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SUBSEA ENERGY STORAGE
FOR BLOW OUT PREVENTERS (BOP)

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority to U.S. Provisional Patent

Application No. 61/723,591 filed on November 7, 2012 and entitled "SMART BLOW OUT

PREVENTER (BOP) WITH SUBSEA ENERGY STORAGE," which is incorporated by

reference.

TECHNICAL FIELD

[0002] This disclosure relates to subsea wells. More particularly, this disclosure

relates to power systems for subsea wells.

BACKGROUND

[0003] Existing Blow Out Preventers ("BOP") function on hydraulic systems. For

those systems that use electricity, the electrical system is used to power an open loop with no

feedback, low power, unidirectional actuator, such as a solenoid. This unidirectional actuator

then controls a hydraulic pilot valve that passes a hydraulic power signal to a high power

actuator, such as a SPM valve, which in turn passes hydraulic power at flow rates and pressures

sufficient to operate a BOP ram or other BOP functions. The release of the electronic actuator,

the pilot valve, and the main valve rely on a spring return and are also of open loop design.

[0004] Existing BOP systems use electrical power for light loads consisting of small

power actuators (described above) and limited sensor and computational capability. This

electrical power is delivered from the vessel via an umbilical cable, through a high voltage

Alternative Current (AC). The high voltage needed to maintain peak current, however, leads to

insulation stress and breakdown, allowing salt water ingress, galvanic corrosion of the cable, and



possible hydrogen embrittlement of metal conductors. The high current requirement results in

selection of heavy, non-flexible cable that is difficult to terminate and causes kinking issues.

These cables are difficult to store onboard the vessel. Additionally, communications lines may

be integrated in the umbilical and AC power creates magnetic field disturbances and line noise in

the communications lines.

[0005] For deep water applications, deliverable current is limited, both by the

extreme distances of transmission and by the risk of communication line interference. Because

of the risk of losing the power link with the surface, existing BOP components are designed to

operate under no-power conditions. For example, the unidirectional actuator that controls the

hydraulic pilot valve incorporate the aforementioned spring return that allows the valve to turn

off even when power is lost. However, engagement of the actuator requires sustained power

from the surface, which limits the amount of actuators that can be engaged at any one time.

Moreover, loss or disturbance of power from the surface results in loss of communications and

further causes a change in position of all powered solenoid actuators. This may cause unwanted

hydraulic changes to the BOP functions.

[0006] The few sensors used on existing BOP technology measure pressure, flow and

other physical parameters in an attempt to provide feedback for components operating in an open

loop by attempting to confirm that a particular function was actuated or completed. The use of

central sensors forces only one function to be operated at a time because the feedback of central

pressure and flow sensors would be unclear if multiple functions were operated simultaneously.

The integrated nature of the system, where there is extensive shared infrastructure, forces the use

of significant levels of single application software. This software, and the off-line support

systems for it are written for a very limited number of applications. The result is poor

predictability, difficulty in troubleshooting, and weak industry-wide support



SUMMARY

[0007] In one embodiment, a device and method of storing electrical energy near a

well on the sea floor and activating well control equipment with the stored electrical energy.

Subsea actuators on sea floor equipment may include an electrical design. Subsea actuators may

alternatively include a hybrid electrical/mechanical design, in which a main hydraulic power

valve may be electrically controlled, allowing one or more electrically powered hydraulic pumps

to operate a shear ram in combination with, or independently of, a pressurized hydraulic system.

According to one embodiment, cylinders in the shear ram are moved a first distance under stored

electrical power and are then moved a second distance under stored hydraulic energy, where the

first distance may be the portion of a path the shear ram traverses before contacting an

obstruction, such as a drill pipe.

[0008] According to another embodiment, stored electrical energy may be used to

operate a pump to generate hydraulic pressure. The generated hydraulic pressure may be stored

at the sea floor. In certain embodiments, hydraulic fluid may be recaptured for later use, rather

than exhausting the fluid to the sea. Excess hydraulic fluid may be stored at ambient pressure

near the well on the sea floor. This excess hydraulic fluid may be pressurized by the subsea

pump using stored electrical energy. In one embodiment, a remotely-operated vehicle (ROV)

may deliver either ambient-pressure hydraulic fluid or pressurized, hydraulic fluid. When

pressurized fluid is delivered by the ROV, the hydraulic energy from the ROV, may operate a

subsea pump as a generator to recharge the stored electrical energy in certain embodiments.

