above the surface of the water, these submerged accu 
mulators necessarily are charged through long hydrau 
lic lines, which are exposed to damage and the possible 
leakage of hydraulic ?uid into the ambient water. Addi 
tionally, the inherent pressure drop in the long hydrau 
lic lines limits the response of the submerged apparatus 
when it places a heavy demand on the pressurized ?uid 
supply. Conversely, in those systems where the hydrau 
lic pump is mounted directly on the submerged equip 
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2 
ment, there is a practical limitation on the size of the 
pump which can be used, since the weight, conforma 
tion, compactness, and the area exposed to wave forces 
are important considerations both from the standpoint 
of handling and installing the equipment from a ?oating 
vessel and because of the water forces it must resist 
when it is installed in place. These restrictions on the 
size of the submerged pump may be such that it is not 
practical to incorporate in the submerged equipment a 
pump of adequate size to keep the accumulators con 
tinuously charged to working pressure during normal 
operations. ‘I 1 

In either of the foregoing cases, if the demand of the 
system for power ?uid exceeds the rate at which the 
submerged accumulators can be recharged either 
through the long hydraulic lines from the surface or by 
the pump incorporated in the submerged equipment, 
service will be interrupted until the accumulators can 
be charged to working pressure. Obviously, this is an 
undesirable circumstance. ' 

SUMMARY OF THE INVENTION 

The system of the present invention is designed to 
provide uninterrupted operation at rapid response 
rates, and when applied to submerged wells with the re 
quired operating hydraulic pressures at the submerged 
wellhead being unaffected by changes in water depth. 
To accomplish this, a plurality of hydraulic ?uid accu 
mulators are used and are separated into two functional 
portions of the system, one to provide a reservoir of 
?uid under pressure to energize the hydraulically actu~ 
ated devices and the other to act as a low-pressure re 
ceiver for the hydraulic ?uid discharged from the oper 
ating devices. The hydraulic portion of the system is a 
completely self-contained closed loop through which 
the hydraulic ?uid content of the system is continu 
ously recycled and which does not require replenish 
ment during normal operation. When the system is ap 
plied to submerged wells, the hydraulic ?uid dis~ 
charged from the exhaust side of the hydraulically op 
erated devices is discharged against substantially atmo 
spheric pressure, regardless of the water depth. This 
latter feature circumvents the necessity for increasing 
the pressure in the energizing side of the hydraulic sys 
tem as the depth of the water increases, as would be 
necessary if the hydraulic ?uid were discharged against 
ambient hydrostatic pressure. Thus, the operational pa 
rameters of the system are not substantially changed by 
changes in the depths of water in which the apparatus 
may be installed. 

In the present system, the accumulator which is func 
tioning as a pressurized chamber for the hydraulic ?uid 
is charged by a pressurized gas, and the accumulator 
which is functioning as a receiving chamber for the dis 
charged hydraulic ?uid is vented by a gas line at sub 
stantially atmospheric pressure. The system is arranged 
so that the pressurizing gas line and the venting line can 
be connected alternately to each of the pressure and 
receiving accumulators so that when the receiving ac 
cumulator becomes ?lled with discharged hydraulic 
?uid the pressurized gas line can be connected to it to 
cause it to function as the pressure chamber while at 
the same time the venting gas line is connected to what 
formerly was the pressure accumulator, so that the lat 
ter now becomes the receiving chamber. Means are 
provided in the system to make this switchover of accu 
mulators automatic when the receiving accumulator 
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reaches its ?lled capacity of hydraulic ?uid, so that 
continuous operation of the system is accomplished 
without the necessary attention of the human operator. 
However, considering the problems incident to the en 
vironment of an offshore oil well in deep ocean waters, 
it is advisable for such use to build into the system some 
degree of redundancy such as an alternate provision for 
manually controlled operation in the event the auto 
matic operating features malfunction. 

Sufficient chamber capacity is built into the appara 
tus to provide a reasonable amount of continuous oper 
ation from the same pressure chamber before the 
switchover of accumulators, as described above, is nec 
essary. This chamber capacity may be provided in sin 
gle pressure and receiving accumulators, as will be il 
lustrated schematically hereinafter, or the desired 
chamber capacity may be provided by a plurality of ac 
cumulators connected together in groups to function 
substantially as the single accumulators illustrated. 

It is a desirable feature of this invention in offshore 
installations that the medium for providing pressure for 
pressurizing the hydraulic fluid in the pressure chamber 
on the energizing side of the hydraulic system is 
through a pressure gas line and also that substantially 
atmospheric pressure is maintained in the receiving 
chamber through means of a venting gas line. In sub 
merged systems the gas lines can be projected from 
compressors and gas receivers at the water surface 
downwardly through the water and connected to the 
submerged apparatus. Since all of the hydraulic com 
ponents of the system then are submerged within and 
usually well below the surface of the water, the chance 
of hydraulic ?uid escaping into the ambient water is 
considerably reduced. The gas lines to the surface pass 
through the near-surface area, where the water forces 
are the greatest, and thus are more exposed to damage 
than are the deeper hydraulic lines. Damage to the gas 
lines is, of course, undesirable, but does not create the 
condition of water contamination, as would occur with 
a break in a hydraulic line. _ 

