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ANALYZER FOR A BLOWOUT PREVENTER 

Technical Field  

[0001] 	The present disclosure relates generally to devices for use in well 

systems. More specifically, but not by way of limitation, this disclosure relates to 

analyzing and testing a blowout preventer in a well system. 

Background  

[0002] 	A well system (e.g., an oil or gas well for extracting fluid from a 

subterranean formation) can include a wellbore with a blowout preventer positioned 

at an opening of the wellbore. The blowout preventer can control the pressure within 

and the flow of fluid through the wellbore to prevent a blowout, which can include an 

uncontrolled release of fluid from the wellbore. 	Because a blowout can be 

catastrophic for the well system, damaging to the surrounding environment, and can 

present serious safety hazards to operators of the well system, it may be desirable to 

periodically test the blowout preventer to ensure the blowout preventer is functioning 

properly. 

Brief Description of the Drawings  

[0003] 	FIG. 1 is a cross-sectional side view of an example of a well system 

with a computing device for testing a blowout preventer according to some aspects. 

[0004] 	FIG. 2 is a graph of an example of pressures in a blowout preventer 

during a test according to some aspects. 

[0005] 	FIG. 3 is a block diagram of an example of a computing device for 

testing a blowout preventer according to some aspects. 

[0006] 	FIG. 4 is a flow chart showing an example of a process for testing a 

blowout preventer according to some aspects. 

Detailed Description  

[0007] 	Certain aspects and features of the present disclosure relate to 

determining the integrity of a blowout preventer in a well system using a model 

generated from real-time sensor data. Some examples can be implemented using a 

computing device. The computing device can receive predetermined values 

associated with pressure changes over time in a pressurizing system for pressurizing 
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blowout preventers have multiple sections that need to be individually tested, 

resulting in many hours of testing. This can be expensive and burdensome for well 

operators. Further, some laws or regulations require the blowout preventer to be 

tested weekly, biweekly, or at other short intervals (e.g., every 15 days), thereby 

requiring well operators test the blowout preventer frequently to great expense. But 

some examples of the present disclosure can overcome these and other issues by 

using a limited amount of real-time sensor data to generate a model that can be 

used to quickly and accurately predict how pressure will change in the pressurizing 

system over a future time period. 

[0010] 	These illustrative examples are given to introduce the reader to the 

general subject matter discussed here and are not intended to limit the scope of the 

disclosed concepts. The following sections describe various additional features and 

examples with reference to the drawings in which like numerals indicate like 

elements, and directional descriptions are used to describe the illustrative aspects 

but, like the illustrative aspects, should not be used to limit the present disclosure. 

[0011] 	FIG. 1 is a cross-sectional side view of an example of a well system 

100 with a computing device 124 for testing a blowout preventer 112 according to 

some aspects. In this example, the well system 100 includes an offshore drilling rig 

102 positioned on a ship, boat, or platform floating at the water's surface 104. The 

well system 100 also includes a wellbore 106 drilled through a subterranean 

formation 108 in the seafloor 110 for extracting production fluids, such as 

hydrocarbons, from the subterranean formation 108. In other examples, some or all 

of the well system 100 can be onshore or otherwise positioned on land. 

[0012] 	The blowout preventer 112 can be positioned at an opening 114 of the 

wellbore 106. The blowout preventer 112 can control or monitor the pressure and 

the flow of fluid in the wellbore 106. The blowout preventer 112 can additionally or 

alternatively seal the wellbore 106 in response to a blowout or other downhole event. 

This may prevent water surrounding the wellbore 106 from being contaminated. The 

blowout preventer 112 can include multiple sections 116, and each section can 

include one or more valves or other devices that can work independently or in 

combination with one another to perform the above-described functions. 