[0009] According to one embodiment, the device and method include a complete

stand-alone power and communications system, multiple sensors, event and signature memory,

closed-loop feedback on mechanical positioning, and math models of actuator processes. Well

control equipment may be activated based on data received from one or more sensors near the

well. In one embodiment, data may be wirelessly received from a sensor near the well. In

certain embodiments, data received from one or more sensors may be recorded for a period of



time and compared to event signatures for the purpose of determining that an event has occurred.

In addition, the overall state of the BOP or well control equipment may be determined from the

received data.

[0010] According to one embodiment, there is an apparatus comprising well control

equipment and a subsea electrical power supply coupled to the well control equipment and

configured to operate the well control equipment. There is an apparatus further comprising a

hydraulic reservoir and a hydraulic line coupled to the hydraulic reservoir and coupled to the

well control equipment, the hydraulic line configured to operate the well control equipment in

combination with the subsea electrical power supply. In one embodiment, the apparatus further

comprises a hydraulic valve, a hydraulic actuator coupled to the hydraulic valve, and a control

system coupled to the hydraulic actuator and coupled to the subsea energy storage system, the

control system configured to operate the well control equipment with electrical energy from the

subsea electrical power supply and hydraulic energy from the hydraulic line. In still another

embodiment, the well control equipment comprises a shear ram. Subsea energy storage is used

to move the shear ram a first distance and a hydraulic actuator is used to move the shear ram a

second distance.

[0011] In certain embodiments, the apparatus further comprises a sensor coupled to

the control system, in which the control system is configured to activate the well control

equipment based, at least in part, on data received from the sensor. In one embodiment, the well

control equipment is wirelessly coupled to the control system. In another, the control system is

wirelessly coupled to the sensor. According to one embodiment, the apparatus is further

configured to record data from the sensor for a period of time, compare the recorded data to

predetermined event signatures, and determine an event has occurred based on the step of

comparing. According to another embodiment, the subsea power supply is configured to

independently operate the well control equipment. In still another embodiment, the apparatus

further comprises a subsea pump coupled to the hydraulic line and coupled to the subsea



electrical power supply, the subsea pump configured to generate hydraulic pressure in the

hydraulic line from energy in the subsea electrical power supply.

[0012] In one embodiment, there is a hydraulic reservoir that comprises an ambient-

pressure hydraulic reservoir, and in which the subsea pump is configured to pressurize hydraulic

medium of the ambient-pressure hydraulic reservoir to operate the hydraulic line. In still another

embodiment, there is a port configured to receive ambient pressure hydraulic medium from an

ROV. According to one embodiment of the present disclosure, there is a port configured to

receive pressurized hydraulic medium from an ROV, in which the subsea pump is configured to

operate as a generator to recharge the subsea electrical power supply from the received pressured

hydraulic medium.

[0013] The foregoing has outlined rather broadly the features and technical

advantages of the present disclosure in order that the detailed description of the disclosure that

follows may be better understood. Additional features and advantages of the disclosure will be

described hereinafter which form the subject of the claims of the disclosure. It should be

appreciated by those skilled in the art that the conception and specific embodiment disclosed

may be readily utilized as a basis for modifying or designing other structures for carrying out the

same purposes of the present disclosure. It should also be realized by those skilled in the art that

such equivalent constructions do not depart from the spirit and scope of the disclosure as set

forth in the appended claims. The novel features which are believed to be characteristic of the

disclosure, both as to its organization and method of operation, together with further objects and

advantages, will be better understood from the following description when considered in

connection with the accompanying figures. It is to be expressly understood, however, that each

of the figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present disclosure.



BRIEF SUMMARY OF THE DRAWINGS

[0014] For a more complete understanding of the disclosed system and methods,

reference is now made to the following descriptions taken in conjunction with the accompanying

drawings.

[0015] FIGURE 1 is a schematic representation of an embodiment of a blowout

preventer (BOP) hybrid ram.

[0016] FIGURE 2 is a block diagram illustrating an electrically-operated hydraulic

valve and sensor pack according to an embodiment of the present disclosure.

[0017] FIGURE 3 is a block diagram illustrating an embodiment of a blowout

preventer (BOP) power system, hydraulic reservoir subsystem, and remote-operated vehicle

(ROV) recharge systems.

[0018] FIGURE 4 is a block diagram depicting one embodiment of an autonomous

actuator control system.

[0019] FIGURE 5 is a block diagram depicting one configuration of a blowout

preventer (BOP) system according to one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0020] In one embodiment, a blowout preventer (BOP) system may include a closed-

loop hybrid electric/hydraulic system. Subsea energy storage is provided, allowing as-needed

delivery of electrical power, such as through a low voltage, high current signal, to well bore

electric components.