Operation of individual valves and devices in the ap 
paratus is controlled remotely from an appropriate 
console. It is understood in the art that a valve may be 
actuated from a remote location through electrical, hy 
draulic or pneumatic transmission conduits, or through 
acoustic or electromagnetic radiation signals to initi~ 
ate actuation of the valve, or by combinations of the 
foregoing. To simplify the description of the system, it 
will be described hereinafter as including 'gas transmis 
sion conduits for controlling the pressures in the hy 
draulic fluid accumulators and with electrically oper 
ated valves connected to electrical conductors for con 
trolling the valves remotely. It will be understood, how 
ever, that the use of these speci?c elements in the de 
scription of the apparatus is by way of example and it 
is not intended to limit embodiments of the invention 
thereto. As noted previously, the automatic operation, 
which is a component feature of a portion of the sys 
tem, is supplemented by means for manual remote op 
eration as a precaution against compulsory shutdown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the system of 
this invention and illustrates the disposition of the vari- ' 
ous valves when a particular accumulator is being used 
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4 
and an alternate accumulator is used as a receiving 
chamber for discharged hydraulic ?uid. 
FIG. 2 is a schematic representation showing the dis 

position of the valves in the system when an alternate 
accumulator is being used as the pressure chamber for 
pressurized hydraulic ?uid and the ?rst accumulator is 
being used as a receiving chamber to receive the dis 
charged hydraulic fluid. 
FIG. 3 is a schematic representation of the system of 

this invention as applied to well control apparatus 
which contains a plurality of hydraulically operated de 
vices. 
FIG. 4 is a representation in side elevation of a por 

tion of control apparatus for a submerged wellhead and 
illustrates a manner of connecting the submerged appa 
ratus to supply lines extending from the water surface. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Although this invention can be employed bene?cially 
in a variety of installations, it will be described herein 
after principally as applied to an offshore well wherein 
the well control apparatus is secured to a well opening 
submerged below the surface of a body of water. 
The control system illustrated in FIGS. 1 and 2 can 

conveniently be divided into three principal subassem 
blies, as indicated by the dashed line enclosures num~ 
bered respectively 10, 12 and 14. The subassembly 10 
includes a portion of the apparatus which may be estab 
lished at a location spaced apart from the other por 
tions of the system to which it may be operatively con 
nected by appropriate detachable connectors in the gas 
and electrical lines which are common to the subassem 
blies. For example, subassembly 10 may be located 
above the surface of a body of water in which the re 
mainder of the system is submerged as in being con 
nected to a submerged well opening. 
Subassembly 12 includes the principal assembly of 

the valves through which the system is operated. This 
subassembly may, for example, be encapsulated in a 
pod which can be lowered through the body of water 
and connected automatically in operative relationship 
to the submerged control devices. 
Subassembly 14 includes the devices which ulti 

mately are operated by the system and related appara 
tus such as may be af?xed at the submerged location. 
For example, subassembly 14 may include the well con 
trol devices such as blowout preventers, which are a 
component part of the well control apparatus. 

In accordance with this invention the well control de 
vices, as represented schematically by the cylinder and 
piston arrangement 20 are energized by a pressurized 
hydraulic fluid. In the posture of the system illustrated 
in FIG. I, the accumulator 22 functions as a chamber 
for the hydraulic fluid under pressure. In the embodi 
ment of the invention as applied to a submerged well, 
the receiver 22 preferably is installed as a part of the 
submerged wellhead apparatus, as illustrated in FIG. 4. 
In this location, the pressure chamber is placed imme 
diately adjacent the well control devices operated by 
hydraulic fluid to eliminate the requirement of running 
hydraulic lines from the submerged apparatus to the 
surface of the water. Also, in this posture of the system, 
the accumulator 24 is connected as the chamber to re 
ceive the exhaust hydraulic ?uid discharged from the 
operating well control device. The accumulator 24 also 
preferably is located in the submerged wellhead appa 
ratus, as indicated in FIG. 4. As will be explained here_ 
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inafter, the accumulators 22 and 24 are alternately 
switched in function to operate at one time as a pres 
sure chamber‘ and at anoth‘er'time as a receiving cham 
ber. ‘ 

The accumulator 22 is partitioned by a ?exible dia 
gram 26 which separates the chamber 28 for hydraulic 
?uid from a pressurizing gas chamber 30. The gas 
chamber is in communication with a conduit 32, which 
is detachably connected through a connector 34, FIG. 
I, in communication with a conduit 36 in the subassem 
bly 12. The conduit 36 communicates through the 
valve 38 with a third conduit section 40, which in turn 
is in communication with a high-pressure gas receiver 
42. Thus the high-pressure gas is conducted through 
the conduit arrangement described into the gas cham 
ber 30 of accumulator 22 to apply gas pressure to the 
diaphragm 26 and to place the hydraulic content of the 
chamber 28 under pressure. Gas receiver 42 has suffi 
cient capacity to exert a substantially constant pressure 
on the hydraulic ?uid in chamber 28 as the ?uid vol- “ 
ume in the chamber decreases during operation of the 
apparatus. ‘ 

The second accumulator 24 also is constructed with 
a ?exible diaphragm 44 to separate the hydraulic ?uid 
chamber 46 from the gas chamber 48 in a manner simi 
lar to that described for the accumulator 22. The gas 
content of accumulator 24 is in communication with 
the conduit 50 in subassembly 14. This conduit is 
placed in communication, through a detachable con 
nector 52, with the conduit 54 in subassembly 12. The 
latter conduit communicates through valve 38 with 
conduit 56, which in turn communicates with a gas re 
ceiver 58. Receiver 58 is constructed with suf?cient gas 
capacity to maintain the gas pressure in the accumula 
tor 24 substantially constant as the volume of gas in this 
accumulator changes while the accumulator is receiv 
ing hydraulic ?uid. Preferably, in this posture of the 
system the receiver 58 and the gas chamber 48 of the 
accumulator 24 are maintained at atmospheric pres 
sure. 

