Guidelines for the integrity management of valves
for the upstream and downstream industries

RNy




GUIDELINES FOR THE INTEGRITY MANAGEMENT
OF VALVES FOR THE UPSTREAM AND
DOWNSTREAM INDUSTRIES

November 2019

Published by
Energy Institute, London

The Energy Institute is a professional membership body incorporated by Royal Charter 2003
Registered charity number 1097899



The Energy Institute (El) is the chartered professional membership body for the energy industry, supporting over 20 000 individuals
working in or studying energy and 250 energy companies worldwide. The El provides learning and networking opportunities to support
professional development, as well as professional recognition and technical and scientific knowledge resources on energy in all its forms
and applications.

The El's purpose is to develop and disseminate knowledge, skills and good practice towards a safe, secure and sustainable energy system.
In fulfilling this mission, the El addresses the depth and breadth of the energy sector, from fuels and fuels distribution to health and safety,
sustainability and the environment. It also informs policy by providing a platform for debate and scientifically-sound information on energy
issues.

The El is licensed by:

- the Engineering Council to award Chartered, Incorporated and Engineering Technician status, and

- the Society for the Environment to award Chartered Environmentalist status.

It also offers its own Chartered Energy Engineer, Chartered Petroleum Engineer, and Chartered Energy Manager titles.

A registered charity, the El serves society with independence, professionalism and a wealth of expertise in all energy matters.

This publication has been produced as a result of work carried out within the Technical Team of the El, funded by the El's Technical
Partners. The El's Technical Work Programme provides industry with cost-effective, value-adding knowledge on key current and future
issues affecting those operating in the energy sector, both in the UK and internationally.

For further information, please visit http://www.energyinst.org

The El gratefully acknowledges the financial contributions towards the scientific and technical programme
from the following companies

BP Exploration Operating Co Ltd Qatar Petroleum

BP Oil UK Ltd Repsol Sinopec

Centrica RWE npower

Chevron North Sea Ltd Saudi Aramco

Chevron Products Company Scottish Power

Chrysaor SGS

CLH Shell UK Oil Products Limited
ConocoPhillips Ltd Shell U.K. Exploration and Production Ltd
DCC Energy SSE

EDF Energy TAQA Bratani

ENI Total E&P UK Limited

E.ON UK Total UK Limited

Equinor Tullow Oil

ExxonMobil International Ltd Uniper

Innogy Valero

Kuwait Petroleum International Ltd Vattenfall

Nexen CNOOC Vitol Energy

Drsted Woodside

Perenco World Fuel Services

Phillips 66

However, it should be noted that the above organisations have not all been directly involved in the development of this publication, nor
do they necessarily endorse its content.

Copyright © 2019 by the Energy Institute, London.

The Energy Institute is a professional membership body incorporated by Royal Charter 2003.
Registered charity number 1097899, England

All rights reserved

No part of this book may be reproduced by any means, or transmitted or translated into a machine language without the written
permission of the publisher.

ISBN 978 1 78725139 7
Published by the Energy Institute

The information contained in this publication is provided for general information purposes only. Whilst the Energy Institute and the
contributors have applied reasonable care in developing this publication, no representations or warranties, express or implied, are made
by the Energy Institute or any of the contributors concerning the applicability, suitability, accuracy or completeness of the information
contained herein and the Energy Institute and the contributors accept no responsibility whatsoever for the use of this information. Neither
the Energy Institute nor any of the contributors shall be liable in any way for any liability, loss, cost or damage incurred as a result of the
receipt or use of the information contained herein.

Hard copy and electronic access to El and IP publications is available via our website, https://publishing.energyinst.org.
Documents can be purchased online as downloadable pdfs or on an annual subscription for single users and companies.
For more information, contact the El Publications Team.

