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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-g

avernmental in liaison with 1SO_also take part in the wark 1SQO collabhorates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft internation

adop
Interr

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO 7

for pptroleum, petrochemical and natural gas industries, Subecommittee SC 6, Processing eq
systgms.

This corrected version of ISO 23251:2006 incorporates*corrections to Table 4, column 2, secor
the hpader, and the five rows of data in column 3.

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies for voting. Publi
ational Standard requires approval by at least 75 % of the member bodies casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

3251 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshd
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Introduction

This International Standard is based on the draft 5th edition of APl RP 521, with the intent that the 6th edition
of API RP 521 will be identical to this International Standard.

The portions of thls Internatlonal Standard deallng with fIares and flare systems are an adJunct to
API Std 537 [19]

important for all parties involved in the deS|gn and use of a flare system to have an effective means of
communicatihg and preserving design information about the flare system. To this end, APl has developed a
set of flare data sheets, which can be found in of APl Std 537, Appendix A. The use of these data’shepts is
both recommended and encouraged as a concise, uniform means of recording and communicating design
information.
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INTERNATIONAL STANDARD

ISO 23251:2006(E)

Petroleum, petrochemical and natural gas industries —
Pressure-relieving and depressuring systems

1

This
inten
natur
the ¢

$cope

installations. This International Standard is intended to supplement the practices set forth in
API RP 520-I for establishing a basis of design.

This
overfl

inclugling such component parts as piping, vessels, flares, and véntvstacks. This International S
not apply to direct-fired steam boilers.

Piping information pertinent to pressure-relieving systems iS’presented in 7.3.1.

2

The

Normative references

refergnces, only the edition cited applies” For undated references, the latest edition of th
docupment (including any amendments)‘applies.

ISO 4126 (all parts), Safety deviees-for protection against excessive pressure

API R

Sizing and Selection)

3

Terms and-definitions

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

31

International Standard is applicable to pressure-relieving and vapour-depressuring |systems. Although
Hed for use primarily in oil refineries, it is also applicable to petrochemical facilities;. gas plgnts, liquefied
pl gas (LNG) facilities and oil and gas production facilities. The information provided is designed to aid in
election of the system that is most appropriate for the risks and circumstances involvgd in various

ISO 4126 or

nternational Standard specifies requirements and gives guidelines‘for examining the principal causes of
ressure; and determining individual relieving rates; and selecting and designing dispogal systems,

andard does

following referenced documents are ‘indispensable for the application of this document. For dated

b referenced

P 520-1:2000, Sizing, Selection and Installation of Pressure-Relieving Devices in Refinefjes — Part I:

accumulation
pressure increase over the maximum allowable working pressure of the vessel allowed during discharge
through the pressure-relief device

NOTE Accumulation is expressed in units of pressure or as a percentage of MAWP or design press
allowable accumulations are established by pressure-design codes for emergency operating and fire contingencies.

1)

American Petroleum Institute, 1220 L Street, N.W., Washington, D.C., 20005-4070, USA.

© I1SO 2006 — All rights reserved
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3.2

administrative controls
procedures intended to ensure that personnel actions do not compromise the overpressure protection of the

equipment

3.3
assist gas

combustible gas that is added to relief gas prior to the flare burner or at the point of combustion in order to
raise the heating value

3.4

atmospherig-discharg

release of va

3.5
back pressuy
pressure tha

NOTE TH

3.6
balanced pr;
spring-loade

3.7
blowdown

depressurization of a plant or part of a plant, and equipment

NOTE
valve.

N

3.8
blow-off
loss of a stq
flame velocit

3.9

breaking-pin device

pressure-reli
breakage of

3.10
buckling pin
pressure-reli
buckling of a

o

<

pours and gases from pressure-relieving and depressuring devices to the atmosphere
re
exists at the outlet of a pressure-relief device as a result of the pressure in the‘discharge sy

e back pressure is the sum of the superimposed and built-up back pressures.

bssure-relief valve

t to be confused with the difference between the_set’pressure and the closing pressure of a pressurg

ble flame where the flame is lifted above the burner, occurring if the fuel velocity exceed
y

bf device actuated by’ static differential or static inlet pressure and designed to function b
b load-carrying section of a pin that supports a pressure-containing member

device
bf device actuated by static differential or static inlet pressure and designed to function b
h aXially-loaded compressive pin that supports a pressure-containing member

Stem

| pressure-relief valve that incorporates a bellows or other means for minimizing the effg¢ct of
back pressure on the operational characteristics of the valve

-relief

s the

y the

y the

3.1
built-up bac

k pressure

increase in pressure at the outlet of a pressure-relief device that develops as a result of flow after the
pressure-relief device opens

3.12

buoyancy seal
dry vapour seal that minimizes the amount of purge gas needed to protect against air infiltration

NOTE

prevents air from displacing buoyant light gas in the flare.

The buoyancy seal functions by trapping a volume of light gas in an internal inverted compartment; this

© I1SO 2006 — All rights reserved
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3.13
burnback
internal burning within the flare tip

NOTE Burnback can result from air backing down the flare burner at purge or low flaring rates.

3.14

burning velocity

flame velocity

speed at which a flame front travels into an unburned combustible mixture

3.15
burn|-pit flare
open| excavation, normally equipped with a horizontal flare burner that can handle liquidcas‘well as vapour
hydrgcarbons

3.16
burst pressure
valug of the upstream static pressure minus the value of the downstream statiCpressure just befpre a rupture
disk bursts

NOTEH If the downstream pressure is atmospheric, the burst pressure is the‘upstream static gauge pressure.

3.17
closéd disposal system
dispdsal system capable of containing pressures that are different from atmospheric pressure

3.18
cold [differential test pressure
CDTP
presgure at which a pressure-relief valve is adjusted to open on the test stand

NOTH The cold differential test pressuré_includes corrections for the service conditions of back pressure or
tempgrature or both.

3.19
combustion air
air reguired to combust the flare-gases

3.20
conventional pressure-relief valve
spring-loaded pressure-relief valve whose operational characteristics are directly affected by changes in the
back [pressure

3.21
corrjcted hydrotest pressure
hydrqgstatic test pressure multiplied by the ratio of stress value at design temperature to the stresq value at test
temperature

NOTE See 4.3.2.

3.22

deflagration

explosion in which the flame-front of a combustible medium is advancing at less than the speed of sound

cf. detonation (3.25)

© I1SO 2006 — All rights reserved 3
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3.23

design pressure

pressure, together with the design temperature, used to determine the minimum permissible thickness or
physical characteristic of each component, as determined by the design rules of the pressure-design code

NOTE The design pressure is selected by the user to provide a suitable margin above the most severe pressure
expected during normal operation at a coincident temperature, and it is the pressure specified on the purchase order. The
design pressure is equal to or less than the MAWP (the design pressure can be used as the MAWP in cases where the
MAWP has not been established).

3.24
destruction efficiency
mass fraction of the fluid vapour that can be oxidized or partially oxidized

NOTE Fqr a hydrocarbon, this is the mass fraction of carbon in the fluid vapour that oxidizes to CO or CQ3-
3.25
detonation

explosion in Which the flame-front of a combustible medium is advancing at or above the speed of sound
cf. deflagratjon (3.22)

3.26
dispersion
dilution of a yent stream or products of combustion as the fluids move through the atmosphere

3.27
elevated flare
flare where the burner is raised high above ground level to reduce radiation intensity and to aid in dispersjon

3.28
enclosed fldqre
enclosure with one or more burners arranged in such-a manner that the flame is not directly visible

3.29
enrichment
process of agding assist gas to the relief gas

3.30
flame-retention device
device used o prevent flame-blow off from a flare burner

3.31
flare
device or system used to safely dispose of relief gases in an environmentally compliant manner through the
use of combnrstion

3.32

flare burner

flare tip

part of the flare where fuel and air are mixed at the velocities, turbulence and concentration required to
establish and maintain proper ignition and stable combustion

3.33

flare header
piping system that collects and delivers the relief gases to the flare

4 © I1SO 2006 — All rights reserved
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3.34

flashback

phenomenon occurring in a flammable mixture of air and gas when the local velocity of the combustible
mixture becomes less than the flame velocity, causing the flame to travel back to the point of mixture

3.35
ground flare
non-elevated flare

NOTE A ground flare is normally an enclosed flare but can also be a ground multi-burner flare or a burnpit.

3.36
heat release
total heat liberated by combustion of the relief gases based on the lower heating value

3.37
huddling chamber
annular chamber located downstream of the seat of a pressure-relief valve, whichrassists the valye to lift

3.38
hydrate
solid| crystalline compound of water and a low-boiling-point gas (e.g. methane and propane), [in which the
watel combines with the gas molecule to form a solid

3.39

jet fire

fire cfeated when a leak from a pressurized system ignites.@nd forms a burning jet
NOTH A jet fire can impinge on other equipment, causing damage.

3.40

knockout drum
vessgl in the effluent handling system designed to remove and store liquids

3.41
lateral
sectiIn of pipe from outlet flange(s) of single-source relief device(s) downstream of a headgr connection
whereg relief devices from other-sources are tied in

NOTH The relief flow ig-a lateral is always from a single source, whereas the relief flow in a headdr can be from
either|single or multiple’sources simultaneously.

3.42
lift
actugl travel.of the disc from the closed position when a valve is relieving

3.43
liquid seal

water seal

device that directs the flow of relief gases through a liquid (normally water) on the path to the flare burner,
used to protect the flare header from air infiltration or flashback, to divert flow, or to create back pressure for
the flare header

3.44

Mach number

ratio of a fluid’s velocity, measured relative to some obstacle or geometric figure, divided by the speed at
which sound waves propagate through the fluid

© I1SO 2006 — All rights reserved 5
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3.45
manifold
piping system for the collection and/or distribution of a fluid to or from multiple flow paths

3.46

marked burst pressure

rated burst pressure

(rupture disk) burst pressure, established by tests for the specified temperature and marked on the disk tag by
the manufacturer

NOTE The marked burst pressure can be any pressure within the manufacturing design range unless otherwise
Speciﬁed byt customer. The marked burst pressure is :\pplinr{ toall of the rupiure disks of the same lot

3.47
maximum allowable working pressure
MAWP
maximum ggquge pressure permissible at the top of a completed vessel in its normal operating’position &t the
designated cpincident temperature specified for that pressure

cf. design pressure (3.23)

NOTE THe MAWP is the least of the values for the internal or external pressure as\determined by the vessel design
rules for each| element of the vessel using actual nominal thickness, exclusive of additional metal thickness allowped for
corrosion and [loadings other than pressure. The MAWP is the basis for the pressure/setting of the pressure-relief dg¢vices
that protect th¢ vessel.

3.48
non-condensable gas
gas or vapoyr that remains in the gaseous state at the temperature and pressure expected

3.49
operating pressure
pressure the|process system experiences during nermal operation, including normal variations

3.50
overpressuie
(general) corjdition where the MAWP, or other specified pressure, is exceeded

(relieving deyice) pressure increasé over the set pressure of a relieving device

NOTE In|the latter context,-overpressure is the same as accumulation (3.1) only when the relieving device is|set to
open at the MAWP of the vessgl,

3.51
pilot burner
small, continpiously{operating burner that provides ignition energy to light the flared gases

3.52
pilot-operated pressure-relief valve

pressure-relief valve in which the major relieving device or main valve is combined with and controlled by a
self-actuated auxiliary pressure-relief valve (pilot)

3.53

pin device

non-reclosing pressure-relief device actuated by static pressure and designed to function by buckling or
breaking a pin that holds a piston or a plug in place; upon buckling or breaking of the pin, the piston or plug
instantly moves to the fully open position

6 © I1SO 2006 — All rights reserved
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3.54
pool fire
burning pool of liquid

3.55
pressure-design code
standard to which the equipment is designed and constructed

EXAMPLE ASME Section VIII, Division 1 [20],
3.56
pressure-relief valve

valve designed to open and relieve excess pressure and to reclose and prevent the further flow of fluid after
normgl conditions have been restored

NOTH In ISO 4126-1, this is termed a safety valve.

3.57
process tank

process vessel
tank pr vessel used for an integrated operation in petrochemical facilities, refineries, gas plantd, oil and gas
production facilities, and other facilities

cf. stprage tank (3.74)

NOTEH A process tank or vessel used for an integrated operation can involve, but is not limited tp, preparation,
separption, reaction, surge control, blending, purification, change in state, energy content, or composition of ja material.

3.58
purgp gas
fuel das or non-condensable inert gas added to the\flare header to mitigate air ingress and burnback

3.59
quenching
coolimg of a fluid by mixing it with anotherfluid of a lower temperature

3.60
radigtion intensity
local fradiant heat transfer rate from the flare flame, usually considered at grade level

3.61

rated relieving capacity
relieing capacity_used as the basis for the application of a pressure-relief device, determined in accordance
with the pressureidesign code or regulation and supplied by the manufacturer

NOT The capacity marked on the device is the rated capacity on steam, air, gas or water as rgquired by the
applidable code.

3.62

relief gas

flared gas

waste gas

waste vapour

gas or vapour vented or relieved into a flare header for conveyance to a flare

3.63

relief valve

spring-loaded pressure-relief valve actuated by the static pressure upstream of the valve, due to which the
valve normally opens in proportion to the pressure increase over the opening pressure

NOTE A relief valve is normally used with incompressible fluids.

© I1SO 2006 — All rights reserved 7
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3.64
relieving conditions
inlet pressure and temperature on a pressure-relief device during an overpressure condition

NOTE The relieving pressure is equal to the valve set pressure (or rupture disk burst pressure) plus the overpressure.
The temperature of the flowing fluid at relieving conditions can be higher or lower than the operating temperature.

3.65

rupture-disk device

non-reclosing pressure-relief device actuated by static differential pressure between the inlet and outlet of the
device and designed to function by the bursting of a rupture disk

NOTE 1 A rupture disk device includes a rupture disk and a rupture disk holder.

NOTE 2  In|ISO 4126-2, this is termed a bursting-disc safety device.

3.66

safety instrymented system

SIS

emergency shutdown system
ESD, ESS

high-integrity protection system
HIPS

high-integrity pressure-protection system
HIPPS

safety-shutdown system

SSD

safety-interlpck system
system composed of sensors, logic solvers and final control elements for the purpose of taking the procgss to
a safe state When predetermined conditions are violated

3.67

safety-integrity level

SIL

discrete integrity level of a safety instrumented function in a safety instrumented system
NOTE Sl s are categorized in terms of probability of failure; see Annex E.

3.68

safety relief[valve
spring-loaded pressure-relief valye that can be used as either a safety valve or a relief valve depending dn the
application

3.69

safety valve
spring-loaded pressure-relief valve actuated by the static pressure upstream of the valve and characterizgd by
rapid opening ©rypop action

NOTE 1 A safety valve is normally used with compressible fluids.

NOTE 2 This definition is different than that in ISO 4126-1; see 3.56.

3.70
set pressure
inlet gauge pressure at which a pressure-relief device is set to open under service conditions

3.7

shear pin device

non-reclosing pressure-relief device actuated by static differential or static inlet pressure and designed to
function by the shearing of a load-carrying member that supports a pressure-containing member

8 © I1SO 2006 — All rights reserved
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3.72

staged flare

group of two or more flares or burners that are controlled so that the number of flares or burners in operation
is proportional to the relief gas flow

3.73
stoichiometric air
chemically correct ratio of fuel to air capable of perfect combustion with no unused fuel or air

3.74

storage tank
storgge-vessel
fixed|tank or vessel that is not part of the processing unit in petrochemical facilities, refineries gas plants, oil
and gas production facilities, and other facilities

cf. process tank (3.57)
NOTH These tanks or vessels are often located in tank farms.

3.75
superimposed back pressure
statid pressure that exists at the outlet of a pressure-relief device at the time the device is required to operate

NOTH It is the result of pressure in the discharge system coming fram other sources and can be constgnt or variable.

3.76
vapour depressuring system
protective arrangement of valves and piping intended to\provide for rapid reduction of pressure |jn equipment
by re|easing vapours

NOTE The actuation of the system can be automatic or manual.
3.77
velog¢ity seal

dry vapour seal that minimizes the required purge gas needed to protect against air infiltration finto the flare
burner exit

3.78
vent jheader
piping system that collects-and delivers the relief gases to the vent stack

3.79
ventstack
elevdted vertical termination of a disposal system that discharges vapours into the atmosphere without
combustionsar conversion of the relieved fluid

3.80
vessel
container or structural envelope in which materials are processed, treated or stored

EXAMPLES Pressure vessels, reactor vessels and storage vessels (tanks).

3.81

windshield

device used to protect the outside of a flare burner from direct flame impingement

NOTE The windshield is so named because external flame impingement occurs on the downwind side of an elevated
flare burner.

© I1SO 2006 — All rights reserved 9
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4 Causes of overpressure

4.1 General

Clause 4 discusses the principal causes of overpressure and offers guidance in plant design to minimize the
effects of these causes. Overpressure is the result of an unbalance or disruption of the normal flows of
material and energy that causes the material or energy, or both, to build up in some part of the system.
Analysis of the causes and magnitudes of overpressure is, therefore, a special and complex study of material
and energy balances in a process system.

The application of the principles outlined in Clause 4 are unique for each processing system. Although efforts
have been made to cover all major circumstances, the user is cautioned not to consider the conditions
described ag the only causes of overpressure. The treatment of overpressure in this International(Stapdard
can be only suggestive. Any circumstance that reasonably constitutes a hazard under the“-prevailing
conditions fof a system should be considered in the design. Pressure-relieving devices are installed to epsure
that a proceps system or any of its components is not subjected to pressures that exceed the maxjmum
allowable agcumulated pressure. The practices evaluated in Clause 4 should be usedfin*conjunctior] with
sound engingering judgment and with full consideration of federal, state and local rules.and regulations.

4.2 Overpressure protection philosophy

4.21 Douhle jeopardy

The causes pf overpressure are considered to be unrelated if no process or mechanical or electrical linfages
exist among|them, or if the length of time that elapses between possible successive occurrences of these
causes is slfficient to make their classification unrelated. Thexsimultaneous occurrence of two or |more
unrelated causes of overpressure (also known as double or, multiple jeopardy) is not a basis for design.
Examples of| double-jeopardy scenarios are fire exposure simultaneous with exchanger internal tube fgilure,
fire exposurg simultaneous with failure of administrative egntrols to drain and depressure isolated equipment,
or operator drror that leads to a blocked outlet coincident with a power failure. On the other hand, instryment
air failure during fire exposure may be considered\single jeopardy if the fire exposure causes local air line
failures.

This Internafional Standard describes single-jeopardy scenarios that should be considered as a basj|s for
design. The [user may choose to go beyend these practices and assess multiple jeopardy scenarios. Bince
such assessments are outside the basis for design, the user is not required to meet accumulations allowgd by
the pressuretdesign code for these scenarios. Acceptance criteria are the sole responsibility of the user.

4.2.2 Latent failures

Latent failurgs should normally be considered as an existing condition and not as a cause of overpregsure
when assessging whether a scenario is single or double jeopardy. For example, latent failures can eXist in
instrumentation thatsprevents it from functioning favourably during an overpressure condition. It is not dpuble
jeopardy to pssdime the absence of beneficial instrumentation response in combination with an unrglated
overpressurg €ause. Likewise, it is not double jeopardy to assume a latent failure of a check valve aII(|>wing
reverse flow during a pump tailure.

4.2.3 Operator error

Operator error is considered a potential source of overpressure.

4.2.4 Role of instrumentation in overpressure protection
Fail-safe devices, automatic start-up equipment and other conventional instrumentation should not be a

substitute for properly sized pressure-relieving devices as protection against single-jeopardy overpressure
scenarios. There can be circumstances, however, where the use of pressure-relief devices is impractical and
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reliance on instrumented safeguards is needed. Where this is the case, if permitted by local regulations, a
pressure-relieving device might not be required.

NOTE See ASME Code Case 2211 [129],

The design shall comply with the local regulations and the owner’s risk tolerance criteria, whichever is more
restrictive. If these risk tolerance criteria are not available, then, as a minimum, the overall system
performance including instrumented safeguards should provide safety-integrity-level 3 (SIL-3) performance.
Guidance on the application of safety instrumented systems is given in Annex E.

Although favourable response of conventional instrumentation should not be assumed when sizing individual
process-equipment pressure relief, in the design of some components of a relieving system, such as the
blowdlown header, flare, and flare tip, favourable response of some instrument systems can be.-agsumed. The
decidion to base the design of such systems on excluded or reduced specific loads due to\the favourable
respgnse of instrument systems should consider the number and reliability of applicable instrument systems.
See 7.1 for more details on sizing disposal systems.

4.3 | Potentials for overpressure

4.3.1] General

Presgure vessels, heat exchangers, operating equipment and piping @re designed to contain) the system
presdqure. The design is based on

a) e normal operating pressure at operating temperatures;

b) e effect of any combination of process upsets that arg, likely to occur;

c) e differential between the operating, and set pressures of the pressure-relieving device;
d) e effect of any combination of supplemental loadings such as earthquake and wind.