[0021] FIG. 1 shows a high pressure ram hydraulic cylinder 208 with a push cylinder

design in place around well bore 220. Although certain ram designs are illustrated in the system

of FIG. 1, other types of rams may be used. Drive and sensor pack 202 may regulate electric



power to motor 204. Motor 204 may be connected to hydraulic pump 206, which moves

hydraulic medium, such as hydraulic fluid, in closed hydraulic line 230 to press the ram

cylinders in the closing position. Hydraulic fluid may be reversed in direction through the motor

204 to operate the motor 204 as a generator. A shear seal ram, such as the one depicted in ram

208, has a region of low-power flow, where the cylinders move unobstructed, and a region of

high-power flow, where the cylinders engage and cut an obstruction such as well bore 220 casing

(not shown) or drill pipe (not shown).

[0022] In conventional shear ram systems, valves to existing subsea, pressurized

hydraulic fluid tanks are used to manipulate the cylinders through both low-power and high-

power regions. As a hydraulic accumulator tank moves hydraulic fluid into the close line the

pressure falls rapidly. In conventional ram systems, the highest pressure zone of the hydraulic

tanks is wasted on moving the cylinders through the low-power region, where the cylinders are

simply moved into place to contact the obstruction to be cut.

[0023] The present embodiment provides increased efficiency by using hydraulic

pump 206 to move hydraulic cylinders of ram 208 through the low-power region. When the

cylinders contact an obstruction to be cut, pressurized hydraulic fluid tank valve 214A may be

opened allowing high-pressure hydraulic fluid from tank 214 into the closed hydraulic line 230.

The high-energy hydraulic fluid may assist in closing the cylinders of ram 208 to shear an

obstruction in the well bore 220. In this way, the high-energy fluid is utilized for cutting, rather

than just moving the cylinder through the low power region. Although a hybrid

electrical/hydraulic system is described, the system may also use the hydraulic pump 206 to

operate the cylinders of ram 208 through both the low-power phase and high-power phase.

[0024] The use of electrical components, such as the pump 206, in the subsea system

may allow redundancy to be increased. For example, the pressurized hydraulic fluid within tank

214 may be used to move the cylinders of ram 208 through the low-power region. Likewise,

pump 206 may drive the cylinders of ram 208 through the high-power region. In one



embodiment, sea water may be used in place of hydraulic fluid, such as in emergency situations

when hydraulic fluid is unavailable. Hydraulic fluid may later be flushed through the subsea

system to remove contaminants left by the sea water.

[0025] The closed-loop design of the embodiment shown in FIG. 1 may also yield

additional benefits. For example, tank 214 can be recharged from pump 206 by closing valves

(not shown) in close line 230. In addition, with pump 206 attached to both close line 230 and

open line 232, the pump further assists ram 208 by pulling hydraulic fluid from the shear side of

the cylinders into the open line 232. Where conventional systems exhaust used hydraulic fluid

into the open ocean, some embodiments of the subsea system disclosed in FIG. 1 may reuse the

hydraulic fluid. Reusing hydraulic fluid is environmentally sensitive. Further, when hydraulic

fluid is reused, higher quality hydraulic fluid may be used that is better tailored to ram 208.

Also, monitoring of the repressurization of tank 214 or tank 212 provides an additional indicator

of the position of the cylinders within ram 208. Finally, the electrical hydraulic hybrid design, as

disclosed herein removes the need for the hydraulic pilot valve of conventional BOP systems.

[0026] A subsea electrical/hydraulic design may also provide other functionality.

With the availability of the subsea stored electrical subsystem a BOP may perform local

processing of data. FIG. 2 shows a block diagram of the electrical system according to one

embodiment of the present disclosure. Components located within the block diagram may be

self-contained with the motor and hydraulic valve, as shown in FIG. 2, or they may be

independent of the motor and/or valve. In some embodiments, certain components of FIG. 2

may be incorporated in the drive and sensor pack 202 of FIG. 1. Electrical power may enters

system 300 from power connection 350. Power may be stepped through voltage levels with a

transformer and/or conditioned in power supply 304 and power module 306. The power module

306 may also recharge or draw power from an internal energy storage device 302. Power

module 306 may contain a variable-frequency drive for motor/actuator 330. Power supply 304

may also power control board 310 and may power one or more sensors 312 within the valve and

sensor pack 202.



[0027] The control board 310 may include memory and a processor. The processor

may be configured to perform functions, such as collection of data from sensors 312 and control

of motor 330 and/or valve 340 and other functions described in this disclosure. In one example,

the control board 310 may be configured to activate the shear ram with stored electrical energy to

move the shear ram a first distance and activate the shear ram with stored hydraulic energy to

move the shear ram a second distance.