e: pubs@energyinst.org



GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

CONTENTS
Page
oY NV 1
Acknowledgements .. ... ..t e e 12
1 Introduction . ... ... i i e e a e 14
1.1 Introduction ... ... . 14
1.2 SCOPE . o 16
1.3 Application . . ..o 17
1.4 DOCUMENT OVEIVIEW. . . . . e e e 17
2 Range and typesof valves. . ... i s 19
2.1 Introductiontovalves ... .. ... .. ... 19
2.1.1 Component definitions .. ....... ... . ... 19
2.2 Valve functions . . ... ... 21
2.2.1 Different valve functions .. .......... . ... ... ... . ... ... 21
2.3 Valve types . .o 21
2.3.1 Introduction tovalve types. .. ... ... .. ... 21
2.3.2 Gatevalves ... ... 22
2.3.3 Globe valves. . ... ... . 24
234 Diaphragm and pinch valves. . . ........... .. ... ... ... ... .. .. ... 25
2.35 Plugandballvalves .. ... ... .. . . . . . . . 26
2.3.6 Butterfly valves. . . ... .. 28
2.4 Relationship between valve function and valve types . . .. ......... ... ... .. ... 32
2.5 Examples of valve functions. ... ... ... ... 32
2.5.1 DB&B valves (isolating function) . .. ......... . ... ... ... .. ... ... 32
252 Self-acting regulating valves. . .. ... ... . ... 34
253 Controlvalves ... ... . .. . . . . 35
2.5.4 Chokevalves . . ... ... ... . . .. 35
255 Non-return (check) valves. . . ... ... ... . . . . . . 36
2.6 ACtUAOrS . . 37
2.6.1 Introduction to actuators . . .......... . ... 37
2.6.2 Pneumaticactuators. . . ... ... ... ... 37
2.6.3 Hydraulic actuators . ........ ... . ... . . . .. . . 39
264 Electricactuators . . ... .. . ... 40
2.6.5 Actuator failuremode .. ... ... .. ... 41
2.6.6 Actuator motion relative to valve motion . .. ......... ... .. ... ... 42
2.6.7 ACtUator SIZING. . . . oo 43
3 Valve specification and selection .......... ... .. ittt 45
3.1 Introduction to valve specification and selection ... ...... ... ... ... ... ...... 45
3.2 Physical considerations .. ... ... 45
3.2.1 Layout constraints . .. ... 45
3.2.2 Hazardous area classification . ......... ... . ... .. ... ... .. ..... 46
3.2.3 Access limitations. . .. .. ... 46
3.2.4 External environmental conditions . . ....... .. ... .. ... . ..., 47
3.2.5 Environmental receptors. . ... ... .. 47
3.2.6 Valve end connections . . . ... .. ... 47




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

Contents continued

Page

3.2.7 Sealing and packing requirements . ... ... ... 51

3.2.8 Material selection forvalves . .. ... ... ... ... 54

3.2.9 Anti-blowout design .. ... ... ... 55

3.3 Design/operational considerations . . ........ ... 56
3.3.1 Useofvalve ... ... . . 56

3.3.2 Criticality assessment . . ... ... 56

333 Operationof thevalve . . ... .. ... . . . .. . . 57

3.34 Frequency of operation . ....... .. ... .. ... ... 57

3.35 Accuracy of operation .. .. ... 57

3.3.6 Speed of operation .. ... ... 57

3.3.7 Anti-staticdesign. .. ... .. 58

3.3.8 Fluid properties . . ... .. . 58

3.39 Fluid pressure and temperature operating conditions . . .............. 58
33,10 Pressure drop. .. ..ot 59
3.3.11  Valve shutoff characteristics . . .. ........... .. .. ... ... ... ..... 60
3.3.12  Emergency shutdownvalves. . .. ... ... ... .. ... . 60
3.3.13  Remotely operated shutoff valves (ROSOVs) . ... ................... 61
3.3.14  Failsafevalves . ... ... 62
3.3.15  ‘Fire-safe'valves. . . ... 62
3.3.16  Valvereliability. . ... ... 62
3.3.17  Valvedesignlife. . ... .. 63
3.3.18  Explosive decompression .. .......... i 63
3.3.19  Operational considerations for controlvalves . .. .............. .. ... 64

3.4  Commercial considerations . ... ... ... ... 65
3.4.1 Costconsiderations . .. ... ... .. 65

3.4.2 Supplier considerations .. ... ... 65

3.5 Valve specification datasheet. . .. ... . ... 66
4 Installation and commissioning. . ...........o i s 67
4.1  Introduction to installation and commissioning .. ......... ... ... .. . ... 67
4.2  Pre-installation storage and management of inventory. . .. ......... ... .. ... .. 67
4.3 Pre-service inspection and testing . . ... ... 67
4.4 Pre-service management . . . . ... 68
4.5 Pre-installation checks . .. ... ... 68
4.6 Planning theinstallation . ... ... . ... ... 69
4.6.1 Safe systemof work. . ... .. 69