The process-systems designer shall defing the minimum pressure-relief capacity required to| prevent the
presgqure in any piece of equipment from_exceeding the maximum allowable accumulated pfessure. The
princlpal causes of overpressure listed in*4.3.2 through 4.3.15 are guides to generally acceptpd practices.
Annex B provides guidance on the use.of a common relief device to protect multiple pieces of eqliipment from
overpressure.

4.3.2| Closed outlets on vessels

The ihadvertent closure of“a manual block valve on the outlet of a pressure vessel while the eqdipment is on
stream can expose the vessel to a pressure that exceeds the maximum allowable working pressyre. If closure
of an| outlet-block «/alve can result in overpressure, a pressure-relief device is required unless ddministrative
contrpls are inplace. Every valve should be considered as being subject to inadvertent operation. In general,
the omission ‘efblock valves interposed in vessels in a series can simplify pressure-relieving requirements. If
the pressute-resulting from the failure of administrative controls can exceed the corrected hydrofest pressure
(see |3:2M), reliance on administrative controls as the sole means to prevent overpressure might not be
apprapriate.The user is cautioned that some systems can have unacceptable risk due 1?0 failure of
administrative controls and resulting consequences due to loss of containment. In these cases, limiting the
overpressure to the normally allowable overpressure can be more appropriate. Note that the entire system,
including all of the auxiliary devices (e.g. gasketed joints, instrumentation), should be considered for the
overpressure during the failure of administrative controls.

For example, an ASTM A 515 [22] Grade 70 carbon steel vessel with a design gauge pressure of 517 kPa
(75 psi) and design temperature of 343 °C (650 °F) has an allowable stress of 130 MPa (18 800 psi) at these
design conditions. Because the hydrostatic test is often performed at a temperature less than design
temperature, the hydrostatic test pressure should be specified to account for the allowable stress differences
at the two temperatures by multiplying the design pressure by the ratio of stress at test temperature to the
stress at design temperature. At ambient temperature, the allowable stress of ASTM A 515 Grade 70 carbon
steel is 138 MPa (20 000 psi). If the pressure-design code requires the hydrostatic test be performed at 130 %
of the design pressure, then the hydrostatic test pressure is as follows:
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In S| units:
517 x (138/130) x 1,3 = 713 kPa (gauge)
In USC units:
75 x (20/18,8) x 1,3 = 103,7 psig
The uncorrected hydrotest gauge pressure is 517 x 1,3 =672 kPa (75 x 1,3 =97,5 psi). In this example,

reliance on administrative controls as the sole means of overpressure protection might not be appropriate if
the gauge pressure caused by closure of the outlet valve exceeds 672 kPa (97,5 psi). This assumes the
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on stream can expose the vessel to a pressure that exceeds the maximam-allowable wq
losure of a remotely operated outlet valve can result in overpressure, a(pressure-relief dev
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ing relief loads, it may be assumed that manual or remotely operated valves that are norn

heir normal operating positions. See 5.10.4 for additional infermation.

ertent valve opening

The inadver

process fluidg, should be considered. This action can require’pressure-relieving capacity unless administ
controls, as defined in 3.2, are in place to prevent inadvertent valve opening.

4.3.4 Check-valve leakage or failure
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Pressure consideration for single check-valve latent failure

Overpressure protection shall be provided for single check-valve latent failure (e.g. stuck open or broken
flapper) where the maximum normal operating pressure of the high-pressure system is greater than the
design pressure or MAWP of vessels, equipment and piping in the upstream low-pressure system and there is
enough stored energy in the high-pressure system to cause an overpressure in the low-pressure system (e.g.
large vapour cap in the high-pressure system).

When sizing a pressure-relief device to prevent exceeding the allowable accumulation of the protected
equipment for the latent check-valve failure, the reverse flow rate through a single check valve may be
determined using the normal flow characteristics (i.e., forward-flow Cv) of the check valve. If the check valve
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Cv is unavailable, one may conservatively assume that the check valve is not there by taking no credit for its
flow resistance.

If the single check valve is inspected and maintained to ensure its reliability and capability to limit reverse flow,
the user may determine that the check-valve latent failure is unlikely. In this case, overpressure protection
should be provided where the maximum normal operating pressure of the high-pressure system is greater
than the upstream equipment’s corrected hydrotest pressure (see 3.21 and 4.3.2). The user is cautioned that
some systems can have unacceptable risk due to latent failure of the check valve and resulting consequences
due to loss of containment. In these cases, limiting the overpressure to the normally allowable overpressure
can be more appropriate. Note that the entire system, including all of the auxiliary devices (e.g. gasketed
joints, instrumentation), should be considered for the overpressure during the latent failure of the check valve.

4.3.4{3 Pressure consideration for single check-valve leakage
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4.3.5

properly inspected and maintained check valves might not completely eliminate” ched
ge. Consequently, the user should be aware that isolation of the low-pressure{system ups
valves can still result in overpressure. If operator action (e.g. manual isolation from the H
m) is being considered to prevent overpressure due to check-valve leakage, then a layers

y assumptions. A detailed analysis can then show that automatic isolation, a pressure-relief

akage, or an alternative means of protection can be preferred. It is-hecessary for the user
priate leakage rate for his/her specific system.

4  Pressure consideration for series back-flow prevention

Fience has shown that when inspected and maintained to ensure reliability and capability to
two back-flow-prevention devices in series are sufficient to eliminate significant reverse
ential pressure increases, the use of additional_safeguards should be considered to redug
want to consider diverse back-flow prevention devices.

Ability of the series back-flow prevention cannot be assured, then it can be necessary to

s, the fouling nature of the fluid and’other system considerations. Therefore, it is the respor
0 determine an appropriate technique for estimating the reverse flow through check valves i

for relief rate calculations.

valves as the-flow through a single orifice with a diameter equal to one-tenth of the |
's nominal flow~diameter. A lower value may be used if a condition-monitoring system f
s (e.g. pressure indicators with appropriate volumes between the check valves) is installed t
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5e flow. The quantity of back-flow leakage through check valves in series depends on the types of check
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The consequences that can develop from the loss of any utility service, whether plant-wide or local, shall be
carefully evaluated. Cases of both the complete loss of a utility and the partial loss of a utility shall be
considered. In some cases, a partial utility failure can cause a higher relief load than a total failure because
some equipment that contributes to the relief load would remain in operation. Table 1 gives the normal utility
services that can fail and a partial listing of affected equipment that can cause overpressure.
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Table 1 — Possible utility failures and equipment affected

Utility failure Equipment affected

Electric Pumps for circulating cooling water/medium, boiler feed,
quench, or reflux

Fans for air-cooled exchangers, cooling towers, or combustion
air

Compressors for process vapour, instrument air, vacuum or
refrigeration

Instrumentation

Motor-operated valves

Cooling water/medium Condensers for process or utility service

Coolers for process fluids, lubricating oil or seal oil

Jackets on rotating or reciprocating equipment

Instrument air Transmitters and controllers

Process regulating valves

Alarm and shutdown systems

Steam Turbine drivers for pumps, compressors, blowers, combustion
air fans, or electric generators

Reciprocating pumps

Equipment that uses direct steam injection

Eductors
Steam/heating medium Heat exchangers (e:g. reboilers)
|Fuel (oil, gas, etc.) Boilers

Reheaters\(reboilers)

Engine drivers for pumps or electric generators

Compressors

Gas turbines

Inert gas Seals

Catalytic reactors

Purge for instruments and equipment

An evaluatiop of/theeffect of overpressure that is attributable to the loss of a particular utility service should
include the g¢hain of developments that can occur and the reaction tlme involved. In S|tuat|ons in wh|ch the
equipment fai y credit
may be taken for the unaffected and functlonlng equipment to the extent that service is malntamed

EXAMPLE 1 An example is a cooling-water circulating system that consists of two pumps in parallel service and
continuous operation whose drivers have unrelated energy sources. If one of the two energy sources fails, partial credit
can be taken for the other power source that continues to function (see 4.2). The quantity of excess vapour generated
because of the energy failure then depends solely on the quantity and available head of the remaining cooling-water pump.

EXAMPLE 2 Another example is two cooling-water pumps in parallel service, with one pump providing the full flow of
cooling water and the second being in standby service. The second pump has a separate energy source and is equipped
with controls for automatic start-up if the first pump fails. No protective credit is taken for the standby pump because it is
not considered totally reliable for the design of individual process equipment relief.
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After detailed study, full or partial protective credit may be taken for parallel, normally operating instrument air
compressors and electric generators that have two unrelated sources of energy to the drivers. Manual cut-in
of auxiliaries is operator- and time-dependent and shall be carefully analysed before it is used as insurance

against overpressure.

4.3.6

Electrical or mechanical failure

The failure of electrical or mechanical equipment that provides cooling or condensation in process streams
can cause overpressure in process vessels.

4.3.7

Loss of fans

Fans
pows

opergtion of the louvers can be maintained, credit for the cooling effect may be obtained by co

radia
4.3.8

4.3.8

In se
input
light

the o
the fi

r or a mechanical breakdown. On cooling towers and air-cooled exchangers (where
ion.
Loss of heat

1 Loss of heat in series fractionation systems

to an upstream column can overpressure the downstream®column. Loss of heat results in
bnds mixing with the bottoms and being transferred to the.next column as feed. Under this @
verhead load of the downstream column can consist ofvits normal vapour load plus the lig
rst column. If the downstream column does not have‘the condensing capacity for the addi

on air-cooled heat exchangers or cooling towers occasionally become inoperative becausls of a loss of

independent
hvection and

ries fractionation (that is, where the bottoms from one column<eed into another column), the loss of heat

some of the
ircumstance,
ht ends from
ional vapour

load,|[excessive pressure could occur.

4.3.8{2 Loss of heat in other equipment

In cases where loss of heat can cause carryover of lighter ends, the potential for downstream equipment
overgressure should be considered.

4.3.9| Loss of instrument air or«electric instrument power

The loss of instrument air drives all air-operated valves to their specified fail position. This adtion of many
valves can result in overpressure if the specified failure positions of the valves are not selectg¢d to prevent
overpressure. Likewise, failure of electric instrument power can drive control systems and electrigally operated
valves to their specified-failure positions. Consideration should be given to the effect on flare- ¢r blowdown-
system loading of ¥alves failing open or closed due to instrument-air failure or power failure.

4.3.1D Reflux.failure

The loss. of reflux as a result of pump or instrument failure can cause overpressure in a colump because of
condenser flnnding aorlaoss of coolant in the frar\finnafing process-

4.3.11 Abnormal heat input from reboilers

Reboilers are designed with a specified heat input. When they are new or recently cleaned, additional heat
input above the normal design can occur. In the event of a failure of temperature control, vapour generation
can exceed the process system’s ability to condense or otherwise absorb the build-up of pressure, which may
include non-condensables caused by overheating.

4.3.12 Heat exchanger tube failure

In shell-and-tube heat exchangers, the tubes are subject to failure from a number of causes, including thermal
shock, vibration and corrosion. Whatever the cause, the result is the possibility that the high-pressure stream
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overpressures equipment on the low-pressure side of the exchanger. The ability of the low-pressure system to
absorb this release should be determined. The possible pressure rise shall be ascertained to determine
whether additional pressure relief is required if flow from the tube rupture discharges into the lower-pressure
stream. See 5.19 for additional details.

4.3.13 Transient pressure surges

4.3.13.1 Water hammer

The probability of hydraulic shock waves, known as water hammer, occurring in any liquid-filled system should
be carefully evaluated. Water hammer is a type of overpressure that cannot be controlled by typical pressure-
relief valves,|since the response time of the valves can be too slow. The oscillating peak pressures, measured
in millisecondls, can raise the normal operating pressure by many times. These pressure waves damage the
pressure vegsels and piping where proper safeguards have not been incorporated. Waterhamnier is
frequently avioided by limiting the speed at which valves can be closed in long pipelines. Whererwater hammer
can occur, the use of pulsation dampeners or special bladder-type surge valves should“be considered,
contingent o proper analysis.

4.3.13.2 Steam hammer

An oscillatin

) peak-pressure surge, called steam hammer, can occur in piping that contains compre

fluids. The nmpost common occurrence is generally initiated by rapid valve~closure. This oscillating pre

surge Occurs
resulting in v
cannot effec
quick-closing

in milliseconds, with a possible pressure rise in the normal)operating pressure by many {
bration and violent movement of piping and possible rupture of equipment. Pressure-relief v
ively be used as a protective device because of their‘slow response time. Avoiding the u
valves can prevent steam hammer.

ssible
ssure
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alves
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4.3.13.3 Condensate-induced hammer

Isolation of & steam bubble by cold condensate can,lead to the eventual rapid collapse of the bubblg¢ and
catastrophic [damage to steam pipework. Proper design and operation of the process system are essenfial in
attempts to ¢liminate this possibility (e.g. by theluse of drains, steam traps, appropriate pipe slope, trgining
and careful management of change).

The hazard
steam bubbls
device.

s particularly acute duringAurnaround and maintenance activities where dead-legs that tfap a
b can be inadvertently created. Pressure-relief devices cannot effectively be used as a protective

4.3.14 Plan{fires

rolled
from

Fire as a cal
shutdown or
exposure to

se of overpressure in plant equipment is discussed in 5.15. A provision for initiating a cont
installationyof a depressuring system for the units can minimize overpressure that results
bxterndlfire.

To limit vapouf-generation and the possible spread of fire, facilities should also allow for the removal of liquids
from the sysiems. Normally operating product withdrawal sysiems are considered superior and more eifective
for removing liquids from a unit, compared with separate liquid pulldown systems. Liquid hold-up required for
normal plant operations, including refrigerants or solvents, can be effective in keeping the vessel wall cool and
does not necessarily require systems for its removal. Provisions may be made either to insulate the vessel's
vapour space and apply external water for cooling or to depressure the vessel using a vapour depressuring
system.

Area design should include adequate surface drainage facilities and a means for preventing the spread of
flammable liquids from one operating area to another. Easy access to each area and to the process
equipment shall be provided for firefighting personnel and their equipment. Fire hydrants, firefighting
equipment and fire monitors should be placed in readily accessible locations.

Relief load reduction credit for insulation can be taken provided that the requirements of 5.15.5 are met.
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4.3.15 Process changes/chemical reactions

In some reactions and processes, loss of process control can result in a significant change in temperature
and/or pressure. The result can exceed the intended limits of the materials selected. Thus, where cryogenic
fluids are being processed, a reduction in pressure could lower the temperature of the fluids to a level below
the minimum allowable design temperature of the equipment, with the attendant risk of a low-temperature
brittle failure. For exothermic reactions (e.g. decompositions, acid dilutions, polymerizations), excessive
temperatures and/or pressures associated with runaway reactions can reduce the allowable stress levels
below the design point, or increase the pressure above the maximum allowable working pressure (MAWP).
Where normal pressure-relieving devices cannot protect against these situations, controls are necessary to
warn of changes outside the intended temperature/pressure limits to provide corrective action (see 5.9, 5.10

and

The

5 13)
)

potential for a chemical reaction in conjunction with the other overpressure scenarios\in 4

considered when appropriate.

4.4

The

press

Recommended minimum relief system design content

[ettered items are categories of the minimum recommended information-necessary to provid

catedory depending on the specific installation and company practices.

a)

Relief system information:

1) name,

3

2) location,
3) relief device identification numbers (multipl€’or combination),

4) revision number and date,

iR
~

approvals, if required,

®) device summary (for multiple devices);
[Description of protected camponents:

1) list of equipmentwith design conditions,
2) piping withhdesign conditions,

3) drawings and equipment files [e.g. P&ID, mechanical drawings, process-flow diagrams (

[Design' codes/standards:

.3 should be

e a complete

ure-relief system. The numbered items are information that might orsmight not be appropijiate for each

PFDs)];

1) pressure-design code,

2) system maximum allowable accumulated pressure;
Analysis of causes of system overpressure:

1) required rate and/or area for each cause,

2) supporting calculations and assumptions,

3) schematic of system,
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e)

f)

g)

h)

18

4) heat and material balances,

5) consider all causes of overpressure,

6) credit for safety instrumented systems/HIPS, including safety integrity level and associated reliability

calculations;
System operating conditions:

1) fluid composition,

2) pregsure;

3) temperature,
4) levd|,
5) phage,

6) hazprds (e.g. air present);

Systemg relieving conditions:

1) fluiq composition,

2) religving pressure,

3) religf temperature,

4) phage,

5) properties,

6) hazprds (e.g. air present);

Relief dgvice selection/configuration’

1) rupfure disk device,

2) spripg-loaded conventional pressure-relief valve,

3) spring-loaded balanced bellows pressure-relief valve,

4) pilot-operated pressure-relief valve,

5) buckling-pin device,

6) combinations,

7) other;

Pressure-relief valve/rupture disk combination capacity factor (e.g. ASME K_);
Relief system required area:

1) pressure-relief valve,

2) rupture-disk coefficient of discharge (e.g. ASME K ) method;
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j)  Relief-system capacity for rupture disk:
1) superimposed back pressure,
2) system resistance (e.g. ASME K,),

3) calculation of uncertainty factor involving a derating multiplier in accordance with the pressure-design
code (e.g. 0,9 or less for ASME);

k) Pressure-relief valve rated capacity:

y—retiefdevicesetpressure;

[)  $pring-loaded pressure-relief valve cold differential test pressure;

m) Pressure-relief valve capacity correction for maximum back pressure:

1) built-up back pressure,

2) maximum and minimum superimposed back pressure,

3) back pressure capacity correction factors (e.g. API RP 520-1:2000, K, or K,,);
n) [Rupture-disk specified burst pressure and manufacturing design range selection;
0) Rupture-disk specified disk temperature;

p) [RRelieving-fluid disposal requirements (closed or atmospheric):

1) flare,

AO-
~

flame impingement,

3) thermal radiation,

4) dispersion (toxic or flamimable vapour),

%) vapour-cloud explésion,

@) other (personnél exposure, noise, housekeeping, etc.),

T) vapour/liquid separation,

1) envirtonmental considerations,

)~_bellows vent to safe location,

10) smokeless burning;
q) Relief device physical installation:
1) pipe-stress analysis,
2) free drainage of inlet and outlet line piping,
3) heat tracing,

4) maintenance considerations,
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5) reaction forces,

6) drains and bleeds,

7) bellows-valve bonnet vent and pilot vent to safe location;
r)  Pressure-relief valve inlet-line pressure drop;
s) Relief-device specification sheet(s);

t)  Criteria for vacuum protection (see 4.6).

4.5 List ol‘ items required in flare-header calculation documentation
The following are the documentation requirements for flare-header analyses:

a) For each flare-header design scenario, a description of the initiating event and.‘of,'the intermegdiate
conseqyences that lead to relief flow. For example, for an electric power failure,. this description Would
include the primary element assumed to fail, a list of all power users that would consequently bg de-
energizgd, and the consequences of the loss of each user.

b) Documentation of the basis used to define flare-system configurationfor the network-flow simujation
model. For the base case, this documentation generally consists of aylist of piping drawings with reyision
numberg. For alternate piping configurations, changes from the base case may be marked on the
schemaltic diagram of the system or described in narrative form.

c) Schematic diagram of the flare system showing a pressure:profile for each case analysed. The pregsure
profile shall show calculated back pressure at each relief source.

d) Electronjc copies of input files used for the network-flow simulation. At a minimum, files for existing piping
network[shall be provided.

e) Relief-valve size-selection data sheets showing valve manufacturer (for existing valves), type of valvg, set
pressurg, size and inlet and outlet flange ratings.

f) List of disposal-system loads (e.g{ loads from relief devices, depressuring valves and control valves)
including source name, temperature, relative molecular mass (“molecular weight”) or composition, and
flow rateg.

NOTE In this International/Standard, the S| term “relative molecular mass” is used rather than “molecular weight”.

g) List of a|l credits taken*to reduce or eliminate disposal-system peak loads, including instrumentation| (see
7.1.4 for|details).

h) List of instrdmentation assumed not to work for each relieving scenario and basis for selection of fhilure
combindtiop.

i) Back pressure limit for each source and basis for limit (e.g. downstream piping design pressure,
API Std 526 [9], ISO 4126, manufacturer, critical flow, or derated valve capacity).

i) Acceptance criteria for flare-system capacity, including assumptions and design basis for blowdown drum,
knockout drum, flare stack.

4.6 Guidance on vacuum relief
In 4.3 are described the fundamental heat- and-material balance factors that can lead to an increase in

operating pressure. Under different circumstances, the same factors can lead to a fall in operating pressure to
the extent that vacuum relief is required to prevent the equipment from failing under vacuum.
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Large vessels and equipment designed for low positive pressures are more susceptible to vacuum, as smaller
vessels often have an inherent vacuum design capability due to other design requirements. Although there is
substantial evidence of damage to storage tanks as a result of vacuum, serious damage has also occurred on

process vessels [138],

If equipment contains internal partitions, the potential for a vacuum condition existing in one of the
compartments should be considered. This also includes shell-and-tube heat exchangers designed on the
basis of a limiting pressure differential across the tubesheet. If the pressure on one side falls to a vacuum

condition, the differential pressure limit can be breached.