When accumulator 24 becomes ?lled with the hy 
draulic ?uid discharged from device 20, valve 38 is op 
erated to place gas chamber 48 of this accumulator in 
communication with the pressurized gas receiver 42 
and simultaneously to place gas chamber 30 of accu 
mulator 22 in communication with the low-pressure gas 
receiver 58 in a manner to be described more fully 
hereinafter. When this switchover occurs, chamber 46 
of accumulator 24 becomes the reservoir of pressurized 
hydraulic ?uid for operating the system and chamber 
28 of accumulator 22 becomes the reservoir to receive 
the discharged hydraulic ?uid. 
Referring still to FIG. 1, conduit 60 for hydraulic 

?uid communicates with chamber 28 and is detachably 
connected through a connector 62 with a conduit 64 in 
subassembly l2. Conduit 64 is connected to a valve 66. 
A similar hydraulic conduit 68 is in communication 

with chamber 46 and is connected through detachable 
connector 70 with a complementary conduit 72 is sub 
assembly 12. Conduit 72 also is connected to valve 66. 

In the posture of the system illustrated in FIG. 1, the 
pressurized hydraulic ?uid from chamber 28 passes 
through valve 66 into conduit 74, which latter leads to 
a third valve 76 and to a fourth valve 78. The hydraulic 
?uid discharged from the operating device 20 subse 
quently passes through conduit 80 and through valve 
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66 and thence to receiving chamber 46 in a manner to 
be described in more detail hereinafter. . 
Valve 76 is subassembly 12 directly controls the op 

eration of the hydraulically operated device 20. Thus, 
in the position of this valve indicated in FIG. I, the 
pressurized hydraulic ?uid passes from conduit 74 
through valve 76 and into conduit 82 in communica 
tion with the valve. Conduit 82 is detachably connected 
through connector 84 to complementary conduit 86 in 
subassembly 14. 
Hydraulically operated device 20 is indicated as a 

cylinder~and~piston arrangement, although obviously 
other forms of hydraulically operated devices may be 
employed in this system. The aforementioned conduit 
86, which in the present instance carries pressurized 
hydraulic ?uid to energize the hydraulically operated 
device, communicates with one end of cylinder 20. 
Second conduit 88 communicates with the other end of 
the cylinder. As will be understood in the art, the pres 
surized hydraulic ?uid enters one end of the cylinder 
and pushes the piston toward the other end. As the pis 
ton moves it displaces hydraulic ?uid which is ex 
hausted or discharged from the cylinder through con 
duit 88. This conduit is connected through detachable 
connector 90 with conduit 92 in subassembly 12, which 
latter conduit is in communication with valve 76. The 
discharged hydraulic ?uid ?ows through valve 76 into 
conduit 80 and thence through valve 66 into the con 
nected conduits 72 and 68 and into the hydraulic ?uid 
chamber of accumulator 24. _ 

The arrangement and integrated operation of the 
valves in the subassembly 12 is such that conduit 80 
will always be connected in the hydraulic ?uid circuit 
to carry discharged hydraulic ?uid away from the hy 
draulically operated devices toward the appropriate re 
ceiving accumulator. Pressure-sensitive device 94 is in 
communication with conduit 80 and is connected in the 
system to operate simultaneously valves 38 and 66. For 
example, if valves 38 and 66 are operated by electri 
cally energized solenoids, a pressure-activated electri 
cal switch may be used in the device 94 to direct an 
electrical current to each of the valves simultaneously 
to cause each valve to be changed to an alternate posi 
tion. 

As explained heretofore, the conduit 80 is arranged 
in respect to the valves in communication with it to 
conduct discharged hydraulic ?uid to the selected re 
ceiving chamber. When the hydraulic ?uid receiving 
chamber is ?lled to capacity, as illustrated by chamber 
46 in accumulator 24 when progressing from FIG. 1 to 
FIG. 2, the hydraulic pressure in the interconnected 
conduits 68, 72 and 80 will increase as more discharged 
?uid is directed toward the receiving accumulator. The 
pressure-sensitive device 94 is arranged to be activated 
by a predetermined increase in pressure in conduit 80 
to energize the valves 38 and 66 to cause them to 
change position. The system then assumes the posture 
illustrated in FIG. 2. ' 