47  Actuated valves. . . ... 69
4.8  Flow direCtion . . . ... 70
49  Endconnections .. ... ... 70
4.9.1 Threaded end connections. . ... ... ... 70

49.2 Flanged end connections . . .. ... ... .. ... 70

493 Weld end connections . . ... ... ... 71

494 Wafer valve connections .. .......... ... 71

470 COMMISSIONING .« .« o ottt e e e 71
4.10.1  Commissioning of manualvalves . . ......... ... ... .. ... .. .. .... 72
4.10.2  Commissioning of actuated valves . .. ......... .. ... .. ... .. .. .. .. 72
4.10.3  Commissioning of check valves .. ... ... ... ... ... ... .. ...... 72
4.10.4  Commissioning of control valves . .......... ... .. ... ... .. ...... 72
4.10.5  Pressure testing and residual water . ......... .. ... ... L. 73

4.11 Information retention .. ... ... 73




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

Contents continued

Page

4.12 Management of change (MoC) . ... ... ... ... . . . . .. . .. 73
4.13 Installation and commissioning checklist . ... ... ... .. . . L 73
5 L0 T 0 T= T T o T 74
5.1 Introduction to the operation of valves . . ... ... ... .. .. ... ... .. ... 74
5.2 Typeofoperation ... ... ... 74
5.2.1 Direct manual operation of valves .. ....... ... ... .. ... . ... 74

522 Manual operation viaagearbox. . ........... ... .. 75

523 Locking manually operated valves .. ...... ... ... ... .. ... . .. ... .. 75

524 Operation of valves using an actuator .. ......................... 76

5.3 Operating knowledge and understanding . ... ......... ... .. L. 77
5.3.1 Provision of operational information by supplier. . .................. 77

53.2 Operator knowledge and understanding .. ......... ... ... ... ..... 77

533 Use of incorrect fittings .. ... ... . . 78

534 Failure toreplace capsorplugs . ............ ... .. . . ... .. 78

5.4  Actual operation iN-ServiCe . ... ... ... 78
5.4.1 Safe systemof work. . ... .. L 78

54.2 Operating a valve against a high differential pressure. . .............. 78

54.3 Incorrectuseof avalve. .. ... ... . 79

544 Different frequency of operation ... ....... ... .. ... .. ... ... 79

5.4.5 DESIgN CaSES . . ot 80

54.6 Operating Cases . . . oot 80

54.7 ‘Non-routine' plant operations. . . .......... ... ... .. . . .. 80

548 Fluid composition changes. . ... ... ... .. . . . 80

549 New developments .. ... ... ... . . . 81
5.4.10 Plant aging/deterioration .. ... ... ... ... ... 81

5.5 Maloperationof valves .. ... ... ... 81
5.5.1 Seized or stickingvalves . . . ... ... 81

552 Alternative means of operatingavalve. . ........... .. ... .. .. ... .. 82

553 Useof thread sealant. .. ... .. ... ... .. .. .. ... . ... .. .. ... .. 82

5.6  Activities adversely impacting valve integrity .. ......... . ... . L. 83
5.6.1 Non-routine operations . . ... . .. 83

5.6.2 Resetting stops on a valve/plug loading screws. . . .................. 84

5.6.3 Set-up of the control system .. ... ... ... .. ... ... 84

5.6.4 Deterioration in the control system. ... ....... .. ... ... ... ... .. ... 84

5.6.5 Transient operations. . . . ... 85

5.7  Failure to address root causes of valve failures. . .. ... ... ... . . ... 85
6 Maintenance, inspection, condition monitoring and proof testing.............. 86
6.1 Introduction to maintenance, inspection, condition monitoring and proof testing . . 86
6.2  Manufacturer's maintenance instructions ... ......... ... ... 86
6.3 Reactive and discrete approaches .. ... ... 87
6.4 Planned approaches .. ... .. ... 87
6.4.1 Introduction to planned approaches. . . ......... ... ... ... .. ... 87

6.4.2 Fixed-period approaches . ... ... ... .. . ... ... ... 87

6.4.3 Risk-based approaches. .. ... ... .. .. . . 88

6.5  INSPECliONS . . . . . 89
6.5.1 IN-Service INSPECLIONS . . . . oo 89

6.5.2 Observations . . ... ... 89




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

Contents continued

Page

6.5.3 Signs and symptoms ... ... 90

6.54 Detailed inspections. . ... ... .. 90

6.5.5 Inspection checklists. . ... .. ... . 90

6.6  Condition monitoring and non-destructive testing. . . ............ ... ... .. ... 90
6.6.1 Introduction to condition monitoring and non-destructive testing. . . . . .. 90

