
SUMMARY 

[0007] In embodiments of the present invention, there is provided 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. According to a first aspect of the present invention, 
there is provided a method comprising: storing electrical energy near a well on the sea floor; 

storing hydraulic energy near the well on the sea floor in a hydraulic energy storage tank, wherein, 
the hydraulic energy storage tank is configured to provide stored hydraulic energy to operate a 

shear ram: operating a pump from the stored electrical, energy to generate the stored hydraulic 

energy; and activating weB~eeBl¥oi~e€^^ shear ram with a combination of the stored 

electrical energy and the stored hydraulic pressure by; 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.. 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 the disclosure, 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 the disclosure, 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. 
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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 
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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 a second aspect of the present invention, there is provided an 

apparatus comprising shear ram; and-a subsea electrical power supply 

coupled to the weH-eefifeet-eg«iwBefitshear ram and configured to operate the weti-eeatel 

eewpaeaishear ram; a hydraulic reservoir; a hydraulic line coupled to the hydraulic reservoir and 

coupled to the shear ram, the hydraulic line configured to operate the shear ram, in combination 

with the subsea electrical power supply; and a. control system configured to perform steps 

comprising: operating the subsea electrical power supply to move the shear ram a first distance; 

and operating the hydraulic actuator to move the shear ram, a second distance. 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 embodiment, 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 
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CLAIMS 

What is claimed is: 

1. A method, comprising: 

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

storing hydraulic energy near the well on the sea, floor in a hydraulic energy 

storage tank, wherein the hydraulic energy storage tank is configured to 

provide stored hydraulic energy to operate a shear ram; 

operating a pump from, the stored electrical energy to generate tire stored 

hydraulic energy; and. 

activating egtriem^rtthe shear ram with a combination, of the 

stored electrical energy and the stored hydraulic pressure by: 

activating the shear rani 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. 
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32. The method of claim 41, wherein the first distance is less than the second distance. 

63. The method of claim 41, wherein the first distance is the portion of a path the shear 

traverses before contacting an obstruction. 

74. The method of claim 63, wherein the obstruction is the drill pipe. 
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•85. The method of claim 21_, further comprising operating a pump from the stored electrical 

energy to generate the hydraulic pressure. 

96. The method of claim -85, further comprising storing the hydraulic pressure generated by 

the pump. 

44)7. The method of claim £5, wherein the step of storing hydraulic energy near the well, on 

the sea floor comprisesfaffeef-eemwisijftg: 

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. 

-1+8. The method of claim 407, further comprising receiving ambient-pressure hydraulic 

medium from a remotely-operated vehicle (ROV). 

-1:3-9. The method of claim 85, 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. 

4410. The method of claim 31, wherein the step of storing hydraulic energy near the well on 

the sea floor comprises returning hydraulic medium to be re-used in the 

well control equipment. 

4-411. The method of claim 21, further comprising: 

receiving data from a sensor near the well; and 

activating the well control equipment based on data received from the sensor. 
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4-512. The method of claim Ml. I, wherein data is wirelessly received from a sensor near the 

well. 

4-613. The method of claim 4411, 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. 

4-714. The method of claim 4411, further comprising determining the state of health of a 

blowout preventer (BOP) containing the well control equipment. 

4-815. The method of claim 4-714, further comprising indicating the state of health of a 

blowout preventer (BOP) containing the well control equipment. 

4iM6. An apparatus, comprising: 

-eata shear ram; sad 

a subsea electrical power supply coupled to the well control, equipmeflfehear 

ram and configured to operate the ram; 

a hydraulic reservoir; 

a hydraulic line coupled to the hydraulic reservoir and coupled to the shear ram, 

the hydraulic line configured to operate the shear ram in combination with 

the subsea electrical power supply; and 

a control system configured to perform, steps comprising: 

operating the subsea electrical power supply to move the shear ram a first 

distance; and 

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

-21-



'")A onnnTOIIIC /-> f o1(1 n~s\./. s:TJw o.|..7|r/vrirT«xtt5 \Ji v\icnTtriT?i; txxrxt 

hvfl ratine 

rs lit rrit*ris 11 -«•-» /•> /> /-vt n <-<» i /:»rl f 1 £.?> \\ % r/1 t^«-s i il ; A n-K-t <-»<-» r\ r> r\t -, -</-„ "1 rl j-r\ iXs /-\ »-j >^,1 1 ct iiyOT.xrcrrrc irrrc; c?~_TCT|xxwt:t cv?u.i.c njciawiv i v*xTfi oxTcr ^otiprtco CtT tiiv—wvxt' 

<VVn tTT>l f'VTt T 1 'f ll '•'•>• Vn /rl 1SV31 11 'll> 11 TIP- "fl «"f1 * WA/-1 iv* /"vyw.vf'3i-,--i f 1i (.i. *T ? ol 1 <•-• r\ t7t^irrrt.Tf™m^arti:Triix7m~ rm^oj'xn tt^rTt^^rrr^ ov7Ti-ri^tTrc^t t\:/ \7pw1 cTt^~toxj VTVTI ^7oi'i,il,,l>i 

-21a-



34-17. The apparatus of claim 2016, further comprising: 

a hydraulic valve: and 

a hydraulic actuator coupled to the hydraulic valve; and 

a-wherein the control systemjs coupled to the hydraulic actuator and coupled to 

the subsea energy storage system electrical power supply, the control 

system being configured to operate the well control equipment with 

electrical energy from the subsea electrical power supply and hydraulic 

energy from the hydraulic line. 

3518. The apparatus of claim 2447, in which the control system comprises a control board 

having a memory and a processor. 
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35-19. The apparatus of claim 34-17, further comprising a sensor coupled to the control 

system, in which the control system is configured to activate the well—ee&tpel 

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

2620. The apparatus of claim 241.9, in which the sensor is wirelessly coupled to the control 

system. 

37-21. The apparatus of claim 2# 19, 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. 
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2822. The apparatus of claim 2447, 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. 

29-23. The apparatus of claim 2&22, further comprising an indicator configured to display the 

state of health of a component of the weH-eefittBt-eeiawHetrtshear ram. 

3024. The apparatus of claim 4416, in which the subsea electrical power supply is 

configured to independently operate the weM-eeBfeFol-^HripateHtshear ram. 

3425. The apparatus of claim 4916, 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. 

3326. The apparatus of claim 34-25. 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. 

53-27. The apparatus of claim 3425, further comprising a port configured to receive ambient-

pressure hydraulic medium from a remotely-operated vehicle. 

3428. The apparatus of claim 3425, 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. 
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3529. The apparatus of claim 24-17, in which the well control eauipmentshear ram is 

wirelessly coupled to the control system. 
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