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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
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additional guidance is provided on the setting of safety integrity levels for fire and gas and ESD systs

additiongl guidance is provided cencerning toxic gases and bypassing and annunciation.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part:2.
5k of technical committees is to prepare International Standards. Draft International Stan
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Introduction

Effective management systems are required to address the health and safety aspects of the activities
undertaken by all companies associated with the offshore recovery of hydrocarbons?). These management
systems should be applied to all stages in the life cycle of an installation and to all related activities. Such a

management system, which has been developed for environmental issues, is described in 1ISO 14001 and
the principles contained in this International Standard can also be applied to issues relating to health and

safety-
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reduction is an important component of risk management, and the selection of risk-reducti
redominantly entail the use of sound engineering judgement. However, sdch judgements mé

Hed based on risk assessment and should be developed taking into account possible fa
bl and mitigation measures. Based on the results of the evaluation, detailed health
bnmental objectives and functional requirements-should be set at appropriate levels.

taken. For example:

and large accommodation modules, are likely to require detailed studies to address haza
guch as fires, explosions, ship’collisions, structural damage, etc.;

ffor simpler installations;-e.g. a wellhead platform with limited process facilities, it may be po

for this type of facility;

for installations which are a repeat of earlier designs, evaluations undertaken for the origina

foCinstallations |n the early deS|gn phases the evaluations WI|| necessarlly be less detaile
armagement and

key element of effective management systems is a systematic approach to the identificatio
he assessment of the risk in order to provide information to aid decision-making on the heec
eduction measures.

emented by recognition of the particular circumstances, which may. fequire variation to p
reviously applied codes and standards.

reduction measures should include those to prevent incidents (i-€: reducing the probability of
htrol incidents (i.e. limit the extent and duration of a hazardous event) and to mitigate th

ing the consequences). Preventative measures such as.using inherently safer designs
integrity should be emphasized wherever practicableMeasures to recover from inciden

stallation and the stage in the installation’ life cycle when the identification and assessme

omplex installations, e.g. a large production platform incorporating complex facilities, dril

n application of recoegnized codes and standards as a suitable base which reflects industn

e deemed’sufficient to determine the measures needed to manage hazardous events;

;

n of hazards
to introduce

bn measures
y need to be
ast practices

occurrence),
effects (i.e.
nd ensuring
ts should be
ilures of the
safety and

bvel and extent of hazard identification and-risk assessment activities will vary depending on the scale of

Nt process is

ing modules
rdous events

ssible to rely
y experience

| design may

d than those

procedural aspects Any deS|gn crlterla developed durlng these early stages WI|| need to be verified once
the installation is operational.

Hazard identification and risk assessment activities may need to be reviewed and updated if significant new
issues are identified or if there is significant change to the installation. The above is general and applies to all

hazar

ds and potentially hazardous events.

1) For example, operators should have an effective management system. Contractors should have either their own
management system or conduct their activities consistently with the operator's management system.

©I1S0 2

003 — All rights reserved


https://standardsiso.com/api/?name=0e189b2a2203905f29b9fdd9dff29a5a

ISO 10418:2003(E)

Process protection system is a term used to describe the equipment provided to prevent, mitigate or control
undesirable events in process equipment, and includes relief systems, instrumentation for alarm and
shutdown, and emergency support systems. Process protection systems should be provided based on an
evaluation that takes into account undesirable events that may pose a safety risk. The results of the
evaluation process and the decisions taken with respect to the need for process protection systems should be
fully recorded.

If an installation and the associated process systems are sufficiently well understood, it is possible to use
codes and standards as the basis for the hazard identification and risk assessment activities that underpin the
selection of the required process protection systems. The content of this International Standard is designed to

be used for such applications and has been derived from the methods contained in APl RP 14CI8I that

proven to be

selection of
standards th

Particular req
in 1ISO 1370
included in 19

This Internafional Standard and 1SO 13702 reference new standards on functional safety of instrum

gquipment to use may be based on a combination of the traditional prescriptive approachang
at are more risk based.

uirements for the control and mitigation of fires and explosions on offshore installations are
P. General requirements for fire and gas and emergency shutdown (ESD)-systems are
5O 13702.

systems. Thi
generic stan

to above is pfesented in Figure 1.

The approagh described in this International Standard should be*“applied in an iterative way. As d
proceeds, cgnsideration should be given as to whether any new.hazards are introduced and whether any

risk-reductio

It should be
Standard ha
therefore be
complexity o

levels requirgd. New and innovative technology.may require new approaches.

This Internat
as such it m
application ¢
planning of
requirementg
clauses whic

5 International Standard refers to IEC 61511-1, which is the process-sector implementation

have

given
also

ented
pf the

ard IEC 61508 that is referred to in ISO 13702. The relationship‘between the standards referred

measures need to be introduced.

recognized that the design, analysis and.\testing techniques described in this Interna
e been developed bearing in mind the typical installations now in use. Due consideration s

[ the process facilities, the complexity‘and diversity of the protection equipment and the ma

onal Standard has been prepared primarily to assist in the development of new installationg

f this International Standard should only be undertaken if it is reasonable to do so. Durin
a major modification;-to an installation, there may be more opportunity to implemen

and a careful review of this International Standard should be undertaken to determine
h can be adoptéedyduring the modification.

Eesign
new
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hould

given during the development of process’ protection systems to the size of the installatiof, the

Nning

, and

Ay not be appropriate to@apply some of the requirements to existing installations. Retrospéctive
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r 1
| |
Technical
| standards ISO 10418 ISO 13702 |
| Petroleum and natural Petroleum and natural gas |
| gas industries — Offshore industries — Control and I
I production installations — mitigation of fires and |
| Basic surface process explosions on offshore |
| safety systems production installations — |
| Requirements and |
| guidelines |
| |
i : i
1 3
I I
I I
I I
I N S I
I I
I S‘f‘a pdp;gs ISO 17776 IEC 615114 IEC 615p8 I
| Petroleum and natural Functional safety — Functional sgfety of |
| gas industries — Offshore Safety instrumented electrical/elegtronic/ |
| production installations — systems for'the process programmigble |
| Guidelines on tools and industry sector — electronic sfety- |
Y
| techniques for hazard Part 1: Framework, related sysfems |
| identification and risk definitions, system, I
I assessment hardware and software |
| requirements |
I I
I I
S A _
Key
1 Tools and techniques for systématic hazard identification and risk analysis
2 Requirements for instriment systems used for sole or secondary protection
3  For safety integrity_requirements for fire and gas and emergency shutdown systems
4  Requirements fop fire and explosion strategy and support systems
5 Requirements for instrument products used for safety that have not been proven by “prior use”
Figure 1 — Relationship between offshore-relevant standards
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INTE

RNATIONAL STANDARD ISO 10418:2003(E)

Petroleum and natural gas industries — Offshore production
installations — Basic surface process safety systems

1 Scope

This |nternational Standard provides objectives, functional requirements and guidelines for techrjiques for the

analysis, design and testing of surface process safety systems for offshore installations for th
hydrgcarbon resources. The basic concepts associated with the analysis and design ©f-a pr
systgm for an offshore oil and gas production facility are described, together with examples of th

to ty
Stan

This |nternational Standard is applicable to

]

for the petroleum and natural gas industries.

This
of thd

2

The [following referenced documents arec-indispensable for the application of this documen

refer

document (including any amendments) applies.

ISO 1

offshpre production installations *— Requirements and guidelines

ISO 1

tools|and techniquesfof-hazard identification and risk assessment

IEC ¢

Framework, definitions, system, hardware and software requirements

3 Terms, definitions and abbreviated terms

ical (simple) process components. These examples are contained in the annexes of this
ard.

xed offshore structures;

oating production, storage and off-take systems;

nternational Standard is not applicable to mobile offshore units and subsea installations, al
principles contained in it may be used as guidance:

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th

3702:1999, Petroleum and natural gas industries — Control and mitigation of fires and &

7776:2000, Petroletim and natural gas industries — Offshore production installations — (

1511-1, Fupetional safety — Safety instrumented systems for the process industry sect

recovery of
pcess safety
e application
International

hough many

t. For dated
b referenced

xplosions on

buidelines on

por — Part 1:

For the purposes of this International Standard, the following terms, definitions and abbreviated terms apply.

3.1

3.1.1
abno

Terms and definitions

rmal operating condition

condition which occurs in a process component when an operating variable ranges outside of its normal
operating limits

3.1.2

atmospheric service
operation at gauge pressures between 0,2 kPa vacuum and 35 kPa pressure

©1SO

2003 — Al rights reserved
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3.1.3

automatically fired vessel
fired vessel having the burner fuel controlled by an automatic temperature or pressure controller

3.14
backflow

in a process component, fluid flow in the direction opposite to that of normal flow

3.1.5

blowdown valve
valve used to connect a process system to the system for discharging inventory to the atmosphere

3.1.6
containmen
situation in W

3.1.7

i
hich the hazardous material is held safely in a pressurized system

detectable gbnormal condition

abnormal op

3.1.8

brating condition which can be detected by a sensor

direct igniti¢n source

any source W

3.1.9

ith sufficient energy to initiate combustion

emergency shutdown system

ESD system
system, acti
equipment o

3.1.10

bated by automatic or manual signals, which undertakes the control actions to shut
processes in response to a hazardous situation

excess temperature

in a process

3.1.1

component, temperature higher than thé rated working temperature

fail-closed valve

valve which

3.1.12
failure
improper per

3.1.13

vill move to the closed pasition upon loss of the power medium or signal

formance of a device or equipment item that prevents completion of its design function

fire detectio

system whiclp provides continuous automatic monitoring to alert personnel to the presence of fire and to

system

control actionsto be initiated either manually or automatically

down

allow

3.1.14
fired vessel

vessel in which the temperature of a fluid is increased by the addition of heat supplied by a flame contained
within a fire tube within the vessel

3.1.15
fire loop

pneumatic control line containing temperature-sensing elements which, when activated, will initiate control
actions in response to a hazardous situation

NOTE Examples of temperature-sensing elements are: fusible plugs, synthetic tubing, etc.

© 1SO 2003 — Al rights reserved
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3.1.16

flame failure

flame which is inadequate to instantaneously ignite combustible vapours entering the firing chamber of a fired
vessel

3.1.17
flowline
piping which directs the well stream from the wellhead to the first downstream process component

3.1.18
flowline segment

------- flowline

gas dletection system
systgm which monitors spaces on an offshore installation for the presence”and concentration pf flammable

threetdimensional space in which a flammable atmosphere may.be expected to be present frequiently enough

hazardous event
incid¢nt which occurs when a hazard is realised

EXAMPLES Release of gas, fire, gas blowby.

3.1.23
highlliquid level
in a process component, liquid level*above the normal operating level but less than the maximym allowable
working level

3.1.2

high|pressure
in a process component, pressure in excess of the normal operating pressure but less than the maximum
allowable working{ressure

NOT For'pipelines, the maximum allowable working pressure is the maximum allowable operating prgssure.

3.1.2
HP/LP-interface
point in a process plant where operating pressure changes from high pressure to low pressure

NOTE A change in system design pressure or piping class is often associated with the HP/LP interface.

3.1.26

high temperature

in a process component, temperature in excess of the normal operating temperature but less than the
maximum allowable working temperature

3.1.27
indirect heated component
vessel or heat exchanger used to increase the temperature of a fluid by heat transfer from another hot fluid

NOTE Examples of hot fluids are steam, hot water, hot oil, or other heated medium.

© 1SO 2003 — Al rights reserved 3
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3.1.28
installation safety system
arrangement of safety devices and emergency support systems to effect installation shutdown

NOTE The system can consist of a number of individual process shutdowns and can be actuated by either manual
controls or automatic sensors.

3.1.29

installation shutdown

shutting down of all process stations of an installation production process and all support equipment for the
process which are not required for emergency response and personnel safety

3.1.30
instrument protection system
system that lises instrumentation to detect a deviation from the normal operating conditions and takes gction
to return the process to a safe state or prevent environmental damage, injury to personnel or asset loss

3.1.31

integrity
probability of a system satisfactorily performing the required function under all theCstated conditions within a
stated perioq of time

3.1.32
leak
accidental eqcape from a process component of liquid and/or gaseous hydrocarbons to atmosphere

3.1.33
liquid overflow
discharge of [iquids from a process component through a gas-(vapour) outlet

3.1.34
lower flammable limit
LFL
lower explos|ve limit
LEL
lowest concentration, by volume, of comibustible gases in mixture with air that can be ignited at ambient
conditions

3.1.35

low flow
in a proces$ component, flowrate lower than the normal operating flowrate but higher than the Igpwest
allowable working flowrate

3.1.36
low liquid level
in a process [component, liquid level below the normal operating level but above the lowest allowable warking
level

3.1.37

low pressure

in a process component, pressure less than the normal operating pressure but more than the lowest allowable
working pressure

3.1.38

low temperature

in a process component, temperature less than the normal operating temperature but more than the lowest
allowable working temperature

4 © 1SO 2003 — Al rights reserved
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3.1.39

malfunction

any condition of a device or equipment item that causes it to operate improperly, but does not prevent the
performance of its design function

3.1.40
maximum allowable operating pressure
highest operating pressure allowable at any point in a pipeline system during normal flow or static conditions

3.1.41
maximum allowable working pressure
highgst-operatingpresstre—altowable—at-anypointin—any process— omponent—otherthan—a—pigeline, during

normil operation or static conditions

3.1.4p
overpressure
in a grocess component, pressure in excess of the maximum allowable working pressure

NOTEH For pipelines, the maximum allowable working pressure is the maximum allowable operating prgssure.

3.1.4f3

pipeline
piping which directs fluids from subsea manifolds to an installation; between installations or| between an
installation and a shore facility

3.1.44
pneumatic power system
system which supplies pressure to operate pneumatic actuators

3.1.4F
pressure safety valve
self-gctuated valve that opens when pressure_is higher or lower than a set value

3.1.4F

procgss component
single¢ functional piece of production equipment and associated piping used on processing gnd injection
facilijes

EXAMPLES Separator,heater, pump, tank.
3.1.47

process shutdown
isolafion of a given process station from the overall process by closing appropriate shutdown valv

(44
(2]

3.1.4B

process station

one br=more process components performing—a specific_process unction such as sepa alion, heating,
pumping

3.1.49

protection device
instrument or item of equipment used within a protection system

3.1.50

safety integrity level

SIL

discrete level for specifying the safety integrity requirements of the safety functions to be allocated to the
safety instrumented system

NOTE SIL 4 has the highest level of safety integrity; SIL 1 has the lowest.

© 1SO 2003 — Al rights reserved 5
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3.1.51

sensor

device which automatically detects an operating condition and transmits a signal to initiate/perform a specific
control function

NOTE An example of a control function initiated by a sensor is process component shutdown.
3.1.52

shutdown valve

SDhV

automatically operated, fail-closed valve used for isolating a pipeline or process station
3.1.53

shut-in tubing pressure

SITP

maximum pressure that the wellhead could be subjected to as a result of a long-term shut-off fthe well
3.1.54

subsurface pafety valve

SSSV

automatically operated device installed in a well below the mudline and having the design function to prevent
uncontrolled well flow in response to a hazardous situation

3.1.55
subsurface-controlled subsurface safety valve
SSCSSV
SSSV actuated by the pressure characteristics of the well

3.1.56
surface-confrolled subsurface safety valve
SCSSV
SSSV contrdlled from the surface by hydraulic, electric,'mechanical or other means

3.1.57
surface safdty valve
SSV
automaticallyf operated wellhead valve-assembly which will isolate the reservoir fluids upon loss of the gower
medium

3.1.58
underpressure
in a process fomponent, pressure which is less than the design collapse pressure

3.1.59
underwater safety valve
usv

automatically npnrn’rnd wellhead valve aeenmhlyy installed at an underwater wellhead location—which will

isolate the reservoir fluids upon loss of the power medium

3.1.60
undesirable event
adverse occurrence or situation in a process component or process station which poses a threat to safety

EXAMPLES Overpressure, underpressure, liquid overflow.
3.1.61

vacuum
in a process component, pressure less than atmospheric pressure

6 © 1SO 2003 — Al rights reserved
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3.1.62
vent
pipe or fitting on a vessel that opens to the atmosphere

NOTE A vent system might contain a pressure and/or vacuum relief device.

3.2 Abbreviated terms

AFP active fire protection

ASH combustible gas detector

BDV blowdown valve

BSL burner flame detector

CAD computer-aided design

EDP emergency depressurization

ESD emergency shutdown

ESS emergency support system

F&G fire and gas system

FES fire and explosion strategy

FSH flow safety high

FSL flow safety low

FSV flow safety valve

ISA The Instrumentation, Systems and Automation Society
LFL lower flammable limit

LSH level safety high

LSL level safety low

MAWP maximum allowable-working pressure (rated)
NGL natural gas liguids

NRTL nationally recognized testing laboratory
OEL occupational exposure limit

OSH occupational safety high (toxic gas)
PFD process flow diagram

P&ID piping and instrumentation diagram
PSE pressure safety element

PSH pressure safety high

PSHL pressure safety high and low

PSL pressure safety low

PSV pressure safety valve

SAC safety analysis checklist

SAFE safety analysis function evaluation

© 1SO 2003 — Al rights reserved 7
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SAT safety analysis table

SCSSV  surface-controlled subsurface safety valve

SDV shutdown valve

SIL safety integrity level
SITP shut-in tubing pressure
SSC sulfide stress cracking

SSCSSV subsurface-controlled subsurface safety valve

SSSV spbsurface safety valve

SSV sprface safety valve

TSE temperature safety element (heat detector)
TSH temperature safety high

TSHL temperature safety high and low

TSL temperature safety low

TSV temperature safety valve

USH ultraviolet/infrared safety high (flame detector)
usv underwater safety valve

YSH smoke safety high

4 Symbogls and identification for protection-devices

4.1 Objectives

The purpose|of graphical symbols and identification on protection devices is:

— to uniquely identify safety devices used in process plants,

— to facilitqte the recognition of safety devices throughout an installation and between installations,

— to aid the systematic design’and analysis process.

4.2 Functional requirements

On any installation;;a unique system shall be employed for identifying and symbolizing all safety devicey and
ribed
Ch as

PFDs and P&IDs.

The unique identifier (tag) shall consist of alphanumeric identifiers (i.e. AAAA, NNN). Letters shall identify the
function, while numbers shall uniquely identify multiple devices with the same function (e.g. PSHH 005 means
number 5 of pressure safety high, high sensor).

A number of graphical symbols are available depending on the contractors and CAD systems used. The same
standard shall be used at least within one development project and for operation within one offshore
installation. Graphical symbols used in this International Standard are shown in Annex A.

Table 1 gives a list of preferred alpha-identifiers for safety devices.

8 © 1SO 2003 — Al rights reserved
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Sensing and self-acting devices

Variable Safety device designation Identifier
Common name Process safety function
Backflow Check valve Flow safety valve FSV
Burner flame Burner flame detector Burner safety low BSL
Flow High flow sensor Flow safety high FSH
Low flow sensor Flow safety low FSL
Levet Highfevetserrsor tevetsafety tigh LSH
Low level sensor Level safety low LSL
Predsure High pressure sensor Pressure safety high PSH
High/low pressure sensor Pressure safety high low PSHL
Low pressure sensor Pressure safety low PSL
Pressure relief/safety valve Pressure safety yalve PSV
Rupture disc/safety head Pressure safetyelement PSE
Pregsure or vacuum Pressure/vacuum relief valve Pressure safety valve PSV
Pressure/vacuum relief manhole cover Pressuré safety valve PSV
Vent None
Vacyium Vacuum relief valve Pressure safety valve PSV
Rupture disc or safety head Pressure safety element PSE
Temperature Temperature fire detector Temperature safety element TSE
High temperature sensor Temperature safety high TSH
Low temperature sensor Temperature safety low TSL
High/low temperature sensor Temperature safety high low TSHL
Fire relief valve Temperature safety valve TSV
Actuated valves
Seryice Safety
identifier
Wellhead surface safety valve SSV
Undprwater safety valve usv
Blowdown valve BDV
All gther shutdown“valves SDV
5 $Pafety analysis concepts

5.1 Objectives

The purpose of safety analysis concepts is

process composed of components and systems normally used offshore,

those covered in this International Standard,

© 1SO 2003 — Al rights reserved

to identify undesirable events that pose a safety risk, and define reliable protective measures that will
prevent such events or minimize their effects if they occur,

to establish a firm basis for designing and documenting a production installation safety system for a

to establish guidelines for analysing components or systems that are new or significantly different from
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to enable verification that safety has been achieved, through the application of a proven analysis

technique, and that the arrangements provided for the protection of process components form an
integrated system covering the entire platform.

