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What’s the Blowout Preventer

BOP in Images

—

• The Blowout Preventer is a large (up

to 20 meters tall) and heavy (400

tones) safety equipment to avoid oil

spills (“blowouts”)

• It’s installed on the top of the

wellhead and connects the rig

through the drilling riser

• The BOP is the most important

safety equipment in a rig
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What’s the Blowout Preventer

BOP in Images

—
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What’s the Blowout Preventer

BOP in Images

—

• The failure of BOP can be

catastrophic, leading to accidents

called blowouts

• The Macondo blowouts was started

due to a well cement failure, but

the failure of the BOP leads to a

blowout.

• The Macondo accident has several

consequences: deaths, injuries, oil

spill, material losses, environmental

damage, etc.



What’s the Blowout Preventer

BOP in Images

—

• Besides the safety impact of the

component, it has significant impact

in the operation uptime.

• The BOP unavailability is the main

cause of downtime in rigs, costing

dozens of millions of dollars

• To repair the BOP, it is necessary to

pull out the BOP, repair on surface,

run and land the BOP again, connect

to the wellhead and test.



What’s the Blowout Preventer

BOP and Risks

— BOP



What’s the Blowout Preventer

BOP and Risks

—

𝑃𝑟𝑏𝑙𝑜𝑤𝑜𝑢𝑡 =

𝑖=1

𝑛

𝑃𝑟𝑘𝑖𝑐𝑘 ∗ 𝑃𝐹𝐷𝐵𝑂𝑃



What’s the Blowout Preventer

The BOP is a complex system

—

Functions

• Close and seal the well;

• Provide means of fluid circulation into and

out the well

• Kill the well

• Regulate and monitor wellbore pressure

• Hang-off and stripping the drillpipe

• Disconnect the rig from the well in

emergency situations



What’s the Blowout Preventer

The BOP is a complex system

—

• Control System

• Electrical and hydraulic lines

• Hydraulic accumulators

• Control PODs (Yellow and Blue)

• Wellhead connector

• LMRP connector

• Riser connector

• Riser

• Emergency Systems (Acoustic, Hot

Stab, DMAS, EDS)

• Electronic Controls

• Kill and Choke lines

• Several RAMS

16-Mux_Control_System_11-2-11c.m2v
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BOP Reliability Project 

R&D Portfolio over 100 Millions NOK 

—

• Aviation reliability

• Condition-Based Maintenance of BOP

• MyBarrier BOP

• Full-electric BOP

• Accelerate Life Testing Facility

• New pressure regulator valve

• Real time EDS



Testing the BOP

Operational states of BOP

—
1. The system is available just in state “1”

2. The failure and repair transitions are random and

continuous events that depend on the rates of

failure and repair of BOP components

3. The testing or repair decision are discrete events

4. The system is unavailable in states “2”, “3” and “4”

5. However, in state “3” and “4” the system is safe,

and the unavailability affects the nonproductive

time, an economic issue.

6. In state “2” the BOP operator doesn’t know that the

system is unavailable and in case of a demand for

well control, there will be an accident, a safety

issue.

Dangerous

Undetected Failure

Out for Repair

Out for 

Test
Available

Multi-phase Markov Chain



Testing the BOP

BOP Test

—

• Factory test/ body test / shell test

• BOP 10k psi or more … 150%

• BOP 5k or less … 200%

• Acceptance test / pre-spud test

• Ram: 100% of working pressure

• Annular: 70% of working pressure

• Periodic test:

• Ram: greater than the maximum anticipated pressure

• Annular: not exceed 70% of working pressure

• Rule of thumb: function test must be done at least one time per week



Testing the BOP

Regulations about BOP periodic test frequency

—

CFR § 250.737
Function – Weekly (7 days)

Pressure – Each 14 days (21 days under special conditions)

NORSOK D-010 Function – Weekly (7 days)

Pressure – Each 14 days 

API S53 Function – Weekly (7 days)

Pressure – Each 21 days 

PETROBRAS Function – 21 days 28 days

Pressure – 21 days 28 days 

Just periodic tests of annular, 

pipe rams and subsea valves



Testing the BOP

Previous studies – Argonne Report 

—

Argonne National Laboratory. 2019. Examination of Blowout Preventer Pressure Test Frequency. Report prepared for the  

Bureau of Safety and Environment Enforcement. Chicago, USA.
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Testing the BOP

Previous studies – Argonne Report 

—

Argonne National Laboratory. 2019. Examination of Blowout Preventer Pressure Test Frequency. Report prepared for the  

Bureau of Safety and Environment Enforcement. Chicago, USA.



Testing the BOP

Previous studies – My own paper 

—



Testing the BOP

Previous studies – My paper 

—



Testing the BOP

Previous studies – My paper  
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Testing the BOP

Previous studies – My paper 

—



Testing the BOP

Previous studies – PETROBRAS/DNV MyBarrier BOP 

—

Upper Annular Preventer

Lower Annular Preventer

Upper Blind Shear Ram

Casing Shear Ram

Upper Pipe Ram

Medium Pipe Ram

Lower Pipe Ram

Lower Blind 

Shear Ram

• Two annular preventers

• Two blind shear rams

• One casing shear ram

• Three pipe rams

Configuration analyzed 



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—

Closing and holding against 
pressure by UBSR

Closing and holding against 
pressure by UAP

Closing and holding against 
pressure by AP & PR

SF 

1

SF 

2

SF 

3

The assessed BOP Safety Functions



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—

Fault Tree for SF3: Closing and Holding Against Pressure by AP & PR 



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—

SIL concept defined in international standard

IEC 61508

Norwegian Industry 

document OLF-070 

(2018)