, Referring to FIG. 2, the hydraulic ?uid chamber 46 
in accumulator 24 is represented as being ?lled to ca 
pacity. The resulting increase in pressure in conduit 80 
has caused the pressure-sensitive device 94 to actuate 
valve 38 to place the pressurized gas receiver 42 in 
communication with the gas chamber 48 through the 
interconnected conduits 40, 54 and 50. As the same 
time, and through the same valve, the gas chamber 30 
in accumulator 22 has been placed in communication 
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with the atmospheric pressure gas receiver 58 through 
the intercommunicating conduits 56, 36 and 32. Simul 
taneously, the pressure-sensitive device 94 has acti 
vated valve 66 to place the conduit 74 in communica 
tion with the interconnected conduits 68 and 72, which 
latter now contain pressurized hydraulic ?uid from - 
chamber 46, and to place the conduit 80 in communi 
cation with the interconnected conduits 60 and 64 
which lead to the hydraulic ?uid chamber of accumula 
tor 22. Thus, the functions of the two accumulators are 
switched and the ?rst accumulator, which formerly 
contained the reservoir for pressurized hydraulic ?uid, 
now becomes the receiving chamber, while the second 
accumulator, which formerly contained the receiving 
chamber, now becomes the reservoir for pressurized 
hydraulic ?uid. 

It will be noted that the switchover of functions of the 
accumulators through the automatic operation of the 
pressure-sensitive device 94 maintains the conduit 74 
as a pressure-?uid carrying conduit and, as noted previ 
ously, conduit 80 is maintained as the discharged-?uid 
carrying conduit. Thus, when the functions of accumu 
lators 22 and 24 are exchanged valve 76 remains in its 
original position to direct the energizing, pressurized 
hydraulic ?uid through the interconnected conduits 82 
and 86 to consistently power the device 20 in the 
chosen direction. By this invention the functions of the 
accumulators 22 and 24 are switched automatically to 
provide a continuous supply of energizing hydraulic 
?uid to the operating device 20 without adversely af 
fecting the operation of the latter. 
Various valves in the wellhead apparatus are ar 

ranged to be activated by an appropriate signal sent 
from a remote location. By way of example, the valve 
76 is connected to a console 96 in subassembly 10 
through a signal-transmitting line 98. The console con 
tains a plurality of separate stations, as represented 
schematically by the buttons 100, each of which can 
control the operation of a particular device in the sub 
merged apparatus. The signal-transmitting line 98 may 
be a multiplexed system using. a single pair of conduc 
tors to transmit the signals or a cable containing sepa 
rate lines to each device, as will be understood in the 
art. A signal-generating means, such as a source of 
electrical power, is provided in subassembly 10, to pro 
vide a signal which is transmitted through line 98 to en 
ergize a selected unit in the assembly, such as the valve 
76, and position it in a manner to cause the desired op 
eration of he apparatus. For example, if device 20 is a 
piston-actuated blowout preventer and valve 76 is posi 
tioned as illustrated in FIGS. 1 and 2, the blowout pre 
venter will be powered to a closed condition. To open 
the blowout preventer, valve 76 is operated to place the 
pressurized ?uid conduit 74 in communication with 
conduit 92 and the discharged ?uid conduit 80 in com 
munication with the conduit 82. Thus, the energizing 
pressurized hydraulic ?uid will enter cylinder 20 at the 
appropriate end to power the piston in the direction to 
open the blowout preventer and the hydraulic ?uid in 
the other end of the cylinder will be discharged through 
conduits 86 and 82 through valve 76 into conduit 80. 
The portion of the hydraulic circuit in subassembly 

12 has included in it a valve 78 which also is connected 
through a signal-transmitting means to console 96. In 
the position of the valve illustrated in FlG. l, the con 
duit 102, which is an extension of the pressurized hy 
draulic ?uid conduit 74 is dead-ended in the valve. 
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However, this valve may be operated upon a signal 
from console 96 to place the discharged hydraulic ?uid 
conduit 80 in communication with the pressure hydrau 
lic ?uid conduit 102, as indicated by the dotted line 
104a in FIG. 1. This position of valve 78 provides a by 
pass for the hydraulic ?uid and permits the ?uid to ?ow 
from the pressurized‘ chamber, which would be the hy 
draulic ?uid chamber in accumulator 22 in the instance 
of FIG. 1 through valve 66 and valve 78 into conduit 
80 and again through valve 66 and into interconnected 
conduits 72 and 68 and thence into hydraulic ?uid re 
ceiving chamber of accumulator 24. Valve 78 is pro 
vided primarily to permit one of the accumulators to be 
filled with hydraulic ?uid and the other to be emptied 
at the start of operations of the entire system, or to per 
mit the system to be placed in this desired condition of 
operation after a shutdown or other delay which oc 
curred when both chambers were partly ?lled with hy 
draulic ?uid. 