6.6.2 Ultrasonic testing ... ... .. 91

6.6.3 Eddy currenttesting. . ... ... 91

6.6.4 Acousticemissiontesting. . ... 91

6.6.5 Radiographictesting . ... ... .. . . ... 92

6.6.6 Thermalimaging ... ... .. 92

6.6.7 Vibration monitoring ... ... ... 92

6.6.8 Positive Material Identification (PMI). . ... ... ... ... ... ... . ... ..... 93

6.6.9 Critical actuated valve monitoring . ............ ... ... ... ... ... .. 93
6.6.10  Smallboretubing. .. ... .. .. . ... 93
6.6.11  Elastomers . . ... ... 94
6.6.12  Wallthickness .. ... ... .. . . 94

6.7  Prooftesting . .. ... ... . 95
6.7.1 Prooftesting ... ... ... 95

6.7.2 Failureundertesting . ... ... ... . . ... 95

6.8 Routine maintenance activities. . . .. ... ... . 96
6.8.1 Lubrication. . . ... .. 96

6.8.2 Cyclingvalves. . . ... 96

6.8.3 Stroke testing. . . . .. 96

6.84 Torqueing bolts . ... .. . 97

6.9 Maintenance management syStems. . . . ... 97
6.9.1 Introduction to maintenance management systems ... ...... ... ... .. 97

6.9.2 Types of maintenance management systems ... ................... 97

6.9.3 Data capture and record keeping . . . .. ... ... 98

6.9.4 MisSION TIMe . . . o 99

6.10 Safesystemofwork ... .. .. . 99
6.11 Competence to carry out inspection and maintenance activities. . ... ........... 99
6.12 MOC . . 99
6.12.1  Example of an air intake shutoffvalve . .. ... .. ... ... ... ... ... 100

7 Remedial actions. . . . ... ..ot e 101
7.1 Introduction to remedial actions . . ... ... ... 101
7.2 Typesof remedial works . ... ... .. 102
7.2.1 Replacement . ... ... . 102

7.2.2 Overhaul .. ... 102

7.2.3 Modification .. ... ... 102

7.2.4 RepaIr .. 102

7.2.5 Coatings and fabric maintenance. . . ......... . ... . . L 103

7.3 Degraded critical valves . . . ... .. 103
7.4  Considerations relating to remedial actions . . . . ............ . ... .. L. 104
7.5 Reverse engineeringof parts . . ... . 104
7.6 Safesystemofwork ... ... ... 105
7.7 Railure analysis. . .. .. 105
7.8 Recording remedial works . ... .. 105
7.9 MOC .o 105
7.9.1 Example of a refurbishment failure. . ............ ... .. ... ... ... 105