[0013] 	The well system 100 can include a riser 118. A riser 118 can include a 

tubular that couples the blowout preventer 112 to the drilling rig 102 for allowing fluid, 

such as production fluid, to flow from the wellbore 106 to the drilling rig 102. 
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where P(t) can be the pressure at time t; Ao, A1, and A2 can be values determined 

by the computing device 124; and m1  and m2  can be constants or values determined 

by the computing device 124. In some examples, m1  and m2  can be predetermined 

values, such as from a previous blowout-preventer test, and may be characteristic of 

the blowout preventer 112 or the well system 100. This is described in greater detail 

below. The computing device 124 can use sensor data from the sensor 126 and the 

above equation to predict how the pressure in the pressurizing system will decay 

over time, a rate at which the pressure in the pressurizing system will decay over 

time, a pressure level at which the pressure in the pressurizing system will stabilize, 

a time when the pressure in the pressurizing system will stabilize, or any 

combination of these. 

[0020] 	For example, referring to FIGS. 1-2 together, the computing device 124 

can receive multiple sensor measurements between times t1  and t2. Each sensor 

measurement can indicate a pressure in the pressurizing system at a point in time 

between t1  and t2. The computing device 124 can use each individual sensor 

measurement as a value for P(t), and determine values for Ao, A1, and A2 (and m1  

and m2, if these values were not previously determined based on a previous 

blowout-preventer test) that satisfy the above equation. The computing device 124 

can use a Levenberg-Marquardt algorithm or another optimization technique for 

determining the values for Ao, A1, and A2 (and m1  and m2, if necessary). The 

computing device 124 can iterate this process for each sensor measurement taken 

between t1  and t2, until the computing device 124 has determined substantially stable 

values for Ao, A1, and A2 (and m1  and m2, if necessary) that substantially satisfy 

(e.g., satisfy within a tolerance range) the equation for all the sensor measurements 

taken between t1  and t2. The computing device 124 can then insert the determined 

values for Ao, A1, and A2 (and m1  and m2) into the equation, and use the equation to 

predict pressure values (P(t)) at future times. This can allow the computing device 

124 to plot or otherwise predict how the pressure in the pressurizing system will 

decay over time, a rate at which the pressure in the pressurizing system will decay 

over time, a pressure level at which the pressure in the pressurizing system will 

stabilize, a time when the pressure in the pressurizing system will stabilize, or any 

combination of these. If the computing device 124 determines that the pressure in 

the pressurizing system will decay at a rate that is within an acceptable range, that 
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the pressure in the pressurizing system will stabilize to a pressure level that is within 

an acceptable range of pressures, that the pressure in the pressurizing system will 

stabilize at a time that is within an acceptable range of times, or any combination of 

these, the computing device 124 can determine that the blowout preventer 112 is 

functioning properly. Otherwise, the computing device 124 can determine that the 

blowout preventer 112 is malfunctioning. 

[0021] 	FIG. 3 is a block diagram of an example of a computing device 124 for 

testing a blowout preventer according to some aspects. The computing device 124 

can include a processor 304, bus 306, memory 308, a communication device 322, 

etc. In some examples, the components shown in FIG. 3 (e.g., the processor 304, 

bus 306, communication device 322, and memory 308) can be integrated into a 

single structure, such as a single housing. In other examples, the components 

shown in FIG. 3 can be distributed (e.g., in separate housings) and in electrical 

communication with each other. 

[0022] 	The processor 304 can execute one or more operations for 

implementing any of the features of the present disclosure. The processor 304 can 

execute instructions stored in the memory 308 to perform the operations. The 

processor 304 can include one processing device or multiple processing devices. 

Non-limiting examples of the processor 304 include a Field-Programmable Gate 

Array ("FPGA"), an application-specific integrated circuit ("ASIC"), a microprocessor, 

etc. 

[0023] 	The processor 304 can be communicatively coupled to the memory 

308 via the bus 306. The non-volatile memory 308 may include any type of memory 

device that retains stored information when powered off. Non-limiting examples of 

the memory 308 include electrically erasable and programmable read-only memory 

("EEPROM"), flash memory, or any other type of non-volatile memory. In some 

examples, at least some of the memory 308 can include a medium from which the 

processor 304 can read instructions. A computer-readable medium can include 

electronic, optical, magnetic, or other storage devices capable of providing the 

processor 304 with computer-readable instructions or other program code. Non-

limiting examples of a computer-readable medium include (but are not limited to) 

magnetic disk(s), memory chip(s), ROM, random-access memory ("RAM"), an ASIC, 

a configured processor, optical storage, or any other medium from which a computer 

processor can read instructions. The instructions can include processor-specific 
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instructions generated by a compiler or an interpreter from code written in any 

suitable computer-programming language, including, for example, C, C++, C#, etc. 

