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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of
any information or process disclosed in this publication. Neither API nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices.
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and
where these publications should be used. The formulation and publication of API publications is not intended in any
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an AP| standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher.
Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2023 American Petroleum Institute DOC um ents

! Document Sharing Hub

Full document details: API TR 16G-2023


http://www.avadocuments.com/doc/api-tr-16g-2023
http://www.avadocuments.com/doc/api-tr-16g-2023

Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue NW, Suite 1100, Washington, DC 20001, standards@api.org.

Documents

" Document Sharing Hub

Full document details: API TR 16G-2023


http://www.avadocuments.com/doc/api-tr-16g-2023
http://www.avadocuments.com/doc/api-tr-16g-2023

Documents

Document Sharing Hub

Full document details: API TR 16G-2023


http://www.avadocuments.com/doc/api-tr-16g-2023
http://www.avadocuments.com/doc/api-tr-16g-2023

Contents

Page

1 oo o = SR 1
2 NOrMALIVE REFEIENCES ...ttt e e e e e e e ettt e e e e e e e e e e nnnneeeeeeaeens 1
3 Terms, Definitions, and ADDreviationS............ooiiiii e 1
3.1 Terms and DEfiNItIONS .......o.uiiii et 1
3.2 Y o] o] =2V = 11T 1SR 3
4 RENaDIlity ANGIYSIS ...ttt e ettt e e et e e et e e e e h et e e e e b e e e e an e e e e e anaeeaeeaa 3
41 T 10T [ o 1o o USSP PERRR 3
4.2 (0] ][ Tox 1)Y= TSSOSO 4
4.3 LY 1E= T o113V o Yo - PURUPSPPPRRPRN 4
4.4 F ST U0 ] o] (o] o - TP PO PP PPPPPTPPPPPPPN 13
4.5 1= aTeTe (o] (o e YA RSP 16
4.6 Operational Risk Analysis Use of Reliability MOdelS...........oooiiiiiiiiii e 17
4.7 D= = o TH o1 TSSO R 18
5 Model RESUILS aNd EXAMPIES ...oooiiiiiiiiiiiieiieie et s s e e e e e e e e e e e e e e e e e e e aeaeaaaaaaaeeaeeeeeeeeeeeeeeeeeeeeeennnnes 18
5.1 Pressure and Function Test Frequency ANalYSiS.........coouiiiiiiiiiiiiii e 18
5.2 Operator’s Ability Sensitivity ANAIYSIS ........ooiiiiiiiii e 20
5.3 Failure Rate Sensitivity ANGIYSIS ...... .. ettt e e e e e e e e e e eaeae e s 20
5.4 Fluid Quality SenSitiVity ANGIYSIS .......cueiiiiiiiiiie ettt e e s e e s et e e e et eeesnnneee s 21
5.5 Common Cause SENSItIVILY ANGIYSIS ......uuiiiiieiiiiiiieiee e e e e e e e e e e e e e s eereaeaeessaannraneeeeas 22
Annex A (informative) Minimal CUL SEES ........ooiiiiiiiiii e e e e 23
Annex B (informative) DP MODU FaUIt Tr e ........coii ittt e e 26
Annex C (informative) Moored DU Fault TrEe ........ooiiiiiiiiiiiee e 27
Annex D (informative) Surface DU Fault TrEE .......ciiiiiiiiie ittt e e e e et e e e e nbee e e e eneeas 28
=1 0] oo =1 o] o Y/ PRSPRPPPRIN 29
Figures

1 Series Reliability DIagramS ......cooouiiii ittt e e en e s 5
2 Parallel Reliability DIGQramS ..........eei ittt et e e e bt e e sab e e e an e e e e nnbe e e e 6
3 SIMPIE CHICUIL. ..ot e e e e e e e e e e e et e e e e e e e eeeeeaeeeeaeaeaeaaaaaeaeaeeaeeeeseeesesesessesssesssssssnsnsnsnnns 9
4 Fault Tree for the SIMPIe CirCUIL ..........eeiiiiiiiiiiee e e e e e e e e e eeeaa e 10
5 Small BOP EXampPle FAUIt TrEE ......eeiiiiiiiiiieiiet ettt e e et e e e s e e e e e 11
6 Relationship of Independent and Dependent Failures..........c..ooiiiiiiiiiiiiiiiee e 12
7 Common Cause EQUIValent MOAEIS ... ..o e e e e e e e 13
8 Percentage Contribution of Different Shut-in Stages ..........c..uuiiiiiiiiiii e 17
9 DP MODU BOP—Impact of Test Frequency on TE (Deadman/Autoshear) ............cccccoeeeiiiiiiiiiiieeeeeeeeee, 19
10 DP MODU BOP—Impact of Function Test Frequency on TE (Shear Rams)..........ccccceeviiiiiiiiiiiiee i 19
1" DP MODU BOP—Impact of Pressure Test Frequency on TE ..........oooiiiiiiiiiiiceeee e 20
12 “Operator’s Ability” SenSItiVity ANGIYSIS.......cooiuiiiiiiiii e 20