A vacuum can potentially result when the following occur, singly or in combination.

Exanpples of possible causes of vacuum include the following:

The volumetric outflow of material from the protected system exceeds the inflow.

The energy outflow from the protected system exceeds the energy inflow; or a,phase ch
fesulting in material changing from a phase with a higher specific volume to a phase with a |
olume.

lemoval of liquid from a vessel due to pump-out, siphoning or gravity-drainage;

flemoval of vapour from a vessel by attachment to pumps/compressors, or by attachment
¢apable of pulling a vacuum (whether by design, such as-vacuum pumps and ejectors, or
guch as vent-collection systems where the flow of materialjalong a header can induce a vag
equipment);

ambient temperature changes, resulting in conttaction of the vapour space; this is nor
gignificant issue for storage tanks; see API Std.2000 ['4] or prEN 14015-1 [6];

¢ondensation of vapour, whether by ongeing heat transfer through a condenser (e.g. follg
eboil to a distillation or regeneratiop’column), by gradual heat transfer (e.g. cooling ¢
following steam-out or plant shutdown) or by injection of cold material into the vapour
following a loss of pre-heat);

hysical absorption or adsorption, e.g. the ongoing absorption of a soluble vapour into
ammonia into water) following a shutdown or through the inadvertent entry of a suitable a
the process;

¢hemical absorption) e.g. the ongoing absorption of sour gas or carbon dioxide into a scrubbi

other chemical reactions that remove gas or vapour from the vapour space (e.g. the removal
form rustin,an isolated item of equipment);

ange occurs
bwer specific

0 equipment
inadvertently
uum in other

mally only a

wing loss of
f equipment
space (e.g.

b liquid (e.g.
psorbent into

hg solution;

of oxygen to

ging vacuum

afterwards, using a lute or seal pot to minimize emissions from a vent but thereby preventing gas or

vapour from flowing through the vent to mitigate a vacuum and not draining bunded areas
can cover vent lines that have been brought to grade.

Protection against vacuum typically takes one or more of the following forms:

operating procedures;

mechanical design, the most robust form of protection;

so that liquid

relief system design, often only practicable with low-pressure equipment and relying on suitable designs

of pressure-relief valve or atmospheric vent;
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d) instrumented protective system, designed to admit a gas into the protected system to prevent the vacuum

from exceeding a specified level.

The simplest solution to a potential vacuum is to design the equipment to withstand full vacuum. This option
should always be considered for new equipment. Although smaller equipment can come with a degree of
inherent mechanical strength against vacuum, provision of vacuum design for larger equipment can require
additional metal thickness or the provision of vacuum support rings. The latter introduce potential corrosion
problems unless suitable provision is made for liquid to drain from the rings and the drain holes are kept clear.

Operating procedures are sometimes relied upon for activities associated with preparation for maintenance
(e.g. vessel draining and steam-out) and activities such as hydrotesting. However, they are not a foolproof

nnnnnnnnnnnnnnnnnn narator. VTN BDrEOe vrbharali TETZV-N

form of prote

If a vacuum-

do o chanld avhara adurac ~nn anfAl
oo Ot STy C oot opCatoro— onouriGagrcCwncTrocproct oo s Car—sarct

elief device is used, it shall be rated at a pressure comparable to that of the protected €quip

An instrumented system or regulator (repressuring system) can be used to add gas to prevent the va

from exceed
are commorf
flammability.

Instrumented
pressurized

as for the ug
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simple contr
Annex E) is |

If admission
the required
steady-state
be made ang

If mechanica
appropriate (

ng a specified level. The choice of gas should be considered carefully: air, nitfrogen and fug
ly used, but each introduces different factors of cost, potential product) contaminatior]

protective systems (whether through process control or by a HIPS) ‘are often used to p
bquipment such as distillation columns against vacuum. The philosophy is essentially the
e of relief devices: to admit a suitable gas into the protectedcequipment to prevent the va

bl scheme has sufficient reliability to be regarded a suitable form of protection; a HIPS
kely to be required with the attendant requirements of regular proof testing.

of a suitable gas is relied upon for controlling the level of vacuum in the process, calculat
rate can prove problematic, especially as the calculation is for a transient condition rather t
condition. Suitably conservative assumptions\about heat transfer rates and compositions s
the calculations can prove very complex,

design for a pressure other than full'vacuum is used, the level of vacuum should be justifi
alculations. It might be possible to_show that a vacuum cannot be generated (e.g. becaus

alind
y PoCTronTcTopon).

ment.

Cuum
| gas
and

otect
same
Cuum

ng a defined level. The same considerations about the sele€tion of gas apply. It is unlikely that a

(see

on of
han a
hould

bd by
e the

vapour presgure of the liquid remains above. atmospheric).

5 Determination of individual relieving rates

5.1 Principal sources of.overpressure
The basis for determining individual relieving rates that result from various causes of overpressyre is
presented in Clause.®/in the form of general considerations and specific guidelines. Good engingering
judgment, rather, than blind adherence to these guidelines, should be followed in each case. The results
achieved shpuld\be economically, operationally and mechanically feasible, but in no instance shoulf the

safety of a plant.or its personnel be compromised.

Table 2 lists some common occurrences that can require overpressure protection. This table is not intended to
be all-inclusive or complete in suggesting maximum required relieving rates; it is merely recommended as a
guide. A more descriptive analysis is provided in the remainder of Clause 5.
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Table 2 — Guidance for required relieving rates under selected conditions

Item No. Condition Liquid-relief guidance @ Vapour-relief guidance @
1 Closed outlets on vessels Maximum liquid pump-in | Total incoming steam and vapour plus that
rate generated therein at relieving conditions
2 Cooling-water failure to — Total vapour to condenser at relieving
condenser conditions
3 Top-tower reflux failure — Total incoming steam and vapour plus that
generated therein at relieving conditions less
vapour condensed by sidestream reflux
4 Sidestream reflux failure — Difference between vapour entering and
leaving equipment at relieving-cqnditions
Lean-oil failure to absorber — None, normally
Accumulation of — Same effect in towers as found|for Item 2; in
non-condensables other vessels, same.effect as foynd for ltem 1
7 Entrance of highly volatile — —
material
Water into hot oil — For towers{usually not predictable
Light hydrocarbons into hot oil — For heat exchangers, assume an area twice
the internal cross-sectional area of one tube
to’ provide for the vapour gengrated by the
entrance of the volatile fluid due tp tube rupture
te Overfilling storage or surge vessel |Maximum liquid pump-in —
rate
9 Failure of automatic controls — Analyse on a case-by-case basi{

Abnormal heat or vapour input

Estimated maximum vapour
including non-condensables fron

generation
overheating

Split exchanger tube

Liquid entering from twice
the cross=sectional area
of onetube

Steam or vapour entering frg
cross-sectional area of one tub
effects found in Item 7 for excha

m twice the
e; also same
hgers

Internal explosions

Not controlled by conventional
but by avoidance of circumstanc

relief devices
bs

Chemical reaction

Estimated vapour generation fron both normal

and uncontrolled conditions; ¢
phase effects

onsider two-

14

Hydraulic expansion:

Cold-fluid shut in See 5.14 —
Lines outside(process area shut See 5.14 —
in
1% Exteriorfife ? See 5.15.3.3 Estimated by the methods given|in 5.15.2.2 or

5.15.3.2

Power failure (steam, electric, or
other)

Study the installation to determ
of power failure; size the relief
worst condition that can occur

ne the effect
valve for the

Fractionators — Loss of all pumps, with the result that reflux
and cooling water would fail
Reactors — Consider failure of agitation or stirring, quench

or retarding stream; size the valves for vapour
generation from a runaway reaction

Air-cooled exchangers

Fan failure; size valves for the difference
between normal and emergency duty

Surge vessels

Maximum liquid inlet rate

a Consideration can be given to the reduction

pressure.
b

Guidance on fire relief is given in Annex A.

of the relief rate as the result of the relieving pressure being above operating
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5.2 Sources of overpressure

The liquid or vapour rates used to establish relief requirements are developed by the net energy input. The
two most common forms of energy are (a) heat input, which increases pressure through vaporization or
thermal expansion, and (b) direct pressure input from higher pressure sources. Overpressure can result from
one or both of these sources.

The peak individual relieving rate is the maximum rate at which the pressure shall be reduced to protect
equipment against overpressure due to any single cause. The probability of two unrelated failures occurring

simultaneously is remote and normally does not need to be considered.

5.3 Effec{s of pressure, temperature, and composition

Pressure an
volumetric a

liquid. The rI

pressure in
equipment. |
Heat introdu
produces a
components
vaporized.

During press
should be i
composition
study.

temperature should be considered to determine individual relieving rates, since they-affe

te at which vapour is generated changes with equilibrium conditions becausg, 6f the incrg
b confined space and the heat content of streams that continue to flow._int6” and out g
N many instances, a volume of liquid can be a mixture of components with_different boiling p
Ced into fluids that do not reach their critical temperature under pressure-relieving cond
apour that is rich in low-boiling components. As heat input is continued, successively hg
are generated in the vapour. Finally, if the heat input is sufficient,the heaviest component

Lre-relieving, the changes in vapour rates and relative molectlar masses at various time intg
nvestigated to determine the peak relieving rate and“the composition of the vapour,
pof inflowing streams can also be affected by variations in time intervals and, therefore, reg

Relieving pressure can sometimes exceed the criticalZpressure (or pseudo-critical pressure) o

components
the density —
inflow of exd
equating the

in the system. In such cases, reference shalt-be made to compressibility correlations to con
- temperature — enthalpy relationships forithe system fluid. If the overpressure is the result
ess material, then the excess mass guantity shall be relieved at a temperature determing
incoming enthalpy with the outgoing enthalpy.

In a system

hat has no other inflow or outflow, if the overpressure is the result of an extraneous excess

bt the

d compositional behaviour of liquids and vapours. Vapour is generated when heat is’added to a

ased
f the
bints.
tions
avier
S are

rvals
The
uires

f the
npute
of an
bd by

heat

ntity to be relieved is the(difference between the initial contents and the calculated remaining
by by

input, the q
contents at gny later time. The cumulative extraneous enthalpy input is equal to the total gain in enthal
the original pontents, whether theyjremain in the container or are vented. By calculating or plotting the
cumulative vent quantity versus-time, the maximum instantaneous relieving rate can be determined, This
maximum uslually occurs near-the critical temperature. In such cases, the assumption of an ideal gas can be
too conservdtive, and Equation (8) (see 5.15.2.2.2) oversizes the pressure-relief valve. This equation should
be used onlylwhen physieal properties for the fluid are not available.

5.4 Effect of operator response

juires
consideration of those who are responsible for operation and an understanding of the consequences of an
incorrect action. A commonly accepted time range for the response is between 10 min and 30 min, depending
on the complexity of the plant. The effectiveness of this response depends on the process dynamics.

5.5 Closed outlets

To protect a vessel or system from overpressure when all outlets on the vessel or system are blocked, the
capacity of the relief device shall be at least as great as the capacity of the sources of pressure. If all outlets
are not blocked, the capacity of the unblocked outlets may properly be considered. The sources of
overpressure include pumps, compressors, high-pressure supply headers, stripped gases from rich absorbent
and process heat. In the case of heat exchangers, a closed outlet can cause overpressure due to either
thermal expansion (see 5.14) or vapour generation.
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The quantity of material to be relieved should be determined at conditions that correspond to relieving
conditions instead of at normal operating conditions. The required relieving rate is often reduced appreciably
when this difference in conditions is considered. The effect of frictional-pressure drop in the connecting line
between the source of overpressure and the system being protected should also be considered in determining

the required relieving rate.

5.6 Cooling or reflux failure

5.6.1 General

The required relieving rate is determined by a heat and material balance on the system at the relieving
presgure. In a distillation system, the rate can require calculation with or without reflux. Creditris|normally not
taker| for the effect of residual coolant after the cooling stream fails because this effect is.timg-limited and
depepds on the physical configuration of the piping. However, if the process piping system‘is urjusually large
and hare, the effect of heat loss to the surroundings may be considered.

Because of the difficulty in calculating detailed heat and material balances, the simplified bases|described in
5.6.2|through 5.6.9 have generally been accepted for determining relieving rates.

5.6.2

The tequired relieving rate is the total incoming vapour rate to the-condenser, recalculated at a

that
time

less than 10 min. If cooling failure exceeds this time, reflux is<lost, and the overhead composition

Total condensing

orresponds to the new vapour composition at relieving conditions, and the heat input pre
bf relief. The surge capacity of the overhead accumulator at the normal liquid level is gener

temperature
vailing at the
Ally limited to
temperature

and Vapour rate can change significantly.

5.6.3| Partial condensing

The fequired relieving rate is the differencevbetween the incoming and outgoing vapour ratg at relieving
conditions. The incoming vapour rate should.be calculated on the same basis used in 5.6.2. If thgd composition
or rafe of the reflux is changed, the incoming vapour rate to the condenser should be determined for the new
condftions.

5.6.4| Air-cooler fan failure

Beca
coolg

The nequired relieving.rate is then based on the remaining 70 % to 80 %, depending on the servi

and

heat-
is pe
failur

r duty is often used,Unless the effects at relieving conditions are determined to be significa

b.6.3). Howeyery.the actual duty available by natural convection is usually a function of t
exchanger design. Some designs can allow significantly more credits if a supporting enginee
formed..fn ‘addition, reduction in cooling capabilities can also occur if variable-pitch fans ar
b of the“pitch mechanism occurs.

5.6.5

use of natural convection’effects, credit for a partial condensing capacity of 20 % to 30 % ¢f normal air-

ntly different.
Ce (see 5.6.2
ne air-cooled
ring analysis
b used and a

Louver closure

Louver closure on air-coolers is considered to result in total loss of cooling. Louver closure can result from
automatic-control failure, mechanical-linkage failure or destructive vibration on a manually positioned louver.

5.6.6

Overhead circuit

In many cases, failure of the reflux that results, for example, from pump shutdown or valve closure, causes
flooding of the overhead condenser, which is equivalent to total loss of cooling. Compositional changes
caused by loss of reflux can produce different vapour properties that affect the required relieving rate. A
pressure-relief device sized for total failure of the coolant is usually adequate for this condition, but each case
shall be examined in relation to the particular components and system involved.
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5.6.7 Pump-around circuit

The required relieving rate is the vaporization rate caused by an amount of heat equal to that removed in the
pump-around circuit. The latent heat of vaporization corresponds to the latent heat under the relieving

conditions of

temperature and pressure at the point of relief.

5.6.8 Overhead circuit plus pump-around

An overhead circuit plus pump-around is usually arranged so that simultaneous failure of the pump-around
and the overhead condenser do not occur; however, partial failure of one with complete failure of the other is
quite possible. The required relieving rate is discussed in 5.6.6 and 5.6.7.

5.6.9 Sides

stream reflux failure

Principles similar to those described in 5.6.6 and 5.6.7 apply in overhead-condenser flooding (if a cond

is in the sy
relieving ratg
removed fror

5.7 Absor

For lean-oil 4
in an acid-g4
absorber, log
not be adeq
unit in which
carbon dioxid
produces ar
atmosphere.

Each individ
include the
immediately

stem) or changes in vapour properties resulting from changes in composition) The reg
should be large enough to relieve the vaporization rate caused by the amount’of heat nor
n the system.

bent flow failure

bsorption of hydrocarbons, generally no relief requirement results from lean-oil failure. How
s removal unit in which large quantities (25 % or more) of the’inlet vapour can be removed
s of absorbent can cause a pressure rise to relief pressure, since the downstream system
late to handle the increased vapour flow. The case of‘a’synthesis-gas carbon-dioxide rer

e above design capability that enters the methanator, as occurs on even partial absorbent f
hpid temperature rise that usually closes a methanator feed shutoff valve and opens a vent
If the vent to the atmosphere fails to open, the possibility of overpressure arises.

hal case shall be studied for its process ‘and instrumentation characteristics. The study s
pffect on downstream process units (in* addition to the reaction in piping and instrumen
Hownstream of the absorber.

5.8 Accumulation of non-condensables

Non-condens
streams. Ho
overhead co

5.9 Entra

5.9.1

ables do not accumulate under normal conditions, because they are released with the pr
vever, with certain piping configurations, non-condensables can accumulate to the point th
ndenser is blocked~This effect is equal to a total loss of cooling.

nce of volatile material into the system

Water into hot oil

Bnser
uired
mally

ever,
n the
might
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the downstream gas goes to a methanator is more’ complicated to analyse. Any quantity of

hilure,
o the

hould
ation

cess
t the

AIthough the_entrance of water into _hot qil remains a source of pnfpnfial querpressure  no_gen

erally

recognized method for calculating the relieving requirements is available. In a limited sense, if the quantity of
water present and the heat available in the process stream are known, the size of the pressure-relief device
can be calculated like that of a steam valve. Unfortunately, the quantity of water is almost never known, even
within broad limits. Also, since the expansion in volume from liquid to vapour is so great (approximately
1:1 400 at atmospheric pressure) and the speed of vapour generation is essentially instantaneous, it is
questionable whether the pressure-relief device could open fast enough to be of value. Normally, a pressure-
relieving device is not provided for this contingency. Proper design and operation of the process system are
essential in attempts to eliminate this possibility. The following are some precautions that can be taken:

a) designing the water side to be at a lower operating pressure than the hot oil side;

b) maintaining minimum circulation of hot oil through equipment on stand-by in order to minimize collection
of water;
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c) avoiding water-collecting pockets;

d) installing proper steam condensate traps;

e) installing heat tracing to eliminate condensation;

f) installing double-block and bleed valves on water connections to hot process lines;

g) installing interlocks to trip sources of heat in the event of water-contaminated feedstock.

5.9.2 Light hydrocarbons into hot oil

The ipformation in 5.9.1 applies to the entrance of light hydrocarbons into hot oil even though(the|ratio of liquid
volume to vapour volume can be considerably less than 1:1 400.

5.10| Failure of process stream automatic controls

5.10.1 General

Autorfnatic control devices, directly actuated from the process or indirectly actuated from a pro¢ess variable
(e.g. [pressure, flow, liquid level, or temperature) are used at inlets and“outlets of vessels or systems. When
the tfansmission signal or operating medium to a final control element (such as a valve operator) fails, the
contrpl devices should assume either a fully open or fully closed position according to their basic|design. Final
contrpl elements that fail in a stationary position should be assumed to fail fully open or fully closed (see
5.10.p). The failure of a process-measuring element in a transmitter or controller without coincidental failure of
the dperating power to the final controlled element should”be reviewed to determine the effect on the final
contrplled element. Operation of the manual bypass valve-is discussed in 5.10.3. Possible failure pf the control
devige while the manual bypass valve is fully or partially open deserves to be considered; howevgr, this factor

operation at or near design unless he knows a specific condition that exists to the contrary. The designer
should be alert to temporary start-up er upset conditions when unit operators are using the control valve’'s
bypass valve. Since these are upset and off-control conditions, the probability that relieving requirements will
ariselis usually greater than whep-the unit is running normally under control with all bypasses cloged.

In eMaluating relieving-requirements due to any cause, any automatic control valves that afe not under
[ i ievi should be

by variables other than the system pressure can try to open their valves fuIIy, credit can be taken for such
control valves only to the extent permitted by their operating position at normal minimum flow regardless of the
valve’s initial condition.

5.10.3 Inlet control devices and bypass valves

There can be single or multiple inlet lines fitted with control devices. The scenario to consider is that one inlet
valve is in a fully opened position regardless of the control-valve failure position. Opening of this control valve
can be caused by instrument failure or misoperation. If the system has multiple inlets, the position of any
control device in those remaining lines shall be assumed to remain in its normal operating position. Therefore,
the required relieving rate is the difference between the maximum expected inlet flow and the normal outlet
flow, adjusted for relieving conditions and considering unit turndown, assuming that the other valves in the
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system are still in operating position at normal flow (that is, normally open, normally closed, or throttling). If
one or more of the outlet valves are closed, or more inlet valves are opened by the same failure that caused
the first inlet valve to open, the required relieving rate is the difference between the maximum expected inlet
flow and the normal flow from the outlet valves that remain open. All flows should be calculated at relieving
conditions. An important consideration is the effect of having a manual bypass on the inlet control valve(s) at
least partially open. If, during operation, the bypass valve is opened to provide additional flow, then this total
flow (control valve wide open and bypass valve normal position) shall be considered in the relieving scenario.
If the bypass is used only during maintenance to permit the control valve to be blocked in and removed from
service, then the maximum flow of either the control valve or bypass valve needs to be considered.