5.2 General functional requirements

5.21

An analysis shall be carried out for each process component in order to verify the protection

arrangements provided to detect, prevent, mitigate or control undesirable events which may develop in a

process com

ponent under worst-case conditions.

5.2.2 The analysis procedure shall provide a structured method to develop a process safety system and

provide sup

ring documentation.

5.2.3 The pnalysis shall

establis

524 The

the appr|

the appr

In many ins
following shqg
a) |If proces
compon

identify those undesirable events which may compromise the integrity of the component,

identify the safety measures required to detect, prevent or mitigate such events,

a firm basis for designing and documenting the provisions of a process-safety system.
Bnalysis techniques used shall be in accordance with
pach using tables, checklists and functional evaluation charts/as’described in 5.3 or

pach involving the use of structured review techniques as\described in 5.4.

ances there are benefits in using a combination.of the above techniques. In particulg
uld be considered:

bnts are used in a novel way, then use_of the structured techniques as described in 5.4 shou

consideled;

b) If analys
protectid
safety.

5.2.5 Inse

the anal

the skillg

the novs

NOTE Fu

s techniques as described in 5.3.have been used, then elimination of some primary or seco
n devices may be considered.if\analysis using the techniques in 5.4 confirms adequate lev
lecting the analysis approach to follow, account shall be taken of the following:

ysis approach which has been traditionally used for facilities in that location;

, experience,and competency of those undertaking the analysis;

Ity andwcomplexity of the process systems to be used.

rther "guidance on the selection of hazard and risk assessment methods is given in Clausg

r the

s components are used that are not included in the basic list in Annex B, or if pr¢cess

Id be

hdary
bls of

b 4 of

hn

ISO 17776:20

UU.

5.3 Functional requirements for analysis using tables, checklists and functional evaluation

charts
5.3.1
5.3.1.1

a)

Analysis and design procedure

The analysis and design of a platform surface safety system shall include the following steps.

Describe the process by a detailed flow schematic and establish the operating parameters. The flow

schematic and operating parameters shall be developed based on equipment design and process
requirements.

10
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The overall design should be divided into basic process components that can be analysed on a
systematic basis as described in B.2. B.3 includes an analysis of a number of common basic process
components. If a process component significantly different from those covered in B.3 is used in a process,
a SAT and SAC table shall be developed for that component using the principles described in B.2 or as
described in 5.3.1.3.

c) Using SATs, verify the need for basic safety devices to protect each process component viewed as an
individual unit. SACs for individual components are then used to justify the elimination of any safety
device when each process component is analysed in relation to other process components. The SAC lists
specific conditions under which some safety devices may be eliminated when larger segments of the
process are considered.

d)

e)

f)

5.3.1]12

sing the SAFE chart, logically integrate all safety devices and self-protected equipment'int
latform safety system. List on the SAFE chart all process components and their requifed’s4
nter the functions that the devices perform, and relate each device to its function by
ppropriate box in the chart matrix.

If designing a new facility, show all devices to be installed on the process flow.schematic.

If analysing an existing facility, compare the SAFE chart with the proeess flow schematic
evices required but not shown.

needged for a process facility. They should also establish the safety function required to return the

safe

5.3.1}3

state (shutdown, diverting the input, pressure relief, etc.).

The use of proven systems analysis techniques, adapted to the production

determine the minimum protection requirements for a.process component. If such analysis is 3
component as an independent unit, assuming worstscase conditions of input and output, the an

valid

for that component in any process configuration. Appropriate analysis techniques are

D a complete
fety devices.
checking the

and add the

The analyses should define the monitoring devices (sensors) and self-actuating safety devices

process to a

brocess, will
pplied to the
alysis will be
described in

ISO 17776.

5.3.2| Safety analysis table (SAT)

5.3.2]1 SATs shall be completed for each process component which forms part of the design.

5.3.2|2 For each identified undesirable event, the SATs shall address

— the cause,

— the detectable abnormal condition.

5.3.2{3 The \SATs are applicable to a component regardless of its position in the process flow. The
bounfdaries .of.each process component include the inlet piping, control devices, and the ouflet piping to
another component. Every outlet pipe and pipe branch shall be included up to the point where safety devices
on the next component provide protection.

NOTE SATs for the basic process components of a platform production facility are presented in Annex B.

5.3.24 The safety analysis of each process component highlights undesirable events (effects of
equipment failures, process upsets, accidents, etc.) from which protection shall be provided, along with
detectable abnormal conditions that can be monitored for safety surveillance. These detectable conditions are
used to initiate action through manual or automatic controls to prevent or minimize the effect of undesirable
events. The tables present the logical sequence of safety system development, including undesirable events
that could be created in downstream process components because of failures in the equipment or safety
devices of the component under consideration.

5.3.25 The generic causes of each undesirable event shall be listed. The primary causes are equipment
failures, process upsets, operator error and accidents, but all primary causes in a category will create the
same undesirable event. Thus, a blocked line could be due to plugging, freezing, or other failure of a control

© 1SO 2003 — Al rights reserved 11
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valve, or the inadvertent closing of a manual valve. The undesirable events shall be determined from a
detailed investigation of the failure modes of the component and its ancillary equipment. These failure modes

are grouped under causes, according to the manner in which they can generate the undesirable event.

5.3.3 Safety analysis checklist (SAC)

5.3.3.1 SACs shall be completed for each process component which forms part of the process design.
NOTE SACs for basic process components are presented in Annex B.
5.3.3.2 The SAC I|sts the safety dewces that would be reqwred to protect each process component if it

were viewed v
recommendgd deV|ce are certain condltlons that eliminate the need for that partlcular device whe
component i$ viewed in relation to other process components. This action is justified because saféty-de
on other components will provide the same protection, or because in a specific configuration, the abn
condition thaf the device detects will not lead to a risk to safety.

5.3.4 Safety analysis function evaluation (SAFE) chart

5.3.4.1 \ SAFE chart shall be completed relating all sensing devices, SDVs;)shutdown devices
emergency $upport systems to their functions. The SAFE chart shall list all process components
emergency gqupport systems with their required safety devices, and shall list the-functions to be perform
each device.

5.34.2 the device is not needed, the reason shall be listed on the SAFE chart by referring t
appropriate $AC item number. If the reason for eliminating a device.is that a device on another comp
provides equivalent protection, this alternative device should also/€& shown on the SAFE chart. The relat
each safety @levice with its required function can be documented-by checking the appropriate box in the
matrix. If a spfety device on a process component is omittec-for reasons not covered in the SAC, a no
describing thie reason for omitting the safety device should*be included on the SAFE chart. Completion
SAFE chart provides a means of verifying the design logic of the basic safety system.

NOTE A typical SAFE chart is shown in Figure C.1.\Examples of use are shown in Annex C.
5.4 Functional requirements for analysis using structured review techniques

5.4.1 A risk management process shallbe applied for the identification of hazards and the assessmen
control of risks. Guidance on risk management is contained in Clause 5 of ISO 17776:2000.

5.4.2 The ptructured reviewctechniques used for hazard identification and risk assessment shall be sel
to be approgriate to the installation and the activities to be undertaken on the installation. Guidance o
selection of tpols and techniques for this process is contained in 4.5 of ISO 17776:2000.

5.4.3 A strategy for.managing process hazards for the particular process plant shall be developed
following elenents\shall be included or referenced in the strategy:

each
h the
vices
brmal

and
and
bd by

Db the
bnent
on of
chart
ation
bf the

t and

bcted
h the

The

— processle control-and-shutdown phllnennhy

— ESD plant segregation philosophy;
— ESD philosophy;
— relief and blowdown philosophy;

— flare and vent philosophy.

5.4.4 The strategy should be developed for the hazards identified by the techniques outlined in ISO 17776.

5.4.5 The emergency shutdown philosophy should include a description of the hierarchy of shut
systems on the installation.

down
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5.4.6 A systematic study should be made of all the HP/LP interfaces in the process plant. The

study should

assess the adequacy of the protection systems for overpressure, underpressure and liquid overfill for the plant

downstream of each HP/LP interface, and should consider
— overpressure sources,
— relief capacity requirement and the design relief case,

— the relief rate requirements (e.g. control valve maximum throughput),

— design information on the PSVs to demonstrate that they will work effectively in particular overpressure

scenarios,

— adequacy of the relief capacity,
— the assumptions made about the configuration or operation of the let-down stationsi(e.g. con

— the executive action of the instrumented protection devices to enable judgement on whethe
¢ffective in preventing overpressure in particular scenarios.

5.4.7) The operation of the process safety system should be checked for operability during

rol valves),

r they will be

normal plant

startqup and normal plant shutdown conditions. The use of inherently safer designs as discussed in Clause 5

of ISP 17776:2000 will help to reduce the risks from plant and equipnient.
5.4.8| The operation of the process safeguarding system should*be confirmed by

— the SIL of each shutdown loop,

NOTH 1 Inhibits and bypasses prevent an automatic action, on a temporary basis, to allow continued opq
NOTH 2  Annex E provides guidelines on\bypassing.
6 Process safety systemdesign

6.1 | Objectives

The goal of process safety system design is

ration.

— o protect personnel, the environment, and the facility from risks caused by the production process,

| to minimize

if it occurs,

— to prevent ignition of released hydrocarbons,
— to shut in the process in the event of a fire,

— to prevent undesirable events that could cause the release of hydrocarbons from equipme
that in which the event occurs.

6.2 Functional requirements

k or overflow

nt other than

6.2.1 The design basis for the protection system provided shall include the appropriate contribution of

© 1SO 2003 — Al rights reserved
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gineering practice,

which should be valid in the process configuration.

6.2.2

prevent

6.2.3

Protection-measures-shall be prn\/ir'lnd to

Protection measures shall be provided for each process component in order to

the uncontrolled release of hydrocarbons or other fluids,

minimize the consequences of an uncontrolled release.

the use of proven analysis techniques to determine the minimum requirement for a process component

isolate if
initiate s
shut-in t

depress
gas to th

6.2.4 Theqd
downstream

6.2.5 The
system shall
to an abnorm

6.2.6 Abnd
provision of s

6.2.7 Acci
they affect th
or affected p
affected ared

NOTE
machinery, o
implementatio
operating pro
external accid

Sych accidents can be caused by natural phenomena, ship or helicopter collision, failure of tool

necessary a part of the process in order to minimize the consequences of a leak or overflow
hutdown or isolation of ignition sources in the event of the release of flammable vapours,
he process in the event of a fire or gas accumulation,

irize the inventory, if necessary, by connecting process systems to the-system for discha
e atmosphere.

e analysis techniques shall be applied to all process components, from wellhead to the
discharge point.

safety system provided shall be independent, such that a"failure of the normal process c
not cause a dangerous failure of the safety system oriimpede the safety system from respo
al event.

rmal operating conditions which may lead toZan undesirable event shall be detected b
ensors monitoring one or more process variable, or self-actuating devices.

lents that occur external to the process on a production platform are not self-propagating u

brt of the process. If they result in fire, the safety system shall shut down all platform activity
except that which is necessary for fire fighting and other emergency operations.

mistakes by personnel) ‘These types of accidents can be prevented or minimized throug
h of a structured system to manage safety which includes the safe design of tools and machinery
cedures for personpel* and equipment, and personnel training. Figure 2 indicates the manner in
bnts can affect the process.

rging

most

bntrol
hding

y the

hless

e process or start a fire. If they affect.the process, the safety system shall shut down the process

n the

5 and
h the
| safe
which
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Figure 2 — Safety flow chart — Offshore production facility

6.2.8 The operating modes of the safety system shall be

a)

event, is detected by a sensor,

b)
condition by an alarm,

© 1SO 2003 — Al rights reserved

automatic monitoring and automatic protective action if an abnormal condition, indicating an undesirable

automatic protective action if manually actuated by personnel who observe or are alerted to an abnormal
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c) continuous protection by support systems that limit the volume and effects of escaping hydrocarbons.
NOTE The ESD system is important, even on facilities that are not continuously manned, because most accidents
and failures occur during operations that take place when personnel are present. Thus, personnel may be available to
actuate the ESD system.

6.2.9 The safety system shall normally provide two levels of protection to prevent or minimize the
consequences of an equipment failure within the process. The two levels of protection shall be independent of,
and in addition to, the control devices used in normal process operation. In general, the two levels should be
provided by functionally different types of device.

NOTE. Si

milar devices would have the same characteristics and might have the same maode of failure

6.2.10 The
Judgement is

two levels of protection shall be the first to act (primary) and the next to act (secon
required to determine the best choice of protection devices for a given situation.

fary).

PSH,
bnts a

NOTE Ag an example, two levels of protection from a rupture due to overpressure might be provided by a
which could bg used to initiate isolation of the affected equipment before rupture can occur, and a RSV which previ
rupture by religving excess volumes to a safe location.

In selecting the setting for the primary level of protection, consideration should be, given to the following:

the valu be for

accurac

b should be above the maximum normal operating pressure including appropriate allowan
of setting and normal process disturbances;

the valug should be below the relief set pressure, including allowance for accuracy of setting;

the rate pf rise of the process parameter and the speed of response of the system.

6.2.11 Ifiti
the same fu
function inte

5 not practicable to provide two functionally different types of protection device, then two sets of
ction safety device may be used provided-ijt can be demonstrated that they are suitable for the
ded and that the expected demands and common modes of failure have been considered.
EXAMPLE

If overpressure protection is requiredand it is not practicable to provide a relief system an instriment

protection syS
overpressure,

6.2.12
failure woul

If indtrument-based systems are used as both the primary and secondary methods of protection

tem with an appropriate level of redundancy could be used, comprised of a sensor system to
a logic system and shutdown valves to isolate the source of overpressure.

result in serious injury or environmental loss then such systems shall be designed

Hetect

, and
and

implemented to achieve the necessary safety integrity level in accordance with IEC 61511-1.

511-1
rds.

NOTE If fan instrument;based system is used for primary protection, it will not need to comply with IEC 61
provided the secondary protection system is self-actuating and meets the requirements of relevant codes and standa

6.2.13 An emergency support system (ESS) is required for all emergency situations that result in fire an
events that cpuld.cause a risk to the facility. The ESS shall not be considered as the sole or secondary le
protection for éverpressure.

d gas
vel of

NOTE The ESS does not need to meet the requirements of IEC 61511-1 unless it is required for significant risk
reduction. Guidance on requirements for the safety integrity level of ESS is included in Annex D.

6.2.14 All process components on a production platform, comprising the entire process from wellhead to the
most downstream discharge point and including any injection systems, shall be incorporated into the overall
safety system.

NOTE When fully protected process components are combined into a facility, no additional threats to process
integrity are created. Therefore, if all process component safety devices are logically integrated into a process safety
system, the entire facility is protected.
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6.2.15 The location of SDVs and other final control devices shall be determined from a study of the detailed

flow

schematic and from a knowledge of operating parameters.

SDV location should be based on a process segregation/isolation philosophy which considers plant functions,
inventories and maintenance/availability requirements.

6.2.16 When an abnormal condition is detected in a process component by a safety device or by personnel,
all input sources of process fluids, heat and fuel shall be shut off or diverted to other components if they can
be safely handled. If shutoff is selected, process inputs should be shut off at the primary source of energy

(well

It is

upstr
back
abno
in. T
stres

s, pump, compressor, pipeline, etc.).

Ut advioa'ﬁc tU b:UDC thU PIULTOOS ;II=Ct tU d CUITTPUI Icllt If thlb qu:d uca‘u:; dll clbllUIIlla: LU
am component, causing its safety devices to shut it in. This would be repeated for eac
through the process until the primary source is shut in. Each component would therefore-be
rmal conditions and must be protected by its safety devices every time a downstreamr com
nis cascading effect depends on the operation of several additional safety devices, may
5 on the equipment and should be avoided if practicable.

Ther¢ may be special cases where shut-in by cascading as described above is acceptable.

wher

EXAN

sepa

safety
overs

flowli
rated

EXAN

the s

the in|
may k

EXAN
maint

wells

b shut-in by cascading would be acceptable are as follows.

PLE 1 The source of input to a separator is frequently changed,as-wells are periodically swi
ptor. If the well(s) producing to the separator is to be directly shut in~When an abnormal condition ig
system logic must be changed each time different wells are switched into the unit. This creates th
ght in changing the logic. In this case, it may be preferable to.close the separator inlet, and let the
e pressure cause the well(s) to shut in by action of the flowline PSH sensor. The header and the flow
for the maximum pressure that could be caused by this action.

i

PLE 2 A platform receives production through a flewline from a satellite well. Although the sourg
stem is the satellite well, detection of an abnormal gondition on the platform should cause activation
coming flowline. If it is desired to shut in the satellite"well following closure of the flowline SDV at the
e accomplished by use of a flowline PSH senserinstalled at the satellite location.

)

PLE 3 A compressor installation is_equipped with an automatic divert valve that permits prg
hined from wells capable of producing-against pipeline pressure when a compressor shutdown occur
ncapable of producing against pipeline“pressure may be shut in by action of the individual flowline P}

dition in the
N component
subjected to
ponent shuts
place undue

Examples of

fched into the
detected, the
b possibility of
resulting high
line should be

e of energy to
of an SDV on
platform, this

duction to be
5. In this case,
ISH sensors to

mininfize potential safety system logic preblems.

6.2.1f It may be desirable to(shut in the inlet to a process component for additional protection jor to prevent
upstream components from equalizing pressure or liquid levels after the primary source is shuf in. If this is
desirpble, the primary source of energy should be shut in simultaneously with or prior to closing of the
component inlet valve.

6.2.1B Ignition preventing measures shall be in accordance with ISO 13702:1999, Annex B.

6.2.1Pp Ventitation shall be in accordance with ISO 13702:1999, Annex B.

6.2.2p CPRrotection from ignition by electrical sources shall be in accordance with ISO 13702:1999, Annex B.
6.2.21 Equipment shall be located in accordance with ISO 13702.

6.2.22 Hot-surface protection shall be in accordance with ISO 13702.

6.2.23 Hot-equipment shielding shall be in accordance with ISO 13702.

6.2.24 The ESS (see Annex D) shall minimize the effects of escaped hydrocarbons and high pressure and
toxic fluids on offshore production platforms. The ESS may include the following:

a)

a combustible gas detection system to sense the presence of escaped hydrocarbons and initiate alarms

and platform shutdown before gas concentrations reach the LFL;

NOTE  Annex E provides guidelines on annunciation of alarms.

© 1SO 2003 — Al rights reserved
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b) where necessary, a toxic gas detection system to sense the presence of toxic gases and initiate alarms
and platform shutdown;
NOTE  Annex F provides guidelines and methods of handling sour production.

c) a containment system to collect escaped liquid hydrocarbons and initiate platform shutdown;

d) afire loop system to sense the heat of a fire and initiate platform shutdown;

e) other fire detection devices (flame, thermal, and smoke) that are used to enhance fire detection capability;

f) an ESS to provide a method to manually initiate platform shutdown by personnel observing abnormal
conditio]vs or undesirable events;

g) SSSVs that may be self-actuated (SSCSSV) or activated by an ESD system and/or a fire loop (SES$V);

h) blowdown process components to divert hydrocarbon gas inventory to a safe location in the case of|a fire
or leak.

6.2.25 The ESS should be designed to meet the functional requirements as specified\in the FES developed

in accordance with 1ISO 13702.

NOTE Information on how to design and lay out the ESS according to standard.methods, as well as meaps for

creating a performance-based design using safety integrity levels, is included in AnpexiD.

6.2.26 The |integrity of a platform surface safety system depends-on’proper operation of several [other

support systg¢ms. These ancillary support systems carry the same dégree of importance as other portigns of

the platform
are the pneu

cafety system, and should be equally well maintained.(Those discussed or referenced in Angex D

Mmatic and hydraulic supply systems and systems for discharging gas to the atmosphere.

The pneumdtic and hydraulic supply systems are installed“to provide power for actuators. The pneu

system also

Systems for
gas from pro

brovides a supply for instruments.

Cess components to safe locationsfor final release to the atmosphere.

matic

discharging gas to the atmosphere areinstalled to provide a means for conducting discharged

NOTE 1 ISP 13702 is referenced for requirements for these systems.

NOTE 2 D provides further guidance on’ discharging gas to atmosphere.

6.2.27 SS$Vs should be installed below the mudline to prevent uncontrolled well flow in the event pf an
emergency dituation. SSCSSVs/should shut in if well rate exceeds a predetermined rate that might indidate a
large leak. SLCSSVs should)shut in when activated by an ESD system and/or a fire loop.

NOTE Gtiidance_forthe design and installation of SSSVs is covered in 1SO 10417[3].