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

Contents continued

Page

8 Knowledge, training and understanding. ............... ... .. i ... 106

8.1 Introduction to knowledge training and understanding . . . .................. 106

8.2 Competence management systems . . ... ... 106

8.3  TrainNINg. . . o 106

8.4 Maintaining competence. . . ... .. 107

8.5 Contractor/supplier competence ... ... 107

8.6  Typical roles and competencies . ... ... ... 107

8.6.1 Specifying eNginNeers . ... .. ... 107

8.6.2 Manufacturers . ... ... 108

8.6.3 Installation technicians . .. ... ... ... . 108

8.6.4 Operators. . .o 109

8.6.5 Maintenance technicians . ... ... ... .. 109

8.7 Humanfailures . .. ... .. 110

8.7.1 Human failures. . ... ... 110

8.8 Human factors. . ... ... 110

8.8.1 Introduction to human factors . .. .. ........ ... ... .. L. 110

8.8.2 Human factorsin practice ........... ... ... ... .. . .. ... .. ... 110

8.9 Corporate knowledge . . ... ... .. 112

9 Lessons learned and agreed good practice ............... i, 113

9.1 Identifying lessons learned and good practices. . . .. ....... ... ... ... ... 113

9.1.1 Failure Mode and Effects Analysis (FMEA). ... .................... 114

9.1.2 Third parties. . .. .. 114

9.1.3 Trending failures . ... ... . 114

9.2 Common lessonslearned. .. ... ... 115

9.2.1 Initial faults and damage mechanisms .. ......... ... .. .. .. .. .. .. 115

9.2.2 Severe service valves. . . ... .. 116

9.2.3 High pressure differentials . ... ... .. ... . ... . . . ... . ... 116

9.2.4 High fluid velocities . .. ... . .. .. .. . . 116

9.2.5 Vibration . ... 117

9.2.6 Pressure surges ... ... 117

9.2.7 Fugitive emissSiONS . . . .. 117

9.2.8 Corrosion and €rosion . . .. ... 118

9.2.9 Stress Corrosion Cracking .. ... ... .. 118

9.2.10  Valve cavity resonance . . ... ...t 119

9.2.11  Pulsation . ... .. 119

9.3 Sharing and applying 1eSSONs . . ... .. 119
Annexes

ANNEX A GlOSSary. . .o v ittt ittt it e it et e 121

AnnexB  Abbreviations. ......... ... e e 123

Annex C  Typesof deterioration . ........ ... ... o i it aaann 125

AnNnexX D MOC. . ... 136

D.1 Introduction to MoC . ... ... . 136

D.2 Plant and equipment changes ... ... ... ... ... ... ... ... ... ... 136




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

Contents continued

Annex E

Annex F

Annex G

Page

D.3 Product changes . ... ... .. ... . . 137
D.4 Personnel changes . .. ... ... . .. . 137
D.5 Process and operational changes . ... ............ .. ... ... ... ... 137
13 138
E.1 Safe Systemof Work .. .. ... . 138
E.2 Isolation. . . ... 139
NDT techniques ... .......coiiiiii it i et e s a s aanannnns 140
F.1 Determination of valve status. . .. .......... .. ... .. .. ... ... 140
F.1.1 Inspection of valve status (obturator position in body). . . . . .. 140

F.1.2 Assessment of flow and process conditions. . .. ........... 140

F.1.3 Vibration analysis ... ... .. 140

F.2 Determination of valve integrity . . .. ....... ... . ... . L. 141
F.2.1 Conditionofseals. . ....... ... ... ... ... ... .. 141

F.2.2 Leak detection ... .. ... .. 141

F.2.3 Inspection of valvebody . . ......... ... . 141

F.2.4 Crevice corrosion of flanges . .. ....... ... .. ... .. .. .. 141

F.3 Determination of valve operability .. ............ ... .. .. ... ... .. 142
F.3.1 Condition of valve internals. . .. ....... ... ... ... ... ... 142

F.3.2 Valve blockage by hydrates. . . ............. ... ... ... .. 142

F.3.3 Scale build-upinvalve. . ... ... ... . 142

F.3.4 Firewater deluge systems . ......... ... ... . ... .. ..... 142

F.4 Physical factors. . .. ... .. ... 143
F.4.1 Access and design for inspection and maintenance. . ... .. .. 143

F.4.2 Coatings. . . .o 143

F.4.3 High temperatures ... ... ... ... ... 143

F.4.3 Thermal lagging (cold and hot) . . . .......... ... ... ..... 143

F.5 Organisational factors ... ... ... .. ... 144
References and bibliography. . ........ ... ... . . . i 145
G.1 References. . ... . 145
G.2 Bibliography. . ... ... . 147