The potential for the bypass valve to be madvertently opened whlle the control valve is operating should also

be consider
bypass valvg
controls as t
systems can
to loss of co
be more apq

instrumentation

Other situatig
control devic|
where liquid

can exceed the corrected hydrotest pressure (see 3.21 and 4.3.2), reliance on admlnlst ative

e sole means to prevent overpressure might not be appropriate. The user is cautioned-that fome
have unacceptable risk due to failure of administrative controls and resulting consequence$ due
htainment. In these cases, limiting the overpressure to the normally allowable overpressurg can
ropriate. Note that the entire system, including all of the auxiliary devices (e.g! gasketed jpints,
), should be considered for the overpressure during the failure of administrative controls.

ns can arise where problems involved in evaluating relief requirements.after the failure of an inlet
e are more complex and of special concern (e.g. a pressure vessel‘operating at a high pregsure
bottoms are on level control and discharge into a lower-pressure’system). Usually, wheh the

liquid is let down from the high-pressure vessel into the low-pressure syst€ém, only the flashing effect| is of
concern in the event that the low-pressure system has a closed outlet{ However, the designer should also
consider that vapours flow into the low-pressure system if loss of liquid level occurs in the vessel at Higher

pressure. In
the low-pres
When this o

vapour flow through the liquid control valve.
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this case, if the volume of the source of incoming vapours is large compared with the volufne of
sure system or if the source of vapour is unlimited, (Serious overpressure can rapidly deyelop.
ccurs, it can be necessary to size relief devices on the low-pressure system to handle the full
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ined by the high-pressure equipment.is less than the volume of the low-pressure syste

t the
ential
ment
bntrol
high-
Brvoir
e the
r the
h the
\WP)

of loss of liquid level, the vapour flow into the low-pressure system depends on whg
hg system, which usually consists of wide-open valves and piping, passes with a differ
5ed on the normal operating pressure upstream and the relieving pressure on equif
This pressure drop at.initial conditions frequently results in critical flow (choking across a ¢
AN cause the rate to-be’several times higher than the normal rate of vapour inflow to the
tem. Unless makeup-équals outflow, this condition is of short duration as the upstream res
Nonetheless, the relief facilities that protect the low-pressure system shall be sized to hand
the low-pressure€ side has a large vapour volume, it can prove worthwhile to take credit f
e transfer 'of- vapours from the high-pressure system needed to raise the pressure o
side from operating pressure to relieving pressure (normally 110 % of design pressure or M

lowers the

u
the relievingjrequirement. Where such credit is taken, an allowance shall be made for the normal maksg
vapour to th

shes
up of

stream.pressure. This decrease produces a corresponding reduction in the flow that establ

high-pressure system that tends to maintain upstream pressure.

5.10.4 Outlet control devices

Each outlet control valve should be considered in both the fully opened and the fully closed positions for the
purposes of relief-load determination. This is regardless of the control-valve failure position because failure
can be caused by instrument-system failure or misoperation. If one or more of the inlet valves are opened by
the same failure that caused the outlet valve to close, pressure-relieving devices can be required to prevent
overpressure. The required relieving rate is the difference between the maximum inlet and maximum outlet
flows. All flows should be calculated at relieving conditions. Also, one should consider the effects of
inadvertent closure of control devices by operator action.
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For applications involving single outlets with control devices that fail in the closed position, pressure-relieving
devices can be required to prevent overpressure. The required relieving rate is equal to the maximum
expected inlet flow at relieving conditions and should be determined as outlined in 5.5.

For applications involving more than one outlet and a control device that fails in the closed position on an
individual outlet, the required relieving rate is the difference between the maximum expected inlet flow and the
design flow (adjusted for relieving conditions and considering unit turndown) through the remaining outlets,
assuming that the other valves in the system remain in their normal operating position.

For applications involving more than one outlet, each with control devices that fail in the closed position
because of the same failure, the required relieving rate is equal to the maximum expected inlet flow at

reliey
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The

mna-caonditionce
g ComaTon ST

b Fail-stationary valves

though some control devices are designed to remain stationary in the last ‘controlled

pt predict the position of the valve at time of failure. Therefore, the designer should always
devices could be either open or closed: no reduction in required relieving rate should b
such devices are used.

b Special capacity considerations

ugh control devices, such as diaphragm-operated control malves, are specified and size
n operating conditions, they are also expected to operate“during upset conditions, inclu
pressure-relieving devices are relieving. Valve design<@nd valve operator capability shoulg
Sition the valve plug properly in accordance with control, signals during abnormal conditions.

pbosition, one
consider that
b considered

d for normal
ding periods
be selected
Because the

bl-valve capacities at pressure-relieving conditions<are not the same as those at normal c
bl-valve capacities should be calculated for the\relieving conditions of temperature an

or example, differ greatly when it handles\a’gas. This becomes a matter of particular conce
Lid level can occur, causing the valve'to pass high-pressure gas to a system sized to ha
ir flashed from the normal liquid entry:

7/ Piping design considerations for gas breakthrough

preakthrough across a.control valve can result in slug-flow high liquid velocities. The resul
on the piping shall be\taken into account, including the mechanical design and pipe support

Locating the-relief device closer to the upstream control valve can reduce the amount of pipe sy
An also reducethesize of the relief device.

Abnormal process heat input

equired relieving rate is the maximum rate of vapour generation at relieving conditions (i

nditions, the
pressure in

mining the required relieving rates. In extreméZcases, the state of the controlled fluid can [change (e.g.
liquid to gas or from gas to liquid). The wide-0pen capacity of a control valve selected to handle a liquid

n where loss
ndle only the

ant transient

[

pport required

ncluding any

non-d

DT T UTTOTTIoOTOO e

r outflow. In

every case, the designer should consider the potential behaviour of the system and each of its components.
For example, the fuel or heat-medium control valve or the tube heat flux can be the limiting consideration. To
be consistent with the practice used for other causes of overpressure, design values should be used for an
item such as control-valve size. However, built-in overcapacity, which is applicable to the common practice of
specifying burners capable of 125 % of heater design heat input, shall be considered.

If limit stops are installed on control valves, the wide-open capacity, rather than the capacity at the stop setting,
should normally be used. However, if a mechanical stop is installed and is adequately documented, use of the
limited capacity can be appropriate. In shell-and-tube heat exchange equipment, heat input should be
calculated on the basis of clean, rather than fouled, conditions.
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5.12 Intern

al explosion (excluding detonation)

If overpressure protection against internal explosions caused by ignition of vapour-air mixtures is to be
provided, rupture disks or explosion-vent panels, not relief valves, should be used. Relief valves react too
slowly to protect the vessel against the extremely rapid pressure build-up caused by internal flame

The vent area required is a function of a number of factors including the following:

initial conditions (pressure, temperature, composition);

flame propagation properties of the specific vapours or gases;

maximum pressure that can be tolerated during a vented explosion incident.

fthe \'lnccn!;

at which the vent device activates;

be noted that the peak pressure reached during a vented explosion is usually higher, some
than the pressure at which the vent device activates.

propagation.
a)

b)

c) volume
d) pressure
e)

It should alsq
much higher
Design of

NFPA 68 [34]. Simplified rules-of-thumb should not be used as these can lead(to inadequate designs.
operating cohditions of the vessel to be protected are outside the range,.over which the design procs
applies, explosion-vent designs should be based on specific test data,,or.an alternate means of expl

protection s

Some alterngte means of explosion protection are described in NFPA 69 [35] including explosion contair

explosion su

Explosion-re
where deton
preventing th

Explosion-pr
can be cons
only as a res|

5.13 Chemiical reaction

5.13.1 The
reactions has

uld be used.

bpression, oxidant-concentration reduction, and soforth.

ief systems, explosion containment and explésion suppression should not be used for
htion is considered a credible risk. In such_tases, the explosion hazard should be mitigats
e formation of mixtures that could detonate:

bvention measures, such as inert gas purging, in conjunction with suitable administrative co

dered in lieu of explosion-relief systems for equipment in which internal explosions are po
ult of air contamination during start-up or shutdown activities.

methodology for ,determining the appropriate size of an emergency vent system for che
been established by DIERS (Design Institute for Emergency Relief Systems) [38], [39], [40], [41],

nethodology.is'based on the following:

the design-basis upset conditions for the reaction system;

fimes

xplosion-relief systems should follow recognized guidelines such.“as those containgd in

If the
pdure
psion

ment,

ases
bd by

ntrols
ssible

mical
42]

rizing the systems through bench-scale tests simulating the design-basis upset conditions;

The DIERS 1
a) defining
b) characte
c)

using vent-sizing formula that account for two-phase gas/liquid vent flow.

5.13.2 The design basis upset conditions are process-specific, but generally include one or more of the

following:

external

loss of ¢

30

fire;

loss of mixing;

ooling;

mischarge of reagents.
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5.13.3 Reaction rates are rarely known; therefore, bench scale tests simulating the design basis upset
condition are usually required. There are a number of test apparati available for this purpose. With the
information obtained from the bench scale tests, the system can be characterized by one of the following
terms:

— tempered: Tempered systems are those in which the unwanted reaction produces condensable
products and the rate of temperature rise is tempered by liquid boiling at system pressure.
Typically, tempered systems are liquid-phase reactions in which a reactant (or solvent) is a
major portion of the reactor contents.

— gassy: Gassy systems are those in which the unwanted reaction produces non-condensable
products—and-therateof-temperaturerisetsnot-tempered by bu“illy fertric—63 ssy systems
can be either liquid-phase decompositions or vapour-phase reactions.

—  Ihybrid: Hybrid systems are those in which the rate of temperature rise, due to @an unwanted
reaction can be tempered by liquid boiling at system pressure, but{ean also giye rise to the
generation of non-condensable gas.

Following characterization of the system, the appropriate vent-sizing formula ¢an be selected.|An excellent

discussion of these procedures is contained in Grolmes et al [38]. Howevef;the reader should pe cautioned

that this is an area with rapidly changing technology and the most current technology should be used, if
available.

If thg bench-scale simulations indicate the potential for an explesion, the considerations in 5.12 should be

applied. It can also be prudent to consider housing the reactor in a specially constructed bay to handle

potentially explosive reactions or to increase the equipment-design conditions to contain maximum expected
tempprature and pressure.

Whefe feasible, a pressure-relief device should bertsed to control overpressure. Where this [is infeasible,

other| design strategies can be employed to control equipment over-stressing. These strategieq can include

using safety systems such as automatic shutdown systems, inhibitor injection, quench, de-
alternative power supplies and depressuring.. When this approach is taken, the reliability of t

inventorying,
ne protective

system(s) should be addressed in a formakrisk analysis. This analysis is outside the scope of this|International
Stanglard.

Othef forms of reactions that generate heat (dilution of strong acids) should also be evaluated.

5.14| Hydraulic expansion

5.14.1 Causes

Hydraulic expansion is the increase in liquid volume caused by an increase in temperature (sep Table 3). It

can result from'several causes, the most common of which are the following.

a) PRiping or vessels are blocked in while they are filled with cold liquid and are subsequently hgated by heat
acing, coils, ambient heat gain or fire

b) An exchanger is blocked in on the cold side with flow in the hot side.

c) Piping or vessels are blocked in while they are filled with liquid at near-ambient temperatures and are

heated by direct solar radiation.

In certain installations, such as cooling circuits, the processing scheme, equipment arrangements and
methods, and operation procedures make feasible the elimination of the hydraulic-expansion relieving device,
which is normally required on the cooler, fluid side of a shell-and-tube exchanger. Typical of such conditions
are multiple-shell units with at least one cold-fluid block valve of the locked-open design on each shell and a
single-shell unit in a given service where the shell can reasonably be expected to remain in service, except on
shutdown. In this instance, closing the cold-fluid block valves on the exchanger unit should be controlled by
administrative procedures and possibly the addition of signs stipulating the proper venting and draining
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procedures when shutting down and blocking in. Such cases are acceptable and do not compromise the
safety of personnel or equipment, but the designer is cautioned to review each case carefully before deciding
that a relieving device based on hydraulic expansion is not warranted.

Table 3 — Typical values of cubic expansion coefficient
for hydrocarbon liquids and water

5.14.2 Sizing and set pressure

Gravity of liquid Cubic expansion coefficient 2
°API 1/°C (1/°F)
3t0 34,9 0,000 72 (0,000 4)
3510 50,9 0,000 9 (0,000 5)
5110 63,9 0,001 08 (0,000 6)
64 to 78,9 0,001 26 (0,000 7)
7910 88,9 0,001 44 (0,000 8)
891093,9 0,001 53 (0,000 85)
94 and lighter 0,001 62 (0,000 9)
water 0,000 18 (0,000 1)
a At 15,6 °C (60 °F).

The required
required reli

(NPS % x NRFS 1) relief valve is commonly used. If there is\reason to believe that this size is not adequat
procedure inf 5.14.3 can be applied. If the liquid being)relieved is expected to flash or form solids w
passes through the relieving device, the procedure in.5.21.2 is recommended.

Proper selection of the set pressure for these relieving devices should include a study of the design rat
all items included in the blocked-in system, The thermal-relief pressure setting should never be aboyv

maximum p
pressure-reli
thermal-relie

5.14.3 Spec]

Two general
valve can be
vessels or ex
the effect of|

relieving rate is not easy to determine. Since .every application is for a relieving liquig
ving rate is small; specifying an oversized device is, therefore, reasonable. A DN 20 x [

essure permitted by the weakest component in the system being protected. Howeve
bving device should be set-high enough to open only under hydraulic expansion conditio
valves discharge intosa\closed system, the effects of back pressure should be considered.

al cases

applications.for which thermal relieving devices larger than a DN 20 x DN 25 (NPS % x N
required{ane long pipelines of large diameter in uninsulated, aboveground installations and

solar\(radiation raises the temperature at a calculable rate. If the total heat-transfer ratg

, the
N 25
2, the
hile it

ng of
e the
, the
ns. If

PS 1)
large

changérsroperating liquid-full. Long pipelines can be blocked in at or below ambient temperature;

and

thermal-expa

nsion coefficient for the fluid are known, a required relieving rate can be calculated. See Par|ry [43]

for additiona

intormation on thermal reflier.

If the fluid properties vary significantly with temperature, the worst-case temperature should be used.
Alternatively, more sophisticated calculation methods that include temperature-dependent fluid properties can
be used to optimize the size of the relief device.
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For liquid-full systems, expansion rates for the sizing of relief devices that protect against thermal expansion
of the trapped liquids can be approximated using Equation (1), in Sl units, or Equation (2) in USC units:

(1)

__ % R4
1000d -c
where
g is the volume flow rate at the flowing temperature, expressed in cubic metres per second;
a,, _is the cubic expansion coefficient for the liquid at the expected temperature, expressed in 1/°C;
NOTE This information is best obtained from the process-design data; however, Table 3 shows

b

d

oo
500d - ¢
wherg
g is the volume flow rate at the flowing-temperature, expressed in U.S. gallons per minute;
r, is the cubic expansion coefficient for the liquid at the expected temperature, expressed i
NOTE This information is(best obtained from the process design data; however, Table 3 shows

b

d

fpr hydrocarbon liquids and water at 15,6 °C.

NOTE For heat exchangers, this can be taken as the maximum exchanger duty during operation.

NOTE Compressibility of the liquid is usually ignored.

fpor hydrocarbon liquids and water at 60 °F.

NOTE For heat exchangers, this can be taken as the maximum exchanger duty during operation.

NOTE Compressibility of the liquid is usually ignored.

is the total heat transfer rate, expressed in watts;

is the relative density referred to water (d = 1,00 at 15,6 °C), dimensionless;

is the specific heat capacity of the trapped fluid, expressed in J/kg-K.

is the total heat transfer rate, expressed in Btu/h;

is thetelative density referred to water (4 = 1,00 at 60 °F), dimensionless;

typical values

h 1/°F;

typical values

C

H 4l H I FS H £ 4l £ o £l Al o R4l O
15 UIC SPTUNIL TITAl bapablly Ul Ui trappyCu T, TAPITOOSTU TIT DLU/TU 1

This calculation method provides only short-term protection in some cases. If the blocked-in liquid has a
vapour pressure higher than the relief-design pressure, then the pressure-relief device should be capable of
handling the vapour-generation rate. If discovery and correction before liquid boiling is expected, then it is not
necessary to account for vaporization in sizing the pressure-relief device.
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5.14.4 Piping

5.14.41 Where the system under consideration for thermal relief consists of piping only (does not contain
pressure vessels or heat exchangers), a pressure-relief device might not be required to protect piping from
thermal expansion if

a)

or

b)

or

or

d)

the piping always contains a pocket of non-condensing vapour, such that it can never become liquid-full;

CAUTION — Small vapour or gas pockets can disappear upon heating due to compression and/or
solubilization. In contrast, multi-component mixtures with a wide boiling range can always have

be estimated to determine if the volume of the vapour pocket is sufficient for )l
on.

the pipirlg is in continuous use (i.e., not batch or semi-continuous use) and drained after being blocHed-in
using well supervised procedures or permits;

the fluid temperature is greater than the maximum temperature expected from solar heating [usually
approximately 60 °C to 70 °C (approximately 140 °F to 160 °F)] and{here are no other heat sources|such
as heat fracing (note that fire is generally not considered when evaluating pressure-relief requiremerts for

piping);

the estimated pressure rise from thermal expansion is\within the design limits of the equipment or piging.

The pressurg rise due to simultaneous heating ofithe pipe and blocked-in liquid can be calculated|from

Equation (3) (Karcher 44l and CCPS [49]):

where

34

(T2-T1)(av—3a|)—£ql;/.t]

Po2= P17 4
z+[ ](2,5—2u>

@)

2E-5,,

po s the final gauge pressure of blocked-in, liquid-full equipment, expressed in kPa (psi);

pq s the initial gauge pressure of blocked-in, liquid-full equipment, expressed in kPa (psi);

T, is the final temperature of blocked-in, liquid full equipment, expressed in °C (°F);
T, is the initial temperature of blocked-in, liquid full equipment, expressed in °C (°F);
is the cubic expansion coefficient of the liquid, expressed in 1/°C (1/°F);

o, s the linear expansion coefficient of metal wall, expressed in 1/°C (1/°F);

x is the isothermal compressibility coefficient of the liquid, expressed in 1/kPa (1/psi);
d is the internal pipe diameter, expressed in metres (inches);

E is the modulus of elasticity for the metal wall at 7,, expressed in kPa (psi);
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is the metal wall thickness, expressed in metres (inches);

4 is Poisson’s ratio, usually 0,3;

g, s the liquid leakage rate across the block valve seat (usually taken as 0), expressed in m3/s (in3/s);

is the elapsed time for leakage, expressed in seconds;

vV is the pipe volume, expressed in cubic metres (cubic inches).

Selected data for o, and E are given in Table 4. See Perry’s Handbook [46] for data on other materials.

]

Table 4 — Values of linear expansion coefficient, o|, and modulus of elasticity,

Metal a) E
1/°C (1/°F) kPa (pst)
Carbon steel (1020) 1,21 x 1072 (6,7 x 1076) 207 x_10° (30 x 106)
304 stainless steel 1,73 x 1075 (9,6 x 1079) 103)x 10° (28 x 106)
316 stainless steel 1,60 x 1072 (8,9 x 1076) 193 x 108 (28 x 109)
Alloy 600 1,1x10°t0 1,66 x 107° 172 x 108 to 221 x 108
(6,1 x1081t09,2 x 1076) (25 x 106 to 32 x 108)
Nickel-copper alloy 1,01 x 105 to 1,42 x 1032 169 x 108 to 213 x 106
(5,6 x 1078 to 7,95C1076) (24,5 x 108 to 30,9 x 106)

Whefe data are unavailable, the Equations (4) and“(5) can be used to estimate, respectively, the isothermal

comg
cubic

wher

ressibility coefficient, x (see Lange’s Handbook of Chemistry, 12th Edition [47] pages 10 to |122) and the
expansion coefficient, a, (see of Perrys.Handbook [46], 5th Edition, pages 3 to 227):

A= p
[y = 4)
2(r2 — T1) p1 P2

Y%

is the cubic expansion coefficient, expressed in 1/°C (1°F);
b, is the density of liquid at the first temperature, expressed in kg/m3 (Ib/ft3);
b, is theldensity of liquid at the second temperature, expressed in kg/m3 (Ib/ft3);

"1~ is the first temperature, expressed in °C (°F);

T, is the second temperature, expressed in °C (°F).

e L zva) (5)

vi (po—p1)

where

x is the isothermal compressibility coefficient, expressed in 1/kPa (1/psi);

vq is the specific volume of liquid at the first pressure, expressed in m3/kg (ft3/Ib);

vy is the specific volume of liquid at the second pressure, expressed in m3/kg (ft3/Ib);
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p4q s the first absolute pressure, expressed in kPa (psi);
po is the second absolute pressure, expressed in kPa (psi).