6.2.28 The design'shall include arrangements for controlling

NOTE

18

inhibits and bypasses on shutdown loops,

resetting of tripped shutdown loops,

testing of shutdown loops,

control of change to shutdown loops and shutdown systems.

Annex G provides details of typical testing and reporting procedures.
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6.3 Requirements when tables, checklists and function evaluation charts are used as the
analysis method

6.3.1

In addition to the requirements of 6.2, the requirements of 6.3.2 to 6.3.4 shall apply.

6.3.2 The safety devices determined in the SAT, in conjunction with necessary SDVs or other final control
devices, shall be installed to protect the process component in any process configuration.

It is important that the user understand the SAT logic and how the SATs are developed.

6.3.3

If design of the safety system is to be based solely on this International Standard, all safety devices

liste

wher
anoth
NOTH

NOTH
a diffe

6.3.4
deve

6.4
have

6.4.1
analy

6.4.2
follov

_ q
—
—

6.4.3
and d

in the SATs for each component should be considered and shall be installed uniess co
bby the function normally performed by a safety device is not required or is performed -a
er safety device(s).

1 The SACs in Annex B list equivalent protection methods, thereby allowing the exclusion of somg

2  There may be cases where alternative analysis techniques are used for some ‘components whic
rent approach to safety.

If a process component is used that is not covered in Annex B, a SAT for that compone
oped as discussed in Clause 5.
been selected from ISO 17776

Systems shall be installed to meet the functionaland performance requirements as deter
sis techniques used.

The design of the process safety systems 'should be recorded in data and diagrams,
ing:

gpecifications and drawings;

ause and effect diagrams (including inputs and outputs of the ESS);

index of alarms and trips;

index of PSVs.

The data and“documents should be maintained as live, controlled documents througho
peration of the installation.

hditions exist
dequately by

devices.

N may result in

nt should be

Requirements when tools and techniques for hazard identification and risk agsessment

mined by the

ncluding the

it the design

©1SO

2003 — Al rights reserved

19


https://standardsiso.com/api/?name=0e189b2a2203905f29b9fdd9dff29a5a

ISO 10418:

2003(E)

Annex A
(informative)

Component identification and safety device symbols

A.1 General considerations

It is recom nded that, in order to avoid mieinfnrprnfnﬁnn Hllring the rlneign process. and npnrafinn’ that a
clear indication of the “tagging” system to be used for all process and utility components, supported|by a
comprehensive table of symbols, should be declared.

Adoption of [a consistent “tagging” system aids the development of the analysis and design of the pasic
process safgty systems. The proposed method of illustrating process safety devices isbased upop the
ISA S 5.1017]

The complet¢ identification of a safety device comprises two parts as follows

— the funcjional device identification;

— areferefce to the component it protects.

Details of thq identification schemes for the two parts are given in A.2\{o A 4.

A.2 Functional device identification

Each safety |[device should be identified by a system of letters and numbers which are used to classify the
device in terns of the monitored process variable andtits function within the safety system (e.g. PSV, LgH). If
two or more|devices of the same type are installed; the devices should be identified with unique numbers
which form gart of the device identification tag-number (e.g. PSV-001, LSH-015). Table A.1 provides a| non-
exhaustive ligt of such safety device symbols.

20
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Table A.1 — Safety device symbols

ISO 10418:2003(E)

Sensing and self-actuating device

Variable Safety device designation Symbol
Common Instrument Society Sinale device Combination
of America (ISA) 9 device
Backflow Check valve Flow safety valve
()
Burngr flame Burner flame detector Burner safety low
High flow sensor Flow safety high @
Flow FSHL
Low flow sensor Flow safety low @
High level sensor Level safety high @
Leve ILSHL
Low level sensor Level safety low @
High pressure sensor Pressure safety high
PSHL
Low pressure sensor Pressure safety low
4
Presgure
Pressure relief or safety | Pressure safety
valve valve
:
Rupture disc or safety Pressure safety N @
head element () ()

Pressure or vacuum

Pressure/vacuum relief
valve

Pressure safety
valve

%y

Pressure/vacuum relief
manhole cover

Pressure safety
valve

Vent

None

- Jjé

© 1SO 2003 — Al rights reserved
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Table A.1 (continued)

Sensing and self-

actuating device

Variable Safety device designation Symbol
Instrument Society . . s .
Common of America (ISA) Single device Combination device
y ()
Vacuum relief valve Pressure safety valve (}—_—[%_)
Vacuum
|
Rupture disc or safety [Pressure safety v
head element
High temperature Temperature safety
sensor high
Temperature
Low temperature Temperature safety
sensor low
Flame Flame or stack None
arrestor
Flame detector
(ultraviolet/infrared)
Heat detector Temperature safety
(thermal) high
Fire
Smoke detector
(ionization)
Fusible material Temperature safety
element
Combustible gas Combustible gas .
concentration| detector Analyser safety high
Toxic gas . Toxic gas detector
concentration
Actuated valves
Service common symbols

Wellhead surface
safety valve or
underwater safety
valve

NOTE

Show “USV” for underwater safety valves.

Blowdown valve

HIH

AD

All other shutdown
valves

HIH

A

22
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A.3 Component identification

The device functional identification is followed by a reference to the component it protects. The first letter of
the component identification represents the component type. The first letter should be one of the letters in the
code column in Table A.2. The letter is selected according to the component type listed in the second column
in Table A.2. The succeeding two letters are used to further define or modify the first letter. The last four
characters identify the specific component. These characters are user-assigned and should be unique to the

component at the particular location.

Table A.2 — Component identification

Firsttetter Nexttwotetters Suceeedingcharacters
X XX XXXX
Component type Component modifier Component
identifier
(Usgr-assigned
Code| Component Common modifiers | Code Component identifiation unique
to equipment at
Igcation)
A Atmospheric vessel (ambient |BH,BJ,BM AA Bidirectional
temperature)
B Atmospheric vessel (heated) |AP,BC,BK,BM AB Blowcase
C Compressor None AC Boiler
D Enclosure AE,AN,AY,BB AD Coalescer
E Fired or exhaust-heated AL,AW BN AE Compressor
component
F Flowline A1 to A9 AF Contactor
G Header AR,AS,AT,AY,AZ AG Control unit
H Heat exchanger BG AH Departing
J Injection line AR,AS,AT AJ Filter
K Pipeline AAAH,AQ AK Filter-separator
L Platform AG AL Forced draft
M Pressure’vessel (ambient AB,AD,AF,AJ,AK,AM, AM Freewater knockout
temperature) AV,BD,BF,BH,BJ,BL,BM
N Pressure vessel (heated) AC,AF,AM,AP,BC,BD, AN Generator
BG,BJ,BK
P Pump AXBABE AP Heater
Q Wellhead AR,AT,AY,AZ AQ Incoming
VA Other AR Injection, gas
AS Injection, gas lift
AT Injection, water
AU Meter
AV Metering vessel
AW Natural draft
AX Pipeline
AY Production, hydrocarbon
AZ Production, water

© 1SO 2003 — Al rights reserved
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Table A.2 (continued)

Component type

Component modifier

Component
identifier
(User-assigned

Code Component Common modifiers | Code Component identification unique
to equipment at
location)
A1-A9 [ Flowline segment
BA Process, other
BB Pump
BC Rebhoiler
BD Separator
BE Service
BF Scrubber
BG Shell and tube
BH Sump
BJ Tank
BK Treater
BL Volume bottle
BM Water treating
BN Exhaust-heated
zz Other,
A.4 Example identification
Examples of|the recommended identification methods are given in Figure A.1.
EXAMPRLE A
PSV ABJ 1000
Device Component
A A
I|3 T \|/ ,i-\ BJ 10|00
Pfessure Safety Valve Atmospheric ~ Tank Specific
vessel tank
EXAMPLE B
PSH2 C 1000
Device Component
A A
R T
Pressure Safety High  Device Compressor No Specific
number modifier compressor

Figure A.1 — Examples of safety device identification
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Annex B
(informative)

Analysis using tables, checklists and functional evaluation charts

B.1 General

This pnnex presents a complete safety analysis of each basic process component normally uséed|in a platform

produiction process system. This component analysis includes the following:

a) the undesirable events which should be considered when designing process facilities, together with likely
¢auses, effects, primary and secondary methods of protection and the location of.safety deviges;

b) g description of each process component;

c) 4 typical drawing of each process component showing all recommended safety devices that should be
¢onsidered based on individual component analysis. A discussion of each process cpmponent is
ihcluded, outlining recommended safety device locations;

d) 4 SAT for each process component, analysing the undesirable ‘events that could affect the component;

e) g SAC for each process component, listing all recoimended safety devices and showing conditions
Inder which particular safety devices may be excluded. A discussion of the rationale forf including or

xcluding each safety device is presented,;

f) d SAFE chart relating all sensing devices, SBVs, shutdown devices, and ESSs to their functigns.
B.2 [Undesirable events — Causes, effects and protection methods
B.2.1 General
An unhdesirable event is ah_adverse occurrence in a process component that poses a risk tq safety. The
undegpirable events discussed in this clause are those that can develop in a process componentjunder worst-
case|conditions of input.and output. An undesirable event can be indicated by one or more procgss variables
ranging out of operating limits. These abnormal operating conditions can be detected by sensors that initiate
shutqown actionto protect the process component. Each undesirable event that can affe¢t a process
component is\discussed according to the following format:

— ¢ause;

ffectand detectable abnormat conditiorm;

primary and secondary protection that should prevent or react to its occurrence. The general approach
has been applied to a wide range of process components in common use, and the results are shown in
B.3 through B.12. If a process component is to be used which is not included in B.3 through B.12, then
the general approach can be used to derive the required SATs, SACs and device requirements.

It should be noted that a device or system can only be considered as a method of protection if it is sufficient
on its own to prevent the undesirable occurrence, e.g. in the case of overpressure the PSH can only be
considered as primary protection if it can safely shut off all inflow and heat sources and prevent a rupture or
overpressure event.

© 1SO 2003 — Al rights reserved
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B.2.2 Overpressure

B.2.2.1 Cause

Overpressure can be caused by an input source that develops pressure in excess of a process component's
maximum allowable working pressure if inflow exceeds outflow. Inflow can exceed outflow if an upstream
flowrate control device fails, if there are restrictions or blockage in the component's outlets, or if overflow or
gas blowby from an upstream component occurs. Overpressure can also be caused by thermal expansion of
fluids within a component if heat is added while the inlets and outlets are closed.

B.2.2.2 Effect and detectable abnormal condition

can result in a sudden rupture and subsequent leak of hydrocarbons. “High pressure™ is the
detectable alpnormal condition that indicates that overpressure can occur.

B.2.2.3 Primary protection

Primary protgection from overpressure in a pressurized component should be provided by a PSH protection
system to shut off inflow. If a vessel is heated, the PSH sensor should also shut off-the fuel or source of|heat.
Primary protgction for atmospheric pressure components should be provided by an adequate vent systeny.

B.2.2.4 Sefondary protection

rotection from overpressure in a pressurized component should be provided by a [PSV.
rotection for atmospheric pressure components should be provided by a second vent] The
second vent may be identical to the primary vent, a gauge hatchwith a self-contained PSV or an indepepdent
PSV. Alterngtively, an instrument-based system may be used for primary and secondary protection, projided
it is implemgnted in accordance with IEC 61511-1. If a pilot,relief valve is used, then the design shodld be
such that in|the case of pilot failure the valve will continue to function so that pressure is kept withih the
maximum allpwable pressure.

Secondary
Secondary

If appropriatg, bursting discs (PSEs) or buckling-pin-valves may be used as an alternative to a PSV.

Low tempergture can be caused by releasé.of certain materials to atmosphere, and relief systems should be
designed for[the low temperature that canvresult from such operations.

B.2.2.5 Logation of safety devices

In a process [component with-both liquid and gas sections, the PSH system, PSV or vent should be installed to
sense or relleve pressure~from the gas or vapour section. The sensing connections for the safety dgvices
should be Idcated at the-highest practical location on the component, in order to minimize the chance of
fouling by flgw stream. contaminants. The installation of PSVs and vents on atmospheric tanks should [be in
accordance ith APEStd 20000141 or other applicable standards.

B.2.3 Leaks

B.2.3.1 Cause

A leak can be caused by deterioration from corrosion, erosion, mechanical failure or excess temperature; by
rupture from overpressure; or by accidental damage from external forces.

B.2.3.2 Effect and detectable abnormal conditions

A leak can result in the release of hydrocarbons to the atmosphere. “Low pressure”, “backflow” and “low level”
are the abnormal conditions that might be detectable to indicate that a leak has occurred. Alternatively, the
ESS system should be able to detect such occurrences by detecting the ultrasound emitted by the leak or by
detecting gas accumulation.
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B.2.3.3 Primary protection

Primary protection from leaks of sufficient rate to create an abnormal operating condition within a pressure
component should be provided by a PSL sensor to shut off inflow and an FSV to minimize backflow. Primary
protection from leaks from the liquid section may also be provided by an LSL sensor to shut off inflow. On an
atmospheric pressure component, primary protection from liquid leaks should be provided by an LSL sensor
to shut off inflow. A containment system should provide primary protection from small liquid leaks that cannot
be detected by the safety devices on a process component. Primary protection from small gas leaks that
occur in an inadequately ventilated area and cannot be detected by component sensing devices should be

provided by a combustible-gas detection system.

Pressgtre
not be provided for leak detection purposes if it can be shown that the ESS is capable of déte
gas qccurrences such that the likelihood of escalation is minimized.

If pressure- and level-sensing devices are not provided for leak detection, then fire and-gas det
be prpvided as described in a) or b) below.

aks, and need

cting fire and

pction should

a) he number and location of detectors should be in accordance with th€ fire and explosiofn strategy as
gpecified in ISO 13702.
b) As a minimum, four point detectors should be installed around the,device, typically at a distahce of 4 m to

% m from the equipment, or two beam-type gas detectors should be installed on opposite
¢quipment, with the beams typically at a distance of 4 m to 5‘m from the equipment.

B.2.3.4 Secondary protection

Secondary protection from gas leaks should be provided by the ESS. Secondary protection fron
leakq should be provided by an LSH sensor installed on the sump tank to shut in all componer
leak into the sump.

B.2.3.5 Location of safety devices

In a process component with both liquid and gas sections, the PSL sensor should be connec
presgure from the gas or vapour section. The PSL sensor should be installed at the highest pra
on the component, in order to minimize the chances of fouling by flow stream contaminants. FS
installed in each component operating outlet line subject to significant backflow. The LSL sens
locatgd a sufficient distance below the lowest operating liquid level to avoid nuisance shutdoy
adeqpate volume between the LSL sensor and liquid outlet to prevent gas blowby before
accomplished.

B.2.4 Liquid-overflow

B.2.4.1 «Cause

sides of the

n small liquid
ts that could

ted to sense
tical location
Vs should be
or should be
vns, but with
shutdown is

Liquid—overftow tanm be caused by tiquid—inpu EXCESS of tiquid-outiet capacity: A be

the result of

failure of an upstream flowrate control device, failure of the liquid level control system, or blockage of a liquid

outlet.

B.2.4.2 Effects and detection of abnormal condition

Liquid overflow can result in overpressure or excess liquids in a downstream component, or release of

hydrocarbons to the atmosphere. "High level" is the detectable abnormal condition that indicates
can occur.

© 1SO 2003 — Al rights reserved
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B.2.4.3 Primary protection

Primary protection from liquid overflow should be provided by an LSH sensor to shut off flow into the
component.

B.2.4.4 Secondary protection

Secondary protection from liquid overflow to the atmosphere should be provided by the ESSs. Secondary
protection from liquid overflow to a downstream component should be provided by safety devices on the
downstream component. Alternatively, an instrument-based system may be used for primary and secondary

protection systems, providing it is implemented in accordance with IEC 61511-1.

B.24.5 Lo

The LSH se
component t
overflow befq

With high-flo
and the gas

contained byj
account prov

B.2.5 Gas

B.2.5.1

Gas blowby
around a lev

B.2.5.2 Effiect and detectable abnormal condition

Gas blowby

condition that indicates gas blowby may oecur.

B.2.5.3 Primary protection

Primary prot
liquid outlet.

Cause

cation of safety devices

nsor should be located a sufficient distance above the highest operating liquid level
b prevent nuisance shutdowns, but with adequate volume above the LSH sensor to prevent
re shutdown is accomplished.

wrate deepwater wells in the event of a blocked liquid outlet, the volume-required between
outlet is very large and greatly increases the required size of the vessél. If the liquid overfl

downstream components, then the volume available in the downstféam vessel can be take
ided this does not pose a hazard.

blowby

can be caused by failure of a liquid level contraPsystem or inadvertent opening of a bypass
| control valve.

can result in overpressure in a downstream component. “Low level” is the detectable abn

pction from gas blowby should be provided by an LSL sensor to shut off inflow or shut o

B.2.5.4 Se

Secondary p
the downstr
secondary p

ondary protection

otection from gas blowby to a downstream component should be provided by safety devic

of a
liquid

LSH
oW iS
h into

valve

brmal

ff the

BS on
and

am, component. Alternatively, an instrument-based system may be used for primary

Flow restrictions may be installed on the liquid outlet to reduce gas blowby, in order to meet the relief capacity
of downstream components.

B.2.5.5 Location of safety devices

The LSL sensor should be located a sufficient distance below the lowest operating liquid level to avoid
nuisance shutdowns, but with an adequate volume between the LSL sensor and liquid outlet to prevent gas
blowby before shutdown is accomplished.
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B.2.6 Underpressure

B.2.6.1 Cause

Underpressure can be caused by fluid withdrawal in excess of inflow that may be the result of failure of an

inlet or outlet control valve, blockage of an inlet line during withdrawal, shut-in of production during withdrawal,
or thermal contraction of fluids when the inlets and outlets are closed.

B.2.6.2 Effect and detectable abnormal condition

Underpre an in omponent and a aple abnormal

cond tion tht indicates underpresure may occu.

B.2.

dequate vent
led by a gas

Primary protection from underpressure in an atmospheric component should be provided by an a
systgm. Primary protection for a pressure component subject to underpressure sheuld be provi
makg-up system.

B.2.6.4 Secondary protection

Seco
(vacd
provi

NOTH
make

hdary protection for an atmospheric component should be fprovided by a second vent
um breaker). Secondary protection for a pressure companent subject to underpressur
Hed by a PSL sensor to shut off inflow and outflow or a gas'make-up system.

If primary protection is provided by a gas make:up\system and secondary protection is prov
up system or an instrument-based protection systemiand a hazardous condition would occur on U

br by a PSV
e should be

ded by a gas
nderpressure,

then the systems should be implemented in accordance with*l[EC 61511-1.

B.2.6.5 Location of safety devices

minimize the
brdance with

The
chan
API §

PSL sensor should be installed at\the highest practical location on the component to
ces of fouling by flow stream contaminants. Vents and PSVs should be installed in acc
td 20000141 or other applicable‘standards.

B.2.T Excess temperature-(fired and exhaust-heated components)

B.2.1.1 General
This
fluid
comp

Lindesirable_évent in fired and exhaust-heated components is categorized as excess mediu
temperature€ and excess stack temperature. Excess temperature or low temperatun
onents«is.discussed in individual component analyses in this annex.

M or process
e in unfired

B.2.71.2 Cause

Excess medium or process fluid temperature can be caused by excess fuel or heat input due to failure or
inadvertent bypassing of the fuel or exhaust gas control equipment, extraneous fuel entering the firing
chamber through the air intake, or a leak of combustible fluids into the fired or exhaust-heated chamber;
insufficient volume of heat transfer fluid due to low flow in a closed heat transfer system (where the heated
medium is circulated through tubes located in the firing or exhaust-heated chamber); or low liquid level in a
fired component with an immersed fire or exhaust gas tube. Excess stack temperature in a fired component
can be caused by any of the above or by insufficient transfer of heat because of accumulation of foreign
material (sand, scale, etc.) in the heat transfer section. Excess stack temperature in an exhaust-heated
component can result from ignition of a combustible-medium leak into the exhaust-heated chamber.
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B.2.7.3 Effect and detectable abnormal condition

High medium or process fluid temperature can result in a reduction of the working pressure and subsequent
leak or rupture of the affected component and/or overpressure of the circulating tubes in a closed heat transfer
system, if the medium is isolated in the tubes. High stack temperature can result in a direct ignition source for
combustibles coming in contact with the stack surface. “High temperature”, “low flow” and “low level” are the
detectable abnormal conditions that indicate that excess temperature may occur.