[0028] Control board 310 may receive power from power supply 304 and information

processed by communication block 308, which may be received from communications

connection 360. The communications connection 360 may be a wireless connection without

galvanic electric connections, which removes traditional electrical connectors and the water tight

seals used to insulate the electrical connects from sea water. Communication transmissions may

enter and leave the valve and sensor pack 202 via connection 360. In addition, communication

block 308 may incorporate wireless technology for communicating with the sensors 312.

Embedded sensors 312 may report status information to control board 310. One or more sensors

may provide humidity, temperature, pressure, vibration, acceleration, flow, torque, position,

power, or other information particular to a given valve, motor, or actuator. Control board 310

telemeters the raw measurements of sensors 312 for reporting purposes to the surface or to other

subsea components. In addition, control board 310 may perform calculations, converting raw

measurement data into interpretable telemetry, and/or other processing. For example, control

board 310 may apply user-programmable calibrations to sensors 312. Because power may be

stored and supplied in the subsea environment, system 300 may receive closed-loop feedback on

any mechanical device. Moreover, control board 310 may include memory to allow recording of

electrical signatures of one or more remote devices. Control board 310 may then interpret status

information from the remote devices by comparing the electrical signatures with predetermined

electrical signatures or historical signatures for the remote devices. For example, the control

board 310 may be pre-programmed with an electronic signature for a shear ram failure that

includes approximate measurements over time from a shear ram that may indicate a failure of the

shear ram. The recorded electronic signature for the shear ram may then be compared with this



pre-programmed electronic signature to determine if a failure has occurred or if service is

required.

[0029] Communications between control board 310, actuators, motors, valves, rams,

indicators, and sensors may be by wired connection. In certain embodiments, wireless

communication between components may be implemented, such as through radio frequency (RF)

communications.

[0030] Control board 310 may do more than just communicate with and interpret

information from sensors 312. The connection to power module 306 may allow control board

310 to actively manipulate motor/actuator 330 as well as valve 340. Control board 310 may

include dynamic memory, allowing aggregation of sensor data over time with time-stamps.

According to one embodiment, control board 310 may record data over a set period of time to

determine normal or even abnormal operating parameters and then, using on-board comparison

algorithms, compare current data parameters to these historical parameters. In this way, control

board 310 can determine whether an event has occurred. Moreover, the memory of control

board 310 allows data logging to not be restricted by bandwidth limitations or line noise in the

communications line 360. Thus, higher resolution data capture is possible. Operators may then

download particular time-stamped event logs as desired through the communications line 360.

Control board 310 may send detailed information about the valve's health and status, such as

how fast the valve closed, how much energy was used to close the valve, the temperature

increase during valve closure, high vibration or acceleration, etc. Moreover, control board 310

may compare the valve closure to previous closures to determine the health of the valve.

[0031] According to one embodiment, control board 310 autonomously manipulates

well equipment according to preprogrammed conditions. Thus, even if communication is cut off

to the surface, subsea control board 310 possesses the power and the processor capability to

independent operate the BOP. Control board 310 may also facilitate day-to-day operational

corrections without the need for human intervention.



[0032] According to another embodiment, control board 310 may process

mathematical models of normal or abnormal operation of various components of well bore

equipment. For example, given standard hydraulic start pressure, head-loss algorithms, depth of

equipment, shear strength of an obstruction to be cut, etc., mathematical modeling will be able to

calculate or estimate the amount of hydraulic fluid exiting a given accumulator. If that number

differs by a certain amount, control board 310 may issue an event code that would alert operators

on the surface. In addition, control board 310 may take autonomous action based on the event

code. Over time, aggregated data and mathematical modeling provides operators additional

information regarding the operation of a particular BOP. Operators may then update control

board 310 autonomous response parameters according to predicted signatures.

[0033] Subsea processing of data may allow for quicker control of equipment. For

example, existing hydraulics may measure flow in limited places due to topside communication

limitations discussed above. As a result, existing subsea hydraulic systems are prevented from

simultaneously opening two valves upstream of a single flow meter because the operator would

lose information regarding the flow through each individual valve. With the use of electrical

system control, however, each valve could maintain its own powered valve and sensor pack

complete with on-board sensors to measure flow, temperature, vibration, pressure, etc. Thus,

more sensors and more actuators may be operated independently. Also, electrical control

systems allow operators to make more adjustments and make adjustments more rapidly. As

such, this feature may reduce time to emergency disconnect due to vessel problems.