5.14.4.2 No credit should be taken for reverse flow back through a check valve (i.e., assume the check
valve holds) or a closed block valve. Alternatives are to drill a small [e.g. 6 mm (1/4 in)] hole in the block-valve
gate, install a small bypass around the block valve with appropriate administrative controls, or install a 3-way
valve to ensure that the piping system cannot be completely blocked-in.

If the above criteria cannot be met for a piping system, then the following factors should be evaluated for the
fluid and the piping system, when determining if a thermal-relief valve is warranted to protect the system:

a) length apd size of the piping system: The quantity of fluid that can be released is dependent on thelength
and size of the piping system.

b) hazardops and flammable nature of the fluid: For a hazardous or highly flammable fluid,‘even a small
amount pf leakage might not be allowable.

c) location |of the piping system: Leakage into a confined area can be especially hazardous dependifng on
the fluid[properties.

d) vapour pressure of the fluid at the heated temperature: Fluids above their atmospheric boiling [point
continug to release material as vapour through a leak until the fluid temperature cools to the boiling goint.

e) adequagy of procedures and administrative controls to avoid blocKing in.
5.15 Externpal pool fires
5.15.1 Gengdral

5.15.1.1 Efffect of fire on the wetted surface of ajvessel

To determing vapour generation, it is necessafy 1o recognize only that portion of the vessel that is wettgd by
its internal liquid and is equal to or less than.7,6 m (25 ft) above the source of flame.

NOTE Hydrocarbon fires can exceed 40 m (approx. 130 ft) in height; however, experience has shown thdt it is
necessary only to size relief devices on.the-basis of the averaged heat input up to a height of 7,6 m (25 ft) above thg base
of a pool fire.

The term “bdse of a pool fire® usually refers to ground level but could be at any level at which a substantial
spill or pool fire could be Sustained. Various classes of vessels are operated only partially full. Table 5 [gives
recommendgd portions.ofliquid inventory for use in calculations. Wetted surfaces higher than 7,6 m (25 ft) are
normally excluded because pool fire flames are not likely to impinge for long durations above this height.|Also,
vessel headg protected by support skirts with limited ventilation are normally not included when deternjining
wetted area.| THe\user shall specify whether to include the wetted surface area of connected piping in the
wetted-area ¢alculation.

Relieving temperatures are often above the design temperature of the equipment being protected. If the
elevated temperature is likely to cause vessel rupture, additional protective measures should be considered
(see 5.15.4). Also, if exposure to fire results in vapour generation from thermal cracking, alternate sizing
methods can be appropriate.

The wetted area for spheres normally includes all area up to the maximum diameter. Table 5 recommends the
wetted surface area for spheres be based on “the maximum horizontal diameter or up to a height of 7,6 m
(25 ft); whichever is greater”. Hence, as a minimum, the wetted surface area of the entire bottom hemisphere
shall be used even when the sphere “equator” exceeds 7,6 m (25 ft) in height. The criterion is supported by
previous incidents and tests that have shown that pool fire flames can follow the underside profile of spheres
resulting in the entire bottom hemisphere being exposed to a high fire-heat load.
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Table 5 — Effects of fire on the wetted surfaces of a vessel

Class of vessel Portion of liquid inventory

Remarks

Liquid-full, such as treaters All up to the height of 7,6 m (25 ft).

Normal operating level up to the height of 7,6 m
(25 ft).

Surge drums, knockout drums,
process vessels

Normal level in bottom plus liquid hold-up from all
trays dumped to the normal level in the column
bottom; total wetted surface up to the height of
7,6 m (25 ft).

Fractionating columns

the column.

Level in reboiler is to be included
if the reboiler is an integral part of

For storage tanks-ar
tanks, see API Std-2
prEN 14015.

WorkKing storage Maximum inventory level up to the height of
7,6 m (25 ft) (portions of the wetted area in
contact with foundations or the ground are

normally excluded).

d process
000 or

Sphdres and spheroids Up to the maximum horizontal diameter or up to

the height of 7,6 m (25 ft), whichever is greater.

5.15.1.2 Effect of fire on the unwetted surface of a vessel

5.15.1.2.1 Unwetted wall vessels are those in which the internal‘walls are exposed to a g3
supef-critical fluid, or are internally insulated regardless of the contained fluids. These include
contgin separate liquid and vapour phases under normal conditions but become single-phas
critical) at relieving conditions.

Vessgls can be designed to have internal insulation (€.g. refractory) and such areas may b
unweitted. If, however, a vessel can become insulated:by the deposition of coke or other materia
wall ghall still be considered wetted for fire-relief sizing (without credit for any insulating effects)
proteftion shall be considered (see 5.15.4 and 5.15.5).

5.15.1.2.2 A characteristic of a vessel with:an unwetted internal wall is that heat flow from th
contgined fluid is low as a result of the-resistance of the contained fluid or any internal insula
Heat|input from an open fire to the bare-outside surface of an unwetted or internally insulated
time,|be sufficient to heat the vesseliwall to a temperature high enough to rupture the vessel. Fig
indicate how quickly an unwetted bare vessel wall can be heated to rupture conditions. Figure 1

rise ih temperature that occurs with time in the unwetted plates of various thicknesses exposed
For gxample, an unwetted (steel plate 25 mm (1 in) thick takes about 12 min to reach 593 °C (1
17 min to reach 704 °C (#3300 °F) when the plate is exposed to an open fire. Recent calculations
the heat flux of the fite is in the range of approximately 80 kW/m2 to 100 kW/m2 (25 2(
31 500 Btu/ft2h).

s, vapour or
vessels that
(above the

2

L

b considered
s, the vessel
put additional

e wall to the
ing material.
essel can, in
ures 1 and 2
llustrates the
to open fire.
100 °F) and
indicate that
0 Btu/ft?h to
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Figure 1 — Average rate of heating steel plates exposed to open gasoline fire on one side
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Figure 2 shows the effect of overheating ASTM A515 Grade 70 carbon steel, from data published in
Reference [48]. The figure indicates that at a stress of 138 MPa (20 000 psi), an unwetted steel vessel
ruptures in about 0,1 h at 649 °C (1 200 °F). A source for time-dependent rupture stress for different metals is
ASTM Data Series DS 11S1 [29] which contains stress rupture and other elevated temperature property data
for wrought carbon steel. This work was performed by the Materials Properties Council but is available
through ASTM. A more recent source is Guidelines for the Protection of Pressurised Systems Exposed to
Fire [30],
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Figure 2 — Effect of overheating carbon steel (ASTM A515, Grade 70)

5.15.R Fire felief loads

5.15.2.1” General

The appropriate fire sizing equation from the API or ISO International Standard that applies to the equipment
being evaluated should be used. For example, the scope of API Std 2000 is limited to aboveground liquid-
petroleum or petroleum-products storage tanks and aboveground and underground refrigerated storage tanks
designed for operation at gauge pressures from vacuum through 103,4 kPa (15 psi). API Std 2000 is used for
process and other storage tanks designed in accordance with API Std 620 [12] or API Std 650 [13]. The fire-
sizing equations in Clause 5 apply to process vessels and storage vessels, including those designed to the
pressure-design code. These equations were re-evaluated by the APl Pressure Relief Subcommittee and
found to be appropriate for the specific equipment covered by this International Standard. The fire-sizing
equations in Clause 5 assume typical in-plant conditions for facilities within the scope of this International
Standard but can be understated for vessels in partially enclosed or enclosed areas, such as those in
buildings or on-offshore platforms. For further information, see References [67] or [30]; these documents
provide an alternative approach based on analytical methods and can be used to model fire-heat input for all
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types and sizes of fire. To use these methods for fire-relief calculations, it is necessary to specify the average
fire temperature, rather than the instantaneous peak temperature. For a wetted area of 10 m2 (approx. 100 ft2)
and an average fire temperature of 750 °C (approx. 1400 °F), these calculation methods give the same
results as Equation (7).

It is typically assumed that the vessel is isolated during a fire in order to simplify the analysis, although a more
detailed analysis can be warranted in certain cases. Crediting for alternative relief paths that remain open
during an overpressure event is generally an acceptable practice. However, it should be recognized that
operators and/or emergency responders attempt to isolate certain lines and vessels during a fire condition in
order to limit the fire spread and to safely shutdown the unit. There can also be actuated valves that fail in the
closed condition when exposed to a fire. It can be difficult to establish with a degree of certainty whether a

particular ling-willHndeed-remain-open-underal-ire-conditions—Further—unless-theline-is-open-te-atmesphere,
consideration should be given to the potential that the fire-relief flow in the alternative relief path will
overpressurg other equipment. Hence, it can be necessary to add the fire-relief load elsewhere. Ultimatell, the
user shall degide whether a scenario is credible or not.
In 5.15.2.2 ip described the heat absorption equations for vessels containing liquids and heat absofption
equations for vessels containing only gases/vapours.
Either the vapour thermal-expansion relief load or the boiling-liquid vaporizationCrelief load, but not |both,
should be uéI;d. It is a practice that has been used for many years. There are nd<known experimental studies
where sepaljate contributions of vapour thermal expansion versus boiling-liquid vaporization have |been
determined.
5.15.2.2 Heat absorption equations for vessels
5.15.2.2.1 HKeat absorption to liquids
The amount|of heat absorbed by a vessel exposed to an.‘open fire is markedly affected by the type df fuel
feeding the {ire, the degree to which the vessel is enveloped by the flames (a function of vessel sizT and
shape) and ffireproofing measures. Equation (6) is Used to evaluate these conditions if there are pfompt
firefighting efforts and drainage of flammable materials away from the vessels.

0= CyH-4,,s082 (6)
where

O s the total heat absorption (input) to the wetted surface, expressed in W (Btu/h);

C; is g constant [= 43,200’in Sl units (21 000 in USC units)];

F is gn environmeént factor (see Table 6);

Ay is the totalwetted surface, expressed in square metres (square feet).
NOTE 1 S¢e515.1.1 and Table 5.
NOTE2  The expression, 4,282, is the area exposure factor or ratio. This ratio recognizes the fact that large vessels

are less likely than small ones to be completely exposed to the flame of an open fire.

Where adequate drainage and firefighting equipment do not exist, Equation (7) should be used [4°]:
0= CyF-d, 08 (7)

where C, is a constant [= 70 900 in Sl units (34 500 in USC units)].

Some measures are necessary to control the spread of major spills from one area to another and to control

surface drainage and refinery waste water. This can be accomplished by the strategic use of sewers and
trenches with adequate capacity and/or by using the natural slope of the land.
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The selection of the appropriate fire heat-flux equation requires determination if there is “adequate drainage”.
The determination of what constitutes adequate drainage is subjective and left to the user to decide but it
should be designed to carry flammable/combustible liquids away from a vessel. The method of removal (e.g.
sewers, open trenches, sloping, etc.) should consider not only the flow of the flammable or combustible liquids
causing the pool fire but also the firewater that is applied by emergency responders. Some example drainage
criteria are given in API 2510 [19],

Table 6 — Environment factor

Type of equipment Environment factor?
F

Bare vessel 1,0¢
Insulated vessel , with ir)sulation 22,71 (4) 0,3
cxposuro condiions i Wim?K 1136 @) 015
(Btu/h-ft2-°F) 5,68 (1) 0,075

3,80 (0,67) 0,05

2,84 (0,5) 0,037 6

2,27 (0,4) 0,03

1,87 (0,33) 0,026
Water-application facilities, on bare vessel © 1,0¢€
Depressurizing and emptying facilities ¢ 1,0€
Earth-covered storage 0,03
Below-grade storage 0,00
NOTE Local instantaneous pool-fire heat fluxes as high as 190 KW/m?2 (60 000 Btu/ftz-h)

have been reported. When designing.pressure-relief systems, consideration is generally given
to the use of time-weighted average-fire heat fluxes rather than instantaneous peaks as some
time is required for the contents.te’'reach relieving conditions.

@  These are suggested values for the conditions assumed in 5.15.2. If these conditions do
not exist, engineering judgment should be exercised either in selecting a higher factor or in
providing means of-protecting vessels from fire exposure as suggested in 5.15.4 and 5.15.5.

b Insulation shoild resist being dislodged by firehose streams (5.15.5.2). For the examples,
a temperatufre\difference of 871 °C (1600 °F) was used. These conductance values are
computed from Equation (13) and are based upon insulation having thermal conductivity of
0,58 Wim+K"(4 Btu-in/h-ft2-°F) at 538 °C (1 000 °F) and correspond to various thicknesses of
insulation between 25,4 mm (1 in) and 304,8 mm (12 inches). See Equation (13) to determine
th€é)environment factor, F.

™ See5.15.4.2.
d  See5.15.4.3.

€ The environment factor, F, in Equations (6) and (7) does not apply to uninsulated vessels.
The environment factor should be replaced by 1,0 when calculating heat input to uninsulated
VESSEls:

5.15.2.2.2 Vessels containing only gases, vapours or super-critical fluids
See 5.15.1.2 for a discussion of the effect of fire on the unwetted surface of a vessel.

The discharge areas for pressure-relief devices on vessels containing super-critical fluids, gases or vapours
exposed to open fires can be estimated using Equation (8). In certain cases, the normal operating pressure
can be below the thermodynamic critical conditions but the relieving pressure is supercritical. In such cases,
the guidance in 5.15.2.2.2 can be used to size the relief device. In the use of Equation (8), no credit has been
taken for insulation. Credit for insulation may be taken per Table 6.
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4

Jp

where

A is the effective discharge area of the valve, expressed in Sl units (square inches);

A’ is the exposed surface area of the vessel, expressed in Sl units (square feet);

p1 is the upstream relieving absolute pressure, expressed in Sl units (psi);

NOTE

F' can|be determined using Equation (9). If calculated using Equation (9) and the result is less
0,01, then use a recommended minimum value of F' = 0,01. If insufficient information‘is’ availa
use|Equation (9), then use F’' = 0,045.

p1 is the set pressure plus the allowable overpressure plus the atmospheric pressure.

C-Kp

F
where
Ky isth
NOTE
ISO 4126
T, isth
Ty s th

exp

The constant

C= 520\
where
520 =3¢

_0,1406 [(TW - T1)1’25}

T10,6506

e coefficient of discharge (obtainable from the valve manufacturer);

).
e recommended maximum wall temperature-of vessel material, expressed in Sl units [°R2)];

e gas absolute temperature, at the upstream relieving pressure, determined from Equation
ressed in Sl units (°R).

, C, is given by Equation (10):

k+1

2 \ia
k_k'l
k+1
00, |4
R

(8)

than

Dle to

9)

A Kp value of 0,975 is typically used for preliminary sizing of pressure-relief valves (see APl RP 520D-1 or

(11),

(10)

k s the specific heat ratio (C,/C,) Of gas of vapour at relieving condiions;

g s the gravitational constant, expressed in Sl units (ft-Ib/Ibf-s2).

2) °Ris a deprecated unit.
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=21 (11)
Pn
where
p, is the normal operating gas absolute pressure, expressed in Sl units (psi);
T,, is the normal operating gas absolute temperature, expressed in Sl units (°R).

The recommended maximum vessel wall temperature, T,,, for the usual carbon steel plate materials is 593 °C
(1100 _°F). If vessels are fabricated from alloy materials, the value for 7,, should be changed to a more

apprd
temp

The
vapo

wher
NOTH
The

gas
temp

brature due to fire exposure.
elief load, g relier, €Xpressed in pounds per hour, can be calculated directly by rearrangir

ir equation and substituting Equations (8) and (9), which results in Equation (12):

125
(Tw T1
11506

'm, relief — =0, 1406\/

e M is the relative molecular mass of the gas.
Z and Ky, in APl RP 520-1:2000, Equation 3.2, have eachbeen assumed to have a value of 1.
lerivations of Equations (8), (9) and (12) [50] are based on the physical properties of air an

aws. The derivations assume that the vessel is, uninsulated and has no mass, that thq
erature do not reach rupture-stress temperature; and that there is no change in fluid tempe

assumptions should be reviewed to ensure that they are appropriate for any particular situation. |

meet
to af
recor
relati
and

The 5
gas-f
relief

5 the fireproofing criteria outlined in 5.15.5 effers a mitigating benefit when gas-filled vessels

nmended when determining fire relief requirements of gas-filled vessels because, in m
ely small relief device is required‘even without a fireproofing credit. Finally, the relationshi
ence there is no engineering basis for providing an environmental factor for this equation.

urface area potentially exposed to a fire should be used when determining the fire-relief req
lled vessels. Note that either the vapour thermal-expansion relief load or the boiling-liquid
load, but not both, should be used when sizing the relief device for fire exposure. There 3

priate recommended maximum. See 5.15.4 for guidance on the potential for vessel failufe from over-

g the critical

d the perfect

vessel wall
ature. These
sulation that
are exposed

re by decreasing the rate at which the-metal wall temperature rises. However, no credit for fireproofing is

pst cases, a
b is empirical

uirements of
vaporization
re no known

imental studies ‘where separate contributions of vapour thermal expansion versus
ization have been determined.

expe boiling  liquid

vapo

When sizing the) pressure-relief device for fire exposure, the contribution of vaporizing liquid cq
vapoyr expansion is governing unless only the wetted surface is fireproofed in accordance with
the uhwetted surfaces are not) or for high-boiling-point liquids.

mpared with
5.15.5 (and

5.15.2.3 More rigorous calculations

If the user considers that the preceding assumptions in 5.15.2.2 are not appropriate, more rigorous methods
of calculations may be specified. In such cases, it can be necessary to obtain the required physical properties
of the containing fluid from actual data or estimated from equations of state. It might be necessary to consider
the effects of vessel mass and insulation. The pressure-relieving rate is based on an unsteady state. As the
fire continues, the vessel-wall temperature and the contained-gas temperature and pressure increase with
time. The pressure-relief valve opens at the set pressure. With the loss of fluid on relief, the temperatures
further increases at the relief pressure. If the fire is of sufficient duration, the temperature increases until
vessel rupture occurs. Procedures are available for estimating the changes in average vessel-wall and
contained-fluid temperatures that occur with time and the maximum relieving rate at the set pressure [51, [52],
These procedures require successive iteration. For fire-insulated segments exposed to fire, it is recommended
to assume the fire temperature outside the insulation layer and that the heat input to the fluid is calculated by
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conduction through the insulation layer and the vessel wall. The heat-transfer resistance from the wall to the
fluid is very low compared to the insulation layer’s resistance and can be (is usually) neglected. A more
rigorous method is described in Reference [141].

There are temperature differences between the liquid and gas phases. Tools are becoming available to
perform non-equilibrium temperature calculations; for further information, see Reference [30].

5.15.3 Fluids to be relieved

5.15.3.1 General

A vessel cap contain liquids or vapours or fluids of both phases. The liquid phase can be subcriti¢tal at

operating terhperature and pressure and can pass into the critical or supercritical range during the duratjon of

a fire as the {femperature and pressure in the vessel increase.

The quantity|land composition of the fluid to be relieved during a fire depend on the total heatinput rate {o the

vessel underthis contingency and on the duration of the fire.

The total hegt input rate to the vessel may be computed by means of one of the formulas in 5.15.2 using the

appropriate Jalues for wetted or exposed surfaces and for the environment factor

Once the totpl heat-input rate to the vessel is known, the quantity and compadsition of the fluid to be reljeved

can be calcylated, providing that enough information is available on the composition of the fluid contairjed in

the vessel.

If the fluid gontained in the vessel is not completely specified, @ssumptions should be made to obtain a

realistic relief flow rate for the relief device. These assumptions may include the following:

a) estimatipn of the latent heat of the boiling liquid and“the appropriate relative molecular mass ¢f the
fraction yaporized;

b) estimatipn of the thermal-expansion coefficient'if the relieving fluid is a liquid, a gas or a supercritica] fluid
where a|phase change does not occur.

5.15.3.2 V3pour

For pressure
the rate of v
vaporization.
exist when th

The latent hed
to the conditi

The vapour

and temperature conditionis below the critical point, the rate of vapour formation (a meas
apour relief required).is’ equal to the total rate of heat absorption divided by the latent h
The vapour to be-relieved is the vapour that is in equilibrium with the liquid under condition
e pressure-relief'device is relieving at its accumulated pressure.

at and relative molecular mass values used in calculating the rate of vaporization should p
pns that'are capable of generating the maximum vapour rate.

and Viquid composition can change as vapours are released from the system. As a 1

!

re of
at of
5 that

prtain

esult,

temperature

and latent-heat values can r\hangn Q'F'Fnr\fing the rnqnirnd size of the pressure relief devic
H

p. On

occasion, a multicomponent liquid can be heated at a pressure and temperature that exceed the critical
temperature or pressure for one or more of the individual components. For example, vapours that are
physically or chemically bound in solution can be liberated from the liquid upon heating. This is not a standard
latent-heating effect but is more properly termed degassing or dissolution. Vapour generation is determined by
the rate of change in equilibrium caused by increasing temperature.

For these and other multicomponent mixtures that have a wide boiling range, it might be necessary to develop
a time-dependent model where the total heat input to the vessel not only causes vaporization but also raises
the temperature of the remaining liquid, keeping it at its boiling point.