B.2.7.4 Primary protection

Primary protection from excess medium or process fluid temperature resulting from excess or extraneous fuel,
heat, or medjum Teaks inio the fired or heated chamber should be provided by a T SH sensor. It caused By low
liquid level, grotection should be provided by an LSL sensor. The TSH and LSL sensors on fired compehents
should shut pff fuel supply and inflow of combustible fluids. The TSH and LSL sensors on exhaust-hgated
components [should divert or shut off the fuel or heat source. If excess medium temperature is due‘to low flow
in a closed heat transfer system containing combustible fluid, primary protection should be“provided by an
FSL sensor fo shut off fuel supply to a fired component or to divert the exhaust flow from™an exhaust-hgated
component. Primary protection from excess stack temperature should be provided by a TSH (stack) sengor to
shut off the fyiel or exhaust gas source and inflow of combustible fluids.

B.2.7.5 Sefondary protection

Secondary protection from excess medium or process fluid temperaturesin/a fired component, if causg¢d by
excess or extraneous fuel, should be provided by a TSH (stack) sensar, and, if caused by low flow, by 4 TSH
(medium) sepsor and TSH (stack) sensor. If caused by low level, secondary protection should be providged by
a TSH (medjum or process fluid) sensor and TSH (stack) sensor. Secondary protection from excess mgdium
id temperature in an exhaust-heated componentxif. caused by low level or low flow, should be
provided by p TSH (medium) sensor. These TSH sensors should perform the same function as the prlmary
condary protection for excess stack temperature should be provided by the ESS and an|FSV,

sensors, other than fusible or,_skin contact types, should be placed in a thermowell for egdse of
testing. In a two-phase (gas/liquid) system, the TSH sensor should be located in the |iquid
section. In a|tube-type heater, where the_heated medium flows through tubes located in the firing or hgating
chamber, th¢ TSH sensor should be ‘lecated in the tube outlet as close as practical to the heater. An[ FSV
should be ingtalled on medium tube.outlet piping.

B.2.8 Diregt ignition source (fired components)

B.2.8.1 General

A direct ignifjon/source is an exposed surface, flame or spark at sufficient temperature and heat capagity to
ignite combustibles. Direct ignition sources discussed in this clause are limited to fired components. Elegtrical
systems and other ignition sources are discussed in ISO 13702.

B.2.8.2 Cause

Direct ignition sources can be caused by flame emission from the air intake due to the use of improper fuel
(e.g. liquid carryover in a gas burner), reverse draft from a natural-draft burner, or extraneous fuel entering the
air intake; spark emission from the exhaust stack, or hot surfaces resulting from excess temperature.
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B.2.8.3 Effect and detectable abnormal condition

A direct ignition source can result in a fire or explosion if contacted by a combustible material. “High
temperature” and “low air flow” (forced-draft burners only) are the detectable abnormal conditions that indicate
a direct ignition source may occur.

B.2.8.4 Primary protection

Primary protection from flame emission through the air intake of a natural-draft burner should be provided by a
flame arrestor to contain the flame in the firing chamber. Primary protection from flame emission through the
air intake of a forced-draft burner should be provided by a PSL (air intake) sensor to detect low air flow and
shut pff the Tuel and air supply. A stack arrestor should provide primary protection from exhaust-stack spark
emisgion. Primary protection from hot surfaces due to excess temperature should be preovidgd by a TSH
(medium or process fluid) sensor and TSH (stack) sensor. The TSH sensor should shut eff fugl supply and
inflow of combustible fluids.

B.2.§.5 Secondary protection

Secondary protection from flame emission through the air intake of a natural-draft burner should be provided
by the ESS. Secondary protection from flame emission through the air intake of a forced-draft Qurner should
be provided by a blower motor interlock to detect blower motor failure @nd to initiate a signal t¢ shut off the
fuel and air supply. Secondary protection from exhaust-stack spark’emission and hot surfacgs should be
provifled by the ESS and an FSV where applicable.

B.2.8.6 Location of safety devices

The location of air-intake flame arrestors and exhaust-stack spark arrestors is fixed. These itens should be
installed to facilitate inspecting and cleaning. TSH (stack, media, process fluids) sensors should be installed
as discussed in B.2.6.7. A PSL (air intake) sensor should be installed downstream of the blower fan inside the
air infake on a forced-draft burner. Forced-draft-burners should have starter interlocks installed gn the blower
motof starter. An FSV should also be installed in medium tube outlet piping.

B.2.9 Excess combustible vapours’in the firing chamber (fired component)

B.2.9.1 General

Exceps combustible vapours)in the firing chamber are combustible vapours in addition to thosg required for
normil ignition of either the/pilot or main burner.

B.2.9.2 Cause

he fuel or air

Excess combustible vapours in the firing chamber, on ignition, can result in an explosion and possible rupture
of the component. “Flame failure” and “high or low fuel supply pressure” are detectable abnormal conditions
that can indicate excess combustible vapours in the firing chamber. Low air supply pressure and blower failure
may also indicate this condition in forced-draft burners.

B.2.9.4 Primary protection

Primary protection from excess combustible vapours in the firing chamber caused by a mechanical failure of
the fuel control equipment should be provided by a flame-failure sensor. The sensor should detect a flame
insufficient to ignite the entering vapours and shut off the fuel. The sensor may be the light-detecting type
(BSL), such as an ultraviolet detector, or the heat-sensing type (TSL).
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B.2.9.5 Secondary protection

Secondary protection from excess combustible vapours in the firing chamber due to fuel control failure should
be provided by a PSH (fuel) sensor to shut off the fuel. On a forced-draft burner, a PSL sensor should be
installed on the fuel supply; also, a PSL (air) sensor and motor starter interlock should be installed to detect an
inadequate air supply and initiate a signal to shut off the fuel and air. An FSL sensor may be installed in place
of a PSL sensor in the air intake to sense low air flow. In addition to the above safety devices, safe operating
procedures should also be followed to prevent firebox explosions during ignition of the pilot or main burner.

Recommended safe operating procedures are shown in Table B.15.

B.2.9.6 Location of safety devices

A BSL or TSL sensor should be installed in the firing chamber to monitor the pilot and/or main burner-flame.
PSH and PSL sensors in the fuel supply should be installed downstream of all fuel pressure regulators. A PSL
(air intake) s¢nsor should be installed in the air intake downstream of the forced-draft blower.

B.2.10 Excess temperature (pipe embrittlement)

B.2.10.1 Causes

Excessive pressure drop of dry gases can produce a Joule-Thompson effect, This effect can create extrgmely
low temperafures in the downstream piping after the pressure drop, and can‘cause the low temperaturg limit
of the piping to be exceeded.

B.2.10.2 Effect and detectable abnormal conditions

Extremely loy temperature in the downstream piping can result.in” brittle fracture and failure of the piping.|“Low
temperature’lin the downstream section is the detectable condition.

B.2.10.3 Primary protection

Primary protgection from low temperature embrittlement should be through the installation of a TSL lofated
downstream |of the pressure drop. If low temperatures only result from a high pressure drop, then gl high
differential pfessure monitor may give a quicker response time and could be considered as an alternative. The
monitoring devices should shut off the ptogess flow.

B.2.10.4 Sefondary protection

Secondary protection should\be through the process design, such that the containment envelope i not
vulnerable t¢ low temperature embrittlement. If the system cannot be designed to avoid low tempefature
embrittlement or there are temperature-based operating constraints, e.g. the system must be allowed to fvarm
up following| a low_‘temperature event before repressurization can occur, then a TSL designed tp the
requirementg of IEG.61511-1 is required.

B.2.10.5 Lokatien-eof-safety-devices

TSL sensors should be installed as insertion elements protected by thermowells in the downstream piping no

more than 5

diameters from the source of pressure drop.

TSL sensors to monitor the ambient conditions should be installed in the vicinity of vulnerable plant in a

location wher

e the temperature is representative of that experienced by the plant.

High differential pressure sensors should be located so that there are no isolation valves between the sensing
elements and the source of pressure drop.

32
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B.3 Wellheads and flowlines

B.3.1 Description

ISO 10418:2003(E)

Wellheads furnish surface control (manual and automatic) and containment of well fluids and provide
downhole access for well servicing. Flowlines transport hydrocarbons from the wellhead to the first
downstream process component.

For analysis purposes and assignment of safety devices, flowlines are divided into flowline segments. A
flowline segment is any portion of a flowline that has an assigned operating pressure different from other
portlons of the same flowllne These rowI|ne segments can be classmed as e|ther |n|t|aI (beginning at

wellhe
expe
and

expe
segnm
analy
flowli

)

<3
MAWP > SITP
PSL
Ssv
PSHL
Outlet
<3
MAWP > SITP

riences a reductlon in operating pressure due to some inline pressure—reducmg dewce, sue
has two different assigned operating pressures, will have an initial and final segment.)A|flowline that
fiences no reduction in operating pressure due to a pressure-reducing device‘will have only one
ent. In this case, the initial and final flowline segments will be the same. Each flowline segment shall be
sed to determine appropriate safety devices. Recommended safety devices for typical wgllheads and
hes are shown in Figures B.1, B.2 and B.3.
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Figure B.1 — Recommended safety devices — Typical wellhead flowlines
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Figure b.2 — Recommended safety devices — Underwater wellhead tlowlines
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a8 PS8V location can be upstream or downstream of FSV.
Figure B.3 — Recommended safety devices — Satellite well
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B.3.2 Safety analysis

B.3.2.1

ISO 10418:2003(E)

Safety analysis table (SAT)

The SAT for a flowline segment is presented in Table B.1. The undesirable events that can affect a flowline
segment are overpressure, leak and excess temperature.

Table B.1 — Safety analysis table (SAT) — Flowline segment

Undesirable event

Cause Detectable condition at component

Overgressure

Blocked or restricied line
Downstream choke plugged
Hydrate plug

Upstream flow control failure
Changing well conditions
Closed outlet valve

High pressure

Leak

Deterioration Low pressure or fire or gas
Erosion accumulation

Corrosion

Impact damage

Vibration

Vacuum collapse

Excegs temperature

High fluid temperature
Gas pressure drop

High temperature
Low temperature

B.3.2.2 Safety analysis checklist (SAC) (see Table B.2)

Table B.2 — Safety analysis.checklist (SAC) — Flowline segment

SAC Device SAFE
Ref. No.

(see Table B.1)

Checklist

a) PSH

PSH installed.

Flowline segment has a maximum allowable working pressure greater {han maximum
shut=in pressure and is protected by a PSH on a downstream flowline segment.

b) PSL

PSL installed.
Flowline segment is between the well and the first choking device and if less than 3 m
in length or, for an underwater installation, reasonably close to that distapce.

ESS is capable of detecting fire and gas accumulation such that thg¢ likelihood of
escalation is minimized.

c) PSV

PSV installed.

Flowline segment has a maximum allowable working pressure grdgater than the
maximum shut-in pressure.

A system is installed meeting the requirements of IEC 61511-1 where there is
adequate flowline volume upstream of any block valves to allow sufficiqm time for the

SDVs to close before exceeding the maximum allowable working pressure.
Flowline segment is protected by a PSV on upstream segment.

Flowline segment is protected by a PSV on downstream component that cannot be
isolated from the flowline segment and there are no chokes or other restrictions
between the flowline segment and the PSV.

d) FSV

N —

FSV installed.
Flowline segment is protected by FSV in final flowline segment.

e) TSH

N —

TSH installed.
Fluid temperature does not cause design limits of piping to be exceeded.

f) TSL

N
—_ == —|— —

N

TSL installed.
Gas pressure drop does not cause design limits of piping to be exceeded.
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B.3.2.2.1 Pressure safety devices (PSH, PSL, and PSV)

Because wells are the primary source of pressure, a PSH sensor to shut in the well should always be provided
on each flowline to detect abnormally high pressure. A PSH sensor to shut in the well should be installed on
the final flowline segment and on any other segment that has a maximum allowable working pressure less
than the maximum shut-in tubing pressure of the well. A PSL sensor to shut in the well should be provided on
each flowline segment, except the initial segment if the first choking device is less than 3 m from the wellhead.
In many cases a PSL will be incapable of detecting even severe leaks, and need not be provided if it can be
shown that the ESS is capable of detecting fire and gas accumulation such that escalation can be prevented.

A PSV is not required if the maximum allowable working pressure of a flowline segment is greater than the
maximum shut=in hlhing pressure of the well_or if the segment isprotected hy a-PSV located on-an-upstream

flowline seg
accordance
block valves

ment. An SDV (in addition to the SSV) with an independent PSH sensor implement
vith IEC 61511-1 is an acceptable alternate to a PSV, providing the flowline volume upstre
is adequate to allow sufficient time for the SDVs to close before exceeding the, max

ed in
hm of
mum

allowable wd ation

of other alter

rking pressure. This alternative should be approached with caution, after thorough conside
hatives.

B.3.2.2.2 [Klow safety device (FSV)

A check valvg (FSV) is only necessary in the final flowline segment to minimize backflow to the flowline.

B.3.2.2.3 Temperature safety devices (TSH and TSL)

A temperatufe safety device is only required if fluid temperatures during fault conditions can cause design

limits of the piping to be exceeded. Low temperatures can be caused\by gas pressure drops or active copling.
High temperatures can be caused by fluid conditions or active heating.

B.3.3 Safety device locations

B.3.3.1 Pressure safety devices (PSH, PSL and PSV)

The PSH a;l:d PSL sensors should be located\for protection from damage due to vibration, shock and
accidents. The sensing point should be located-en top of a horizontal run or in a vertical run. An indepepdent
sensing poinf should be provided for a second PSH used with an SDV as alternative protection for a PS\|. The
PSV should |be located upstream of the first blocking device in the flowline segment and should not He set
higher than the rated working pressuré of the segment.

B.3.3.2 FIqw safety device (FSV)

The check valve (FSV) should be located in the final flowline segment so that the entire flowline is protected
from backfloyv.

B.3.3.3 Temperature safety devices (TSH and TSL)

The TSH and TSL sensors, other than fusible or skin contact types, should be installed in thermowells for

ease of removal and testing. The thermowell should be located for accessibility and should be continuously
immersed in the process fluid.

B.3.3.4 Shutdown devices (SSV or USV)

The SSV should be located on the wellhead as the second valve in the flow stream after the lower master
block valve. The SSV should be actuated by the flowline pressure sensors, ESD system, fire loop system, and
sensors on downstream process components. An SDV (in addition to the SSV) may be installed on the
wellhead downstream of the SSV. If an SDV is installed, it may be actuated, in lieu of the SSV, by the flowline
pressure sensors and sensors on downstream process components. The USV should be in a practical
location in the wellhead flowstream, and within reasonable proximity of the wellbore. The USV should be
actuated by the flowline pressure sensors located upstream of any SDV, by the ESD system, and by the fire
loop system. The SDV is optional on subsea wells equipped with USVs.
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B.4

ISO 10418:2003(E)

Wellhead injection lines

B.4.1 Description

Injection lines transfer fluids to the wellbore for artificial lift or reservoir injection. Recommended safety devices
for typical wellhead injection lines are shown in Figure B.4.
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Figure B.4 — Recommended safety devices — Typical wellhead injection lines
p Safety analysis
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B.4.2.1 Safety analysis table (SAT)
The BAT for wellhead”injection lines is presented in Table B.3. The undesirable events that ¢an affect an
injecfion line are overpressure, leak and excess temperature.
Table B.3 — Safety analysis table (SAT) — Wellhead injection lines
Undesirable event Cause Detectable condition atjcomponent
Ovelpressure Blocked or restricted outlet High pressure
Hydrate plug
Upstream flow control failure
Plugged formation
Leak Deterioration Low pressure or fire or gas
Erosion accumulation
Corrosion
Impact damage
Vibration
Excess temperature High fluid temperature High temperature
Gas pressure drop Low temperature
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B.4.2.2 Safety analysis checklist (SAC) (see Table B.4)

Table B.4 — Safety analysis checklist (SAC) — Wellhead injection lines

SAC Device SAFE Checklist
Ref. No. | (see Table B.3)
a) PSH 1) PSH installed.
2) Line and equipment are protected by an upstream PSH.
b) PSL 1) PSL installed.
2) Line and equipment are protected by an upstream PSL.
3) ESS is capable of detecting fire and gas accumulation such that the Tikelihdod of
escalation is minimized.
c) PSV 1) PSVinstalled.
2) Line and equipment have a maximum allowable working pressure (greater thgn the
maximum pressure that can be imposed by the injection source.
3) Line and equipment are protected by an upstream PSV.
4) A system is installed meeting the requirements of IEC 61511-1 which is capgble of
shutting off sources of pressure which exceed maximum¢Howable working presgure.
d) FVv FSV installed.
e) T9H 1) TSHinstalled.
2) Fluid temperature does not cause design limits of piping to be exceeded.
f) T9L 1) TSL installed.
2) Gas pressure drop does not cause design-imits of piping to be exceeded.

B.4.2.21 Pressure safety devices (PSH, PSL and PSV)

Pressure pratection is usually provided by a PSH and a PSL sensor on the injection source, such|as a
compressor pr pump, to shut off inflow. If the PSH.and PSL sensors also protect the injection line, wellhead
and other equipment, these devices are not required on the injection line. A PSV is not necessary |f the
injection line| is designed to withstand the maximum pressure that can be imposed by the injection squrce.
Usually, a P§V is provided on the injection,source that will also protect the injection line, wellhead and jother
equipment. Ih many cases a PSL will be incapable of detecting even severe leaks, and need not be provifled if
it can be shown that the ESS is capable/of detecting fire and gas occurrences such that escalation can be
prevented.

B.4.2.2.2 Flow safety device,(FSV)

A check valvge (FSV) should be provided on each injection line to minimize backflow.

B.4.2.2.3 Temperature safety devices (TSH and TSL)

A temperatufe-Safety device is only required if fluid temperatures during fault conditions can cause dgsign
limits of the piping to be exceeded. Low temperatures can be caused by gas pressure drops or active cooling.
High temperatures can be caused by fluid conditions or active heating.

B.4.3 Safety device location

B.4.3.1 Pressure safety devices (PSH, PSL and PSV)
The PSH and PSL sensors should be located upstream of the FSV, and the sensing point should be on top of

a horizontal run or in a vertical run. The PSV should be located so that it cannot be isolated from any portion
of the injection line subject to overpressure.
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B.4.3.2 Flow safety device (FSV)

The check valve (FSV) should be located on each injection line as near the wellhead as is practical, so that
the entire line is protected from backflow.

B.4.3.3 Temperature safety devices (TSH and TSL)

The TSH and TSL sensors, other than fusible or skin contact types, should be installed in thermowells for
ease of removal and testing. The thermowell should be located for accessibility and should be continuously
immersed in the process fluid.

Injec
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B.4.1.4 Shutdown devices (SDV)

ion line SDVs should be located as near the wellhead as is practical to minimizethe amount of line

ed (Figure B.4 top drawing). SDVs are not required on gas lift lines if they are prétected at
onent and if they are not subject to backflow from the producing formation (Figure B.4 mid
an SDV is not required if the injection line is for the purpose of injecting.water and th

formation is incapable of backflowing hydrocarbons (Figure B.4 bottom drawing). If closing a
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b rapid pressure buildup in the injection line, consideration should be given to shutdown of
e and/or use of a second FSV in lieu of an SDV.
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Description

ers receive production from two or more flow stréams and distribute production to the requ
ms, such as the low, intermediate, or high pressure production and test separat
mmended safety devices for typical headers-are shown in Figure B.5.
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Figure B.5 — Recommended safety devices — Headers
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B.5.2 Safety analysis

B.5.2.1

Safety analysis table

The SAT for headers is presented in Table B.5. The undesirable events that can affect a header are
overpressure, leak and excess temperature.

Table B.5 — Safety analysis table (SAT) — Headers

Undesirable event Cause Detectable condition at component
Overpressure Blocked or restricted outlet High pressure
Hydrate plug
Upstream flow control failure
Excess inflow
Leak Deterioration Low pressure or Fire orGas
Erosion accumulation
Corrosion
Impact damage
Vibration
Excess tempgrature High fluid temperature High temperature
Gas pressure drop Low temiperature

B.5.2.2 Safety analysis checklist (SAC) (see Table B.6)

Table B.6 — Safety analysis checklist (SAC) — Headers

SAC Dpvice SAFE Checklist
Ref. No. | (s¢e Table B.5)
a) PYH 1) PSH installed.

2) Each input source is equipped with a PSH set less than the maximum allowable
working pressure of the-header.

3) Header is protected\by downstream PSH that cannot be isolated from the header

4) Header is for flare, relief, vent, or other atmospheric service and has no valving|in the
outlet piping.

b) PqL 1) PSL installed.

2) Each.input source is protected by a PSL and there are no pressure control deviges or
restrictions between the PSL and the header.

3) Header is for flare, relief, vent, or other atmospheric service.