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

LIST OF FIGURES AND TABLES

Page
Figures
Figure 1 Equipment boundary. ... ... 14
Figure 2 Basic valve — Flexi wedge gate valve (Emerson). ... .......... ... ... ... ...... 19
Figure 3 Gate valve schematic (BVAA) . . . . . 23
Figure 4 Parallel slide gate valve with pressure seal bonnet (Emerson) .. ................ 23
Figure 5 Globe valve schematic (BVAA) . . . . . . 24
Figure 6 Globe valve, non-rotating stem (Blackhall Engineering) ... ......... ... ... .... 24
Figure 7 Diaphragm valve schematic BVAA) . . .. ... ... . 25
Figure 8 Straight through type diaphragm valve without liner (Crane Saunders) .. ........ 25
Figure 9 Plug valve schematic (BVAA) . ... ... . 26
Figure 10 Non-lubricated taper plug valve — sleeved design (Flowserve Durco). .. .......... 27
Figure 11 Ball valve schematic (BVAA). . . ... . . 27
Figure 12 Meta-seal trunnion mounted ball valve (Emerson) . ......... ... ... ... ... .... 28
Figure 13 Butterfly valve schematic. . ... ... . . 28
Figure 14 Triple offset butterfly valve lugged and through drilled (Hobbs Valve) . .......... 29
Figure 15  Zero offset (concentric) design (Hobbs Valve). . . ...... ... ... .. ... .. ...... 29
Figure 16 Double offset design (Hobbs Valve) . .. ...... ... .. ... .. ... . ... ... .. ...... 30
Figure 17  Triple offset design with conical geometry of seat and disc (Hobbs Valve) ... ... .. 31
Figure 18 DB&B valve (Alco Valves) . . . ... ... . 33
Figure 19  Direct acting pressure regulator (Emerson). .. .......... . ... ... . ... 34
Figure 20  Dual plate wafer check valve (Cameron Wheatley). . ........... ... ... ... ... 36
Figure 21 Pneumatic actuators . .. .. ... 39
Figure 22 Electro-hydraulic actuator (Valve Solutions Limited) . .. ............ ... ... .... 40
Figure 23 Cutaway diagram of multi-turn electric actuator (Rotork Controls). ... .......... 41
Figure 24 Section view typical scotch yoke pneumatic actuator (Flowserve). . ............. 42
Figure 25  Schematic of rack and pinion actuator with adjustable limit stops (Emerson) . . . . .. 42
Figure 26 Three piece ball valve with screwed end connections (Eriks). .. ................ 48
Figure 27  Ball valve with flanged end connections (Emerson) . ........... ... ... ....... 48
Figure 28  Gate valve with socket weld end connections (Parker Bestobell) .. ............. 49
Figure 29  Lift check valve with butt weld end connections (Hopkinson). . ................ 49
Figure 30 Example proprietary hub connection (Freudenberg Qil and
GasTechnologies) . . .. ... 50
Figure 31 Compression connection (Parker Hannifin). . ............ ... ... ... ... ... ... 50
Figure 32 Typical live loaded packing arrangement (Dresser Masoneilan). .. .............. 53
Figure 33 Anti-blowout design stem with anti-static devices fitted (Emerson) ............. 58

Figure 34 Example of cavitation damage (Photograph courtesy of Valve Solutions Limited) . . 125
Figure 35  Example of cavitation and particulate damage (Photograph supplied by

courtesy of Valve Solutions Limited). . . ............ ... ... .. ... .. ... ..... 125
Figure 36 Example of cavitation damage (Photograph supplied by courtesy of

Valve Solutions Limited). . . . .. ... 126
Figure 37  Example of flashing damage (Photograph supplied by courtesy

of Valve Solutions Limited). . . .. ... ... ... . 126
Figure 38 Example of actuator cylinder and tie rods showing extensive corrosion

(failure could lead to loss of containment of actuator fluid) . . ................ 127
Figure 39 Actuator spring can showing extensive corrosion (failure could lead

to loss of containment of springenergy) ... ... ... ... L. 127
Figure 40  External corrosiontovalvebody . ... ... ... ... .. ... ... ... 128




GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

List of figures and tables continued
Page

Figure 41 Thin wall on valve body (Due to the way the port and thread were

drilled for the sealant injector because of the tight geometry, there

was a thin wall left (as can be seen in the second photo) which the

corrosion lead to a perforation and leakage to atmosphere. ... ........... ... 128
Figure 42 Corrosion on a valve bonnet and shaft of a ball valve used in an

emergency blowdown application. (This corrosion along with other

factors led to an increase in valve torque such that the valve failed

toopenondemand.). ... ... 129
Figure 43  Ball valve body joint with degraded bolting due to galvanic corrosion.. ... ... ... 129
Figure 44  Globe valve on sand wash service ... ... ... ... . . . .. 130
Figure 45  Internal erosion when subject to unexpected high concentrations

of sand leading to loss of containment .. .......... ... ... ... ... ... ..... 130
Figure 46 Erosion to ball valve seats due to sand in process fluid. . . ................ ... 131
Figure 47 Erosion to ball valve seats due to sand in process fluid. . . ......... ... ... ... 131
Figure 48  Butterfly valve shaft suffered torsional deformation (its maximum allowable

shaft torque was less than the actuator's maximum torque output.) .. ......... 131
Figure 49  Ball valve shaft torsional deformation due to over-torqueing .. .. ............. 132
Figure 50  Galling of shaft and bonnet due to contact during operation and

use of similar materials and hardnesses.. . . ....... ... ... . 132
Figure 51 Galling of shaft and bonnet due to contact during operation and use

of similar materials and hardnesses.. .. ......... ... .. ... 132
Figure 52 Galling of shaft and bonnet due to contact during operation and use

of similar materials and hardnesses.. .. ......... ... .. ... 133
Figure 53 Trunnion plate cap screws failed due to hydrogen embrittlement leading

to loss of containment. (Screw material was not as specified or marked.). . .. .. .. 133