Reference [52] gives an example of a time-dependent model used to calculate relief requirements for a vessel
that is exposed to fire and that contains fluids near or above the critical range.
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The recommended practice of finding a relief vapour flow rate from the heat input to the vessel and from the
latent heat of liquid contained in the vessel becomes invalid near the critical point of the fluid, where the latent
heat approaches zero and the sensible heat dominates.

If no accurate latent heat value is available for these hydrocarbons near the critical point, a minimum value of
115 kJ/kg (50 Btu/lb) is sometimes acceptable as an approximation.

For fire contingencies with regard to vessels containing heavy ends (e.g. vacuum-column bottoms), the
vaporization temperature can be significantly above the temperature at which the vessel fails. Hence, sizing
should not be based on liquid vaporization. In this case, the pressure-relief device may be sized for the

products of thermal cracking at a temperature at which the decomposition occurs.

If pressure-relieving conditions are above the critical point, the rate of vapour discharge depend
rate at which the fluid expands as a result of the heat input because a phase change does not-oc

5.15.8.3 Liquid

The hydraulic-expansion equations given in 5.14.3 may be used to calculate the ‘initial liquid relie

iscussed further in 5.15.3.4. Experience as well_as recent work in this area [53] [54], [55], [5

5 only on the
ur.

ving rate in a

filled system when the liquid is still below its boiling point. However, this rate is valid for & very limited

ressure-relief

froth or mist
exception of
hse condition
d exceptions
1 has shown

e time required to heat a typical system fromthe relief-device set pressure to the relievipg conditions

for the relief of any two-phase flow prior to reaching the relieving conditions. As such, full
diserjgagement of the vapour is realized at the:felieving conditions and the assumption of vapourtonly venting
is appropriate for relief device sizing.

Expefience has shown there is minimal-impact on the discharge system for the two-phase tran
Howgver, the user may consider_the impact of transient two-phase flow on the design of the
systems.

Sition period.
downstream

Ifap
relief

ressure-relief device isTlocated below the liquid level of a vessel exposed to fire conditions,
device should be able)to pass a volume of fluid equivalent to the volume of vapour generate

he pressure-
d by the fire.

Dete
use f

mination of the\appropriate state of the fluid can be complicated. A typical conservative ass
ubble pointdiquid.

umption is to

5.15.3.4 Mixed phase

Two-phase relief-device sizing is not normally required for the fire case, except for unusually foa
or reactive chemicals [°3]: [54], [55], 156], [57],

my materials

In non-reactive systems subjected to an external fire, boiling occurs at or near the walls of the vessel,
commonly referred to as wall-heating. On the other hand, reactive systems in which an external fire can result
in an exothermic reaction are subject to boiling throughout the volume of the vessel due to heat evolved from
the reaction. This is commonly referred to as volumetric heating, which results in more liquid-swell than wall-
heating and, thus, increases the potential for longer-duration two-phase relief. Furthermore, significantly
higher heat-generation rates associated with runaway reactions result in higher vapour velocities and further
potential for long-duration two-phase flow. The Design Institute of Emergency Relief Systems concluded an
intensive research programme to develop methods for the design of emergency relief systems to handle
runaway reactions. The interested reader can obtain more information on this subject from References [39]
and [51].
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5.15.4 Protective measures excluding insulation

5.15.4.1

General

The determination can be made that a pressure-relief device does not provide sufficient protection from vessel
rupture for an unwetted-wall vessel or a vessel containing high-boiling-point liquid. Where a pressure-relief
valve alone is not adequate, additional protective measures should be considered, such as water sprays (see
5.15.4.2), depressuring (see 5.15.4.3), fireproofing (see 5.15.5), earth-covered storage and diversion walls.

Where local jurisdiction permits, it can be appropriate to utilize these protective measures as an alternative to
relief devices sized for the fire case under the following circumstances.

a) Vesseld

ontains vapour only or a high-boiling-point liquid.

b) An engineering analysis indicates that additional protection provided by the relief device serves'little

in reduc

If calculation
heated (e.g.

The design 3

vessel ruptue. Operator action may include depressuring, using water sprays, employing firewater mo

and isolating

ng the likelihood of vessel rupture.

5 indicate that vessel rupture can occur, a rupture disk device will burst at a lower pressure
by the fire).

hould allow sufficient time for operator reaction and initiation of firefighting procedures to

the source of fuel.

5.15.4.2 Cooling the surface of a vessel with water

Under ideal
fire-flame im
winds, clogg
coverage. Be
however, a
API Publ 203

The effect of

conditions, water films covering the metal surface ‘can absorb most incident radiation from
bingement. The reliability of water application depends on many factors. Freezing weather
ed systems, unreliable water supply and vessel surface conditions can prevent uniform
cause of these uncertainties, no reduction-in"environment factor (see Table 6) is recomme
5 stated previously, properly applied‘>water can be very effective. NFPA 15 [33]
0 [16] provide design guidance for fixed Water spray systems.

water is twofold: cooling of surface and reduction of fire heat flux.

5.15.4.3 Depressuring systems

Controlled depressuring of the vessel reduces internal pressure and stress in the vessel walls. It also g

against the
also reduces

otential of adding-fuel to the fire should the vessel rupture. Depressurization of the leak s
the fire duration.

f depressuring systems should recognize the following factors.

controls-hear the vessel may be inaccessible during a fire.

a—oba

value

fitis

avoid
hitors

pool-
high
water
hded;
and

hards
burce

osition-(i nclosed-orlast nasition)of thae denressurinavalva is calected-in-order to
OSHOR1-8-6peh—&t S-S+ POSHOR-oHHe-Gept HRG-a+He-15-561 HH-orae—o

avoid event escalation,
prevent exceeding the flare capacity in the event of an instrument air failure,

avoid environmental excursions.

the vessel wall temperature that can result from a fire.

The design g
a) Manual
b) Failure p
c)

d)

46

Safe disposal of vented streams should be provided.

Early initiation of depressuring is desirable to limit vessel stress to acceptable levels commensurate with
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e)
when pressure-relief devices are being sized for fire exposure.

Further information on depressuring is provided in 5.15.6, 5.20, and 7.1.3.

5.15.4.4 Earth-covered storage

Covering a pressure vessel with earth is another effective method of limiting heat input.

5.15.4.5 Limiting fire areas with diversion walls

Since depressuring systems/procedures can fail, no credit for the depressuring system is recommended

Diversion walls can be provided to deflect vessel spills from other vessels.

5.15.p External insulation

5.15.5.1 General

Credft for thermal insulation is typically not taken because it usually doés)not meet the f
insulation requirements given in 5.15.5.2 through 5.15.5.4. If these requirements are met, a red
heat nput can be obtained by using the environment factor, F, (Table 6);and Equation (13) or 4
the aftual heat flow through insulation taking the conductivity and thickness into consideration. W,
taker] for the reduction of heat input as a result of fire protection in§ujation, this should be docun
relief|system design basis information, see 4.4.

5.15.p.2 Installation considerations for external insulation systems

The glesigner should be certain that any system of insulating materials permits the basic insulatir

re-protection
iction in fire-
y calculating
here credit is
hented in the

g material to

functjon effectively at temperatures up to 900 °C (approx.1 660 °F) during a fire. This period of

Xposure can

be fof up to 2 h, depending on the adequacy of firefighting provisions, the accessibility of equipment, and the
degrge of skill and training of the firefighting-group. This consideration is especially pertingnt to newer

installations using foamed or cellular plastictmaterials that have excellent properties at operati
but that (unless they were specially treated and pre-tested) have melted, vaporized or oth
destrpyed at temperatures as low as“260 °C (500 °F). Although jacketing and coatings can
disintegrate, the insulation system.should retain its shape, most of its integrity in covering the v
insulating value. Corrosion under insulation should be considered when installing ins
API Rubl 2218 [18] for further guidance.

The {inished installation.should ensure that fire protection insulation is not dislodged when it is
the hjgh-pressure watér streams used for fire fighting, such as streams from hand lines or monit
installed. Some criteria that should be considered include the ability of the protected system
-flame impingement. Fire insulation, or insulation that is part of a composite system, shoul
of withstanding )an exposure temperature of 900 °C (approx. 1660 °F) for up to 2 h. Insul
matefials selection should consider equipment metallurgy while providing required jacket integrity
presqures ‘and fire temperatures. Stainless-steel jacketing and banding have demonstrated
perfofmance in fire situations. On the other hand, jacketing systems that use aluminium exclusi

g conditions
erwise been
burn off or
essel and its
lation. See

subjected to
or nozzles, if
to withstand
i be capable
ption system
at fire-water
satisfactory
ely have not

demonstrated satisfactory performance. Insulation matierials that may decompose during fire
avoided or suitably protected with layered composite systems.

5.15.5.3 Physical properties of insulation systems

s should be

The value of thermal conductivity used in calculating the environmental-factor credit for insulation should be
the thermal conductivity of the insulation at the mean temperature between 904 °C (1 660 °F) and the process
temperature expected at relieving conditions (see 5.15.5.4). If reasonably possible, the variation in
conductivity due to service and maintenance practices from known laboratory values should be taken into
account. Where multiple-layer insulating systems consist of different materials, the physical characteristics of
each material under the expected temperature conditions should be examined. Typical values of thermal
conductivity for various insulating materials appear in Table 7.
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Table 7 — Thermal conductivity values for typical thermal insulations

indicated.
b

¢ Maximum use temperature not given in ASTM C552 (241 and ASTM €610 [27],

Thermal conductivities for lightweight and dense cementitious materials are approximate.

Average Thermal conductivity for selected material
temperature . 2
of insulation W/mK (Btu-in/h-ft=-°F)
°C (°F) Calcium Calcium Mineral Cellular Molded Lightweight Dense
silicate silicate fiber mesh glass expanded cementitious | cementitious °
type 1231 type 11 23] | blanket/block 2 | type | Gr 2 [24] perlite [58] [58]
[25], [26], [28] block [27]
-18 (0) — — — 0,045 — 0,519 1,760
(0,31) (3,6) (12,2)
38 (100) — — 0,039 0,053 — 0,519 1,73
(0,27) (0,37) (3,6) (12,0)
93 (200) 0,065 0,078 0,049 0,063 0,079 0,519 1,70p
(0,45) (0,54) (0,34) (0,44) (0,55) (3,6) (11.9)
149 (300) 0,072 0,084 0,063 0,075 0,087 0,519 1,678
(0,50) (0,58) (0,44) (0,52) (0,60) (3.6) (11.9)
204 (400) 0,079 0,088 0,079 0,091 0,095 0,519 1,659
(0,55) (0,61) (0,55) (0,63) (0,66) (3,6) (11.9)
260 (500) 0,087 0,092 0,101 — 0,107 0,519 1,63
(0,60) (0,64) (0,70) (0,74) (3,6) (11,3)
315 (600) 0,095 0,97 0,128 — 04115 0,519 1,619
(0,66) (0,67) (0,89) (0,80) (3,6) (11.9)
371 (700) 0,102 0,101 0,163 — 0,127 0,519 1,58y
(0,71) (0,70) (1,13) (0,88) (3,6) (11,9)
427 (800) — 0,105 — — — 0,519 1,57p
(0,73) (3,6) (10.9)
482 (900) — 0,108 — — — 0,519 1,548
(0,75) (3,6) (10,79)
538 (1 000) — 0,111 < — — 0,519 1,514
(0,77) (3,6) (10,9)
593 (1 100) — — — — — 0,519 1,486
(3,6) (10,9)
649 (1 200) — =~ — — — 0,519 1,47
(3,6) (10,3)
Maximum temperature for use as insulation
°C (°F)
649 927 649 c c approx. approx.
(1>200) (1700) (1 200) 870 (1 600) | 1090 (2{000)
a8  “Mineral fipér blanket/block” comprises rock, slag, or glass processed from the molten state into fibrous form. The tHermal
conductivities smowmn i the tabte are the highest vatues for the varfous forms of the nsufation suitabte for the maximurm use temperature

5.15.5.4 Calculation of environmental factor for external insulation

Limiting the heat input from fires by external insulation reduces both the rise of the vessel-wall temperature
and the generation of vapour inside the vessel. Insulation can also reduce the problem of disposing of the
vapours and the expense of providing an exceptionally large relieving system to conduct the effluent to a point

of disposal.
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If an external insulation system is designed to limit fire heat input, it should conform to the insulation
considerations of 5.15.5.2.

If insulation or fireproofing is applied, the heat absorption can be computed by assuming that the outside
temperature of the insulation jacket or other outer covering has reached an equilibrium temperature of 904 °C
(1 660 °F). With this temperature and the operating temperature for the inside of the vessel, together with the
thickness and conductivity of the fire-protection coating, the average heat transfer rate to the contents can be
computed. It should be kept in mind that the thermal conductivity of the insulation increases with the
temperature and that a mean value should be used.

For insulated vessels, the environment factor (see Table 6) for insulation is given by Equation (13):

In Sl |units:

. _ k(904-Ty)

= (13)
66 5705,

In USC units:

k(1 660-T;)
~ 21 0006,

wher

W

/ is the thermal conductivity of insulation at mean temperature, expressed in W/m-K (Btu-{n/h-ft2-°F);

b: IS the thickness of insulation, expressed in metres (inches);

ins
I; is the temperature of vessel contents at relieving conditions, expressed in °C (°F).

If prassure-relief facilities are designed taking credit for insulation (F < 1) and the insulation is femoved at a
later ftime, the pressure-relief device sizing.should be rechecked using F = 1,0 to assure the rglief device is
adeqpate for the new condition.

5.15.p Vapour depressuring

Before the relief requirementis calculated for conditions caused by fire, 4.3.14 and 7.1.3 should |pe reviewed.
In copnection with fire protection, particularly in higher-pressure services, the designer should consider vapour
depré¢ssuring facilities (see 5.20). Unless special provisions are made, a pressure-relief valve cgnnot provide
deprégssuring; it merely limits the pressure rise to a given value under emergency conditions. In[evaluating a
vapolr-depressuring system for fire load, it is particularly worthwhile to consider the possibjlity of a fire
occufring around' a vessel that contains both liquid and vapour. The unwetted portion of the vessel will
probably reach a temperature at which the strength of the material is reduced. In this instance, the pressure-
relieflvalve\does not protect against rupture; whereas, a vapour-depressuring system can reduce|the pressure
to a gafe,level.

5.15.7 Air-cooled exchangers

5.15.7.1 General

The problem of heat input to air-cooled coolers and condensers on fire exposure shall be taken into account.
Although the material in 5.15.7.1 through 5.15.7 4 is offered as a guide, the individual circumstances involved
in each situation should be considered.

Air-cooled exchangers are unique, because, unlike shell-and-tube units, their heat-transfer surface is exposed
directly to the fire. They are designed for ambient inlet-air conditions and they rapidly lose all cooling and
condensing ability when they are exposed to fire-heated air. Assuming that the exchangers are treated as
vessels (see 5.15.2), the relieving load can be calculated using the wetted bare-tube area of the tube bundle
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exposed to radiation from the fire as a basis for establishing the area term. The bare-tube area is used instead
of the finned-tube area because most types of fins are destroyed within the first few minutes of exposure to
fire. Heat input due to convective heat transfer may be neglected.

The calculation of the wetted bare-tube area exposed to radiation from the fire depends on the location of the
exchanger relative to the potential fire and the exchanger service. As a general rule, it is necessary to
consider only that portion of the bare surface on air-cooled exchangers located within the fire-risk area being
evaluated in the calculation of fire loads. This would normally exclude all air-cooled exchangers located
directly above pipe racks, since the area under pipe racks is not normally included within the boundaries of
fire-risk areas. Guidelines for specific services are provided in 5.15.7.2 through 5.15.7.4.

5.15.7.2 Gas cooling service

ation
ting.

It is not nece
of fire loads,

ssary to consider the bare area of air-cooled exchangers in gas-cooling service in the'calcu
since there is no associated vapour generation and the tubes are likely to fail due to‘overhes

5.15.7.3 Condensing service

It is not nece
long as both

ssary to consider the bare area for air-cooled condensers, whether partial-or total condensir
of the following conditions are satisfied.

g, as

a) The tubgs are self-draining.

b) There i§ no control valve or pump connected directly to the condenser liquid outlet that would prevent

liquids from draining during the fire.

The reason f
to the downs|

br this is that, in the event of a fire, condensation stops and any residual condensate drains
fream receiver.

freely

If the condit r the

purposes of

ons specified above are not met, the condenser shall be treated as a liquid cooler fg
pstimating fire loads (see 5.15.7.4).

5.15.7.4 Lifuid cooling service

f the
major
e (or

For liquid coplers and for condensers noticovered by 5.15.7.3, the wetted area shall be the bare area
tubes located within the fire-risk area and/within 7,6 m (25 ft) of grade (or any other surface at which a
fire could be|sustained, such as a salid”platform). For tubes located higher than 7,6 m (25 ft) above grad

other surface
units (the tul
times width)
use Equatior

at which a major fire_could be sustained), the wetted area shall be taken as zero for forced
es are shielded from radiant-heat exposure by the fan hood) and as the projected area (|
pf the tube bundle-for induced draft units. In calculating the heat absorption due to fire expg
s (6) and (7){applying an exponent of 1,0 to the wetted area term.

draft
bngth
sure,

5.15.7.5 Fife mitigation alternatives

The fire cas on of
sufficient reli a few
seconds. After venting, the tubes will no longer be wetted resulting in their prompt failure in the fire. Further,
the large relief load can significantly impact the design of the discharge system (i.e., knockout drum and flare).

Can' result in extremely large relief loads, particularly for liquid-filled air-coolers. Installati

Air-coolers essentially consist of piping with inlet and outlet manifolds. It is the convention not to consider
sizing pressure-relief devices for piping when considering the fire scenario. Instead of pressure relief, fire
protection, equipment isolation and other means are employed to mitigate the consequences of piping
exposed to fire. Similarly, mitigation options can be considered in lieu of a pressure-relief device for air-coolers
when considering the fire scenario. The following are guidelines to mitigate the fire case for air-coolers.

a) The air-cooler should not be located above equipment containing or transporting large amounts of
flammable liquids. Equipment in this classification includes pumps, heat exchangers, surge drums,
reboilers and accumulators, but rack piping can be normally excluded.
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b) All grading below air-coolers should be sloped so that a pool fire does not occur below the air-cooler.

c) The air-coolers should be located either at the ends of a process unit or as far distant as possible from
other liquid full equipment.

d) If the location criteria cited above cannot be met, an automatic water deluge system should be considered
to cool the tubes if a fire should occur. Alternatively, a means to isolate the air-cooler from large
inventories of liquid during a fire should be considered. The use of remotely or automatically activated
valves is the preferred isolation method. Manual isolation can also be considered, provided the valves are
in a location that is accessible during a fire.

e) ammable or

e cases, it is
prudent to have the air-cooler free-draining towards the drum or column, thereby minimizirjg the wetted
gurface area exposed to a fire.

5.16| Jet fires

Protgction from jet-fire exposure is typically addressed through means other than pressure-n
becapse failure often occurs due to localized overheating for which a pressure-relief device is ineffective.
Examples of different jet-fire characteristics are unpredictable flame-impingement points,
increased heat loading to the vessel's wetted and unwetted surfaces, mainly due to higher flame
instantaneous heat fluxes within jet fires as high as 300.kW/m? (94 500 Btu/ft2-h) have bgen reported]
and the effect of the jet velocity on fire-water deluge/monitor-vessel coverage.

[loca

Jet fifes can occur when almost any combustible/flammable fluid under pressure is released to
The
overh
presdqure in the equipment to the set point of therelief device. This is due to the localized natu
whergby the bulk fluid temperature might not‘inerease appreciably. Hence, a relief device (i.e.,
protection device) might not prevent vessel faiture from jet fire impingement.

Instefd of a pressure-relief system, protection against jet fires focuses on prevention of leaks th
main
equigment and/or flange orientation and minimization and emergency response. Installation o
provi
vessgl's wall thickness and material) but might not prevent failure as the fireproofing can be e
momEentum effects of the'jet fire. Depressuring systems are discussed in 5.20. Finally, unlike a
fire can, in essence, be-turned off” through isolation and depressurization of the jet fire source

primary concern with jet-fire impingement is that the equipment can fail due to inten
eating of the metal wall where the jet fire -impinges. Failure can occur even without in

enance and/or mitigation systems such as fireproofing, depressuring systems, isolati

jes additional time (an impinging jet fire can cause vessel failure in less than 5 min, depe

eclief devices

significantly
emperatures

atmosphere.
s5e, localized
creasing the
re of heating
bverpressure

rough proper
bn of leaks,
f fireproofing
nding on the
foded by the
ool fire, a jet
(i.e., leaking

pipe,|vessel or othefequipment).