4) ) ESS is capable of detecting fire and gas accumulation such that the likelihqod of
escalation is minimized.

c) PV 1) PSVinstalled.

2) Header has a maximum allowable working pressure greater than the maximum ghut-in
pressure of any connected well.

3) Pressure relief protection is provided on each input source having a maximum ghut-in
pressure greater than the maximum allowable working pressure of the header.

4) Header is protected by downstream PSV that cannot be isolated from the header.

5) Header is for flare, relief, vent, or other atmospheric service and has no valving in the
outlet piping.

6) Input source is a well(s) having a pressure greater than the maximum allowable
working pressure of the header and is equipped with a system meeting the
requirements of IEC 61511-1. Other input sources having a pressure greater than the
maximum allowable working pressure of the header are protected by PSVs.

d) TSH 1) TSHinstalled.
2) Fluid temperature does not cause design limits of piping to be exceeded.
e) TSL 1) TSL installed.

2) Gas pressure drop does not cause design limits of piping to be exceeded.
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B.5.2.2.1 Pressure safety devices (PSH, PSL and PSV)

PSH and PSL sensors are not required on headers if each input source is equipped with a PSH and a PSL
sensor and the PSH sensor is set less than the rated working pressure of the header. Also, a PSH sensor is
not required if the header is protected by a PSH sensor on a downstream process component and the header
cannot be isolated from the downstream component. A PSL is not required if the header is for flare, relief, vent
or other atmospheric service. If the header requires a PSH and a PSL sensor, the signal from each should
shut off all input sources to the header. In many cases a PSL will be incapable of detecting even severe leaks,
and need not be provided if it can be shown that the ESS is capable of detecting fire and gas occurrences
such that the likelihood of escalation is minimized.

A PO\I H 4 H A [N pA| H 4
DIV o TIULTTYUITTU Ul a TIicaucrt 1

— the maximum allowable working pressure is greater than the maximum shut-in pressureof any connected
ihput source,

— pressure-relief protection is provided on all connected input sources that~have a maximum shut-in
ressure greater than the maximum allowable working pressure of the header,

— the header is protected by a PSV on a downstream process component.that cannot be isolated from the
eader,

— the header is for flare, relief, vent or other atmospheric servicefand has no valving in the outlét piping,

— the input source is a well(s) having a pressure greater than the maximum allowable working pressure of
e header and is equipped with two SDVs (one of which may be the SSV) controlled by|independent
SHs connected to separate relays and sensing,.points, and other input sources having a pressure
reater than the maximum allowable working pressure of the header are protected by PSVs.

The yise of two SDVs in lieu of a PSV should be approached with caution after thorough considergtion of other

alternatives. In some cases, installation of a P8V in addition to two SDVs might be desirable, evep at locations
havirlg no containment system.

B.5.2.2.2 Temperature safety devices (TSH and TSL)

A termpperature safety device is 'only required if fluid temperatures during fault conditions can ¢ause design
limits) of the piping to be exceeded. Low temperatures can be caused by gas pressure drops or agtive cooling.
High ftemperatures can be-caused by fluid conditions or active heating.

B.5.3 Safety devicelocation

B.5.3.1 Pressure safety devices (PSH, PSL and PSV)

PSH |and PSL sensors or a PSV, if required, should be located to sense pressure throughout the header. If
differpht-pressure conditions exist in separate sections of the header, each section should have| the required
protection.

B.5.3.2 Temperature safety devices (TSH and TSL)
The TSH and TSL sensors, other than fusible or skin contact types, should be installed in thermowells for

ease of removal and testing. The thermowell should be located for accessibility and should be continuously
immersed in the process fluid.
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B.6 Pressure vessels

B.6.1 Description

Pressure vessels handle hydrocarbons under pressure for liquid-gas separation, dehydration, storage and
surge. Some pressure vessel applications require heat input. This discussion covers only the effects of heat
input to the process section of a heated vessel. Heating equipment is covered in B.8 and B.12. Pressure
vessels associated with compressors, other than compressor cylinders, should be protected in accordance
with this clause. Compressor cylinders and cases are covered in B.10. Recommended safety devices for

typical pressure vessels are shown in Figure B.6.
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Figure B.6 — Recommended safety devices — Pressure vessels
B.6.2 Safety analysis

B.6.2.1 Safety analysis table

The SAT for|pressure vessels is presented in Table B.7. The undesirable events that can affect a prepsure
vessel are oyerpressure, underpressure, overflow, gas blowby, leak, and excess temperature if the vessel is
heated.
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Table B.7 — Safety analysis table (SAT) — Pressure vessels

Undesirable event

Cause Detectable condition at component

Overpressure

Blocked or restricted outlet High pressure
Inflow exceeds outflow

Pressure control system failure
Thermal expansion

Excess heat input

Gas blowby (upstream component)

Underpressure

Withdrawals exceed inflow Low pressure
Thermal contraction

Open outlet
Pressure control system failure

Liqu

d overflow

Inflow exceeds outflow High liquid level
Liquid slug flow

Blocked or restricted liquid outlet
Level control system failure

Gas

blowby

Liquid withdrawals exceed inflow Lowlevel
Open liquid outlet
Level control system failure

Lea

Deterioration Low pressure, Low liquid|level or fire
Erosion or gas accumulation
Corrosion
Impact damage
Vibration

Excq

bSs temperature

Temperature control'system failure High temperature
High inlet temperature

B.6.2

.2 Safety analysis checklist (SAC) (se€)jTable B.8)

Table B.8 — Safety analysis checklist (SAC) — Pressure vessels

SAC Device SAFE .
Ref. No. | (see Table B.7) Checklist
a) PSH 1)“~PSH installed.

2) Input is from a pump or compressor that cannot develop pressure grgater than the
maximum allowable working pressure of the vessel.

3) Input source is not a wellhead flowline(s), production header, or pipgline and each
input source is protected by a PSH that protects the vessel.

4) Adequately sized piping without block or regulating valves connects| gas outlet to
downstream equipment protected by a PSH that also protects the upstr¢am vessel.

5) Vessel is final scrubber in a flare, relief, or vent system and is designgd to withstand
maximum built-up back pressure.

G) \V’Cbbci UPUIatUD dt atlllpr;lUl;b MITSSUIT clIIL.JI haa dll au'cquatt: VUIIt oYyo em.

b) PSL 1) PSL installed.

2)  Minimum operating pressure is atmospheric pressure when in service.

3) Each input source is protected by a PSL and there are no pressure control devices or
restrictions between the PSL(s) and the vessel.

4) Vessel is scrubber or small trap, is not a process component, and adequate protection
is provided by downstream PSL or design function (e.g. vessel is gas scrubber for
pneumatic safety system or final scrubber for flare, relief, or vent system).

5) Adequately sized piping without block or regulating valves connects gas outlet to
downstream equipment protected by a PSL that also protects the upstream vessel.

6) ESS is capable of detecting gas accumulation and fire such that the likelihood of
escalation is minimized and vessel is not subject to underpressure damage.
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Table B.8 (continued)

SAC Device SAFE

Ref. No. | (see Table B.7) Checklist

c) PSV 1) PSVinstalled.

2) Each input source is protected by a PSV set no higher than the maximum allowable
working pressure of the vessel and a PSV is installed on the vessel for fire exposure
and thermal expansion.

3) Each input source is protected by a PSV set no higher than the vessel's maximum
allowable working pressure and at least one of these PSV's cannot be isolated from
the vessel.

4) PSVs on downstream equipment can satisfy relief requirement of the vessel and
cannot be isolated from the vessel.

5) Vessel is final scrubber in a flare, relief or, vent system, is designed to_withsfand
maximum built-up back pressure, and has no internal or external obstruetiohs, quch
as mist extractors, back pressure valves, or flame arrestors.

6) Vessel is final scrubber in a flare, relief or, vent system, is designed to withsfand
maximum built-up back pressure, and is equipped with a rupture-disk or safety head
(PSE) to bypass any internal or external obstructions, such as'mist extractors, Qack
pressure valves, or flame arrestors.

7) An input source has a pressure greater than the maximum allowable working
pressure of the vessel and the vessel is equipped<with a system meeting|the
requirements of IEC 61511-1.

8) Input source to the vessel cannot develop pressure greater than the maximum
allowable working pressure of the vessel and@ PS8V is installed on the vessel fof fire
exposure and thermal relief.

d) LSH 1) LSH installed.

2) Equipment downstream of gas outlet'is' not a flare or vent system and can sgfely
handle maximum liquid carry-over.

Vessel function does not requireshandling separated fluid phases.
Vessel is a small trap from which liquids are manually drained.

)
)

e) LSy 1) LSL installed to protect each liquid outlet.
)

Liquid level is not autematically maintained in the vessel, and the vessel does|not
have an immersed-heating element subject to excess temperature.

3) Equipment downstream of liquid outlet(s) can safely handle maximum gas rates [that
can be discharged through the liquid outlet(s), and vessel does not have| an
immersed-heating element subject to excess temperature. Restrictions in |the
discharge.line(s) may be used to limit the gas flow rate.

f) FS 1) FSV-ipstalled on each outlet.

2) The ~maximum volume of hydrocarbons that could backflow from downstrgam
equipment is insignificant.
3) ) A control device in the line will effectively minimize backflow.

g) TSH 2 1) TSH installed.
2) See Note.
3) Heat source is incapable of causing excess temperature.
h) LSH (downstream |1) Gas lines subject to overflow are connected to process item capable of handling
ovefflow liquids.
protection) 2) Vessel is equipped with a second LSH designed in accordance with IEC 61511-1.

3) Vessel is scrubber for gas compressor and only receives process gas from other
vessels equipped with LSH devices.

i) LSL (downstream | 1) Downstream PSV is sized to pass maximum gas blowby from this vessel.
gas blowby 2) Vessel is equipped with a second LSL designed in accordance with IEC 61511-1.
protection)

NOTE This option was deleted from the original checklist in API RP 14C 18] when the second edition was published. The number
reference is retained here to allow easy comparison of SAFE charts.

@  High temperature sensors are applicable only to vessels having a heat source.
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B.6.2.2.1 Pressure safety devices (PSH, PSL and PSV)

a) A pressure vessel that receives fluids from a well or from other sources that can cause overpressure
should be protected by a PSH sensor to shut off inflow to the vessel. The PSH sensor need not be
provided on the vessel if a PSH sensor on other process components will sense vessel pressure and shut
off inflow to the vessel, and the PSH sensor cannot be isolated from the vessel; or if the vessel is the final
scrubber in a flare, relief, or vent system and is designed to withstand maximum built-up back pressure;
or if the vessel operates at atmospheric pressure and has an adequate vent system. A vessel receiving
fluids from a well should always be protected by a PSH sensor because the pressure potential of a well
may increase due to changes in reservoir conditions, artificial lift, workover activities, etc.

b) Apressure-vessetsk ottd-be-provided-with-a-PStk—sensorto-shut-off-nflow-to-the-vessetwhen leaks large
¢nough to reduce pressure occur, unless PSL sensors on other components will provide necessary
protection and the PSL sensor cannot be isolated from the vessel when in service. A PSE sensor should
ot be installed if the vessel normally operates at atmospheric pressure or .frequenfly varies to
atmospheric while in service. In this case, the complexity of lockout devices to keep the| vessel from
ghutting in during these operating modes could more than offset the protectien afforded| by the PSL
gensor. In many cases a PSL will be incapable of detecting even severe leaks-and need no} be provided
if it can be shown that the ESS is capable of detecting fire and gas occurfences such that egcalation can

be prevented.

c) A pressure vessel should always be protected by one or more PSVs’with sufficient capacity|to discharge
aximum vessel input rates. At least one PSV should be set\no higher than the maximym allowable
orking pressure of the vessel. APl RP 521 [13] may be used as a guide in determining set|pressures of
ultiple relief valve installations. A PSV need not be provided on a vessel if the vessql is the final

gcrubber in a flare, relief, or vent system; and is designed-so that back pressure, including ifertial forces,
developed at maximum instantaneous flow conditions‘will not exceed the working pressure jof the lowest
pressure rated element; and has no internal or external obstructions, such as mist extfactors, back
pressure valves, or flame arrestors. If obstructions exist, a PSV, or, as an alternative, a P$E should be
ihstalled to bypass the restriction. A PSV need’not be provided on a vessel if PSVs on dther process
¢gomponents provide adequate relief capacity, relieve at or below vessel maximum allowgble working
pressure, and cannot be isolated fram ‘the vessel when in service. If such PSVs ar¢ located on
downstream components, they must-not be isolated from the vessel at any time. Moreovel|, if upstream
PSVs provide necessary protection when the vessel is in service, but can be isolated when|the vessel is
ghut in, a PSV should be installed on the vessel for pressure relief due to thermal expansion or fire
gxposure.

OTE  Some national standards allow a maximum accumulation of 10 %.
d) I a pressure vesseNlis subject to underpressure that could cause it to collapse, the vessel should be

provided with a.gas‘make-up system that will maintain adequate pressure in the vessel and & PSL sensor
is required.

B.6.2.2.2 Level safety devices (LSH and LSL)

A prgssure vessel that dlscharges to flare should be protected from liquid overflow by an LSH sgnsor to shut
Offl O A€ ESS€e ESSEe1S a[e GO0 G“‘: €10 are—SHotht—arSO—1e—Protectea—oy—=an LSHsenSOr
unless downstream process components can safely handle maximum liquids that could overflow. A pressure
vessel should be protected from gas blowby by an LSL sensor to shut off inflow to the vessel or close the
liquid outlet. The LSL sensor is not required if a liquid level is not maintained in the vessel during normal
operation, or downstream equipment can safely handle gas that could blowby. An LSL sensor to shut off the
fuel supply should be provided in a heated vessel if the heating element is immersed.

A second LSH may be required on vessels where the relief system is not designed for liquids.
Level devices are not required on pressure vessels that are not designed for liquid-gas separation or on small

traps from which liquids are manually drained. This includes such vessels as pressure-surge bottles,
desanders, gas volume bottles, gas-meter drip traps, fuel gas filters, etc.
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B.6.2.2.3 Temperature safety devices (TSH)

If a pressure vessel is heated and the heat source can cause excessive temperature, a TSH sensor should be
provided to shut off the source of heat when process fluid temperature becomes excessive.

B.6.2.2.4 Flow safety devices (FSV)

A check valve (FSV) should be installed in each gas and liquid discharge line if significant fluid volumes could
backflow from downstream components in the event of a leak. An FSV is not required if a control device in the
line will effectively minimize backflow. Whether backflow is significant is a judgement decision. If a line
discharges to a pressure vessel at a point above the liquid level range, the backflow of liquids should be

insignificant.
section and {

B.6.3 Safef

B.6.3.1

The PSH an
vapour sectig
gas outlet p
cannot be is
outlet) or inte

B.6.3.2 Le

The LSH se
nuisance sh
shutdown ca
liquid level t
liquid outlet t
should be lo
columns tha
process. Ho
the level sen
vessel liquid

B.6.3.3 Flq

Pressure safety devices (PSH, PSL and PSV)

h be effected. The LSL sensor should be located a sufficient distance below the lowest ope
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itdowns, but with adequate vessel volume above the LSH sensor to prevent overflow b

b prevent nuisance shutdowns, but with<adequate liquid volume between the LSL senso
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can be isolated from the vessel-This will permit testing the devices without interruptin
vever, if solid deposits or foam. cause fouling or false indication of devices in external colu
sors may be installed directtyin the vessel. In this case, a pump may be required to manig
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Check valves (FSVs) shoutd'be located in outlet piping.

B.6.3.4 Temperature safety devices (TSH)

The TSH sehsors, other than fusible or skin contact types, should be installed in thermowells for ease of
removing arld esting. The thermowell should be located where it will be accessible and continuously

immersed in

the heated fluid.

B.7 Atmospheric pressure vessels

B.7.1 Description

Atmospheric pressure vessels are used for processing and temporary storage of liquid hydrocarbons. Some
applications require heat input to the vessel. This discussion covers only the effects of heat input to the
process section of an atmospheric pressure vessel. Heating equipment is covered in B.8 and B.12. If the
atmospheric pressure vessel is heated, TSH should be installed. Recommended safety devices for typical
atmospheric pressure vessels used in a production process system are shown in Figure B.7.

46 © 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=0e189b2a2203905f29b9fdd9dff29a5a

ISO 10418:2003(E)

Vessels such as those used for diesel fuel and chemical storage that are ancillary to the production process
system are not covered by this International Standard. However, some of the recommendations contained in
D.2 concerning ESSs might be applicable when installing such equipment.

®

LSH
L
Key
1 inlet
2 ent
3 flame arrestor 5 ¢~—— LSL
4  atmospheric pressure vessel
5 qutlet

NOTH 1 A vent line can contain a pressure and/or vacuum‘relief device.

NOTH 2 A second vent may be installed in lieu of thepressure and/or vacuum relief device.

Figure B.7 — Recommended . safety devices — Atmospheric pressure vessels

B.7.2 Safety analysis

B.7.2.1 Safety analysis table

The BAT for atmospheric-pressure vessels is presented in Table B.9. The undesirable events that can affect
an atmospheric vessel-are overpressure, underpressure, overflow, gas blowby, leak, and excesg temperature
if the|vessel is heated,
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Table B.9 — Safety analysis table (SAT) — Atmospheric pressure vessels

Undesirable event

Cause

Detectable condition at component

Overpressure

Inflow exceeds outflow

Blocked outlet or vent

Pressure control system failure
Thermal expansion

Gas blowby (upstream component)

High pressure

Underpressure

Withdrawals exceed inflow
Thermal contraction

Low pressure

Hiah laoval
g evet

Liquid overflgw

Egeia-overiow

Inflow exceeds outflow

Blocked or restricted liquid outlet
Level control system failure

Gas blowby

Liquid withdrawals exceed inflow
Open liquid outlet
Level control system failure

Low level

Leak

Deterioration
Erosion
Corrosion

Impact damage
Vibration
Vacuum collapse

Low pressure-and backflow or fire o
gas accumbulation

Excess temp

erature

Temperature control system failure
High inlet temperature

High temperature

B.7.2.2 Safety analysis checklist (SAC) (see Table B.10)

B.7.2.21

An atmosphs
sized vent sy
be included i
(PSV) or a s
fouls or othe

a) apressu

b) anatmo

A blanket ga

B.7.2.22 |

Pressure safety devices (vent and PSV)

re vessel not subject-to collapse is used in atmospheric service, or
5pheric vesselhas no pressure sources (except blanket gas) piped to it.

5 system.may be desirable to exclude air from an atmospheric vessel.

Level safety devices (LSH and LSL)

ric pressure vessel should be protected from overpressure and underpressure by an adequately
stem. API Std 2000['4l may be used as a guide for sizing vent systems. A flame arrestor should
h the vent system to prevent flame migration back to the vessel. A pressure/vacuum relief device
econd vent should be installed to protect the vessel in case the primary vent control device(s)
(wise obstructs flow. The RSV or second vent is not required when

Protection from liquid overflow from an atmospheric pressure vessel should be provided by an LSH sensor to
shut off inflow unless fill operations are continuously attended or overflow is diverted to other process

components.

An LSL sensor should be provided to shut off the heat source if the vessel has an immersed heating element
subject to excess temperature. If liquid level is not automatically maintained in the vessel, an LSL sensor
should be provided to protect against leaks by shutting of inflow. A containment system to collect leakage is
preferable to a low level sensor when normal inflow of liquids would preclude the sensor's detection of a leak.
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B.7.2.2.3 Temperature safety devices (TSH)

If an atmospheric pressure vessel is heated, a TSH sensor should be provided to shut off the source of heat
when process fluid temperature becomes excessive.

Table B.10 — Safety analysis checklist (SAC) — Atmospheric pressure vessels

SAC Device SAFE Checklist
Ref. No. | (see Table B.9)
a) Vent 2 Vent installed.
b) PSV Ty PSVinstalled.
2) Vessel has second vent capable of handling maximum gas volume.
3) Component is a pressure vessel, not subject to collapse, that openates in| atmospheric
service and is equipped with an adequately sized vent.
4) Vessel has no pressure sources (except blanket gas andf/or*manual dfains) and is
equipped with an adequately sized vent.
c) LSH 1) LSH installed.
2) Fill operations are continuously attended.
3) Overflow is diverted or contained by other process components.
d) LSL 1) LSL installed.
2) Adequate containment system is provideds
3) Liquid level is not automatically maintained in the vessel, and vessel doeq not have an
immersed heating element subject.toyexcess temperature.
4) Component is final vessel in_&’containment system designed to colle¢t and direct
hydrocarbon liquids to a safe<ocation.
e) TSHb 1) TSHinstalled.
2) See Note.
3) Heat source is incapable of causing excess temperature.
NOTE This option was deleted from the original Checklist in APl RP 14CI8l when the second edition was publishefl. The number

reference is retained here to allow easy comparisoh of SAFE charts.

a A vent is a pipe or fitting on a vessel that opens to atmosphere. A vent line might contain a pressure and/or vacuum

b Hjgh temperature sensors are applicable only to vessels having a heat source.

relief device.