[0034] In deep sea, high-pressure environments, visual valve status may be limited by

the availability of power and access to systems for processing data. According to one

embodiment, an indication of the status of the valve may be available. Indication block 314 of

FIG. 2 may receive information from sensors 312 through control board 310. Indication block

314 may display certain aspects of the valve status visually, audibly, magnetically, etc. For

example, a closed hydraulic valve may trigger an encased green light emitting diode (LED)

visible on the outside of the valve by a remotely operated vehicle (ROV). By way of example, a



closed valve where the hydraulic fluid used exceeded normal parameters may display both a

green LED and a yellow LED. In significantly high pressure environments, an LED display may

be impractical. In certain embodiments, indication block 314 may employ a magnetic data

output system. For example, polarization of an electromagnet may move a compass mounted on

the outside of the valve or inside an ROV. In certain embodiments, audible cues may be initiated

by indication block 314. Two pings, for example, may indicate a closed valve whereas three

pings indicate a closed valve with pressure problems. Although the present example is directed

at a blowout preventer (BOP) valve, this design may also be applied to other well bore

equipment.

[0035] According to one embodiment, the closed-loop electrical control system

described herein may be modular in design, forgoing the use of a central topside processor and

infrastructure. In this example, multiple components of well equipment may contain identical

valve and sensor packs, as described in FIG. 2 . Subsea actuators may contain the same software

thus standardizing telemetry and calculations.

[0036] System 400, as depicted in FIG. 3, is an embodiment of a BOP according to

the present disclosure. Electrical power may be fed in and out of system 400 through umbilical

450 (or secondary umbilical 451). Either alternating current (AC) or direct current (DC) power

may be transferred, with electronics package 404 converting and/or conditioning the power as

needed. Umbilical 450 may also comprise communication lines. For deep deployments, the

long distance transmission capability of AC power may be employed. In conventional systems

without subsea energy storage, high current AC power is transmitted through the umbilical, as

described above, and result in line noise and communications disturbances. Because system 400

contains subsea energy storage, however, both the current and voltage of power transmission

through the umbilical 450 may be reduced. While major events in subsea system 400 may

momentarily consume high power, many components of the subsea system 400 may operate

under normal conditions in a low-power sensing mode. Power sent to subsea system 400

through the umbilical 450 may be low current and low voltage during normal conditions. Small



amounts of additional electrical power may be transferred to storage within the subsea system

400 over the umbilical 450 to trickle charge of the storage. When high power is required, some

of the additional power may already be stored subsea and reduce the additional power required to

be transferred over the umbilical 450. This trickle charge capability may reduce the deleterious

effects of existing subsea AC power systems. In addition, with the low power requirements, DC

power may be fed on umbilical 450. In certain situations, umbilical 450 may transfer power

from subsea system 400 topside, such as during storage device 402 reconditioning.

[0037] Subsea power storage may allow each subsea actuator/sensor pack to be

independent of any complex power source. Power distribution is low voltage and can be on the

same conductors that are used for communication. In embodiments with DC power distribution,

alternating electric and magnetic fields through the conductors is reduced, which removes a

source of noise from the communications lines. The storage of power in a subsea system, such

as the lower main riser package (LMRP), removes high peak currents from the umbilical cable

circuit. Further, in certain embodiments, the subsea systems may operate with momentary or

continuous loss of power from the surface. In embodiments with trickle charge capability, the

management of voltage may be simpler and reduce the use for complex transformers at the

subsea equipment. Further, surface-level Uninterrupted Power Systems (UPS) may be provided

to supply DC power over the umbilical for additional redundancy. DC power on the surface-to-

subsea umbilical lines also eliminates complex impedance issues and greatly simplifies the

design of the cable. Because lower peak currents allow for smaller cable, more cable may be

stored on the surface vessel. Lower gauge cable is also easier and faster to terminate, resists

kinking, and simplifies repairs. Lower gauge cable is also faster and less expensive to replace,

and can be terminated with existing ROV technology.

[0038] Electronics package 404 may regulate power through system 400. In the

embodiment shown in FIG. 3, electronics package 404 may accept a trickle charge from

umbilical 450, condition the electrical power, and charge storage device 402. Storage device 402

may be of any battery chemistry known in the art, such as lithium ion (Lilon), nickel cadmium



(NiCd), or nickel metal hydride (NiMH). In addition or alternate to chemical batteries, storage

device 402 may comprise fuel cells, capacitors, or fly wheels. Storage device 402 may also

contain a non-rechargeable reserve battery for emergency operations. Alternatively, reserve

batteries and localized energy storage devices, such as energy storage device 302, may be located

within electronics package 404 or at other locations in system 400. In one embodiment, storage

device 402 may exist in an oil-filled container at ambient pressure.