5.17| Opening/manual valves
The following applies when a manual valve is inadvertently opened, causing pressure build-ug in a vessel.
The yessel should have a pressure-relief device large enough to pass a rate equal to the flow through the
open valve; less credit is given for alternative vessel outlets that can reasonably be expected to be operational.
The manual valve should be considered as passing its capacity at a full-open position with the pressure in the
vessel at relieving conditions. Volumetric or heat-content equivalents may be used if the manual valve admits
a liquid that flashes or a fluid that causes vaporizing of the vessel contents. It is necessary to consider only
one inadvertently opened manual valve at a time.

5.18 Electric power failure

5.18.1 General

Determination of relieving requirements resulting from power failures requires a careful plant or system
analysis to evaluate what equipment is affected by the power failure and how failure of the equipment affects
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plant operation. Careful study and consideration should be given to the material presented in 4.3.5 and 4.3.6.
Automatic standby is an excellent method for maximizing the unit’s on-stream time, minimizing unit upsets and
ensuring unit production rates. However, the circuitry, sequences and components involved are not yet
considered sufficiently reliable to permit credit for them in establishing individual relieving requirements.

5.18.2 Analysis
Electric power failure should be analysed in the following three ways:

a) as alocal power failure in which one piece of equipment is affected;

b) as anin

one bus

ermediate or partial power failure in which one distribufion cenire, one motor control cent
is affected;

‘e, or

c) as a totdl power failure in which all electrically operated equipment is simultaneously affected.
The effects qf a local power failure are easily evaluated when individual pieces of equipmentysuch as pymps,
fans and sol¢noid valves, are affected. Most of these effects are covered in other clauses,of this International
Standard. Once the upsetting cause is resolved, the relieving requirements can be.determined from these
clauses. For|example, a pump failure can cause a loss of cooling water or a loss*of-reflux. For the effefts of

loss of reflux|and/or cooling water and relieving requirements, see 5.6. Loss of absorbent is covered in 5.f.

Intermediate
failure. Dep¢g
possible to |
flood the co}
cooled cond

Total power

equipment fz
valves in seV

5.19 Heat-

nding on the method of dividing various pumps and drivers among the electrical feeders

ilures. Special consideration should be given: to the effect of the simultaneous opening of
eral services, particularly if the relief valves-discharge into a closed header system.

ransfer equipment failure

es of
L it is
then,
B air-

or partial power failure can cause more serious effects than Jeither of the other two typ|

se all the fans at an air-cooler at the same time that the reflux pumps are lost. This can,
denser and can void any credit normally taken for the' effect of natural convection of th
nser.

failure requires additional study to analyzeCand evaluate the combined effects of miltiple
relief

5.19.1 Requirements

avoid
s the

Heat exchan
overpressureg
following sp¢g

pers and similar vessels,should be protected with a relieving device of sufficient capacity to
in case of an internalfailure. This statement defines a broad problem but also present
cific problems:

a) type and extent of internal failure that can be anticipated;

b) determination ef:the required relieving rate if overpressure of the low-pressure side of the exchanger
and/or cpnnected equipment occurs as a result of the postulated failure;

c) selectiomefareleving-device-thatreactsfastenough-to-preventthe-everpressure:

d) selection of the proper location for the device so that it senses the overpressure in time to react to it.

Provision of overpressure protection for the heat exchanger and associated pipework does not remove the
need for a process hazard analysis to consider the wider process implications of any inter-stream leakage.

These tube-rupture guidelines were established without considering a chemical reaction in the event that the
high-pressure fluid mixes with the low-pressure fluid. If the heat exchanger contains reactive chemicals, then a
careful evaluation shall be performed to ensure that the reactive situation does not result in the pressure
exceeding the low-pressure side's corrected hydrotest pressure (see 3.21 and 4.3.2).
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5.19.2 Pressure considerations

Complete tube rupture, in which a large quantity of high-pressure fluid flows to the lower-pressure exchanger
side, is a remote but possible contingency. Minor leakage can seldom overpressure an exchanger during
operation, however such leakage occurring where the low-pressure side is closed-in can result in
overpressure. Loss of containment of the low-pressure side to atmosphere is unlikely to result from a tube
rupture where the pressure in the low-pressure side (including upstream and downstream systems) during the
tube rupture does not exceed the corrected hydrotest pressure (see 3.21 and 4.3.2). The user may choose a
pressure other than the corrected hydrotest pressure, given that a proper detailed mechanical analysis is
performed showing that a loss of containment is unlikely. The use of maximum possible system pressure
instead of design pressure may be considered as the pressure of the high-pressure side on a case-by-case
basisrwhere-there-is-a-substantial-difference-in-the-design-and-operatingpressures—fer-the-high-pressure side

of thg exchanger.

Pressure relief for tube rupture is not required where the low-pressure exchanger side’ (including upstream
and fownstream systems) does not exceed the criteria noted above. The tube rupture scepario can be
mitigated by increasing the design pressure of the low-pressure exchanger side' (including upstream and
dowrJstream systems), and/or assuring that an open flow path can pass the tube rupture [flow without
excegding the stipulated pressure, and/or providing pressure relief.
The Yiser may perform a detailed analysis and/or appropriately design the ‘heat exchanger to determine the
design basis other than a full-bore tube rupture. However, each exchanger type should be evpluated for a
small tube leak. The detailed analysis should consider
a) fube vibration,

b) tube material,

c) tube wall thickness,

d) fube erosion,

e) brittle fracture potential,

f) fatigue or creep,

g) ¢orrosion or degradation of tubes and tubesheets,
h) tube inspection programme,

i) fube to baffle chafing.

The basis for ¢he' analysis should be documented and maintained with the relief-system desigr] information,
see 4.4.

5.19.B “Determining the required relief flow rate

In practice, an internal failure can vary from a pinhole leak to a complete tube rupture. For the purpose of
determining the required relieving flow rate for the steady-state approach, the following basis should be used.

a) The tube failure is a sharp break in one tube.
b) The tube failure is assumed to occur at the back side of the tubesheet.

c) The high-pressure fluid is assumed to flow both through the tube stub remaining in the tubesheet and
through the other longer section of tube.

A simplifying assumption of two orifices may also be used in lieu of the above method, since this produces a
larger relief flow rate than the above approach of a long open tube and tube stub.
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The dynamic approach requires a detailed analysis to determine if a design basis smaller than a full-bore tube
rupture is adequate.

In determining the relief rate, allowance should be made for any liquid that flashes to vapour either as a result
of the pressure reduction or, in the case of volatile fluids being heated, because of the combined effects of
pressure reduction and vaporization, as the fluid is intimately contacted by the hotter material on the low-
pressure side.

For liquids that do not flash when they pass through the opening, the discharge rate through the failure should
be computed using incompressible-flow equations. For vapour passing through the ruptured tube opening,
compressible-flow theorles apply Typical steady state equatlons for evaluatlng the row rate through an orifice

: aper

A two-phase|flow method should be used in determining the flow rate through the failure for flashing liqu|ds or
two-phase fluids. The flow models developed by DIERS and others can be adapted for, this purpose.
Additional information concerning these models is available in References [60] and [61]. Ih|cases where the
fluid flashes| at the low-pressure side of the heat exchanger, two-phase flow methods based o:r the
homogenoug equilibrium model (HEM), such as those proposed by DIERS, may be ySed for the flow thfough
the tube to the break, which is assumed to be at the tubesheet. For the flow across the tubesheet to the Qreak,
the thicknesg of the tubesheet should be considered when determining whether single- or two-phase methods
should be used. Guidelines on the minimum horizontal flow path length required-for homogeneous two-ghase
methods to He applicable are presented in the literature on this subject. Tworliterature resources are avajlable
for clarificatjon: Reference [62], specifically the section entitled Non-Equilibrium Flashing Flow,| and
Reference [63]. A conservative approach should be taken where any doubt exists.

Two approag¢hes are available for determining the required sizecof the relief device: (a) steady-statg and
(b) dynamic pnalysis. If a steady-state method is used, the relief-device size should be based on th¢ gas
and/or liquid|flow passing through the rupture. Capacity credit*can be taken for the low-pressure side giping
per the guidelines of 5.19.5. A one-dimensional dynamic“model can be used where the approach|is to
simulate the pressure profile and pressure transients developed in the exchanger from the time of the rupture.
These methgds generally include the dynamic model of the tube-rupture relief scenario and the responsg time
of the relief device, the accuracy of which is criticabin calculating the accuracy of pressures generated.|Data
on the dynamic model of the tube rupture relief ;Scenario and the response time of the relief device can be
found in Refg¢rences [119] and [120].

This type of| analysis is recommended,—in addition to the steady-state approach, where there is a|wide
difference in|design pressure between-the two exchanger sides [e.g. 7 000 kPa (approx. 1 000 psi) or more],
especially wihere the low-pressure ‘side is liquid-full and the high-pressure side contains a gas or a fluid that
flashes acrogs the rupture. Medelling has shown that, under these circumstances, transient condition$ can
produce ovefpressure above the test pressure, even when protected by a pressure-relief device [64], 69, [66],
In these casegs, additional{retection measures should be considered.

5.19.4 Relief devices.and locations

The design qfiping around the exchanger and the location of the relieving device are both critical factprs in

t t' tr\ o Ratl 4 el <l Lof ] o 1ol o +al <l
protectling tné—exXcnanger—oothTrapture atSKSanapressure=refnervarvessnotdoeconstaerea:

It may be necessary to locate the relieving device to be located either directly on the exchanger or
immediately adjacent on the connected piping. This is especially important if the low-pressure side of the
exchanger is liquid-full. In this case, the time interval in which the shock wave is transmitted to the relieving
device from the point of the tube failure increases if the device is located remotely. In addition, there is a time
delay for the gas to overcome the momentum of the liquid-filled low-pressure side prior to establishing a full
flow through the relief path. This can result in higher transient overpressure on the exchangers before
operation of the rupture disk or relief valve.

It can be impractical to protect some heat exchangers (and associated piping) by relief devices alone e.g. if

there is a high pressure difference between the shell and tube sides. In these cases, different layers of
protection, such as improved metallurgy, more frequent inspection and increasing the design pressure of the
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low pressure side (including upstream and downstream piping until the pressure is dissipated), can be
necessary.

An analysis should be made of the time interval needed for the relieving device to open. The opening time for
the device used should be verified by the manufacturer and should also be compatible with the requirements
of the system.

5.19.5 Influence of piping and process conditions

To determine the influence of piping, either in eliminating the need for a relieving device or in reducing
relieving requirements, the configuration of the discharge piping and the contents (liquid or vapour) of the low-
presdure side should be considered. If the Tow-pressure side Is in the vapour phase, full credit can be taken for
the vapour-handling capacity of the outlet and inlet lines, provided that the inlet lines do not-¢ontain check
valves or other equipment that could prevent backflow. If the low-pressure side is liquid-full, [the effective
relieing capacity for which the piping system may be credited shall be based on the yolumetri¢ flow rate of
the Igw-pressure side liquid that existed prior to the tube rupture. However, if a detailedyanalysis |s performed,
a capacity credit may be taken for acceleration of the low-pressure side liquid.

effect on the
ded only for

If thel piping system to the low-pressure side of heat transfer equipment contains valves, their
capagity of the system when overpressure occurs should be taken into+atc¢ount. Valves prov|

isola
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flow
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5.20.

Depr

rate and/or inventory within the vessel prior to a potential vessel failure. More often, depressuring

used
incre
whiclk

I General

ion may be assumed to be fully opened. In calculating relieving-capagity credit for the piping
d consider the valves used for control purposes to be in a position equivalent to the min
requirements of the specific process. However, this assumption cannot be made if the
natically close because of the emergency situation.

b Double-pipe exchangers

wo types of double-pipe exchangers are thosethat actually use schedule pipe as the in
that use gauge tubes, usually in the heavier.gauges. Units that use schedule pipe for the
be are no more likely to rupture the inner_pipe than any other pipe in the system. There
Esary to consider a complete tube rupturé.as requiring a provision for pressure relief. Althoy
rupture can be unlikely, weld failures-€an occur, especially if the two pipes are made fr
s. The designer is cautioned to eyaluate each case carefully and to use sound engineering
e whether the particular case under’study represents an exception. For example, where gau
the designer should determine:whether or not they are equivalent to schedule pipe.

Vapour depressuring

bssuring systems can be used to mitigate the consequences of a vessel leak by reducing

system, one
mum normal
valve could

ner tube and
nner conduit
ore, it is not
gh complete
pbm  dissimilar
judgment to
ge tubes are

the leakage
systems are

to reduee the failure potential for scenarios involving overheating (e.g. fire). When metal tg

stress rupture can occur. ThIS can be pOSSIb|e even though the system pressure does ng

maxim

hsed due to fire or exothermic or runaway process reactions, the metal temperature can reg

mperature is
ch a level at
t exceed the
by extending

the life of the vessel at a g|ven temperature A typlcal target is to provide comparable beneflt as fireproofing
(designed to maintain the integrity for 2 h in a fire) or to maintain system integrity until the acceptance criteria
for rupture is reached. In order to be effective, the depressuring system shall depressure the vessel such that
the reduced internal pressure keeps the stresses below the rupture stress. In general, the depressurization
rates should be maximized within the total flare system capacity (i.e. the sum of all required simultaneous
depressurization and relief rates should be close to or equal to the flare/vent system capacity; for further
information, see 7.1).

If a depressurization system is installed to protect vessels and/or piping against fire, the need for passive fire
protection is determined by the capacity of the depressurization device, the type, size and intensity of the fire,
the availability of firewater and fire fighting equipment, the type and layout of the drain system. The need for
passive fire protection also depends on wall thickness, the vessel/pipe material and the prevailing acceptance
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criteria for the specific installation. The following should be considered when designing/specifying the
depressurization system:

rupture time (time to escape, time for rescue actions);
rupture pressure of vessels (escalation, fragmentation);
rupture pressure of pipes (escalation);

total release of flammables (escalation);

instanta
loss of p

damage
the depr

The above
installation o

whether the {luid is toxic or not, etc. It may also be different from one user to thether and from one cour

another. Sin
vapour expld
than a vesse|

heous release rate (sudden increase In fire size during evacuation or rescue);
roduction, reputation and rebuild cost;

to internals of equipment (e.g. trays, packing supports), entrainment of packing-or catalys
pssurization system, brittle failure due to cooling.

can vary from installation to installation, i.e. it may be different fora’ low-manned, re
ompared to an installation located in populated areas; whether the.fluid is LPG, gas ¢

ce the consequences of a vessel rupture [fragmentation and_passible boiling-liquid exparn
sion (BLEVE)] normally are larger than for a pipe rupture, pipe/rupture can be more acceq
rupture.

t into

mote
r oil;
try to
ding-
table

MPa

EXAMPLE If a pool fire exposes the unwetted wall of a large [25,4 mm (1 in) wall thickness] vessel fabricated from
ASTM A 515 Grade 70 carbon steel, it will take about 15 min to heat'the vessel walls to around 649 °C (1 200 °F), as
e 1. At this temperature, rupture due to overheating is.imminent as the material’s allowable stress [12

shown in Figu
(17 500 psi) a
depressurized
the time to rup

If vapour def
size of the dd

A vapour-de

level at which stress rupture is not of immediate concern. For pool-fire exposure and with heat input calcu

from Equatig
level equival
the vessel-w|
thickness of
faster depre
thickness an

Many light
conditions sh

t ambient temperature] approaches its rupture stress, as given in Figure 2. In contrast, if the vesg
within the 15 min heat-up time to, say, 50 % of the"initial pressure (i.e., half the initial internal stress
ture would increase to about 2 h to 3 h (see Figure 2).

pressuring facilities.
bressuring system should have adequate capacity to permit reduction of the vessel stress

ns (6) or (7), this generally involves reducing the equipment pressure from initial conditions
bnt to 50 % of the vessels design pressure within approximately 15 min. This criterion is bas
bl temperature versus stress to rupture and applies generally to carbon steel vessels with

approximately 254 mm (1 in) or more. Vessels with thinner walls generally require a som
5suring rate.\he required depressuring rate depends on the metallurgy of the vesse
1 initial temperature of the vessel wall and the rate of heat input.

nydro€arbons chill to low temperatures as pressure is reduced. Design and depress
ould consider this possibility.

sel is
, then

ressuring is required for both fire and'process reasons, the larger requirement should govein the

to a
lated
to a
ed on
wall
what
, the

uring

Depressuring is assumed to continue for the duration of the emergency. The valves should remain operable
for the duration of the emergency or should fail in a full-open position. Otherwise, fireproofing of the control
signal and valve actuator or other protective measures (e.g. locate the valve, valve actuator and control
signals outside the fire area) to assure the appropriate operability of the valve during a fire requires
consideration.

Emergency depressuring for the fire scenario should be considered for large equipment operating at a gauge
pressure of 1 700 kPa (approx. 250 psi) or higher. The effect of heat input to process vessels is discussed in
5.15.2 and 5.20.2. Depressuring to a gauge pressure of 690 kPa (100 psi) is commonly considered when the
depressuring system is designed to reduce the consequences from a vessel leak.
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The reduced pressure permits somewhat more rapid control of the situation in which the source of fire is the
leakage of flammable materials from the equipment being depressurized.

Depressuring criteria other than those given above can be used depending upon the specific circumstances
and user-defined requirements. For example, if there is a reactive hazard or other exceptional hazard that can
cause loss of containment due to over-temperature, emergency depressuring can be appropriate for
equipment designed for a wider range of pressures than that noted above. Refer to 5.13 for guidance on how
to estimate the vent size and temperature rise in a reactive system.

Mitigation measures for equipment that can be exposed to a fire often include equipment design, equipment
layout, structural fireproofing, area-drainage design, firewater-system design, emergency-response
capapiittes—emergeney-isolation—andioremergeney-depressurirg—iisnecessary-that-theuser assess how
effecfive the site-specific mitigation measures can be when determining the appropriatd emergency
deprgssuring criteria.

5.20.2 Vapour flows

5.20.2.1 General

To reduce the internal pressure in equipment involved in a fire, vapour should be removed 3t a rate that
compensates for the following occurrences:

a) Vapour generated from liquid by heat input from the fire;
b) VYapour expansion during pressure reduction;

c) ljquid flash due to pressure reduction. (This factor applies only when a system contains liqyid at or near
ifs saturation temperature).

The fotal vapour load for a system to be depressurized may be expressed as the sum of the individual
occufrences for all equipment involved. Thus, in‘terms of the loads in list items a) through c), the fotal mass, m,
equals item a) plus item b) plus item c¢) as given by Equation (14):

1= (qmg 1)+ (@mg - O0F D (dmy -1); (14)
i=1 i=1 i=1

NOTEH The variables for_all equations in 5.20 are defined in 5.20.3.

The ¢ombined expression, -t , is used because m represents a flow rate per unit of time, and some of the
noted vapour quantities are mass quantities that are not influenced by time, namely qmy't aNd qp o't (the
vapolr loads from~density change and liquid flash). If the system to be depressurized includes more than one
vessé¢l, the vapour quantities for each vessel under all three occurrences should be calculated| especially if
different refative molecular masses, latent heats, insulation thicknesses and vaporization temperatures are
involyed.“The average relative molecular mass and temperature for mt (the total vapour relieyed from the
whole } and vapour
temperatures |nvolved The vapour loading on the depressurmg system for each of the terms in Equation (14)
is described in 5.20.2.2 through 5.20.2.4.

5.20.2.2 Vapour from fire-heat input

The heat input to equipment during a fire is generally calculated in accordance with 5.15.2; however, the
following modifications and limitations can be used to compute loads for a vapour depressuring and pressure-
relieving system under fire conditions.

a) The extent of an assumed fire zone is a function of the design and installation features that permit

confining a fire within a given area (see 4.3.14). Although the size of the assumed fire zone can vary,
experience generally indicates that a fire that can be confined to approximately 232 m2 (2 500 ft2) of plot
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area will not affect the design of the main relief headers in processing areas where a depressuring flow
discharges into the same relief header.

b)

considered as a means of reducing vapour generation resulting from exposure to fire.

c)

Additional insulation or an increase in the thickness of insulation on individual vessels may also be

During a fire, all feed and output streams to and from the system to be depressurized and all internal heat

sources within the process are assumed to have ceased. Thus, the vapour generation is a function only
of the heat absorbed from the fire and the latent heat of the liquid.

To calculate the vapour load generated by fire, the fire should be assumed to be in progress throughout the

PETIY

depressurin
vessel, i, of

(my -1);

This calculat
properties ar

narad—7=rh Mmoo £ ionmarlie oo tad by th fir P2 a—th dapracaHrina—Rtanis
PCTOUTTIC TTaS S, 7y, UT vapUuUT gohoTatCU— Uy e T e Uty thC Ut ProSSuttiTy— TmoTrva

he system can be determined by Equation (15):
=1(0/L);

on should be repeated for all vessels in the system if significant differences dn, vapour and
P involved.