B.7.3 Safety device location

B.7.3.1

Pressure safety devices (vent and PSV)

The ventand PSV should be located on the top (highest practical elevation in the vapou
atmo"phﬁrir‘ vessols

I section) of

B.7.3.2 Level safety devices (LSH and LSL)

The LSH sensor should be located at a sufficient distance above the highest operating liquid level to prevent
nuisance shutdowns, but with adequate vessel volume above the LSH sensor to contain liquid inflow during
shut-in. The LSL should be located at a sufficient distance below the lowest operating liquid level to avoid
nuisance shutdowns. In firetube heated components, the LSL should be located above the fire tubes. The
LSH and LSL sensors should preferably be located in external columns for ease of testing without interrupting
the process. However, internally mounted sensors are also acceptable, as discussed in B.6.3.2.
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B.7.3.3 Temperature safety devices (TSH)

TSH sensors, other than fusible or skin contact types, should be installed in thermowells for ease of removal
and testing. The thermowell should be located for accessibility and should be continuously immersed in the
process fluid.

B.8 Fired and exhaust-heated components

B.8.1 Description

Fired and exhaust-heated components are used for processing and heating hydrocarbons. Included arg both
direct and indirect fired atmospheric and pressure vessels and tube-type heaters equipped mith gither
automatically controlled natural or forced-draft burners. Also included are exhaust-heated comiponents that
use exhaust gases from other equipment such as turbines and engines as a heat source, and,that'may of may
not be supplementary fired. This clause discusses the required protection for firing equipment of al fired
component gnd for the heating section of exhaust-heated components. Protection for the process portion of a
fired or exhjust-heated component is discussed under the appropriate component~Recommended gafety
devices for g typical fired vessel equipped with a natural-draft burner or a forced«<draft burner are shojn in
Figures B.8 and B.9, respectively. Recommended safety devices for a typical exhaust-heated component are
shown in Figure B.10.

15— 5

*% @%f

] O

S

1 inlet \.
2  gasoutlet ) 7 H

3  stack arr¢stor @ @

4 heater-tr¢ater

5 oil outlet 6 (
6  water ouflet \g‘

7

flame arrgstor

The vessel poftion should be analysed in accordance with B.6 or B.7.

Fi — ices —
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motor interlock
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The vessel portion should be analysed in accordance with B.6 or B.7.

NOoO OO~ WN -

NOTH The stack arrestor could be eliminated — see Table B.14,stack arrestor.

Figure B.9 — Recommended safety devices — Typical fired vessel (forced draft)

1—% /\@

2
3 L1
Key
1 medium,inlet
2  gxhdust-heated component /
3 medium outlet / / /
4 heat source (turbine exhaust, etc.) i /

Figure B.10 — Recommended safety devices — Exhaust-heated component

B.8.2 Safety analysis

B.8.2.1 Safety analysis table

The SAT for fired components with natural-draft burners is presented in Table B.11, for those with forced-draft
burners in Table B.12, and for exhaust-heated components in Table B.13. The undesirable events that can
affect a fired component or supplementary fired exhaust-heated component are excess temperature, direct
ignition source, excess fuel in the firing chambers, and overpressure. The undesirable events that can affect
an exhaust-heated component are excess temperature and overpressure.
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Table B.11 — Safety analysis table (SAT) — Fired components (natural draft)

Undesirable event

Cause

Detectable condition at component

Excess temperature

Temperature control system fails
Inadequate flow

Limited heat transfer

Ignition of medium leak into firing chamber
Exposed heat transfer surface

High temperature (process)
High temperature (stack)
Low flow rate

Low liquid level

Direct ignition source

Flame emission from air intake
Spark emission from exhaust stack
Excess stack temperature

Fire
High temperature

EXposed hot surface

Excess combustible vapours in
firing chambgr

Fuel control system failure

Flame failure
High fuel pressure

Overpressurg (flow tubes in
firing chambgr)

Blocked outlet
Vaporization
Thermal expansion

High pressure

Table B.12 — Safety analysis table (SAT) — Fired componentsi(forced draft)

Undesdlirable event

Cause

Detectable condition at component

Excess temperature

Temperature control system fails
Inadequate flow

Limited heat transfer

Ignition of medium leak into firing chamber
Exposed heat transfer surface

High temperature
Low flow

High temperature
High temperature
High temperature

Direct ignitiop source

Flame emission from air intake
Spark emission from exhaustistack
Excess stack temperaturé
Exposed hot surface

Fire
High temperature stack

Excess combustible vapours in
firing chambgr

Fuel control systemfailure

Air supply control-system failure
Blocked air inlet

Blower failure

Low air pressure
Flame failure

High fuel pressure
Low fuel pressure
Low air velocity

Overpressur¢ (flow tubes in
firing chambgr)

Blocked outlet
Vaporization
Thermal expansion

High pressure

Table(By13 — Safety analysis table (SAT) — Exhaust-heated components

Undesdlirable\event

Cause

Detectable condition at component

Temperature control system fails

High temperature (medium)

Excess temperature

Inadequate flow

Limited heat transfer

Ignition of medium leak into firing chamber
Exposed heat transfer surface

High temperature (stack)

Low flow rate

Low liquid level

High temperature (process stack)
Low liquid level

Overpressure (flow tubes in
firing chamber)

Blocked outlet
Vaporization
Thermal expansion

High pressure

NOTE
applicable.

When supplemental firing is used, the component should also be analysed in accordance with Table B.11 or Table B.12, as
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B.8.2.2 Safety analysis checklist (SAC) (see Table B.14)

Table B.14 — Safety analysis checklist (SAC) — Fired and exhaust-heated components

SAC Device SAFE _
Ref. No. (see Tables B.11, Checklist
B.12, B.13)
a) TSH (mediumor | 1) TSH installed.
process fluid) 2) Component is a steam generator protected by a PSH and, if fired, by an LSL.

3) Component is an indirect water-bath heater in atmospheric service and is protected
by an LSL.

b) TSH (stack) 1) TSH installed.

2) Component is isolated and does not handle combustible medium_of |process fluids
other than fuel.

3) Component is exhaust-heated without supplemental firing-and medium is not
combustible.

c) See Note. —
d) PSL (air supply) 1) PSL installed.

2) Component is equipped with a natural-draft bufner.

3) Forced-draft burner is equipped with anothertype of low air supply serjsor.

4) Component is exhaust-heated without sipptemental firing.

e) PSH (fuel supply) | 1) PSH installed.
2) Component is exhaust-heated without supplemental firing.
f) PSL (fuel supply) | 1) PSL installed.
2) Component is equipped withva natural-draft burner.
3) Component is exhaust-heated without supplemental firing.
9) BSL 1) BSLinstalled.
2) Component is exhaust-heated without supplemental firing.
h) FSL (heated 1) FSL installed.
medium) 2) Componentis not a closed heat-transfer type in which a combustible |medium flows
throughtubes located in the firing or exhaust-heated chamber.
i) Motor interlock 1)  Motor interlock installed.
(forced-draft fan | 2) Cdémponent is equipped with a natural-draft burner.
motor) 3) (' Gomponent is exhaust-heated without supplemental firing.
j) Flame arrestor 1)/ Flame arrestor installed.
(air intake) 2) Component is equipped with a forced-draft burner.

3) Component is located in an isolated area and not handling combustilble medium or
process fluids other than fuel.

4) Component is exhaust-heated without supplemental firing.

k) Stack-afrestor 1) Stack arrestor installed.

2) Component is equipped with a forced-draft burner and (1) the fluid bging heated is
non-flammable, or (2) the burner draft pressure at the exit of the trangsfer section is
higher than the fluid pressure (head).

3IH—Componentis-isolated-so-process-fluids-will-net-contact-stack-emissions.

4) Component is exhaust-heated without supplemental firing.

) PSV (medium 1) PSVinstalled.
circulating tube) | 2) Component is not a tube-type heater.
3) PS8V installed on another component will provide necessary protection and the PSV
cannot be isolated from the tube section.
m) FSV (medium 1) FSVinstalled on each outlet.
circulating tube) [ 2)  The maximum volume of combustible medium that could backflow from downstream
equipment is insignificant, or medium is not combustible.

3) Component is not a tube-type heater.

NOTE This option was deleted from the original checklist in API RP 14C[8] when the second edition was published. The number

reference is retained here to allow easy comparison of SAFE charts.
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B.8.2.2.1 Temperature safety devices (TSH)

The medium or process fluid temperature in a fired component should be monitored by a TSH sensor to shut
off the fuel supply and the inflow of combustible fluids. If a component is exhaust-heated, the exhaust should
be diverted or the source of exhaust shut down. A TSH sensor is not necessary on a steam generator
protected by a PSH sensor to detect high pressure caused by high temperature and by an LSL sensor to
detect a low level condition that could cause high temperature. A TSH to sense medium or process fluid
temperature is generally not necessary for an indirect water bath heater in atmospheric service, since the
maximum temperature is limited by the boiling point of the water bath.

The flow of combustible medium in a closed heat-transfer system, where the medium is circulated through
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tubes locateq
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area or the medium is escaping from a closed system.
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and fire loop should immediately shut off medium flow if an uncontrolled fire has occurréd

in the burner exhaust stack should be monitored by a TSH sensor to shut off the.fuel suppl
combustible fluids. Temperature in the exhaust-heated component stack should*e monitor
br to shut off the inflow of combustible medium and to shut down the exhaust source. A
required on a fired component located in an isolated area not handling(combustibles other
e detector (YSH) should be provided in the stack of glycol reboilers-to detect any leaka
E fire tubes.

Flow safety devices (FSL and FSV)

ible medium is circulated through tubes located in the ‘firing or exhaust-heated chambe
rate should be monitored by an FSL sensor to shut off the fuel supply to a fired component

d occur before being detected by a TSH (medium) sensor located outside the heater. An
required in other types of heater because the’,TSH (medium) sensor is located in the mg
hould immediately detect the high temperature condition. A check valve (FSV) should be lo
piping to prevent backflow into the fired ef\heated chamber in the event of tube rupture.

forced-draft burner, a PSL )sensor should be installed on the fuel supply; in addition, th
ire of a forced-draft burner should be monitored by a PSL sensor to shut off the fuel af
air supply sensor may be used to monitor air supply in lieu of a PSL sensor. The PSL sen
on a natural-draft bufner because of the low air-intake pressure. Flow tubes located in the
pated chamber of-@)tube type heater should be protected by a PSV from overpressure caus
the medium or process fluid.
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through the air intake prevents flame migration, or the PSL sensor in the air intake and fan motor starter
interlock shut off the air intake.

The stack on a natural-draft burner should be equipped with a stack arrestor to prevent spark emission. If the
fired component is not handling combustibles other than fuel and is located in an isolated area, the arrestor is
not necessary. A stack arrestor may not be necessary on a forced-draft burner due to the higher combustion
efficiency that prevents carbon build-up. A stack arrestor is required if the fluid being heated is flammable or
the burner draft pressure at the exit of the transfer section is lower than the fluid pressure (head).

The motor on a forced-draft fan should be equipped with a motor starter interlock to sense motor failure and
shut off the fuel and air supply.
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The flame in the firing chamber should be monitored by a BSL or TSL sensor that will detect a flame
insufficient to immediately ignite combustibles entering the firing chamber and will prevent fuel valves opening

or shut off fuel supply.

Facilities should be installed to ensure fuel and air valves are opened and closed in the correct sequence.

B.8.3 Safety device location

B.8.3.1 Temperature safety devices (TSH)

Temperature sensors, other than fusible or skin contact types, should be installed in a thermowell for ease of

remo
medi
heatg
and

exha

val and testing. If the fire tube is immersed, the TSH sensor should be located in the

im or process fluid. If the liquid medium or process fluid flows through tubes within the fisin
d chambers, the TSH sensor should be located in the discharge line as close as practical {
Ipstream of all isolating devices. A TSH sensor in the stack should be located)near the
st stack.

B.8.3.2 Flow safety devices (FSL and FSV)
In a ¢
circu
pract
outle

losed heat-transfer system with a combustible medium, an FSL sensor should be located ir
ating tube piping. The sensor should be located in the medium ‘outlet line as close to t
cal, and should monitor total flow through the heater. A checkvalve (FSV) should be install¢

piping.

B.8.3.3 Pressure safety devices (PSH, PSL and PSV)

A PS
and

contr|
heats

L sensor in the air intake of a forced-draft burner should be located downstream of the blow
PSL sensor in the fuel supply line should be located between the last pressure regulator
bl valve. A PSV on the tubes of a tube-type héater should be located where it cannot be isol
d section of the tubes.

B.8.3.4 Ignition safety devices
The flame and stack arrestors on fifed"’components should be located to prevent flame emissior

intake and spark emission from the‘exhaust stack. The BSL sensor should be located in the firing

B.8.4 Safe operating procedures
In ad

safely operate a fired-6or exhaust-heated component.

Table B.15 — Safe operating procedures for fired or exhaust-heated components

heated liquid
j or exhaust-
o the heater,
base of the

the medium
he heater as
d in the tube

er. The PSH
and the fuel
bted from the

from the air
chamber.

dition to the safety-devices indicated in Table B.14, the procedures shown in Table B.15 are required to

StFp Action

1 Assure complete fuel shut off.

2 Void firing chamber of excess combustibles prior to pilot ignition.

3 Limit time.on t!'ia] for ignition of pilot and main burner to prevent excess fuel accumulation' in fire chamber.
After the time limit is exceeded, the fuel should be shut off and a manual reset start-up required.

4 Provg pilot and assure fgel-air proportioning dampers and burner controls are in low fire position prior to
opening fuel supply to main burner.

5 Manually reset start-up controls following a flame failure of either the pilot or main burner.

6 Assure fuel is clean from all residue and foreign materials by providing adequate fuel-cleaning equipment.

7 Qszltijéibtlzat exhaust is diverted around exhaust-heated component prior to starting up heat source, if
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B.9 Pumps

B.9.1 Description

Pumps transfer liquids within the production process and into pipelines leaving the platform, or from the
containment system to the process system (booster/charge pumps, sump pumps, chemical injection pumps,
heating pumps). Pipeline pumps transfer produced hydrocarbons from the process system to a pipeline.
Pumps that occasionally transfer small volumes of hydrocarbons from ancillary equipment (swab tanks,
sumps, etc.) to a pipeline that receives the bulk of its volume from another source are not considered pipeline
pumps. Glycol-powered glycol pumps circulate glycol within a closed system. Other pumps transfer produced
liquids, heat-transfer liquids, or chemicals within the production process system, or from the containment

system to the—process—system (buuotcll’bhalyc PUmps;, Sump—Ppumps; chemicat illjcutiuu pumps; e
medium circlilating pumps, glycol pumps, etc.). Recommended safety devices for typical pump installs
are shown in|Figures B.11, B.12 and B.13.

ting-
tions

The recomniendations of this clause do not apply to firewater pumps; in these cases the nequirements of

ISO 13702 apply.

Key

1 from storpge component
2  pump

3  dischargg 3

Figure B.11 — Recommended:safety devices — Pipeline pumps

L1
|
| 3
L 5 6

Key
1  glycol contactor
2 dry glycol to contactor 8
3 wet glycol from contactor 7
4  power end
5 pump
6 pumpend
7  dry glycol from reboiler
8  wet glycol to reboiler 8

Figure B.12 — Recommended safety devices — Glycol-powered glycol pumps
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1 suction

2  pump

3 discharge

ISO 10418:2003(E)

16— 2

Figure B.13 — Recommended safety devices — Other pumps

B.9.2 Safety analysis

B.9.2.1 Safety analysis table

The [SAT for pumps is presented in Table B.16. The undesirable events—that can affect
overpressure, leak, excess temperature and low flow.

Table B.16 — Safety analysis table (SAT) — Pumps

a pump are

Undesirable event Cause Detectable condition at ¢

omponent

Ovefpressure

Blocked or restricted outlet High pressure
Excess back pressure

High inlet pressure (centrifugal)
Overspeed

Fluid density increase

Reverse flow

Lea

Deterioration Low pressure
Erosion
Corrosion

Impact damage
Vibration
\Vacuum collapse

Excg¢ss temperature

High fluid temperature High temperature
Gas pressure drop Low temperature

Low|flow

Blocked or restricted outlet or inlet Low flow

© 1SO 2003 — Al rights reserved
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B.9.2.2 Safety analysis checklist (SAC) (see Table B.17)

Table B.17 — Safety analysis checklist (SAC) — Pumps

SAC Device SAFE Checklist
Ref. No. (see Table B.16)
a) PSH — Pipeline pumps | PSH installed.
b) PSH — Other pumps |1) PSH installed.

2) Maximum pump discharge pressure does not exceed 70 % of the maximum
allowable working pressure of the discharge piping.

3) Pump is manually operated and continuously attended.
4) Small, low volume pumps, e.g. chemical injection.
5) Pump discharges to an atmospheric pressure vessel.
6) Pump is a glycol-powered glycol pump.
c) PSL — Pipeline pumps |1) PSL installed.
2) Pump does not handle hydrocarbons.
3) ESS is capable of detecting fire and gas accumulatien.such that the likelihdod of
escalation is minimized.
d) PSI. — Other pumps 1) PSL installed.
2) Pump is manually operated and continuously‘attended.
3) Adequate containment is provided.
4) Small, low volume pumps, e.g. chemical injection pumps.
5) Pump discharges to an atmospheric vessel.
6) ESS is capable of detecting fire_and gas accumulation such that the likelihdod of

escalation is minimized.

e) PSY — Pipeline pumps 1) PSVinstalled.
2) Pump is kinetic energy type and incapable of generating a head greater thgn the
maximum allowable.working pressure of the discharge piping.

f) PSY — Other pumps 1) PSV installed-

2) Maximum ‘pump discharge pressure is less than the maximum allowable
working pressure of discharge piping.

3) Pump'has internal pressure relief capability.

4) PRunmp is a glycol-powered glycol pump, and the wet glycol low-pregsure
discharge piping is rated higher than the maximum discharge pressure.

5)) Pump is a glycol-powered glycol pump, and the wet glycol low-pregsure
discharge piping is protected by a PSV on a downstream component that cannot
be isolated from the pump.

) FSY — All pumps Check valve installed.
h) TSH 1) TSH installed.
2)  Fluid temperature does not cause design limits of piping to be exceeded.
i) TSI 1) TSL installed.
7)  Gas pressure drop does not cause design limits of piping 1o be exceeded.
i) FSL 1) FSL installed.
2) Pump curve is such that the PSH installed is capable of detecting blocked outlet

and PSL installed is capable of detecting blocked inlet
3) Pump is not damaged by low flow.
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B.9.2.2.1 Pressure safety devices (PSH, PSL and PSV)

PSH and PSL sensors should be provided on all hydrocarbon pipeline pump discharge lines to shut off inflow
and shut down the pump. A PSH sensor to shut down the pump should be provided on the discharge line of
other pumps, unless the maximum pump discharge pressure does not exceed 70 % of the maximum
allowable working pressure of the discharge line, or the pump is manually operated and continuously
attended. A PSH sensor is not required on glycol-powered glycol pumps. Other hydrocarbon pumps should
also be provided with a PSL sensor to shut down the pump, unless the pump is manually operated and
continuously attended or adequate containment is provided. PSL sensors should be provided on glycol-
powered glycol pumps to shut off wet glycol flow to the pump. In many cases a PSL will be incapable of

detecting even severe leaks, and need not be provided if it can be shown that the ESS is capable of detecting
ﬁre aRpa-aaS-eeeHrreRees-sye hat acealatin

a ht o noeoan ha ~eavAntaA
T Ja o OTTUTTCTICT S ouCTT ot CotaratoTrT Car T oCProveT o Tr

A PS
such

\V should be provided on all pipeline pump discharge lines, unless the pump is a kinetic [energy type,
as a centrifugal pump, and is incapable of generating a head greater than the. maximym allowable

work
unles
line,

press
pumf
the p

B.9.2

ng pressure of the discharge piping. A PSV should be provided in the discharge_ line of all
s the maximum pump discharge pressure is less than the maximum allowaple>working pr
br the pump has an internal pressure relief capability. A PSV should be provided in the w
ure discharge line of glycol-powered glycol pumps unless the line is rated higher than t
discharge pressure or is protected by a PSV on a downstream compongent that cannot be
Lmp.

.2.2 Flow safety devices (FSV)

A check valve (FSV) should be provided in the pump discharge.line to minimize backflow.