[0039] Electronics package 404 monitors and maintains an appropriate charge for

storage device 402. In the embodiment shown, electronics package 404 may contain electronics

and sensors such as associated with FIG. 2 above. Electronic package 404 may also include a

variable speed drive 408 for use in driving motor 414. Additional power for use internally in

electronics package 404 or for use externally may be stored in energy storage device 406.

Energy storage device 406 may also be used for conditioning power. Electronics package 404

may also contain, or be connected to, indication components such as acoustic pod 480.

[0040] Subsea-stored electrical energy may be used to drive motor 414, which in turn

is coupled to hydraulic pump 416. Motor 414 and pump 416 may have multiple uses in the

subsea system. For example, pump 416 may accept hydraulic recharge fluid from ROV 434 and

pump the fluid into hydraulic reservoir 410. Hydraulic reservoir 410 may be an ambient pressure

fluid bladder contained in protective housing 411. Pump 416 may also transfer hydraulic fluid

from ambient-pressure reservoir 410 to high-pressure hydraulic energy storage tanks 430. Pump

416 may pressurize tanks 430, creating hydraulic energy storage for use in ram 470 or for use in

charging battery 402. Pump 416 may also accept hydraulic fluid from the surface along

umbilical 452 for use in resupplying hydraulic reservoir 410. Pump 416 may also accept

hydraulic fluid from ROV 432. In addition, pump 416 may drive motor 414 to recharge storage

device 402. In power generation mode, ROV 434 pushes hydraulic fluid through pump 416 to

ambient pressure reservoir 410. Pump 416 turns motor 414, which generates electricity to charge

storage device 402. In an alternate embodiment, hydraulic fluid may be discarded to the sea



through external valve 420. Hydraulic fluid may also or alternately be sent through pump 416

from pressurized hydraulic energy storage tanks 430.

[0041] System 400 provides additional uses for an ROV. As mentioned, ROV 432

and ROV 434 may replenish hydraulic fluid to system 400. ROV 434 may also recharge storage

device 402 through pump 416 and generator 414. In addition, ROV 434 may communicate

directly with electronics package 404 in the event of problems with umbilical 450. Likewise,

ROV 434 may provide raw DC power to electronics package 404 for use in powering system 400

or for recharging storage device 402. ROV 434 connects through induction and RF coupling

device 442 which is capable of transferring both power and communications without a copper to

copper connection.

[0042] System 400 may include a conventional hydraulic energy storage subsystem.

Pressurized hydraulic accumulator tanks 430 may be coupled to hydraulic operated valve and

pump unit 460. Unit 460 contains pump 462, valve 464, sensor and electronics pack 466, and

indicator 468. According to conventional hydraulic ram operation, high pressure hydraulic fluid

may be passed through regulator 476 to valve 464 where it is directed to open or close ram 470.

Excess hydraulic fluid may be exhausted to the sea through port 469. In the embodiment of FIG.

3, pump 462 may assist in the opening or closing of ram 470 cylinders. Pump 462 may draw

low-pressure hydraulic fluid from hydraulic reservoir 410 or from ROV 432. Valve 464 may

then direct the hydraulic fluid pressurized by pump 462 along either hydraulic line 472 or line

474 to close or open, respectively, the cylinders of ram 470. According to one embodiment, unit

460 also contains electronics and sensor pack 466. Electronics and sensor pack 466, as described

in relation to FIG. 2, may record and telemeter measurements such as flow rate, vibration,

acceleration, pressure, temperature, humidity, valve position, torque, or power. Electronics

sensor pack 466 may be powered from electronics package 404 through, for example, induction

and RF coupling 444. In addition, electronics and sensor pack 466 may include an internal

energy storage device. Electronics sensor pack 466 may transmit communications along the

power line or it may maintain separate hardwire or wireless communication connection with



electronics package 404. Indicator 468 may receive data and information from electronics and

sensor pack 466 or from electronics package 404, and displays the information accordingly. For

example, indicator 468 may employ any of the systems discussed in relation to indication block

314 in FIG. 2 . In certain embodiments, the indicator 468 may include a video camera interface

for interfacing with a human at a remote location.

[0043] In certain other embodiments, the indicator 468 may be a wireless interface to

allow reporting of valve data to a hand held device accessed by a technician while the BOP is

accessible on a ship deck or in a storage yard. While certain components of the subsea system

are located on deck or in the storage yard, they may be provided power and communications

interfaces to allow receiving of sensor data and verifying of operational components before

installation subsea. Additionally, close loop hydraulic circuits discussed elsewhere allow

operation of the BOP on the ship deck of in the storage yard without top-side hardware and

hydraulic fluid.