Figure 54  Damage to ball valve seat insert (due to swelling of the nylon
material and pressure getting behind the insert causing it to be raised and

subsequently trapped as the valve operated) . .. ........... .. ... ... ... .. 133
Figure 55  O-ring split due to rapid gas depressurisation .. .......................... 134
Figure 56 O-ring extrusion due to seal housing clearances beingtoolarge ... ........... 134
Figure 57 O-ring compression set — effect accelerated due to high service temperature. . . . . 134
Figure 58  O-ring extruded leading to it splitting ... ......... .. .. ... . ... ... .. ... ... 134
Figure 59  Back-up ring extrusion due to excessive housing clearances

(with the failure of the O-ring, this led toastemleak.) ......... .. ... .. .. .. 135
Tables
Table 1 Key component definitions . . ......... ... ... .. ... 20
Table 2 Summary table of valve types . ... ... .. 22
Table 3 Relationship between valve function and valve types . . .. .................... 32
Table 4 Summary table for check valves. . . ... ... ... . .. ... ... 36
Table 5 Valve type and actuator type versus motion. . . ............. . ... 37
Table 6 Valve type with possible actuator options and motion convertors if applicable. . . . . 43
Table 7 Valve connections . . ... ... 48
Table 8 Typical seals used to seal body to bonnet. . . ...... ... .. ... .. ... ... .. ... .. 51
Table 9 Typical materials for valve body, bonnetand cover . ....... ... ... ... ........ 54
Table 10 El Human Factors Briefing Notes . .. ... ... . ... ... .. ... ... ... 111

10



GUIDELINES FOR THE INTEGRITY MANAGEMENT OF VALVES FOR THE UPSTREAM AND DOWNSTREAM INDUSTRIES

FOREWORD

Valves have been an integral part of both high hazardous and general processing plant and equipment
for many years. As with all work equipment, continued safe use and integrity need to be assured
throughout the life cycle of the valve.

Guidance for the maintenance and integrity of valves within the hazardous processing industries has
been relatively limited, often reliant solely on that produced by the original equipment manufacturer.

This Energy Institute (El) publication brings together a wide range of knowledge, experience and
expertise from all parts of industry as a working group for this document. The working group
consisted of representation from the valve manufacturing industry and their industry body, the British
Valve and Actuator Association, valve service providers, the regulator and end-users.

This guidance will provide upstream and downstream end users with information to develop suitable
and sufficient maintenance strategies to ensure that valves are maintained in efficient working order
and good repair to enable them to safely perform to their original design intent.

Mechanical Engineering Team
Energy Division
Health and Safety Executive

"
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1.1

INTRODUCTION

INTRODUCTION

Valves are types of work equipment which have been designed to both contain pressure
and control fluid movement. This control can be achieved by opening, closing or partially
obstructing the passage of the fluid flow, or by diverting or mixing the fluid flow.

In addition to the valves themselves, associated equipment such as actuators and gearboxes
are also used. Within the context of this guidance document the term 'valve' also includes
actuators, gearboxes and ancillary equipment associated with the valve (see Figure 1).
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Figure 1: Equipment boundary

There is a wide variety of different valves available, and these differ according to a range of
criteria including their type, size, pressure class, and material of construction. They also vary
based on the application i.e. on/off or control. This means that different valves are suitable
for different uses.
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Valves are used throughout the upstream and downstream industries, and experience has
shown that valves degrade due to a range of typical mechanisms including:

- corrosion;

- erosion;

- seal and seat deterioration e.g. 'wire drawing’;

- scoring (sand or other contaminants);

- vibration fatigue;

- valve stem or shaft damage;

- cavitation of control valves, and

- waxing (build-up of organic deposits that block the valve).

See Annex C for more details.

As such, the integrity management of valves should be a key aspect of each organisation's
overall integrity management requirements. Within the context of this guidance document,
integrity management of valves includes the need to maintain:

- containment of the fluid under pressure;

- the required function of the valve, and

- the operability of the valve.