B.9.2
A ter
limits]
High
B.9.2
A low

chara
deted

B.9.]

B.9.3.

The
valve

.3 Temperature safety devices (TSH and TSL)
nperature safety device is only required if fluid’temperatures during fault conditions can

of the piping to be exceeded. Low temperatures can be caused by gas pressure drops or a
temperatures can be caused by fluid conditions or active heating.

.4 Flow safety low (FSL)
-flow safety device (flow safety'low) is only required if damage can result from low flow a

cteristic is such that the pressure safety devices (pressure safety low and pressure safety
t abnormal condition.

3 Safety devicerecommended locations

1 Pressure safety devices (PSH, PSL and PSV)

PSH and PSL sensors should be located on the pump discharge line upstream of the FSV|
. In\a‘ glycol-powered glycol pump, the PSL on the wet glycol high pressure line shoul

betw

other pumps
bssure of the
et glycol low
he maximum
solated from

ause design

ctive cooling.

nd the pump
high) will not

or any block
H be located

pérthe pump and the SDV. On pipeline pumps and other pumps where it is required, the P

BV should be

located on the discharge line upstream of any block valve.

B.9.3.2 Flow safety devices (FSV)

The check valve (FSV) should be located on the pump discharge line to minimize backflow.

B.9.3.3 Temperature safety devices (TSH and TSL)

The TSH and TSL sensors, other than fusible or skin contact types, should be installed in thermowells for
ease of removal and testing. The thermowell should be located for accessibility and should be continuously
immersed in the process fluid.
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B.9.3.4 Flow safety low (FSL)

The FSL should be located in the pump discharge line upstream of any FSV or any block valve.

B.9.3.5 Shutdown devices (SDV)

An SDV should be located near the outlet of a storage component (tank, separator, etc.) that delivers product
to a pipeline pump, to prevent the flow of hydrocarbons through the pipeline pump and into the pipeline in the
event of a pipeline leak. If glycol-powered pumps are used, an SDV should be located near the high pressure
wet glycol outlet of the glycol contactor to shut off flow from the contactor and to shut down the pumps.

B.10 Compressor units

B.10.1 Desgription

Compressor|units transfer hydrocarbon gases within the production process and into pipelines leaving the

platform. Re¢ommended safety devices for a typical compressor unit are shown in Figure B.14.

Key

1 enclosurg
(optional

2  external process
inflow

3 intermediate
suction

4  1st stage|suction

5 fuel

6 intermediate
dischargg¢ to next
stage

7  final discharge
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|

|
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%_SS_»_ — flL

18 7

N

_
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®
iMEE)

NOTE 1 Syction scrubbers are not shown; they should be analysed according to B.6. Shell-tube type discharge cpolers

are not shown;theyshoutdbeamatysed-according to B12:

NOTE 2

OSH should be considered based on the conditions stated in F.1 and F.2.

@ ASH 1, 2 and OSH 1, 2 are not required if compressor is not installed in an enclosed building.

b~ ASH 3 is not required if compressor does not have piping or other potential source of gas leak below a solid subfloor.

Figure B.14 — Recommended safety devices — Compressor unit
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B.10.2 Safety analysis

B.10.2.1 Safety analysis table

The SAT for compressor units is presented in Table B.18. The SAT analyses the compressor cylinder or case
and the suction, discharge and fuel gas piping of a compressor unit. Hydrocarbon-handling equipment
associated with compressors, other than compressor cylinders or cases, should be protected in accordance
with appropriate clauses of this International Standard. The compressor and prime mover are normally
furnished with devices to prevent mechanical damage. The undesirable events that can affect a compressor
unit are overpressure, leak, excess temperature and surge.

Table B.18 — Safety analysis table (SAT) — Compressors

Undesirable event Cause Detectable condition at component

Overpressure (suction) Excess inflow High pressure
Failure of suction pressure control system
Compressor or driver malfunction
Reverse flow

Overpressure (discharge) Blocked or restricted discharge line High-pressure
Excess back pressure High gas concentration
High inlet pressure
Overspeed
Fluid density increase
Leak Deterioration Low pressure and backflow
Erosion or
Corrosion gas or fire
Impact damage
Vibration

Vacuum collapse

Excefss temperature Compressor valve-failure High temperature
Cooler failure

Excess compression ratio
Insufficientflow

Excess recycle of gas at high pressure drop | Low temperature
resulting in pipe embrittlement

Blocked or restricted discharge line Variable computed from mgasurements
Cooler failure approaches surge line
Insufficient flow

Compressor or driver malfunction
Fluid density change

Surg

w
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B.10.2.2 Safety analysis checklist (SAC) (see Table B.19)

Table B.19 — Safety analysis checklist (SAC) — Compressors

SAC Device SAFE Checklist
Ref. No. (see Table B.18)
a) PSH (suction) 1) PSH installed.
2) Each input source is protected by a PSH that will also protect the compressor.
b) PSH (discharge) 1) PSH installed.

2) Compressor is protected by a downstream PSH, located upstream of any cooler,

thatcannmotbe isotated from the COMpressor.
C) PSIL (suction) 1) PSL installed.

2) Each input source is protected by a PSL that will also protect the compressar.

3) ESS is capable of detecting fire and gas occurrences such that-the likelihpod of
escalation is minimized.

d) PSIL (discharge) 1) PSL installed.

2) Compressor is protected by a downstream PSL that ¢annot be isolated frgm the
compressor.

3) ESS is capable of detecting fire and gas occurrénce such that the likelihgod of
escalation is minimized.

e) PS (Suction) 1) PSV installed.
2) Each input source is protected by a PSYV that will also protect the compressqr.
f) PS (discharge) 1) PSV installed.

2) Compressor is protected by a doWnstream PSV, located upstream of any gqooler,
that cannot be isolated from the ‘compressor.

3) Compressor is kinetic energy type and incapable of generating a pressure greater
than the maximum allowable working pressure of the compressor or disgharge
piping.

a) FSY (final discharge) |FSV installed.
h) TSH TSH installed.
i) YSH (surge protection) | 1)~ Surge protection scheme installed.
2) Compressor will not surge under failure conditions.
) TSl 1) TSLinstalled.
2) ( Excess recycle of gas will not cause pipe embrittlement.
B.10.2.2.1 Pressure safety devices (PSH, PSL and PSV)

PSH and PSL sensors should be provided on each suction line of a compressor unit unless each input s
is protected [by PSH-and PSL sensors that will also protect the compressor. Also, PSH and PSL se
should be prpvided/on each compressor discharge line. The PSH and PSL sensors should shut off all pr

burce

inflow and fugl’gas to the compressor. In many cases a PSL will be incapable of detecting even severe lpaks,
and need n i i i i i
such that escalation can be prevented. A PSV should be provided on each compressor suction line, unless
each input source is protected by a PSV that will protect the compressor. A PSV should be provided on each
compressor discharge line. A PSV is not necessary on the discharge of a kinetic energy type compressor if
the compressor is incapable of developing a pressure greater than the maximum allowable working pressure
of the compressor or discharge piping.

B.10.2.2.2 Flow safety devices (FSV)

A check valve (FSV) should be provided in each final discharge line to minimize backflow.
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B.10.2.2.3 Gas-detecting devices (ASH/OSH)

If a compressor unit is installed in an inadequately ventilated building or enclosure, gas detectors (ASHs
and/or OSHSs) should be provided to shut off all process inflow and fuel gas to the compressor and blowdown
the compressor.

B.10.2.2.4 Temperature safety devices (TSH and TSL)

A TSH sensor should be provided to protect each compressor cylinder or case. The TSH sensor should shut
off all process inflow and fuel gas to the compressor. A TSL sensor should be provided, unless excess recycle
of gas will not cause pipe embrittlement.

B.10J2.2.5 Surge-prevention devices (YSH)

Meagurement, computing and actuation devices should be provided to protect the compressor ggainst surge
condjtions.

B.10.3 Safety device location

B.10J3.1 Pressure safety devices (PSH, PSL and PSV)

The PSH and PSL sensors should be located on each suction ling as close to the compressor| as practical,
recognizing the detrimental effects of vibration and pulsation on_equipment function and lifetime,|and on each
dischiarge line upstream of the FSV and any block valve. The PSVs should be located on each sjction line as
closg to the compressor as practical, recognizing the detrimental effects of vibration and [pulsation on
equigment function and lifetime, and on each dischargeline so that the PSV cannot be isoldted from the
compressor. If a PSV is located inside a building, its discharge outlet should be piped to a pafe location
outsi¢le the building.

B.10J3.2 Flow safety devices (FSV)

A check valve (FSV) should be located on the final discharge line of each compressor uniff to minimize
backflow. If the compressor unit is insidea building, the FSV should be located outside the buildirg.

B.10/3.3 Gas-detecting devices (ASH/OSH)

Should the compressor unit-be installed in an inadequately ventilated building or enclosure, das detectors
(ASHs and/or OSHSs) should be located in areas where combustible and/or toxic gases can accumulate.

B.10/3.4 Temperature safety devices (TSH and TSL)

A TYH sensorshould be located in the discharge piping of each compressor cylinder or case| as close as
pract|calto\the cylinder or case. A TSL should be provided on the recycle line.

B.10.3.5 Surge detection devices

Sensors to measure flow, temperature, density and pressure should be located to enable the onset of surge to
be predicted and prevented.

B.10.3.6 Shutdown devices (SDV)

An SDV should be located on each process inflow line and fuel gas line, so that the compressor can be
isolated from all input sources. If the compressor unit is installed in a building, SDVs should be located outside
the building. All SDVs should be actuated by a signal from the ESD system and fire loop, and by any
abnormal pressure condition sensed in the suction and discharge lines. A blowdown valve should be located
on the final discharge line(s) of the compressor unit. The blowdown valve(s) may be actuated by a signal from
the compressor's fire loop, gas detectors and compressor ESD system.
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B.11 Pipelines

B.11.1 Description

Offshore pipelines direct liquids and gases between platforms or between a platform and a shore facility.
Pipelines are classified as (a) incoming, (b) departing, or (c) bidirectional, depending on the direction of flow at
the platform. An incoming pipeline directs fluids onto the platform, and a departing pipeline transports fluids
from the platform. A bidirectional pipeline can transport fluids in either direction.

Pipelines can be further classified according to the delivery or receiving point as follows:

a) incoming pipelines:
1) deliyer to platform facilities;
2) deliyer to departing pipeline.
b) departing pipelines:
1) recegive from platform facilities;
2) recegive from incoming pipeline(s);
3) recgive from both platform facilities and incoming pipeline(s).
c) bidirectignal pipelines:
1) deliyer to and receive from platform facilities;
2) deliyer to and receive from another bidirectional,pipeline;
3) deliyer to and receive from other bidirectional pipelines and receives from platform facilities.
Recommended safety devices for typical pipelines are shown in Figure B.15.

64
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c) Bidirectional pipeline

Key
1 tpprocess statiomor departinmg pipetie
2 from process station or incoming pipeline

3  tb and from process station or bidirectional pipeline

Denotes platform limits

B.11.2 Safety analysis

B.11

The

2.1 Safety analysis table

overpressure, leak and excess temperature.

Figure B.15 — Recommended safety devices — Pipelines

SAT for pipelines is presented in Table B.20. The wundesirable events that can affect a

Table B.20 — Safety analysis table (SAT) — Pipelines

pipeline are

Undesirable event

Cause

Detectable condition at co|

mponent

Vacuum collapse

Ovefpressure Blocked orrestricted outlet High pressure
Thermal.expansion
Inflow'exceeds outflow

Lea Deterioration Low pressure and backflow
Erosion or
Corrosion gas or fire
Impact damage
Vibration

Excess temperature

High fluid temperature
Gas pressure drop

High temperature
Low temperature
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B.11.2.2 Safety analysis checklist (SAC) (see Table B.21)

Table B.21 — Safety analysis checklist (SAC) — Pipelines

SAC Device SAFE Checklist
Ref. No. | (see Table B.20)
a) PSH 1)  PSH installed.

2) Delivering pipeline protected by PSH located on upstream component.

3) Each input source is protected by a PSH that also protects a departing or
bidirectional pipeline.

4y—The pipetine s protected-by aPStHocatedomaparattet-compoment:

b) P$L 1) PSL installed.

2) Delivering pipeline protected by PSL located on upstream component.

3) Each input source is protected by a PSL that also protectsa ‘departing or
bidirectional pipeline.

4) The pipeline is protected by a PSL located on a parallel compgohent.

5) ESS is capable of detecting fire and gas occurrences such that the likelihqod of
escalation is minimized.

c) P$V 1) PSVinstalled.

2) Pipeline has a maximum allowable operating pressure greater than the majimum
pressure of any input source.

3) Each input source having a pressure greater.than the maximum allowable opdrating
pressure of the pipeline is protected by;a PSV set no higher than the maximum
allowable operating pressure of the pipeline.

4) The pipeline does not receive inputfrom the platform process.

5) Input source(s) having a pressure greater than the maximum allowable opdrating
pressure of the pipeline areZequipped with two SDVs (one of which may he the
SSV/USV if sources are\wells) controlled by independent PSHs desigried in
accordance with IEC 615611-1.

d) F$V 1) FSVinstalled.
2) Departing pipeline*is equipped with an SDV controlled by a PSL desigrjed in
accordance with1EC 61511-1.
3) Each input\source is protected by an FSV located so that no significant length of
pipeling is) unprotected from backflow.
4) Pipeline is used for bidirectional flow.
e) T$H 1) ASH installed.

2)-.“Fluid temperature does not cause design limits of piping to be exceeded.
f) TSL 1) TSL installed.

2) Gas pressure drop does not cause design limits of piping to be exceeded.

B.11.2.2.1 Irressure safety devices (PSH, PSL and PSV)

PSH and PSL sensors are required on departing pipelines to shut off all input sources. PSH and PSL sensors
are not provided on an incoming pipeline that is protected by sensors provided at the upstream platform.
Bidirectional pipelines should be provided with PSH and PSL sensors. Protection may be provided by PSH
and PSL sensors located at each input source or on a parallel component (looped pipeline) if the sensors
cannot be isolated from the pipeline. In many cases a PSL will be incapable of detecting even severe leaks,
and need not be provided if it can be shown that the ESS is capable of detecting fire and gas occurrences
such that escalation can be prevented. Alternative systems to detect leakage in pipelines include systems
which measure and compare inlet and outlet flows.
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Each pipeline input source is normally protected by a PSV set also to protect the pipeline. A PSV is not
required if

input source;

the pipeline has a maximum allowable operating pressure greater than the maximum pressure of any

each input source having a pressure greater than the pipeline's maximum allowable operating pressure is

protected by a PSV set no higher than the pipeline's maximum allowable operating pressure; or

input source is a well(s) having a pressure greater than the pipeline's maximum allowable operating

pressure and is equipped with two SDVs (one of which may be the SSV) controlled by independent PSHs

B.11

An F
depa
pipel
pipel
locat
be in

B.11
A ter
limits]
High
B.11

B.11

The
depa
so th

B.11

Incor
from
butu

pproached with caution after thorough consideration of other alternatives. In some cases,
PSV in addition to two SDVs might be desirable even at locations having no containment s

2.2.2 Flow safety devices (FSV)

S5V is provided on an incoming pipeline to minimize backflow to a leak or rupture in the pipel
ting pipeline to minimize backflow to a leak or rupture in a component\on the platform. If
ne connects only to a departing pipeline, the FSV on the departing pipeline also protects
ne. An FSV may be eliminated on a departing pipeline if all input sources are equippe
bd so that no significant length of piping is unprotected from backflow from the pipeline. An
stalled on a bidirectional pipeline.

2.2.3 Temperature safety devices (TSH and TSL)
nperature safety device is required only if fluid temperatures during fault conditions can

of the piping to be exceeded. Low temperaturesican be caused by gas pressure drops or a
temperatures can be caused by fluid conditions<or active heating.

.3 Safety device location

3.1 Pressure safety devices (PSH, PSL and PSV)
PSH and PSL sensors shquld be located downstream of any platform input source and u

ting pipeline FSV. If a PSV,is required, it should be located downstream of all input sources
at it cannot be isolated from inlet sources.

3.2 Flow safety.devices (FSV)

the procéss station. The FSV on a departing pipeline should be located as far downstream
bstream.of a block valve.

\VV should be
nstallation of
stem.

ne, and on a
an incoming
the incoming
d with FSVs
FSV cannot

ause design
ctive cooling.

pstream of a
and installed

hing pipelings-delivering to a platform process station should have an FSV located immediafely upstream

as practical,

B.11

[3.3 Temperature safety devices (TSH and TSL)

The TSH and TSL sensors, other than fusible or skin contact types, should be installed in thermowells for
ease of removal and testing. The thermowell should be located for accessibility and should be continuously
immersed in the process fluid.

B.11.

3.4 Shutdown devices (SDV)

Pipeline SDVs should be located to minimize the portion of pipeline exposed on the platform. All SDVs should
be actuated by the platform ESD system, fire loop, and sensors on any downstream component through which
the pipeline fluids flow. The SDV on a pipeline delivering to a departing pipeline should be actuated by the
departing pipeline's PSH and PSL sensors, the ESD system, and the fire loop. Bidirectional pipelines should
be equipped with SDVs on each platform terminus.
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B.12 Heat exchangers

B.12.1 Description

Heat exchangers transfer thermal energy from one flow stream to another while maintaining isolation of the
two flow streams. Recommended safety devices for a typical heat exchanger are shown in Figure B.16. This
clause does not apply to exchangers used with primary heat sources such as turbine exhaust exchangers that
should be analysed under B.8. This clause may be used to analyse heating or cooling coils inserted into
vessels, but the vessels themselves should be analysed under B.6 or B.7, as appropriate. This clause may
also be used to analyse heat exchangers using air to cool or heat hydrocarbons, in which case only the
hydrocarbon section need be considered.

Key

1 heat medium in
2 process fluid in
3 heat exchhanger
4  process fluid out
5 heat medium out

B.12.2 Safety analysis

B.12.2.1 Safety analysis table

Figure B.16 — Recommended safety devices — Heat exchangers (shell-tube)

The SAT fof heat exchangers is presented in Table B.22. The undesirable events that can affect a[ heat

exchanger afe overpressure, underpressure, leak and excess temperature.

Table B.22"=— Safety analysis table (SAT) — Heat exchangers

Undesiftable event

Cause

Detectable condition at component

Blocked or restricted outlet
Tube leak

Open outlet
Pressure control system failure

Overpressurg Vaporisation High pressure
Thermal expansion
Inflow exceeds outflow
Deterioration
CE;roswr_l Low pressure and backflow

orrosion

Leak or
Impact damage fi
Vibration gas orfire
Vacuum collapse
Withdrawals exceed inflow
Thermal contraction

Underpressure Low pressure

Excess temperature

High fluid temperature
Gas pressure drop

High temperature
Low temperature

68
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B.12.2.2 Safety analysis checklist (SAC) (see Table B.23)

Table B.23 — Safety analysis checklist (SAC) — Heat exchangers

SAC Device SAFE Checklist
Ref. No. | (see Table B.22)
a) PSH 1) PSHinstalled.

2) Input source to heat-exchanger section cannot develop pressure greater than the
maximum allowable working pressure of the heat-exchanger section.

3) Each input source is protected by a PSH that also protects the heat-exchanger
section

4) A PSH is installed on a downstream component and cannot be.'ispjated from the
heat-exchanger section by block or regulating valves.

b) PSL 1) PSL installed.
2)  Minimum operating pressure is atmospheric pressure when.in service.

3) PSL installed on another component will provide necessary protection and the PSL
cannot be isolated from the heat-exchanger section when the heat exchanger is in
service.

4) ESS is capable of detecting fire and gas ,occufrrences such that the likelihood of
escalation is minimized.

c) PSV 1) PSVinstalled 2.

2) Each input source is protected bya ‘PSV that is set no higher than|the maximum
allowable working pressure of the _heat-exchanger section and a PSV/is installed on
the heat-exchanger section for.fire exposure and thermal relief.

3) Each input source is protected by a PSV that is set no higher than|the maximum
allowable working pressure of the heat-exchanger section and that cannot be
isolated from the heat-exchanger section.

4) PSVs on downstream equipment can satisfy the relief requirement of the heat-
exchanger section-and cannot be isolated from the heat-exchanger segtion.

5) See Note.

6) Input sources to the heat exchanger section cannot develop pressufe greater that
the maximum allowable working pressure of the heat-exchanger segction, and the
heat-exchanger section cannot be overpressured due to temperature|or pressure in
the ‘other section.