June 2018

BOP main safety

functions must 

comply with SIL 2

PFDavg

Max Min

1E-1 1E-2 SIL 1

1E-2 1E-3 SIL 2

1E-3 1E-4 SIL 3

1E-4 1E-5 SIL 4

PFD = 1 in 100

PFD = 1 in 1000

Acceptance Criteria 



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—

Results

Results – PFDavg for 5yr period

Test UBSR
Increase in 

PFDavg (%)
UAP

Increase in 

PFDavg (%)
AP PR

Increase in 

PFDavg (%)

21 dias 3,62E-03 6,12E-03 8,93E-04

28 dias 4,92E-03 35,91 8,44E-03 37,91 1,28E-03 43,34



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—
New approach for BOP test planning – The MyBarrier BOP – Operational campaign based on reliability

A PETROBRAS and DNV development



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—



Testing the BOP

Previous studies - PETROBRAS/DNV MyBarrier BOP 

—



Optimizing the test plan

Excessive BOP testing

—
Note: On average, tests are 

performed in less days than the 

original maximum test interval



Optimizing the test plan

Problems with High Pressure Testing 

—



Optimizing the test plan

Understanding the PFD of the BOP 

—



Pushbutton 
Control 

System –
Electronic + Hydraulic

Sealing 

Element

Function Test Partial Pressure Test Maximum Expected 

Pressure Test

1 2 3

Components

Dangerous 

Undetected 

Failure 

Optimizing the test plan

Understanding the PFD of the BOP 

—

Actuating 

RAM



PFD without testing- full proof test- partial test 

PFD - without testing

PFD – partial testing

PFD full proof test

Optimizing the test plan

Understanding the effect of testing in the PFD

—



PFD without testing- full proof test- partial test 

PFDavg without testing

PFDavg with partial test

PFDavg with full proof test

Optimizing the test plan

Understanding the effect of testing in the PFD

—



Proof Test Coverage – Some data sources 

—

Optimizing the test plan



Proof Test Coverage

—

Optimizing the test plan

1

2

3

# BOP test Type Why? PTC

1 Function Test Partial Test
Restrictions in the 

test scope 
𝑃𝑇𝐶𝐹𝑇 =

𝜆𝑓

𝜆𝐷𝑈

2
Partial Pressure 

Test
Imperfect Test

Constrains in the 

test conditions
𝑃𝑇𝐶𝑃𝑃𝑇 =

𝜆𝑓 + 𝜆𝑙𝑝

𝜆𝐷𝑈

3
Maximum Expected 

Pressure Test
Proof Test

All DU expected 

to be revealed
𝑃𝑇𝐶𝑃𝑃𝑇 =

𝜆𝑓 + 𝜆ℎ𝑝

𝜆𝐷𝑈
= 1



Source Function Sealing

Original 
OLF-70

85% 15%

Adapted 
OLF 70 

57% 43%

MyBarrier BOP
UBSR LCP

82% 18%

MyBarrier BOP
UAP LCP

74% 26%

IADC RAPID S-53 67% to 84% 33% to 16%

Proof Test Coverage – Functional x Pressure

—

Optimizing the test plan



Proof Test Coverage – Different Pressures

—

Optimizing the test plan
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Functional Test
57%

100%77%
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Proof Test Coverage

—

Optimizing the test plan



Analysis performed in a specific wells

—

Optimizing the test plan



ESREL 2022 – Special Session 

—

Future Work 



ESREL 2022 – Special Session 

—

Future Work 

𝑃𝐹𝐷𝑎𝑣𝑔 ≅
1
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𝜃ℎ𝑝

• Optimize the functional, low-pressure and high-pressure tests

• Investigate more detailed the coverage factor as a function of pressure being applied during the

test – possible use of Accelerated Failure Time models (AFT)

• Create the cost function

• Input the cost of each test – functional < l-pressure < h-pressure

• Input the cost of failure – rig downtime maintenance cost – pulling out, repair and running the BOP

• Input the cost of accident – blowout x probability



Journal paper

—

Future Work 

Including:

• Redundancy

• Test planning updating according to partial failures of BOP

• Probability of heaving a well control situation with some pressure

• Include the days since last overhaul (renewal) – aging effect

• Degradation model – to compute the damage input by the pressure test
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Review of current regulation

—

Future Work 

Pressão máxima esperada 5400 3,24 Coloque a máxima pressão esperada 

Pressão de teste desejada 5200 3,00444444 Coloque a pressão em que se pretende testar o BOP 

Fator de Cobertura do teste de pressão 92,7%

Taxa (/h)
Intervalo 

de Teste 
PFDmed

Funcional 6,10E-06 21 1,54E-03 Coloque o período de teste funcional 

Total de Pressão 4,60E-06

Teste na Pressão Desejada 4,27E-06 56 2,87E-03 Coloque o período de teste na pressão desejada 

Teste na Máxima Pressão 3,34E-07 168 6,74E-04 Coloque o período de teste na máxima pressão 

Total do Sistema 1,07E-05 40 5,08E-03

Resultado 

SIL2

5,08E-03

Sistema de Controle

Seria o período equivalente de teste do 
BOP