[0044] FIG. 4 depicts the communication layout according to one embodiment of the

present disclosure. In FIG. 4, electronics package 530 has been expanded to communicate with

multiple hydraulic operated valve and pump units 460. In this embodiment, control board 310,

for example, may have multiple input/output ports channeled through a communications

distribution hub 532, such as a multiplexer/demultiplexer. Control board 310 located within

electronics package 530 may receive and process sensor data from within each of five hydraulic

operated valve and pump units 460, as shown in FIG. 4 . In FIG. 4, primary topside power 522

may be trickle charged to energy storage device 406, which then powers pump units 460.

Because energy storage device 406 or storage device 402 may possess sufficient power to run

hydraulic-operated valve and pump units 460, restrictions on topside power 522 may be reduced

and allow use of low voltage, low amperage, AC, or DC power.

[0045] Topside electronics 512 may communicate with electronics package 530.

Telemetry may be sent topside and operational commands may be conveyed to well equipment.



Telemetry and executed commands may be logged on data logging equipment 516. Telemetry

may be displayed on topside displays 514 and also sent to remote locations via a internetwork or

intranetwork 510. Commands may also be relayed via network 510.

[0046] FIG. 5 depicts one embodiment of the present disclosure in the configuration

of a subsea LMRP and BOP attached to a riser string. Vessel-mounted hardware 610 of system

600 may sit topside and include hydraulic fluid storage 616, hydraulic pump 614, and/or

hydraulic reservoir 612. Hydraulic fluid may be delivered through fluid supply line 452 or

secondary supply line 453. Communication and power may be delivered via umbilical 450 or

secondary umbilical 451. According to one embodiment, umbilicals may be configured to carry

power independently of communication. For example, umbilical 450 may carry only power and

umbilical 451 may carry only communication. This may reduce line noise and improve

communication. For redundancy purposes, umbilicals may be reversed so that umbilical 451

carries only power and umbilical 450 carries only communication, or either umbilical may be

configured to carry both simultaneously. Likewise, electronics packages 640 and 642 may be

configured in tandem to be fully redundant or they can be set to operate in series, with

electronics package 640 dedicated to power conditioning and supply, and electronics package

642 dedicated to communications and control. Electronics packages 640 and 642 may be

coupled by power and communications line 641. Electronics packages 640 and 642 may be

located within LMRP 630 or mounted as pods, as shown in FIG. 5 . Electronics packages 640

and/or 642 may power and control hydraulic valves 644 and 646 as well as hydraulic distribution

and main function regulators 650. Electronics packages 640 and 642 may also manage and

condition battery 652.

[0047] LMRP 630 may contain an independent hydraulic energy storage 654 or be

connected to BOP 670 hydraulic energy storage 664 through, for example, multipath hydraulic

stabs 660 for hydraulic power connections to rams and valves. Electric power and

communications may be transferred between LMRP 630 and BOP 670 through communication

and energy transfer ports 656 and 662. Ports 656 and 662 may be hardwire connected or



wirelessly coupled through induction. BOP 670 may include multiple rams 470 surrounding

well bore 454. In one embodiment, rams 470 may include independent hydraulic-operated valve

and pump units 460. In other embodiments, hydraulic-operated valve and pump units 460 may

be interconnected to control and monitor multiple rams 470.

[0048] The systems and methods described herein are scalable, and may be applied to

either existing or new well equipment. Although the present disclosure and its advantages have

been described in detail, it should be understood that various changes, substitutions and

alterations can be made herein without departing from the spirit and scope of the disclosure as

defined by the appended claims. Moreover, the scope of the present application is not intended

to be limited to the particular embodiments of the process, machine, manufacture, composition of

matter, means, methods and steps described in the specification. As one of ordinary skill in the

art will readily appreciate from the present invention, disclosure, machines, manufacture,

compositions of matter, means, methods, or steps, presently existing or later to be developed that

perform substantially the same function or achieve substantially the same result as the

corresponding embodiments described herein may be utilized according to the present disclosure.

Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.



CLAIMS

What is claimed is:

A method, comprising:

storing electrical energy near a well on the sea floor; and

activating well control equipment with the stored electrical energy.

The method of claim 1, further comprising:

storing hydraulic energy near the well on the sea floor; and

activating the well control equipment with a combination of the stored electrical

energy and hydraulic pressure of the stored hydraulic energy.

The method of claim 2, in which the well control equipment comprises a shear ram.

The method of claim 3, in which the activating step comprises:

activating the shear ram with the stored electrical energy to move the shear ram

a first distance; and

activating the shear ram with the stored hydraulic energy to move the shear ram

a second distance.