7)-\nput sources to the heat-exchanger section cannot develop pressurg greater than
the maximum allowable working pressure of the heat-exchanger sectfon and a PSV
is installed on the heat-exchanger section for fire exposure and thermd| relief.

TSH installed.
Fluid temperature does not cause design limits of piping to be exceedgd.

d) TSH 1

N

-

)

)
e) TSL ) TSLinstalled.
)

Gas pressure drop does not cause design limits of piping to be exceeded.

N

NOTE| This-option was deleted from the original checklist in APl RP 14CI8l when the second edition was publishpd. The number
reference.is‘retained here to allow easy comparison of SAFE charts.

@  For some heat exchangers, overpressure protection requires fast-acting bursting discs rather than relief valves. To be effective, such
devices need to be located adjacent to the unit.

B.12.2.2.1 Pressure safety devices (PSH, PSL and PSV)

In analysing heat exchangers for pressure safety devices, both sections (the heat-receiving section and the
heat-input section) should be analysed separately, since each section may have different design and
operating pressure requirements. A section of a heat exchanger that receives fluids from a source that can
cause overpressure should be protected by a PSH sensor to shut off inflow of the source to that section of the
heat exchanger. Also, a section of the heat exchanger that could be overpressurized because of a rupture or
leak of another section of the heat exchanger should be protected by a PSH sensor to shut off inflow of the
source of overpressure to that section. The PSH sensor need not be provided for a section of a heat
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exchanger if an upstream PSH sensor on other process components will sense the pressure in the heat-
exchanger section and shut off inflow to the heat exchanger, or if a downstream PSH sensor will sense
pressure in the heat-exchanger section and cannot be isolated. Also, the PSH sensor need not be provided on
a section of a heat exchanger, if the maximum allowable working pressure of that section is greater than the
potential pressure of any input source to that section.

A heat-exchanger section containing hydrocarbons should be provided with a PSL sensor to shut off inflow to
the heat exchanger when leaks large enough to reduce pressure occur, unless PSL sensors on other
components will provide necessary protection and the PSL sensor cannot be isolated from the heat-
exchanger section when in service. A PSL sensor should not be installed if the heat-exchanger section
normally operates at atmospherlc pressure or frequently varies to atmospherlc pressure wh|Ie in serwce In
this case, the hese
operating mq L will
be incapable Sis

des could more than offset the protect|on afforded by the PSL sensor. In many cases a P
of detecting even severe leaks, and need not be provided if it can be shown that the E
capable of d¢tecting fire and gas occurrences such that escalation can be prevented.

A heat-exchd
rates. A PS
provide adeq
isolated from

nger section should be provided with a PSV with sufficient capacity to discharge maximum|input
/ need not be provided on a heat-exchanger section if PSVs on other process compohents
uate relief capacity, relieve at or below heat-exchanger section working pressure, and canrot be
the section when in service. If such PSVs are located on downstreanieomponents, they should

not be isolat¢d from the heat-exchanger section at any time. Also, the PSV need«not be provided on a segction
of a heat exg¢ghanger, if the maximum allowable working pressure of that section)is greater than the potential
pressure of @ny input source to that section. Moreover, if PSVs on othercomponents provide necegsary
protection when the heat-exchanger section is in service, but can be’isolated when the heat-exchanger
section is shpt in, a PSV should be installed on the heat-exchanger segtion for pressure relief due to thermal
expansion ol fire exposure.

B.12.2.2.2 Temperature safety devices (TSH)

A TSH is no
temperature

generally required in an exchanger because both sections are normally rated for the max
pf the heat medium.

mum

B.12.3 Safety device location

B.12.3.1 Pré¢ssure safety devices (PSH;:PSL and PSV)

The PSH andl PSL sensors and the PSV should be located to sense pressure in or relieve it from each sgction
of the heat ejxchanger. Such devices'may be located in the inlet or outlet piping if the pressure drop from the
heat-exchanger section to the sensing point is negligible and if the devices cannot be isolated from the |heat-
exchanger segction. It should-be’ noted that if a PSV is located a distance from the low pressure side ¢f the
exchanger tHen if, the shellisvliquid filled (non-compressible fluid) a high pressure can be generated in the low
pressure shgll before the’remote PSV will operate. The time delay in response due to remote location ¢f the
overpressurg protection.devices should be considered and assessed as part of the safety analysis.

B.12.3.2 Temperature safety devices (TSH and TSL)

The TSH and TSL sensors, other than fusible or skin contact types, should be installed in thermowells for
ease of removal and testing. The thermowell should be located for accessibility and should be continuously
immersed in the process fluid.
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Annex C
(informative)

Examples of safety analysis flow diagram and
safety analysis function evaluation (SAFE) chart

C.1 (General

Figure C.1 shows the format of a safety analysis function evaluation. Figure C.2 shows an exanpple of a flow
diagrem of a platform production process, for illustrative purposes only. Figure C.3 presents conlpleted SAFE
chartp for the process components in the flow diagram shown in Figure C.2. Each process companent is listed
on the SAFE chart with its recommended safety devices determined from the individual compongnts analysis
(see Annex B). Each shutdown and safety function is also listed. For each safety~device, a spec|fic shutdown
and/gr safety function(s), or a SAC reference (see Annex B) should be dgocumented on the [SAFE chart.
Provisions are also made for documenting alternative or substitute.'safety devices usefl in lieu of
recommended safety devices.

C.2 |Natural-draft burner on a heater treater pressure vessel

C.2.1 General

To apalyse this combination, it is necessary to refer*to B.6 for the pressure vessel and B.8|for the fired
component.

Draw a simplified diagram with all required safety devices in accordance with B.6 and B.8 (see Figure C.4).

It is quggested that the component identifications (see Table A.1) for both the vessel and the fired component
have|the same component identifier,(e.g. XXX-2000, YYY-2000).

Using B.6 and B.8 as guidelines;.analyse Figure C.4.

C.2.2 Explanation

The following points\should assist in understanding the analysis made of the example and the associated
SAFE chart.

— The PSik=sensor in the fuel supply line is not required on a natural-draft burner because ¢f the low air
intake ‘pressure.

Tk [l 4 L L H o b £ £ £ N
— I LOL LAilTiut vT T iatCu voLduotT UT TITC IUUT TAPUSUTT.

— Due to the internal design of the vessel, an additional LSL (LSL 2) is required. The blowby of the level
control valve was calculated and it exceeded the process capacity of the downstream component. LSL 2
and an SDV were added to protect the downstream component from blowby.

— FSV 3 is not required because the regulator effectively minimizes backflow.

— It is not necessary to install two media TSHs in the vessel, i.e. one for the vessel and the other for the
fired component. One TSH provides adequate protection, and it is mounted in the liquid portion of the
vessel.

— Figure C.5 represents the heater after analysis. The safety devices that have been eliminated are
indicated by dashed circles. Figure C.6 is the corresponding SAFE chart for Figure C.5.
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SHEET__OF_SHEETS q
=
FIGURE 5
SAFETY ANALYSIS &
FUNCTION EVALUATION CHART o
(SAFE) %
PLATFORM IDENTIFICATION 5
o 5 Z|
= E
PROCESE COMPONENT DEVICE ALTERNATIVE PROTECTION
IDENT- IDENT. SAC REF. JALTERNATIVE DEVICE
IFICATION SERVICE TABLE| NO. JIF APPLICABLE

Figure C.1 — Safety analysis function evaluation chart (SAFE)
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EXAMPLE DEVICE IDENTIFICATION
FSV 1 MBD-1000
FSv2 MBD-1000
LSH MBD-1000
LSH 1 MBD-1000
PSHL MBD-1000 @_Z MBD000
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Figure C.2 — Example flow diagram of platform production process
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Figure C.2 (continued)
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Key

1 gasliftline 23 fuel gas

2  L.P. prod. header, MWP — 9,6 MPa 24 glycol surge tank, MWP — 0,1 MPa

3  L.P. prod. separator, MWP — 3,34 MPa 25 heat exchanger, MWP — 0,1 MPa

4  fuel and instrument gas scrubber, MWP — 0,84 MPa 26 contact, MWP — 9,6 MPa

5 toinstrument and fuel systems 27 drip pans

6  compressor building 28 sump

7  suction scrubber, MWP — 0,84 MPa 29 sump pump

8 compressor 30 H.P. scrubber, MWP — 9,6 MPa

9 interstage scrubber, MWP — 3,34 MPa 31 overboard

10 IPtestseparator, MAWP—3;34MPa 32—skimmertank VWWP—"0:17"iPa

11 U.P. test header, MWP — 9,6 MPa 33 H.P. test separator, MWP — 9,6 MRa
12 RHeat exchanger, MWP — 3,34 MPa 34 H.P. test header, MWP — 33,4-MPBa
13 Heater-treater, MWP — 0,5 MPa 35 H.P. prod. header, MWP —33,4'MPa
14 fljred component 36 fired component (natural draft)

15 flare scrubber, MWP — 0,5 MPa 37 fuelin

16 flash separator, MWP — 0,84 MPa 38 line header (indirect)

17 departing gas sales line, MOP — 9,6 MPa 39 oil pipeline

18 fjlter 40 fuel gas

19 flre component forced draft 41 pump

20 reboiler, MWP — 0,1 MPa 42 H.P. prad. separator, MWP — 9,6 MP3
21 rmotor interlock 43 atmospheric tank

22 3gtmosphere 44 gas cooler

NOTH 1 Manual block valves are not shown except on header.’Valving on this drawing is limited to that

contrgl and shut down.

NOTH 2 Dashed symbols represent devices shown en‘the SAT, but have been eliminated in accordang
For clarity, dashed symbols are not shown on the flowlines or header.

NOTR 3  Fusible plugs (TSE) installed in accordance with guidelines in Table D.1.

NOTH 4  Operational control devices are not shown unless relevant to the safety analysis.

Figure C.2 (continued)

necessary for

e with 5.3.3.2.
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SAFETY ANALYSIS
FUNCTION EVALUATION CHART
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APP'D MARK DESCRIPTION BY DATE — | — |~
PROCESY COMPONENTS DEVICE ALTERNATIVE PROTECTION
IDENT.
ALTERNATIVE DEVICE
IDENTIFICATION SERVICE SAC REF. \F APPLICABLE
> zz1zz2z1z121221212(2]2 > > >
TABLE | NO. 3333|533 |3|3/3|3{3|3|3|3|a|a IEp|ee
FAT A14D | UPSTREAM ["PSH B2 | a2 | PSH FAZ A14D
FIOWLINE SEGMENT PSL . .
PSV . c.
[Fsv . d. FSV FAZ A14D
TSH e
TSL [
FAZ A14D | DPWNSTREAM PSH Py .
FIOWLINE SEGMENT PSL . .
PSV B2 | c2
FSV o
TSH B2 | e2
TSL B2 | f2
FAT AT | UPSTREAM ["PSH a. PSH FAZ AST
FIOWLINE SEGMENT PSL b.
PSV c.
[Fsv d. FSV FA2 AST
TSH e.
TSL [
FA2 AST | DPWNSTREAM PSH Py .
FIOWLINE SEGMENT PSL Py .
PSV o
FSV o
TSH B2 | e2
TSL B2 | f2
FAT A3D | UPSTREAM ["PSH B2 | a2.| \PSH FAZ A3D
FIOWLINE SEGMENT PSL Py .
PSV c.
[Fsv d FSV FA2 A3D
TSH e
TSL T2
FA2 A3D | DPWNSTREAM PSH . .
FIOWLINE SEGMENT PSL . .
PSV. o
FSV .
FSH B2 | e2
TSh B2 | f2
JAS 7000 | GS LIFT LINE PSH B4 | a2 | PSH MBD 3000
PSH MBD 4000
PSL B4 | b2 | PsL MAF 1000
PSV B4 | c2
B4 | c3 | PSV MAF 1000
FSV .
TSH B4 | e2
TSL B4 | f2
GAY 1000 | LPWPRESSURE PSH B6 | a2 | PSH F A14D
PRODUCTION PSH F A9T
' S - - S R 5
PSL FA: AST
PSV B6 | c4
TSH B6 | d2
TSL B6 | e2
GAY 2000 | LOW PRESSURE PSH B6 | a2 | PSH F AT4D
TEST HEADER PSH F A9
PSL B6 | b2 | PSL F A14D
PSL F A9
PSV B6 | c4
TSH B6 | d2
TSL B6 | e2

Figure C.3 — Safety analysis function evaluation chart (SAFE) example
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IDENT.
IDENTIFICATION SERVICE SAC REF. ALE'Z’:,?,E‘&E\SEZ'CE
>I> s> > 20222 212212212]2 >|>|>
o|o|o|a|alailal|alalalalalalala <|<|D|o|n
TABLE| NO. DD|DDD|Q|D| D DD]|D|D|D|D[D]|D w|ojo|o|w
GRY 3000 | HIGH PRESSURE PSH - a. PSH FA2 A3D
PRODUCTION PSL . b. PSL FA2 A3D
HEADER PSV . c4
TSH X d.
TSL X e.
GRY | 4000 |HIGH PRESSURE PSH - a. PSH FA2 A3D
TEST HEADER PSL X b. PSL FA2 A3D,
PSV c4
TSH X d.
TSL X e.
MED 1000 | LOW PRESSURE olele olelele )
PRODUCTION olele olefele .
SEPARATOR .
(AKX 2K ) (AN BN NN ) (]
oIL B8 | e3
WATER B8 | e3
GAS .
WATER .
oIL .
B8 | hAi
B8 | i1
MBD | 2000 | LOW PRESSURE . .
TEST . .
SEPARATOR .
(] (]
oIL B8 | e3
WATER 2 B8 | e3
GAS .
WATER .
oIL .
B8 | hi
B8 | i1
MBD | 3000 | HIGH PRESSURE . .
PRODUCTION . .
SEPARATOR .
(] (]
oIL B8 | e3
WATER B8 | e3
GAS .
WATER .
oIL .
B8 | hi
B8 | i1
MBD | 4000 «-HIGH PRESSURE . .
TEST . .
SEPARATOR .
(] (]
oIL B8 | e3
WATER B8 | e3
GAS .
WATER .
oIL .
B8 | hAi
B8 | i1
MBD | 5000 |GLYCOL FLASH . .
SEPARATOR . .
(]
(] (]
oIL B8 | e3
GLYCOL B8 | e3
GAS .
OIL/COND 3
GLYCOL f.3
h.1
i1

Figure C.3 (continued)
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SHEET 3 OF 6

SAFETY ANALYSIS
FUNCTION EVALUATION CHART
(SAFE)

PLATFORM IDENTIFICATION:

FUNCTION PERFORMED

IN WELL

IN WELL

IN WELL
SHUT OFF INFLOW
SHUT OFF FUEL

NOTES: (1) * INDICAZES DEVICE INSTALLED BUT NOT REQUIRED

SHUT OFF INFLOW
SHUT OFF INFLOW
SHUT OFF FUEL
BLOWDOWN COMPRESSOR
SHUT OFF FUEL
SHUT OFF INFLOW
SHUT OFF INFLOW
SHUY OFF FUEL
PRE\JENT FLAME EMISSION
PREJENT SPARK EMISSION
PREYSURE RELIEF

dUM RELIEF
MINIMIZE BACKFLOW

1000&2000 SHUY OFF INFLOW
SHUT OFF INFLOW

SHU

SHU

SHU

SHUY OFF FUEL
SHUT DOWN PUMP
ALARM

N

A14D
9T
3D

2000

1000

1000

1000

1000

1000

1000

1000

1000

2000

3000

4000

3000

QAY
QAY
QAY
MBD
EAW
CBA
CBA
CBA
CBA
PAX

PAX

KAQ
EAW
PBA

EAL

MBF
PBA

SHUTDOWN OR CONTROL
DEVICE IDENTIFICATION

APP'D MARK DESCRIPTION BY DATE — |~ |» — |
PROCHESS COMPONENTS DEVICE ALTERNATIVE PROTECTION

IDENT.
IDENTIFICATION SERVICE SAC REF.

ALTERNATIVE DEVICE
IF APPLICABLE

SsV
SsV
SsV
SbvV
SDV
SDbV
SDV
SDV
BDV
SDV
SDV,
SDV
SDbV
SbvV
SDV
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Figure C.3 (continued)
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Figure C.3 (continued)
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FSV B.14 m.3
PAX 1000 PIRELINE PUMP | PSH ole [
PSL ole [
PSV
[ Fsv .
TSH B.17 h.2
TSL B.AZ 0.2
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PSL B.19 c.2 PSL MBF 6000
PSL elejoje .
PSL B.19 c.2 PSL MBF 7000
| PSL 4 eleje|e °
PSV B.19 e2 PSV MBF 6000
PSV (]
PSV B.19 e2 PSV MBF 7000
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YSH B.19 i.2
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HAL 1000 GAS COOLER TUBE| PSH .23 a. PSH 4 CBA 1000
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PSV .23 C. RSV 4 CBA 1000
TSH .23 d
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HBG 1000 | HEAT TSL B.23 a,; PSH NBK 1000
EXCHANGER PSL .23 b, PSL NBK 1000
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TSL 23 e.
TUBE| PSH .23 a4 PSH NBK 1000
PSL .23 b. PSL NBK 1000
PSV .23 c.4 PSV NBK 1000
TSH .23 d.
TSL .23 e.
HBG 2000 HEAT SHELL. PSH .23 a.
EXCHANGER PSL .23 b.
(REBOILER) PSV .23 C. PSV BBC 1000
TSH .23 d
TSL .23 e
TUBE| PSH B.23 a4 PSH MBD 5000
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PSV .23 c4 PSV BBC 1000
TSH .23 d.
TSL .23 e..
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SUPPORT
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BUILDING ASH 2 [ ole (]
LAG A001 ESD STATIONS ESD ojloj/ej/o/oj/o/e/o/o|o|/e/o/o|0|e|e|e (]
MANUAL
VALVES
LAG A002 | FUSIBLE LOOPS TSE ojo/ej/o/o|o/eo/o(o|0|/e /000 |e|e|e o

Figure C.3 (continued)
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Figure C.4 — Simplified diagram showing required safety devices
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Figure C.5 — Heater safety devices (see Figure C.4) after analysis
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Figure C.6 — Safety analysis function evaluation chart (SAFE) for Figure C.5
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Annex D
(informative)

Support systems

D.1 General

ESSs and o
entire platfor
and sumps,

by initiating 3
shut-in of th
action indep
dump air sug
to a safe locg

The other s
discharging
might enhan
safety syster
safe, controll

D.2 Emer
D.2.1 Eme

D.21.1 Pu

!

!

rpose

her support systems provide a method of performing specific safety functions common-
m. The ESS includes ESD, fire detection, gas detection, EDP, ventilation, containment.sys
And SSSV systems. These are essential systems that provide a level of protection 10 the f
hut-in functions or reacting to minimize the consequences of released hydrocarbens. To e

installation and safe disposal of inventory during emergency conditions, thepNESS should
ndent of the process safety system to actuate final-end elements. For example, the ESS s
ply to SDVs, trip control voltage for motor starters and where necessary blow down the inve
tion.

pport systems include the pneumatic supply systems, hydraulic(supply systems, systen
ce platform safety. The pneumatic and hydraulic supply systemhprovides a control medium f

h, and the systems for discharging gas to the atmosphere provide a means for doing so
pd conditions.

gency support systems (ESS)

rgency shutdown (ESD) system

An ESD syst
will initiate s
the system

automaticall
high liquid |
systems that|

all production activity on the platform, including the closing of all pipeline SDVs. The ESD system shou

designed to
needed in an

bm is a system of manual control stations strategically located on a platform that, when actiy
utdown of all wells and other process stations. The ESD system may also initiate EDP th
rovided for discharging gas’'to atmosphere (see also D.5). The ESD system may also be ini
when process conditions indicate a loss of control which requires ESD, e.g. low air preg
vel in a flare system. The system may include a number of independent process shut
can also be actuated separately. Activation of the ESD system should result in the terminat

permit contifued operation of electrical power generating stations and fire-fighting systems
emergency.

The ESD sy

condition is ¢bserved. Fusible elements of the fire loop, other types of fire and gas detection equipmen

stem\provides a means for personnel to manually initiate platform shutdown when an abn

o the

tems

ACility
nsure

take

hould

ntory

s for

as to the atmosphere, systems for containing leaks or spills,.and any other service systen that
br the
inder

ated,
ough
iated
sure,
Hdown
on of
Id be
when

brmal

t and

certain process protection devices may be integrated with the ESD system.

D.21.2 Sh

utdown stations

Stations for manual activation of the ESD system for complete platform shutdown should be installed at the
following locations:

a)
b)
c)
d)

at the ce

84

helicopter decks;
exit stairway landings at each deck level,;

boat landings;

ntre or each end of a bridge connecting two platforms;
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