Desirably an auxiliary chamber, preferably in the 
form of an accumulator 106 which has a ?exible dia 
phragm 108 dividing it into a hydraulic ?uid-containing 
chamber 104 and a gas-containing chamber 110 is pro 
vided in the system. Hydraulic ?uid chamber 104 is 
placed in communication with the discharge ?uid con 
duit 80 and gas chamber 110 is placed in communica 
tion through conduit 112 with the vent line 56 to the 
atmospheric pressure gas receiver 58. The auxiliary 
chamber is placed in the system to function as an ex 
pansion chamber for the hydraulic ?uid and to assist in 
maintaining the pressure in the discharge ?uid conduit 
80 substantially at atmospheric pressure, and also to 
provide some make-up ?uid if the hydraulic system re 
quires it. _ 

In the system illustrated in FIGS. 1 and 2, the pressur 
ized gas receiver 42 is connected to a compressor 114 
which draws the gas from the low-pressure receiver 58. 
Thus, the pressurizing gas portion of the assembly also 

. may be a closed system. Preferably, the compressor 
40 

50 

55 

65 

114 is selected with a capacity to maintain the receiver 
58 at substantially atmospheric pressure. However, if 
desired, the low-pressure side of the system can be op 
erated at a pressure other than atmospheric, either at 
a greater or lesser pressure. The relative difference in 
pressure of the two receivers determines the pressure 
differential imposed by the hydraulic ?uid across the 
operating device, as 20, and offers further control of 
the system. 
As described heretofore, desirably, each of the valves 

and the pressure sensitive device 94 in subassembly 12 
is connected to the control console in subassembly 10 
by complementary signal-transmitting means, such as 
by electrical conductors. This permits the system to be 
operated manually as well as automatically and pro 
vides a means for continuing the operating of the sys 
tem if the automatic features of it, such as the pressure 
sensitive device 94, should malfunction. In some instal 
lations, as in the offshore environment, it may be desir 
able to gather the gas lines and the electrical lines ex 
tending between subassemblies l0 and 12 into a single 
bundle to assist in handling these lines and preventing.’ 
their becoming entangled with each other or the sub 
merged apparatus. This bundle is indicated by the dot 
ted circle 116 in FIGS. 1 and 2 and by the same nu 
meral in FIG. 4. 
vReferring now to FIG. 3, the system of thisinvention 

is illustrated diagramatically as applied to a particular 
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arrangement of well control apparatus. Similar appara 
tus as applied to a submerged well is schematically il 
lustrated in FIG. 4 which further illustrates a feature to 
which this invention can be adapted for offshore opera 
tions. To illustrate this environment the numeral 117, 
FIG. 3, indicates the surface of a body of water 119 in 
which the wellhead is submerged. 
The arrangement of devices indicated in subassembly 

14 of FIG. 3 and by FIG. 4 is commonly known as a 
blowout preventer ( BOP) stack and is secured to the 
well opening during the time the well is being drilled 
and through some stages of its completion. When the 
well is completed a different arrangement of devices, 
called a “Christmas tree", is secured to the opening of 
the well casing, as is known in the art. The system of the 
present invention can be applied to operate the control 
devices of a Christmas tree and other assemblages of 
apparatus, and the application of the invention to the 
installation represented in ‘FIGS. 3 and 4 is merely illus 
trative, and it is not intended to limit the application of 
this invention to such an arrangement. 
A BOP stack normally comprises a series of vertically 

interconnected BOP’s of different types, which can be 
operated independently of each other to control the 
well opening as circumstances require. In the apparatus 
illustrated in the drawings, the numeral 118 represents 
a bag-type BOP and the numerals 120, 122, 124 and 
126 represent respective ram-type BOP’s. The numer 
als 128 and 130 indicate elements of an assemblage 
made principally for offshore operations and represent 
hydraulically powered connectors, the connector 130 
being used to detachably connect the BOP stack to the 
well casing and the connector 128 being used to de 
tachably connect a marine riser 132 to the top of the 
BOP stack in a manner known to the art. It will be ap 
preciated that not all of the devices indicated in the 
drawings need necessarily be included in the assem 
blage as represented to be within the purview of this in 
vention and more or less, or different, forms of operat 
ing units may be assembled as the situation requires 
without departing from the inventive concept. . 

' As stated heretofore, it is desirable that each of the 
hydraulically operated devices in the well head assem 
blage is selectively operable independently of the oth 
ers. To this end, each device has associated with it a re 
spective valve by which to control the hydraulic ?uid 
circuit to it. Thus, for each of the operating units in 
cluded in the assembly of apparatus indicated in subas 
sembly 14 of FIG. 3, there is a control valve in subas 
sembly 12. The valves which control the connectors 
and the BOP’s of the wellhead apparatus, such as valves 
134 and 136, maybe similar in form and function to the 
previously described valve 76. 

In FIG. 3, the accumulator 24 is functioning as the 
pressure chamber and accumulator 22 is the receiving 
chamber. The conduit 74 carrying pressurized hydrau 
lic ?uid to the various control valves takes the form of 
a manifold‘ 138 from which individual branch conduits, 
as‘140 and 142, lead to the respective controlvalves, 
as 134 and 136. The conduit 80, which carries the dis 
charge hydraulic ?uid away from the operating devices, 
also takes the form of a manifold 144, which is con 
nected by individual branch conduits to respective 
valves as indicated by conduits 146 adn 148 connected 
to respective valves 134 and 136. The individual con 
trol valves are, of course, ‘connected to the respective 
hydraulically actuated devices through corresponding 
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interconnected conduits, such as conduits l50‘and 152 
for the pressure line of the hydraulic actuator 153 of 
connector device 130 and interconnected conduits 154 
and 156 for the return line for discharged hydraulic 
?uid. 
The well control system illustrated in FIG. 3 includes 