[0024] 	In some examples, the memory 308 can include a model 314. The 

model 314 can include one or more algorithms, such as the equation discussed with 

respect to FIGS. 1-2. The model 314 can be used to predict a pressure in a 

pressurizing system over a period of time. 

[0025] 	The memory 308 can also include one or more predetermined values 

312 for use with the model 314. For example, the values 312 can include 

predetermined values for m1, m2, or both, which may have been determined from a 

previous blowout-preventer test. Additionally or alternatively, the values 312 can 

include predetermined values for Ao, A1, A2, or any combination of these, which may 

have been determined from a previous blowout-preventer test. 

[0026] 	The computing device 124 can be in electrical communication with the 

communication device 322. The communication device 322 can include or can be 

coupled to an antenna 324. In some examples, part of the communication device 

322 can be implemented in software. For example, the communication device 322 

can include instructions stored in memory 308. 

[0027] 	The communication device 322 can receive signals from remote 

devices (e.g., the sensor 126 of FIG. 1) and transmit signals to remote devices. For 

example, to transmit data to a remote device, the processor 304 can transmit one or 

more signals to the communication device 322. The communication device 322 can 

receive the signals from the processor 304 and amplify, filter, modulate, frequency 

shift, and otherwise manipulate the signals. The communication device 322 can 

transmit the manipulated signals to the antenna 324, which can responsively 

generate wireless signals that carry the data. 	As another example, the 

communication device 322 can transmit data via a wired interface, such as a 

wireline. 

[0028] 	FIG. 4 is a flow chart showing an example of a process for testing a 

blowout preventer according to some aspects. Some examples can include more, 

fewer, or different steps than the steps depicted in FIG. 4. Also, some examples can 

implement the steps of the process in a different order. The steps below are 

described with reference to components described above with regard to FIG. 1, but 

other implementations are possible. 
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system until the pressure in the pressurizing system reaches a testing pressure-level 

and then taking pressure measurements with a sensor 126 as the pressure in the 

pressurizing system decays. In some examples, the computing device 124 can 

determine a curve, trend, or other characteristic associated with the pressure 

measurements. The computing device 124 can use the curve, trend, or other 

characteristic to determine the predetermined values (e.g., the values for m1  and 

m2 ). In some examples, the computing device 124 can estimate the predetermined 

values using a non-linear regression method, such as the Levenberg-Marquardt 

method, in conjunction with the pressure measurements and the equation discussed 

with respect to FIGS. 1-2. The computing device 124 can then store the 

predetermined values in memory. 

[0034] 	In block 410, the computing device 124 receives a sensor 

measurement from the sensor 126. The sensor measurement can indicate a 

pressure in the pressurizing system at a particular time. 

[0035] 	In block 412, the computing device 124 generates a model using the 

sensor measurement, the one or more predetermined values, or both of these. For 

example, the computing device 124 can use the sensor measurement as a value for 

P(t) in the model, and determine values for Ao, A1, A2, m1, m2, or any combination of 

these, that satisfy the model. The computing device 124 can use a Levenberg-

Marquardt algorithm or another optimization technique for determining the values for 

the model (e.g., Ao, A1, A2, m1, m2, or any combination of these). In some 

examples, the model can represent a relationship between pressure in the 

pressurizing system and time. 