Valve failure can therefore be divided into three areas:

- Loss of integrity (pressure containment) — catastrophic or progressive failure of the
valve body, seals or external parts, leading to leakage or pressure release.

- Loss of intended function — failure to operate, clogging or damage to valve internal
parts.

- Component wear — wear or damage to internal parts due to erosion, corrosion,
vibration or other causes.

However, it should be noted that failure in one area could lead to failure in other areas.

The upstream and downstream industries have identified that there are some limitations
with the existing codes relating to valve integrity, in particular that in some cases they do not
provide sufficient practical (as opposed to technical) guidance for the integrity management
of valves as they are used in the upstream and downstream industries.

In addition, the industry has highlighted that there have been common valve integrity
management issues identified which industry should be addressing.
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1.2

SCOPE

This guidance has been written to support valve integrity management for the top-
side activities of both the upstream and downstream petroleum industries. This includes
hydrocarbon and hazardous systems, critical utilities, fire systems, and steam.

The guidance covers the following valve types:

- gate valves;

- globe (on/off) valves;

- diaphragm and pinch valves;

- plug valves;

- ball valves;

- butterfly valves;

- globe and angle control valves;
- choke valves, and

- self-acting regulating valves.

However, the guidance does not consider certain valve types and applications, including:

- subsea valves;

- Pressure Safety Valves (PSVs) as these are already well described in existing guidance;
- valves used in cryogenic systems;

- valves used in exploration wells, and

- valves used as part of well completion or 'Christmas trees'.

This document is not intended as a design guide for valves, but as guidance for how to
manage integrity throughout the life cycle of a valve in service including:

- specification and selection;

- installation and commissioning;

- operation;

- maintenance, inspection condition monitoring and proof testing, and

- remedial actions.

However, there are numerous international specifications and standards which should be
referred to when designing and selecting suitable valves.

It also aims to provide guidance on issues such as:

- knowledge, training and understanding;

- management of change (MoC);

- Safe Systems of Work (SSOW), and

- lessons learned and agreed good practices.

It is not the intent of this document to replace or conflict with existing technical standards or
guidelines, but rather to guide the user to develop a process which manages valve integrity
in practice.
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1.3

14

APPLICATION

This document aims to provide good practice guidance to support organisations to develop
their valve integrity management arrangements such that they suitably and sufficiently protect:
- people;

- the environment;

- assets, and

- production.

A further aim of this guidance is to encourage organisations to identify and share valve
integrity management issues so that broader data sources can be developed, leading to the
identification of industry-wide trends. This will also reduce the likelihood of repeat events
across organisations through continuous improvement.

It should be noted that while this document aims to provide good practice guidance, every
installation is different, and the specific circumstances of each valve should therefore be
considered by the organisations involved. These considerations should take full account of
the relevant current legislative and regulatory requirements, and also any related guidance.

The target audience for this guidance document are personnel working within top-side
activities of both the upstream and downstream petroleum industries including:

- site managers;

- SUPErvisors;

- technicians;

- operators;

- process system designers, and

- valve manufacturers and suppliers.

DOCUMENT OVERVIEW

Section 1 - provides an introduction to the guidance along with a description of its scope
and application.

Section 2 — sets out an overview of the range and type of valves and actuators, along with
definitions for the various components that make up a valve. It also sets out the various
functions that valves perform and the relationship between these functions and the types of
valves.

Section 3 — considers key aspects associated with valve specification and selection. This
includes physical considerations, design/operational considerations and commercial
considerations.

Section 4 — covers key issues regarding the installation and commissioning of valves. This
includes pre-installation issues (such as storage), installation issues (such as installation
planning) and post-installation issues (such as commissioning).

Section 5 - sets out significant aspects associated with the operation of valves, including the
planned operation, the actual operation and the maloperation of valves.
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Section 6 — considers the maintenance, inspection, condition monitoring and proof-testing
of valves. This considers reactive and planned approaches and types of non-destructive
testing (NDT).

Section 7 —identifies types of remedial action including replacement, overhaul, modification
and repair.

Section 8 — covers the need to ensure suitable knowledge, training and understanding for
employees, contractors and suppliers. It also considers human failures and human factors
and the need to maintain corporate knowledge.

Section 9 — considers the need to manage lessons learned and agreed good practice, such as
identifying and trending failures. This section also highlights some common lessons learned.
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