kill valve 158 and bleed valve 160, the use of which is 
well known in the art. Each of these valves has a re 
spective control valve‘ in subassembly 12, as 162 and 
164, which is connected to the pressure ?uid and dis 
charge ?uid manifolds 130 and 144. The kill and bleed 
valves illustrated are spring~biased to a closed position. 
Hence, only a single hydraulic ?uid conduit is required 
for each, as represented by the interconnected conduits 
166 and 168 for valve 158. The corresponding control 
valves 162 and 164 are arranged to be positioned to in 
troduce a pressurized hydraulic fluid into the corre 
sponding conduits to open the kill or bleed valve or al 
ternatively to be positioned to connect the same corre 
sponding conduit with the discharge manifold to re 
lease pressure from the kill or bleed valve to cause it to 
close as valve operation requires. The unit 170 in sub 
assembly 12 of FIG. 3 represents a pressure reducing 
valve for controlling the pressure in the bag-type BOP 
1 18. I 

As described in relation to FIG. 1, all of the conduits 
interconnecting subassembly l2 and subassembly 14 
may be connected together by detachable connectors, 
which permit the subassemblies to be connected to and 
disconnected from each other in operating relation 
ship. For working in submerged wells the detachable 
connectors may be operated from a remote location as 
from the surface of the water, without requiring diver 
assistance. By this arrangement, all. of the control 
valves and the component portions of the hydraulic and 
electrical circuits, and including pressure-responsive 
device 94, may be incorporated in a pod 172 as illus 
trated in FIG. 4. The pod is arranged to be lowered 
from the surface of the water into engagement with a 
pod receiver 174. Each of‘ the appropriate hydraulic 
lines in the pod is in communcation with a correspond 
ing connector portion as 1761 which mates with a com 
plementary connector portion 178 on the pod receiver, 
which latter portion is in communication with the ap 
propriate hydraulic conduit as, for example, conduit 50 
on the wellhead control apparatus, which latter corre‘ 
sponds to subassembly 14. Where required, electrical 
connection can be made between the two subassem 
blies in a similar manner. It will be appreciated also that 
a system of detachable connectors may be used to in 
terconnect the conduits and signal lines between subas 
semblies 10 and 12. 
Various conduits connected to the pod receiver 174 

are schematically indicated in FIG. 4. The conduits are 
gathered together in a bundle 180 or otherwise neatly 
arranged on the wellhead apparatus and the individual 
conduits are directed to the hydraulically operated de 
vices to which they pertain as schematically illustrated 
by the lines 50 and 68 to accumulator 24, all of which 
is known to the art. The cable bundle 116 contains the 
gas lines and electrical lines, where applicable, con 

‘ necting the pod with the surf-‘ace console 96 and gas re 
ceivers 42 and 58, as has been mentioned heretofore. 
The cable bundle also contains the stress cable 182 by 
which the pod is raised and lowered through the water. 
Because of the particular problems inherent in the 

offshore environment, it is advisable to provide dupli 
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cate pods 172, duplicate pod holders 174, and dupli 
cate hydraulic circuitry 180 to afford a better chance 
for continued operation should a malfunction occur in 
one of the pod assemblies. This redundancy of equip 
ment is familiar to the art, and hence it is not necessary 
for the present teaching to describe it in more detail. 
As described with relation to valve 76 of FIG. 1, each 

of the control valves, as represented by way of example 
by valves 134 and 136 and 170 of FIG. 3, is controlla 
ble by an actuating signal from a remote location. Thus, 
the valves may be connected through individual electri 
cal conductors with the control console 96 at the sur 
face of the water so that, in addition to the automatic 
operation built into the system as described heretofore, 
each of the hydraulically operated devices in the well 
head equipment can be controlled manually indepen 
dently of the other devices. 

It is apparent that equivalents may be substituted for 
the particular elements described heretofore, and other 
modi?cations'may be made to the system illustrated as 
a preferred embodiment without departing from the in 
ventive 'concept,and it is intended that the invention 
encompass such equivalents and modi?cations within 
the scope of the appended claims. 
What is claimed is: 
1. Means for operating an assembly of apparatus con 

taining hydraulically actuated devices comprising: 
a ?rst chamber and a second chamber in said appara 

tus; 
a hydraulic ?uid in said chambers; 
means for selectively increasing and reducing pres 
sure in said chambers individually; 

a hydraulic ?uid actuated device in said apparatus; 
a ?rst conduit means communicating with said device 

for conducting a pressurized hydraulic ?uid thereto 
for the actuation of said device; 

a second conduit means communicating with said de 
vice for conducting discharged hydraulic ?uid 
therefrom; , 

means for selectively increasing the pressure in the 
‘ ?rst said chamber to an amount greater than the 

pressure in the second said chamber to condition 
said ?rst chamber as a pressure chamber for said 
hydraulic ?uid and to condition said second cham 
ber as a receiving chamber for the discharged said 
hydraulic ?uid; 

means operable subsequently for increasing the pres 
sure in said second chamber while simultaneously 
reducing the pressure in said ?rst chamber thereby 
to condition said second chamber as a pressure 
chamber for said hydraulic ?uid and said ?rst 
chamber as a receiving chamber for the discharged 
said hydraulic ?uid; and 

means for selectively connecting said first conduit to 
the chamber conditioned as said pressure chamber 
while simultaneously connecting said second con 
duit to the chamber conditioned as said receiving 
chamber without venting to the ambient atmo 
sphere said means operable for increasing the pres 
sure in said second chamber while simultaneously 
reducing the pressure in said ?rst chamber as said 
receiving chamber to enable said hydraulic ?uid to 
?ow from said pressure chamber to actuate said de 
vice and thence to ?ow from said device to said re 
ceiving chamber; 

said chambers and said conduits and said device 
forming a closed system for retaining all of said hy 
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draulic ?uid within said apparatus during the con 
tinued operation thereof. 