Documents

Document Sharing Hub

Full document details: API TR 16G-2023


http://www.avadocuments.com/doc/api-tr-16g-2023
http://www.avadocuments.com/doc/api-tr-16g-2023

Contents

Page

13 DP MODU BOP—TE Failure Rate Sensitivity ANalYSIS ...........ooiiiiiiiiiiiiieiceee e 21
14 DP Deadman Autoshear (DMAS)—TE Failure Rate Sensitivity Analysis ..., 21
A1 Effect of Minimal NUmMber Of CUt SetS.......cooiiiiiii e 23
A.2 HPU ANalySiS USING CUL SEES....ciiiiiiiiiiiiie ettt e e e e e e e e et eeeae e e e e e s nnrnaneaeaaeeeas 24
Tables

1 FAUIL TrE@ SYMDOIS ...ttt e et e e oo bt e e e ea bttt e e e bt et e e e sabbe e e e e anbaeeeeanteeeeens 8
2 DP MODU BOP—FIuid Quality Sensitivity ANAIYSIS .........ccoiiiiiiiiiiiiiiiiiee e 22
3 Surface Systems Fluid Quality Sensitivity ANAlYSIS .........coooiiiiiiiiii e 22
4 CCF—SENSIIVIEY ANGIYSIS ....teiiiiiieeiiiiiie e et e e et e e e e e e e e e s e s e b b e eeeeeaaeeesaasssbeseeeeaeeesesnnsssneees 22

y Documents

Document Sharing Hub

Full document details: API TR 16G-2023


http://www.avadocuments.com/doc/api-tr-16g-2023
http://www.avadocuments.com/doc/api-tr-16g-2023

Introduction

This technical report documents the results of an industry led well control equipment systems reliability model. This
technical report is under the jurisdiction of the API Committee on Standardization of Qilfield Equipment and Materials.

The objective of this technical report is to assist the oil and gas industry in promoting personnel safety, public safety,
integrity of the drilling equipment, and preservation of the environment for land and marine drilling operations. In the
context of well control equipment systems, this objective is best attained through a combination of equipment reliability
and management of risk. This technical report is published to provide direction and guidance to analyze reliability in
design, installation, and operation of well control equipment. Analysis of model through reliability engineering will also
provide insight for redundancy, testing and maintenance frequency that could be used by other API work groups to
improve our industry standards, making a positive impact on equipment reliability to reduce risk. This report models
typical system designs and does not account for all system designs that can be employed to successfully install and
operate well control equipment systems in drilling, completions, and well testing operations.
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Well Control Equipment Reliability Modeling
1 Scope

The purpose of this technical report is to document methods of reliability analysis for well control equipment
systems installed for drilling wells.

Well control equipment systems are designed with components that provide wellbore pressure control in support
of well operations. As an example, the following typical systems were modeled and analyzed:

— Surface On-Shore BOP Systems.

— Surface Off-Shore BOP Systems.

— Subsea BOP System with Discrete Hydraulic Control System.

— Offshore DP MODU with a Subsea BOP System with Electro-hydraulic/Multiplex Control System.

Fault trees were developed based on generic (non-original equipment manufacturer specific), and limited to, well
control equipment components with a top event of “failing to seal and secure the well” (see Annex B, Annex C,
and Annex D). This technical report did not include consequence analysis. The intent of the models is to identify

the system’s ability to perform its intended function and document the individual components importance and
percentage failure contribution to the top event.

The fault trees only analyze the probability of sealing a well, and do not address non-productive time.

2 Normative References

There are no normative references for this document.
3 Terms, Definitions, and Abbreviations

3.1 Terms and Definitions
For the purposes of this document, the following terms and definitions apply.

311
availability
Ability to be in a state to perform as required.

3.1.2

autoshear

System designed to automatically shut in the wellbore in the event of a disconnect of the lower marine riser
package.

313
cascade Failures
Failure(s) that are precipitated by failure of another component(s) in the system.

314

common cause failures

CCF

Failures of multiple items, which would otherwise be considered independent of one another, resulting from a
single cause.
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2 API| TECHNICAL REPORT 16G

3.1.5
common mode failures
Failures of different items characterized by the same failure mode.

3.1.6

contributing factors

A series of factors that combine to produce the final outcome or a primary factor increasing the sensitivity of the
system to its effects.

317

critical

Element or system that is deemed by the organization, product specification, or customer as mandatory,
indispensable, or essential, needed for a stated purpose or task.

3.1.8

deadman system

System designed to automatically shut in the wellbore in the event of a simultaneous absence of hydraulic supply
and control of both subsea control pods.

3.1.9
demand
Activation of the function (includes functional, operational and test activation).

3.1.10
failure
Loss of ability to perform as required.

3.1.11
failure mode
Manner in which failure occurs.

3.1.12
fault
Inability to perform as required, due to an internal state.

3.1.13
pivotal event
Generally, the specific steps that must fail for the top event to fail.

3.1.14
redundancy
Existence of more than one means for performing a required function of an item.

3.1.15
reliability
Probability of an item to perform a required function under given conditions for a given time interval.

3.1.16
root cause
Core issue of an event that leads to failure.