[0036] 	In block 414, the computing device 124 determines an accuracy of the 

model. For example, the computing device 124 can determine an estimated 

pressure at time t (i.e., a value for P(t)) by plugging some or all of the determined 

values for Ao, A1, A2, m1, and m2  into the above-described equation. Time t can be 

a time for which the computing device 124 has received a sensor measurement of 

the pressure in the pressurizing system. The computing device 124 can determine a 

root-mean-squared error between the estimated pressure at time t determined using 

the model and the pressure at time t determined from the sensor measurement. The 

computing device 124 can use the root-mean-squared error as an indicator of the 

accuracy of the model. 
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                                                                    CLAIMS 

1.  A system comprising: 

a pressure sensor that is positionable in a pressurization subsystem for pressurizing a 

blowout preventer, the pressure sensor for detecting pressure in the pressurization subsystem; 

and 

a computing device communicatively coupled to the pressure sensor and including a 

processing device and a memory device on which instructions are stored for causing the 

processing device to: 

receive a plurality of predetermined values associated with pressure changes in the 

pressurization subsystem over time; 

receive, from the pressure sensor, a plurality of pressure measurements indicating a 

plurality of pressures in the pressurization subsystem over a time period; 

generate, based on the plurality of predetermined values and the plurality of pressure 

measurements, a model representing a relationship between pressure in the pressurization 

subsystem and time; and 

  predict, using the model, pressures in the pressurization subsystem over a future period 

of time that is subsequent to the time period; 

wherein the computing device can estimate the predetermined values using a non-linear 

regression method such as a Levenberg-Marquardt method in conjunction with the pressure 

measurements and an equation; and 

 wherein the memory device further includes instructions for causing the processing device 

to: 

determine, by analyzing the predicted pressures in the pressurization subsystem over the 

future period of time, a rate of decay of the pressure in the pressurization subsystem during the 

future period of time; and 

determine that the rate of decay is within a range of acceptable decay rates. 

.  
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2.         The system according to claim 1;  

wherein the model comprises the following equation:

                              P(t) = A0 + A1
�m1t + A2

�m2t  

where P(t) can be the pressure at time t; A0, A1 and A2 can be values determined by the 

computing device;  m1 and m2  can be constants or values determined by the computing device; 

wherein m1 and m2 can also be predetermined values from a previous blowout preventer test and 

can be characteristic of the blowout preventer or a well system. 

 3 The system of claim 1, wherein the range of acceptable decay rates is between 20,684.27 

Pascals (Pa) per minute and 34,473.79 Pa per minute. 

 4. The system of claim 3, wherein the memory device further includes instructions for causing 

the processing device to: 

determine, by analyzing the predicted pressures in the pressurization subsystem over the 

future period of time, that the rate of decay will be within the range of acceptable decay rates for 

an acceptable period of time that is at least five minutes long. 

 5. The system of claim 1, wherein the memory device further includes instructions for causing 

the processing device to: 

determine, by analyzing the predicted pressures in the pressurization subsystem over the 

future period of time, a pressure level at which the pressure in the pressurization subsystem is 

substantially stable; and 

determine that the pressure level is within an acceptable range of pressures. 

 6. The system of claim 5, wherein the acceptable range of pressures is between 6,894,757 

Pa  and 137,895,146 Pa. 

 7. The system of claim 1, wherein the model is based on a thermal-cooling characteristic of 

the pressurization subsystem. 

 8.  A non-transitory computer-readable medium in which instructions executable by a 

processing device are stored for causing the processing device to: 

receive a plurality of predetermined values associated with pressure changes in a 

pressurization subsystem over time, the pressurization subsystem being for pressurizing a blowout 

preventer in a well system; 

  .
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receive, from a pressure sensor, a plurality of pressure measurements indicating a plurality 

of pressures in the pressurization subsystem over a time period;  

generate, based on the plurality of predetermined values and the plurality of pressure 

measurements, a model representing a relationship between pressure in the pressurization 

subsystem and time; and 

 predict, using the model, pressures in the pressurization subsystem over a future period of 

time that is subsequent to the time period;  

wherein the computing device can estimate the predetermined values using a non-linear 

regression method such as a Levenberg-Marquardt method in conjunction with the pressure 

measurements and an equation; and 

 wherein the non-transitory computer-readable medium further comprising instructions for 

causing the processing device to determine, by analyzing the predicted pressures in the 

pressurization subsystem over the future period of time, that a rate of decay of the pressure in the 

pressurization subsystem will remain within a range of acceptable decay rates for an acceptable 

period of time. 