2. Means in accordance with claim 1, 
wherein vsaid hydraulic ?uid operated device com 

prises a plurality of discrete hydraulic ?uid oper 
ated units, 

and wherein said discrete units have operatively con 
nected thereto respective complementary said first 
and said second conduit means, 

respective valve means in said respective comple 
mentary conduit means, 

and means for operating a said respective valve 
' means independently of other said respective valve 

means to operate a selected said discrete unit inde 
pendently of other said discrete units, 

means for operating said plurality of discrete units by 
hydraulic ?uid from a common said pressure cham 
ber, and means for conveying said discharged hy 
draulic ?uid from said plurality of ,units to a com 
mon said receiving chamber. 

3. Means in accordance with claim 2 including: 
means for maintaining the pressure in said common 
pressure chamber at a substantially constant 
amount of the increased pressure; 

and means for maintaining the pressure in said com 
mon receiving chamber at a substantially constant 
amount of the reduced pressure; 

while units of said plurality of discrete units are being 
operated. 

4. Means in accordance with claim 3 wherein: 
the pressure in said common receiving chamber is 
maintained at substantially atmospheric pressure. 

5. Means for operating apparatus in accordance with 
claim 1 wherein said means operable subsequently to 
increase the pressure in said second chamber while si 
multaneously reducing the pressure in said ?rst cham 
ber comprises 
a pressure activated device associated with the said 

receiving chamber, v 
means operatively connected to said pressure acti 
vated device and operative to increase the pressure 
in one of said chambers while simultaneously re 
ducing the pressure in the other said chamber, 

said pressure activated device operating when the 
pressure in said receiving chamber exceeds a prese 
lected amount to cause the pressure in said receiv 
ing chamber to be increased to condition said re 
ceiving chamber to become a subsequent said pres 
sure chamber and simultaneously to cause the pres 
sure in said pressure chamber to be reduced to con 
dition said pressure chamber to become a subse 
quent said receiving chamber. 

6. Means for operating apparatus in accordance with 
claim 1 including ' 

a pressurizing gas for placing pressure in said pres 
sure chamber, . 

a pressure activated device associated with the said 
receiving chamber in operative relationship, 

valve means for directing said pressurizing gas to one 
of said chambers and for releasing said pressurizing I 
gas from the other said chamber, ' 

means connecting said pressure activated device and 
said valve means in operative relationship, v 

said pressure activated device being arranged to op 
erate said valve means when the pressure in the 
chamber conditioned as a said receiving chamber 
exceeds a preselected amount. 
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said valve means operating to direct said pressurizing 
gas to said receiving chamber to condition said re— 
ceiving chamber as a subsequent said pressure 
chamber and to release said gas from said pressure 
chamber to condition said pressure chamber as a 
subsequent said receiving chamber. 

7. Means for operating apparatus in accordance with 
claim 6 including, i , 

a high pressure gas receiver and a low pressure gas 
receiver, 

said high pressure gas receiver comprising said means 
for placing pressure in said pressure chamber, 

means for selectively operably connecting said high 
pressure gas receiver alternatively and sequentially 
to one of said ?rst and said second chambers to 
condition said one chamber as a said pressure 
chamber while simultaneously operably connecting 
said low pressure gas receiver to the other said 
chamber to condition said other chamber as a said 
receiving chamber. 

8. Means in accordance with claim 7 wherein 
said apparatus is positioned at a body of water, 
said gas receivers are located above the surface of 

said body of water and a substantial portion of said 
apparatus including said chambers is submerged 
below the surface of said water, I 

respective conduit means connecting said gas receiv 
crs with said chambers in said submerged appara 
tus, 

valve means in said respective conduit means, and 
means for operating said valve means automatically 

to selectively place the said respective conduit 
means in communication alternatively with se 
lected said chambers, 

9. Apparatus in accordance with claim 2 wherein 
said units and said respective valve means and said 
means for operating said respective valve means 
are submerged in a body of water, 

a remote control means for controlling the operation 
of said means for operating said respective valve 
means, ' 

said remote control means being located above the 
surface of said body of water, 

and means for transmitting a controlling signal from 
said remote control means to said submerged appa~ 
ratus to initiate the operation of a said respective 
valve means. 