5. The method of claim 4, wherein the first distance is less than the second distance.

6. The method of claim 4, wherein the first distance is the portion of a path the shear ram

traverses before contacting an obstruction.

7 . The method of claim 6, wherein the obstruction is the drill pipe.



The method of claim 2, further comprising operating a pump from the stored electrical

energy to generate the hydraulic pressure.

The method of claim 8, further comprising storing the hydraulic pressure generated by

the pump.

The method of claim 8, further comprising:

storing hydraulic medium at ambient pressure near the well on the sea floor; and

pressurizing the hydraulic medium with the subsea pump powered by the stored

electrical energy.

The method of claim 10, further comprising receiving ambient-pressure hydraulic

medium from a remotely-operated vehicle (ROV).

The method of claim 8, further comprising:

receiving pressurized hydraulic medium from a remotely-operated vehicle

(ROV); and

operating the subsea pump as a generator from the received pressurized

hydraulic medium to recharge the stored electrical energy.

The method of claim 2, further comprising returning hydraulic medium to be re-used in

the well control equipment.

The method of claim 2, further comprising:

receiving data from a sensor near the well; and

activating the well control equipment based on data received from the sensor.



15. The method of claim 14, wherein data is wirelessly received from a sensor near the well.

16. The method of claim 14, further comprising:

recording data from the sensor for a period of time;

comparing the recorded data to at least one of a predetermined event signature

and a historical event signature; and

determining an event has occurred based on the step of comparing.

17. The method of claim 14, further comprising determining the state of health of a blowout

preventer (BOP) containing the well control equipment.

18. The method of claim 17, further comprising indicating the state of health of a blowout

preventer (BOP) containing the well control equipment.

19. An apparatus, comprising:

well control equipment; and

a subsea electrical power supply coupled to the well control equipment and

configured to operate the well control equipment.

The apparatus of claim 19, further comprising:

a hydraulic reservoir; and

a hydraulic line coupled to the hydraulic reservoir and coupled to the well

control equipment, the hydraulic line configured to operate the well control

equipment in combination with the subsea electrical power supply.



21. The apparatus of claim 20, further comprising:

a hydraulic valve;

a hydraulic actuator coupled to the hydraulic valve; and

a control system coupled to the hydraulic actuator and coupled to the subsea

energy storage system, the control system configured to operate the well

control equipment with electrical energy from the subsea electrical power

supply and hydraulic energy from the hydraulic line.

22. The apparatus of claim 21, in which the control system comprises a control board having

a memory and a processor.

23. The apparatus of claim 21, in which the well control equipment comprises a shear ram.

24. The apparatus of claim 22, further comprising:

operating the subsea energy storage system to move the shear ram a first

distance; and

operating the hydraulic actuator to move the shear ram a second distance.

25. The apparatus of claim 21, further comprising a sensor coupled to the control system, in

which the control system is configured to activate the well control equipment based,

at least in part, on data received from the sensor.

26. The apparatus of claim 25, in which the sensor is wirelessly coupled to the control

system.

27. The apparatus of claim 25, in which the sensor comprises as least one of a humidity

sensor, a temperature sensor, a pressure sensor, a vibration sensor, an accelerometer,

and a flow sensor.



28. The apparatus of claim 21, in which the control system is further configured to:

record data from the sensor for a period of time;

compare the recorded data to at least one of a predetermined event signature and

a historical event signature; and

determine an event has occurred based on the step of comparing.

29. The apparatus of claim 28, further comprising an indicator configured to display the state

of health of a component of the well control equipment.

30. The apparatus of claim 19, in which the subsea power supply is configured to

independently operate the well control equipment.

31. The apparatus of claim 19, further comprising a subsea pump coupled to the hydraulic

line and coupled to the subsea electrical power supply, the subsea pump configured

to generate hydraulic pressure in the hydraulic line from energy in the subsea

electrical power supply.

32. The apparatus of claim 31, in which the hydraulic reservoir comprises an ambient-

pressure hydraulic reservoir, and in which the subsea pump is configured to

pressurize hydraulic medium of the ambient-pressure hydraulic reservoir to operate

the hydraulic line.

33. The apparatus of claim 31, further comprising a port configured to receive ambient-

pressure hydraulic medium from a remotely-operated vehicle.

34. The apparatus of claim 31, further comprising a port configured to receive pressurized

hydraulic medium from a remotely-operated vehicle (ROV), in which the subsea

pump is configured to operate as a generator to recharge the subsea electrical power

supply from the received pressured hydraulic medium.



The apparatus of claim 21, in which the well control equipment is wirelessly coupled to

the control system.
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