3.1.17

useful life

The reliability bathtub curve is composed of three phases, infant mortality, useful life, and wear out. Useful life is
the flat part of the bathtub curve in which the hazard rate is constant (i.e. constant failure rate).
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WELL CONTROL EQUIPMENT RELIABILITY MODELING 3

3.2 Abbreviations

For the purposes of this document, the following abbreviations apply.

BOP blowout preventer

BSR blind shear ram

CCF common cause failure

CSR casing shear ram

DMAS deadman/autoshear function
DP dynamically positioned
FMECA failure mode, effects, and criticality analysis
ETA event tree analysis

FTA fault tree analysis

HPU hydraulic pumping units
MODU mobile offshore drilling unit
PRA probabilistic risk assessment
RBD reliability block diagram

TE top event

UBSR upper blind shear ram

WCE Well Control Equipment

4 Reliability Analysis
4.1 Introduction

Reliability engineering is a discipline focused on assuring the ability of equipment to function without failure.
Reliability analysis uses both qualitative and quantitative methods to evaluate a system and its components
ability to function under stated conditions over a specific period. Depending on how complex the system is, and
the type of system, a variety of techniques can be applied such as reliability block diagram (RBD), failure mode
and effects analysis, reliability prediction, and fault tree analysis (FTA) to mention the most popular ones.

The blowout preventer (BOP) FTA technique presented in this report was performed to better understand the
contribution of individual component and subsystem failures to the top event (TE) described as “BOP System
Failure to Shear and Seal the Wellbore”. This model will further allow evaluation of how various changes, in either
BOP system configuration or operation, could affect its ability to shear and seal the wellbore. This BOP analysis
reflects API Standard 53 requirements for well control barriers and their control systems.

A fault tree represents multiple scenarios depicting the failure propagation from the lowest maintainable
component(s) to the TE during the typical BOP well control operations. This analysis relies exclusively on the
well control equipment failure data from the RAPID-S53 database for rigs operating in Gulf of Mexico. The data
from RAPID-S53 (Reliability and Performance Information Database for the Well Control Equipment (WCE)
covered under AP| S53) as of 10 May 2019 was used as an input for the fault tree’s components failure rates.
The FTA allows quantification of fault propagation due to single and multiple failure events. This analysis allows
accumulative risk contribution toward the TE to be assessed.

This analysis uses a “typical” BOP configuration and does not represent a specific rig or rig specific configuration.
For a specific application, the process described in Section 4 can be applied to both, identifying various ways
a component failure can cause failure of the BOP. This type of analysis can provide a better understanding of,
for example, fault propagation, a combination of various component failures, common causeﬁweu(ﬁfr‘&hts
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4 API TECHNICAL REPORT 16G

or component failure contribution. The results of such analysis can be used in support of decisions to improve
reliability including configuration improvements, balanced test interval strategy, operator performance, improved
maintenance strategy and intervals, and better understanding of operational risks.

4.2 Objectives

The objective of this document is to define a methodology of conducting a reliability analysis for BOP Systems.
The method described herein is a Fault Tree analysis. The Fault Tree’s TE being “fail to seal and secure the well.”
Failure modes of the following subsystems and components should be included in the analysis.

— mechanical components;

— pneumatic components;

— operator initiated functions;

— electrical/electronic components; and
— hydraulic components.

The failure modes of the components and subsystems above were used to evaluate sensitivity of Top Event (TE)
safety integrity performance to changes in the following variables:

— pressure and function testing intervals;

— redundancies analysis (main control, secondary and emergency control);
— CCFs (hydraulic and electronics components and software);

— operator’s ability to recognize an event and initiate the appropriate function;
— fluid quality;

— failure rate.

4.3 Reliability Tools

There are many tools and techniques that can be used in reliability analysis of engineering systems. Some of
the techniques include failure mode effects and criticality analysis (FMECA), RBD analysis, FTA, physics of
failure, Petri nets, and Markov analysis. With computer-based analysis, it is possible to explore variations in
component reliability or failure and observe sensitivity in the model’s execution. It is also possible to run a full-
scale uncertainty analysis using Monte Carlo or other sampling simulations. Any of the listed methods may be
appropriate for Reliability assessment depending on the objective of the analysis.

Most of the reliability techniques use bottom-up inductive reasoning when a specific observation leads to a
broader finding or generalization (from a cause to consequence). FTA, on the other hand, is a top-down deductive
method used for identification of causes (basic events) leading or contributing to the final consequence or a TE
(from consequence to causes). It also allows for modeling the relationship between basic events (individual
and combination of failures) and their contributions to the TE. In a fault tree, functional and component level
redundancies and operational sequence leading to TE could be modeled and assessed. Another technique,
often used in combination with FTA, is the event tree analysis (ETA). ETA assesses propagation of the accident
scenarios, due to various initiating events, that lead to potential catastrophic consequences. ETA combined
with FTA technique are part of the probabilistic risk assessment (PRA) methodology that encompasses all other
reliability methods and provides a broader picture of the system’s resilience.

RBD is a tool that represents a system using interconnected blocks arranged in combinations of series, parallel
configurations, or both. In RBD the individual BOP functions or components can be modeled as indi0ClibbeNts
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