10. A control system for a device submerged in a 
body of water comprising: , 

a ?rst chamber and a second chamber with each said 
chamber constructed to receive and discharge se 
lectively and alternately a hydraulic ?uid, 

a hydraulic ?uid in said chambers, 
a high pressure source of gas for pressurizing said 
chambers, 

a ?rst conduit means communicating with said 
source, 

a low pressure reservoir for said gas, 
a second conduit means communicating with said 
low pressure reservoir, 

a ?rst valvemeans in said ?rst and said second con 
duit means for connecting said high pressure 
source to one of said chambers to condition said 
one chamber as a high pressure chamber for said 
hydraulic ?uid and for connecting said low pres 
sure reservoir to the other said chamber to condi 
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14 
tion said other‘chamber, as a low pressure chamber 
for said hydraulic fluid, 

said first valve means being operable selectively and 
alternately to reverse the said high pressure and 
said low pressure conditions of each of said cham 
bers, without venting said gas to the ambient atmo 
sphere to selectively condition one of said cham 
bers as said low pressure reservoir, 

a device submerged in a body of water actuated by 
hydraulic ?uid in said system, 

a high pressure conduit means connectable to said 
device for conducting pressurized hydraulic ?uid 
to said device to actuate said device, 

a low pressure conduit means connectable to said de 
vice for conducting discharged said hydraulic ?uid 
away from said device, 

a second valve means in communication with said 
high pressure conduit and. said low pressure con 
duit and operable for placing said high pressure 
conduit in communication with the said one cham 
ber conditioned as a high pressure chamber and for 
placing said low pressure conduit in communica-. 
tion with the said other chamber conditioned as a. 
low pressure chamber, ' 

and means for operating said ?rst and said second 
valve means. 

11. A control system in accordance with claim 10 in 
cluding means responsive to a predetermined increase 
in pressure in said low pressure conduit for automati 
cally initiating operation of saidv ?rst and said second 
valve means. ' 

12. A control system in accordance with claim 10 
wherein said control system is a system for controlling 
the operation of apparatus on a submerged well and 
said device is positioned at the submerged wellhead in 
cluding 

said source of pressurizing gas and said low pressure 
reservoir located above the surface of said water, 

said ?rst and said second conduit means extending 
from respectively the said. source of pressurizing 
gas and said low pressure reservoir through the said 
body of water to the submerged apparatus, 

a signal-generating means located above the surface 
of said water for controlling the operation of said 
system remotely, 

and means for transmitting a controlling signal from 
said signal-generating means to the submerged ap 
paratus to energize the said submerged device. 

13. A control system for a subsea well including sub 
merged hydraulically operated well control devices 
comprising 
a remotely operated submerged hydraulic ?uid sys 
tem for operating said well control devices, 

a plurality of chambers in said submerged system, 
said plurality of chambers including at least one high 

pressure chamber and at least one low pressure 
chamber for a hydraulic ?uid, 

a ?rst reservoir of high pressure gas for pressurizing 
said high pressure chambers, 

a second reservoir at substantially atmospheric pres 
sure for connection to said low pressure chambers 
to maintain said low pressure chambers at substan 
tially atmospheric pressure, 

said ?rst and said second reservoirs located above the 
surface of said body of water, 

respective conduits extending from said reservoir to 
the submerged said chambers, 



3,921,500 
15 

first valve means in said conduits and located in said 
submerged system, 

means for operating said ?rst valve means to place 
said ?rst reservoir in communication with selected 
?rst chambers of said plurality of chambers to con 
dition said selected ?rst chambers to be high pres 
sure chambers for said hydraulic ?uids, 

means for operating said ?rst valve means to place 
said second reservoir in communication with se 
lected second chambers of said plurality of cham 
bers to condition said selected second chambers to 
be said low pressure chambers, 

means for operating said ?rst valve means to reverse 
the communication of said high pressure reservoir 
with said plurality of chambers to place said high 
pressure reservoir in communication with said se 
lected second chambers to condition said second 
chambers as high pressure chambers and to place 
said atmospheric pressure reservoir in communica 
tion with said selected ?rst chambers to condition 
said ?rst chambers as low pressure chambers, 

second conduit means in said submerged hydraulic 
systems, 

said second conduit means connecting respective 
ones of said plurality of chambers with correspond 
ing ones of said well control devices, 

second valve means in said second conduit means, 
means for operating said second valve means to con 
nect a respective said high pressure chamber in 
communication with a corresponding one of said 
well control devices to introduce energizing said 
hydraulic fluid to said one device, and to connect 
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a respective said low pressure chamber in commu 
nication with said one device to conduct said hy 
draulic ?uid discharged from said onedevice to 
said low pressure chamber, 

and means for initiating the operating of said first 
valve means and said second valve means, 

said submerged hydraulic ?uid system forming a 
closed system for retaining all of the said hydraulic 
?uid within the said system during the continued 
operation thereof. 

14. A control system in accordance with claim 13 in 
cluding 
means for positioning said initiating means above the 
surface of said body of water, and 

means for transmitting a control signal from said ini 
tiating means to said submerged system. 

15. A control system in accordance with claim 13 in 
cluding 

a pressure sensitive device in communication with 
said low pressure chambers, 

means operatively connecting said pressure sensitive 
device to said ?rst and said second valve means, 

said pressure sensitive device being arranged to be 
actuated at a predetermined pressure to initiate the 
operation of said ?rst and said second valve means 
to reverse the communication of said high pressure 
and said atmospheric pressure reservoirs with the 
respective said chambers and to reverse the com 
munication of said high pressure chamber and said 
low pressure chamber with said one device. 
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