 9. The non-transitory computer-readable medium according to claim 8, wherein the model 

comprises the following equation: 

                              P(t) = A0 + A1
�m1t + A2

�m2t  

where P(t) can be the pressure at time t; A0, A1 and A2 can be values determined by the 

computing device;  m1 and m2  can be constants or values determined by the computing device; 

wherein m1 and m2 can also be predetermined values from a previous blowout preventer test and 

can be characteristic of the blowout preventer or a well system. 

 10. The non-transitory computer-readable medium of claim 10, wherein the range of 

acceptable decay rates is between 20,684.27 Pa per minute and 34,473.79 Pa per minute, and the 

acceptable period of time is at least five minutes.

 11. The non-transitory computer-readable medium of claim 8, further comprising instructions 

for causing the processing device to, prior to the time period, cause a pump of the pressurization 

subsystem to communicate an oil-based mud or a synthetic-based mud through the pressurization 

subsystem to pressurize the pressurization subsystem. 

12.  The non-transitory computer-readable medium of claim 9 8, further comprising instructions 

for causing the processing device to: 

9,
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determine, by analyzing the predicted pressures in the pressurization subsystem over the 

future period of time, a pressure level at which the pressure in the pressurization subsystem is 

substantially stable; and 

determine that the pressure level is within an acceptable range of pressures. 

 13. The non-transitory computer-readable medium of claim 12, wherein the acceptable range 

of pressures is between  6,894,757 Pa and 137,895,146 Pa. 

 14. The non-transitory computer-readable medium of claim 8, wherein the model is based on 

a thermal-cooling characteristic of the blowout preventer. 

 15. A method comprising: 

receiving, by a computing device, a plurality of predetermined values associated with 

pressure changes in a pressurization subsystem over time, the pressurization subsystem being for 

pressurizing a blowout preventer in a well system; 

receiving, by the computing device and from a pressure sensor, a plurality of pressure 

measurements indicating a plurality of pressures in the pressurization subsystem over a time 

period; 

generating, by the computing device and based on the plurality of predetermined values 

and the plurality of pressure measurements, a model representing a relationship between pressure 

in the pressurization subsystem and time; and 

predicting, by the computing device and using the model, pressures in the pressurization 

subsystem over a future period of time that is subsequent to the time period; 

wherein the computing device can estimate the predetermined values using a non-linear 

regression method such as a Levenberg-Marquardt method in conjunction with the pressure 

measurements and an equation; and 

 wherein the method further comprising determining, by analyzing the predicted pressures 

in the pressurization subsystem over the future period of time, that a rate of decay of the pressure 

in the pressurization subsystem is less than an acceptable decay rate for an acceptable period of 

time. 

 16.The method according to claim 15, wherein the model comprises the following equation: 

                              P(t) = A0 + A1
�m1t + A2

�m2t  
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where P(t) can be the pressure at time t; A0, A1 and A2 can be values determined by the 

computing device;  m1 and m2  can be constants or values determined by the computing device; 

wherein m1 and m2 can also be predetermined values from a previous blowout preventer test and 

can be characteristic of the blowout preventer or a well system. 

 17. The method of claim 15, wherein the acceptable decay rate is less than 34,473.79 Pa per 

minute, and the acceptable period of time is at least five minutes. 

 18. The method of claim 15, further comprising causing, prior to the time period, a pump of the 

pressurization subsystem to pump an oil-based mud or a synthetic-based mud through the 

pressurization subsystem to pressurize the pressurization subsystem. 

 19. The method of claim 15, further comprising: 

determining, by analyzing the predicted pressures in the pressurization subsystem over 

the future period of time, a pressure level at which the pressure in the pressurization subsystem is 

substantially stable; and 

determining that the pressure level is within an acceptable range of pressures. 

 20. The method of claim 19, wherein the acceptable range of pressures is between  6,894,757 

Pa and 137,895,146 Pa, and wherein the model is based on a thermal-cooling characteristic of the 

blowout preventer. 
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