5.20.2.3 V3gpour from density change and liquid flash

The calculat
cannot be G
necessary to|
any directly ¢
liquid and

il
vapour volu

ons of vapour loads caused by vapour-density change and those that result from liquid
ompletely separated. To determine the vapour quantities~centributed by these causes,
know the liquid inventory and vapour volume of the system. This includes all liquid and vap
onnected facilities outside the fire area that cannot be iselated under fire conditions, as well
pour contained in equipment located in the assumed fire area. Although liquid inventory

d inventory of fractionating columns can be estimhated as the normal column bottom and drg
hcity, plus a hold-up per tray, equal to the weir height plus 50 mm (2 in), or its design quan

pperating levels may be used as the basis for computing the inventory of accumulators.

n an initial, rapid approximation for standard shell-and-tube heat exchangers, one-third ¢
Il volume should be assumed to be occupied by the tube bundle. For condensers and

exchanders in vaporizing service,_80 % of the volume involved should be assumed to be vapour
remainder should be assumed.to be liquid.

a) Theliqu
tray cap
known.

b) Normal

c) To obta
total sh

d) All liqui

in heaters shoeuld be included in the estimate, regardless of temperature. If the heater

vaporizifg service, one_should assume 80 % of the tube volume past the normal point of vaporizat
be vapolr.

e depend on plant design, the following assumptions may be made to estimate these values.

in a

(15)

iquid

flash
It is
Dur in
as all
and

w-off
ity, if

f the
heat
The

is in
on to

Only after th¢ vapeur.and liquid volumes in the system have been determined can one estimate the respgctive
loadings they contribute to depressuring.

One can determine the mass of vapour to be removed from a given vapour space in a vessel, i, to

compensate

In Sl units:

(¢ma1); =0,120 S'V"K

58

for the reduced vapour density at the lower pressure by using Equation (16) or (17):

p .
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In USC units:

where the subscript “a

p-M
Z-T

p-M
Z-T

|55

represents the higher-pressure condition and “b”

“

condition.

(17)

represents the lower-pressure

Note that 7; is assumed not to increase significantly as a result of liquid flash. This calculation should be
repeated for each vessel in the system if different vapour properties are involved.

Since
in thq
cond
redud
from
vapo
inven

the rate at which it is necessary to withdraw vapour in order to reduce the temperature within a ti

to a

meth
liquid
hydrg
cons
liquid

Rear

NOTE

If an

ization, the required reduction in pressure is not possible. It is necessary. to“consider o
tory that is at or near its saturation temperature for liquid flash. Two methods are shown f

point at which the corresponding liquid vapour pressure equals the.desired final press
bd applies only to relatively pure chemicals and to narrow-boiling-range hydrocarbons; the s
s that consist of mixtures of hydrocarbons with a wider-‘hoiling range. For pure ¢
carbons with a narrow boiling range, the amount of liquidAlash in a vessel, i, of the sys
brvatively approximated by equating the heat of the flashed vapour with the heat loss of
quantity as shown in Equation (18):

(qm,v ’t)i
2

Ot
24,

1

}@JQ—%L

9m,v 1) A z{(qm,a t)—

anging Equation (18) as follows in Equation’(19) yields the amount of liquid flash:

2@AQ—Q%
24+@JQ-QL

0t

A

22

9m,v 1) ® {(qm,a 1) =

(¢9m.a't) is used only for consistency, and ¢y, 5 has no physical significance.

ore rigorous calculation is desired, the same approach may be applied in stepwise form.

the calculation of the vapour load caused by liquid flash depends on liquid quantity and liguid properties
system, the preceding data are also valid for this calculation. In systems that contain liquid|at saturation
tions, the temperature of the liquid should be reduced to obtain the required reduction in |pressure. To
e pressure, one can remove vapour at a rate equal to the vapour-generation rate created py heat input
the fire to compensate for the flash vaporization of some liquid. Without this allowance for flash

nly the liquid
br calculating

rurle interval, ¢,
r

e. The first
pcond covers
hemicals or
tem may be
the average

(18)

(19)

tion (19) cannot _be used for liquids consisting of a mixture of hydrocarbons that have a
¢ because thediquid properties and composition change as the liquid is vaporized. If more &

wide boiling
ccurate fluid

his process
pressurlzed

before the next step occurs. The correctlon for the f|re is made in Equatlon (21) in which the average of the
remaining liquid quantity is used (that is, the original liquid quantity in the system minus half of the quantity
vaporized by fire during the total depressuring period) instead of the total liquid quantity that was originally in
the system. This compensates to some extent for neglecting the fire-vaporization effects on the composition
for each flash step.

To determine the approximate amount of liquid vaporized from a mixture, an equilibrium-phase diagram is
required and a graphical solution employing » steps is employed. The procedure uses Equation (20):

L, (ACIm,V 't)n
B i)~ (B0, ),

nJi

(20)

i
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5.20.2.4 Example for vapour from density change and liquid flash

Figure 3 is an example of an equilibrium-phase diagram for a given liquid having the following evolution:

nditions:

of the liquid is vaporized;

—  T,=256 °C (492 °F);

— absolute pressure p, = 2 861 kPa (415 psi).

a) |Initial co
0 %

b) The con
— 5%
— Ty3

— abs

c) The dey

30 9

_ Tb .
abs

For convenig

assuming that an incremental part of the liquid (e.g. 5.%) was vaporized during each step, the change

liquid tempg
temperature
has been dg
incremental
desired end
vaporized is
estimated m
simultaneoug

(qm,v -t

ditions after step n = 1 are as follows:
of the liquid is vaporized and 95 % of the liquid remains;
252 °C (486 °F);

Dlute pressure p, = 2 496 kPa (362 psi).

o of the liquid is vaporized and 70 % of the liquid remains;
238 °C (461 °F);

plute pressure p, = 1 482 kPa (215 psi).

nce, the mass percent vaporized was assumed to be equal to the volume percent vaporize)

rature can be computed using Equation (20). Since the remaining liquid has a satu
and pressure along the 5-%-vaporized line of the phase diagram and the temperature ch
termined using Equation (20), the-pressure change is also known. The process is repeat
steps until the pressure, pp, atithe end of the depressuring period is obtained. In Figure 1
bressure is reached when the 'mass fraction, .X;, of the initial liquid in the vessel, i, that has
~ 0,30. Substituting this Value of X; into Equation (21) for the last term in Equation (19) give

elopment of the diagram continues stepwise until depressuring isscompleted at the follpwing
conditions after step n = 5 at item b):

d. By
n the
ation
ange
ed in
, the
been
s the

(21)

hss of liquid flashed aS\ya result of the depressuring from the vessel, i, of the system dufing a
fire.

0, 1
i~ {(qm,a < ZILi Wi
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j oz N
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Q ANy
- /L1 °
- /S 4 - 1724
/ //% ;// 7
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/NS L ar 10
/S SN S S 11
/ /// /// SATn=Ta=T,

/ / /
125 862 —>
3p0 350 400 450 500 550 600 650 X1

L T, =256 °C (492 °F)

T, = 238 °C (416 °F)

Key

X1 liquid temperature expressed 1 0 % vapourized 7 30 % vapourized
in degrees Fahrenheit 2 5% vapourized 8 35 % vapourized

X2 liquid temperature, expressed 3 10 % vapourized 9 40 % vapourized
in degrees Celsius 4 15 % vapourized 10 45 % vapourized

Y1 pressure, Psig 5 20 % vapourized 11 50 % vapourized

Y2 pressure, kPa 6 25 % vapourized

a  Atstart.

b Atend.

Figure 3 — Equilibrium phase diagram for a given liquid
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5.20.3 Nomenclature

The variables used in the equations throughout 5.20 are defined as follows:

P
L
m
m
M s
p is
dm I8
0 is
T is
t is
V.o is
w is
din
VA is
A
subscripts:
a is
va
b is
d rel
f rel
i rel
se
L
n
n—1
v
X

62

C

is the average specific heat of the liquid, expressed in kdJ/kg-K (Btu/lb-°R);

is the average latent heat of the liquid, expressed in kJ/kg (Btu/Ib);

is the mass of liquid or vapour, expressed in kg (Ib);

is the mass flow rate per unit time;

represents a difference, e.g. as in AT, = Iy — T,

he relative molecular mass of the vapour;

he absolute pressure, expressed in kPa (psi);

he vapour mass flow rate, expressed in kg/h (Ib/h);

he total heat absorption (input) to the wetted surface, expressed in kd/h.(Btu/h);
he absolute temperature of the liquid or vapour, expressed in K (°R);

he depressuring time interval, expressed in hours (usually assumed to be 0,25 h);
he volume available for the vapour, expressed in m3 (ft3);

the mass fraction of the initial liquid in the systém’ vaporized as a result of depress
nensionless;

he compressibility factor, dimensionless;

n:

the original condition at the-start of the depressuring time interval, assumed to be the satu
bour-liquid equilibrium eondition with respect to temperature and pressure;

he depressurized-cofdition at the end of the depressuring time interval;
ates to the déasity change of the vapour due to pressure reduction;
ates towaporization from the fire;

pates to an individual vessel of the system if more than one vessel is involved and reg

iring,

rated

uires

harata ~ancidaratian hanarien ~Af Affarins flipA neAanArbing tnaplatiny far firn AffAAt Ay A

lated

PoTrotC— COTToTOC o toTT— T ot ot~ Ut g ot prop et o Mmoot TOT— o~ O o TGO TC

factors;

relates to liquid;

is the nth depressuring step of many steps between the original condition and the depressurized
condition;

is the depressuring step preceding step #;

relates to liquid flash or vapour generated from pressure reduction;

is the total number of vessels in the depressuring system.
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5.21 Special considerations for individual pressure-relief devices

5.21.1 General

Sizing procedures for pressure-relief devices shall be in accordance with APl RP 520-1 or ISO 4126.

5.21.2 Liquid-vapour mixture and solids formation

A pressure-relief device handling a liquid at vapour-liquid equilibrium or a mixed-phase fluid produces vapour
due to flashing as the fluid moves through the device. The vapour generation can reduce the effective mass-
flow capacity of the valve and should be taken into account. Liquid carryover can result from foaming or
inadgquate vapour-liquid disengaging. The designer is cautioned to investigate the effects of flow reduction or
choking. Choking occurs at a point in any flowing compressible or flashing fluid where the availaple pressure-
drop [increment is totally used up by accelerating the flashing fluid. Therefore, no (additiopal pressure
difference is available to overcome the friction in the incremental line length. See API RP 520-1 and
References [60], [61] and [68] for further discussion on this subject.

Some fluids (e.g. carbon dioxide and wet propane) can form solids when they dre discharged through the
relieing device. No uniformly accepted method has been established for reducing the possibility f plugging.

5.21.B Location of a pressure-relieving device in a normally liquid system
If valyes or other devices are sized to relieve vapours caused by vapour entry or generation of vapour in a

normpglly all-liquid system (see 5.10, 5.12, 5.13, and 5.20), care.should be taken to locate the deyice so that it
actudlly relieves vapour and is not required to relieve the volumeétric equivalent of the vapour as liquid.

5.21.4 Multiple pressure-relief devices

5.21.4.1 Basis
The iressure-design code may limit the allewable range of set pressures for multiple pressure-rglief devices.

For ¢xample, see the more detailed jinformation in EN 764-7 [51 or ASME Code, Section VIII, Division 1,
Paragraph UG-125 through Paragraph UG-137, Appendix 11 and Appendix M [20],

5.21.4.2 Justification

The tonsiderations that make a multiple pressure-relief-valve installation with staggered settings desirable
inclugle the following:

— gizing factor and.-valve leakage;
— pressurewvessel requirements;

— inlet pressure characteristics of the pressure-relief valve;

— reactive thrust at relief;
— range of required relieving rates for various contingencies.

In sizing pressure-relief valves, the designer should explore possible sources of overpressure, establish the
governing flow rate and select the required orifice area. Although the governing flow can result from a single
factor or a combination of circumstances, the difficulty of anticipating simultaneous occurrences tends to
encourage conservative sizing (oversizing). As the size of process units increases, the calculated area
required often cannot be obtained in a single pressure-relief-valve body of rated, commercial design. Hence,
multiple pressure-relief valves are needed simply to handle the required relieving rate. Minor fluctuations in
the controlled vessel pressure can approach or enter the operating range of a single pressure-relief valve.
This creates continuous leakage that sustains itself until the pressure in the system drops low enough to
enable the spring to force the valve closed. The larger the valve, the lower its lift to handle this small flow rate,

© IS0 2006 — Al rights reserved 63


https://standardsiso.com/api/?name=75c0d2753b5f2745e23f58fd62a68734

ISO 23251:2006(E)

and the greater the leakage at any given lift. Chatter and seat damage often accompany this circumstance.
This problem is compounded with multiple pressure-relief valves uniformly set; however, multiple pressure-
relief valves with staggered settings can provide a solution. If feasible, the lowest set valve should be the
smallest one that can be selected on the basis of a reasonable relieving requirement or a reasonable portion
of the total requirement. The higher set valves open only under conditions that require the combined orifice
areas to handle the generated flow.

5.21.4.3 Application and practice

See EN 764-7 or API RP 520-1 and API RP 520-I1 (8] for guidance.

The use of ' ' '
by the pres$ure-design code. In conS|der|ng multiple pressure rellef-valve releases, the effects 6P| back
pressure shquld be evaluated with all valves releasing concurrently under that single contingency,..The nprmal
design apprgach is to consider that all pressure-relief valves are flowing simultaneously, whether they be
staggered s¢t valves on one vessel or several pressure-relief valves on various vessels ¢hat should also
release unddr this same contingency. The aggregate rate of flow determines the back pressure in the syptem.
Any increasq in back pressure in the system that results from the contingency can be considered to be|built-
up back prepsure. Where conventional valves are employed, there are back pressure limits that shall be
considered. Within these limitations, it is not necessary to consider the changes in-back pressure caus¢d by
flow that resdits from one valve opening before another as superimposed back préssure on other valves.

5.22 Dynainic simulation

Dynamic simulation can be used in pressure-relief system design to.calculate transient pressure increases as
indicated in [5.19 or to calculate required relief rates from individual pressure-relief devices. Conventional
methods for [calculating relief loads are generally conservative and can lead to overly sized relief- and [flare-
system designs. Dynamic simulation provides an alternative, method to better define the relief load and
improves thel understanding of what happens during relief.

Dynamic simplation is particularly useful in analysing existing flare systems (see 7.1.4.2). A dynamic simulation
of a single system is discussed below.

Dynamic simulation is an alternative calculation method for determining the relief requirements for an
individual cdlumn. Dynamic simulation can be applied wherever conventional methods can be applied.
Column-relief-load calculations using dynamic simulation shall follow the same rules set elsewhere in this
International|Standard for performing relief-load calculations using conventional calculation methods. It can be
necessary tq perform sensitivity analyses with respect to control response in order to identify appropriate
control respdnse. In general, no eredit is taken for automatic control action unless it tends to increase the|relief
load.

If dynamic simulation is dUsed for column-relief-system design, it is necessary to ensure that the moglel is
conservative| with respectto calculating the maximum relief load. If the physical phenomena are nof well
understood, fhe dynamic simulation model shall include conservative assumptions. These assumptions|shall
be checked py sensitivity analyses to assess their impact on the column-relief load. For example, sgveral
simulation runs.-can be requwed to determme the affect of different froth correlat|ons on the tray liquid hqld-up
and resulting reli .
aspects of the model. The user of the dynamic-simulation program should be aware of the underlylng
assumptions that are built into the dynamic simulation software code and how they affect the results. The user
should not use a dynamic simulation developed for another purpose, i.e., operator training, and assume that
this model gives accurate relief loads without a detailed review of the modelling assumptions.

At steady-state conditions, the dynamic model shall closely match the steady-state model. The model shall
reflect current or expected operation. An adequate level of detail is required to assure accurate predictions of
peak relief loads. The model shall incorporate physical features of the system (e.g. liquid inventories of
vessels and piping). Sensitivity analyses should be performed for the full range of operating conditions (e.g.
variable compositions and turndown rates). For example, the differences in tray-draining mechanisms
between valve and sieve trays can have a significant impact on the calculated relief load for some columns.
An accurate estimate of tray inventories can also be important where column light-ends inventory can impact
the peak relief load.
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If dynamic simulation is used, sensitivity analyses shall be performed to assess factors such as the effect of
pressure-relief devices with excess capacity, the action of automatic controls, controller tuning, heat
integration with other columns and operator intervention. These factors increase the number of run
permutations that shall be performed.

6 Selection of disposal systems

6.1 General

The selection of a disposal method is subject to many factors that can be specific to a particular location or an
individual unit. The purpose of a disposal system is to conduct the relieved fluid to a location where it can be
safely discharged. Disposal systems generally consist of piping and vessels. All componen{s should be
suitable in size, pressure rating and material for the service conditions intended. Clause 6 outlinep the general
princlples and design approach for determining the most suitable type of disposal system.

6.2 | Fluid properties that influence design

6.2.1| Physical and chemical properties

The flash-point, flammable-limits and ignition temperatures of certain{flammable liquids, gases ahd solids are
listed in NFPA HAZ01 [37]. Additional data on the flammability characteristics of pure compounds fand mixtures,
in both air and atmospheres that contain varying amounts of inert gases and water vapour, are| found in the
U.S. |Bureau of Mines Bulletin 627 [69]. This reference also_ ‘provides information on explosiye limits and
presgnts a method for calculating the flammability characteristics of mixtures, based on the propegrties of pure
compounds.

Consjderation should be given to any phase changg) either vaporization of liquid or condensatipn of vapour,
that pccurs in the fluid when the pressure is reduced or as a result of cooling. With autoqjrefrigeration,
vapofization of volatile liquids can be incomplete unless facilities are provided to add the necegsary heat for
vapofization.

Caution should be exercised to avoid“mixing chemicals that can react in flare headers. Rolting reactive
matefials to a flare header has caused high flare pressures that have resulted in flare-heagler ruptures.
Matefials that react violently when,'mixed with water (such as alkyls, sodium, potassium and silanes) should
be routed to a segregated header that does not contain water.

Caution should be exergised to avoid mixing of water with other sources if there is a potenfial for solids
formation in the flare sysiem. If there is a potential for formation of ice, the water sources should Qe routed in a
separlate header to-the'flare knockout drum; see also 6.6.2.4.

See also 7.2.3¢

6.2.2| Physiological and nuisance properties

The physiological and nuisance properties of material released from pressure-relieving and depressuring
systems should be studied to establish the proper type of disposal system.

6.2.3 Recovery value

The monetary value of process wastes can warrant special means of collection for return to the process, as is
the case, for example, of costly solvents. An economic-engineering evaluation can determine whether the
recovery value of the material justifies the installation of a recovery system. If a recovery system is justified, or
required by local regulations, refer to 7.4 for guidance. To avoid loss of valuable process material, the
pressure-relieving device should be set sufficiently above the normal operating pressure to give a reliable
margin of differential pressure.
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6.3 Atmospheric discharge

6.3.1 Gene

ral

In many situations, pressure-relief vapour streams can be safely discharged directly to the atmosphere if
environmental regulations permit such discharges. This has been demonstrated by many years of safe
operation with atmospheric releases from properly installed vapour-pressure-relief devices. Technical work
sponsored by API [70] has also shown that, within the normal operational range of conventional pressure-relief
devices, well-defined flammable zones can generally be predicted for vapour releases. With proper
recognition of the appropriate design parameters, vapour releases to the atmosphere can provide for the
highest degree of safety. Where feasible, this arrangement offers significant advantages over alternative

methods of d
hydrocarbon
that disposal
formation of

vapours or cprrosive chemicals, ignition of relief streams at the point of emission, excessive‘noise level
air pollution.

6.3.2 Formation of flammable mixtures

6.3.21  General

The intent df 6.3.2 is to address design issues for individual relief-device tailpipes that vent direc]
atmosphere.

To evaluate
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vapour emis
involving liq
introduce sp

6.3.2.2

When hydrog
the flammab
circumstancy
this flammab
exit velocitig
dominant [70]
diluted to be]
Reynolds nu

Re >18

!

Vapour emission

5 or other flammable or hazardous vapours to the atmosphere requires careful attentionto'e
can be accomplished without creating a potential hazard or causing other problemsssuch g
flammable mixtures at grade level or on elevated structures, exposure of personnel to

the potential hazards of flammable mixtures thab result from atmospheric discharg
5, the physical state of the released material is of\primary importance; e.g. the behaviou
Sion is entirely different from that of a liquid release. Between these two extremes are situé
id-vapour mixtures in which mists or sprays” are formed. Vapours, mists and liquids
cial considerations in analyzing the risk associated with atmospheric relief.

arbon-relief streams comprised. entirely of vapours are discharged to the atmosphere, mixtu
e range unavoidably occur-dewnstream of the outlet as the vapour mixes with air. Under

e zone is confined to arather limited definable pattern at elevations above the level of relea
s from the pressure=felief-valve stack, the jet-momentum forces of release usually

Under these conditions, the air-entrainment rate is very high, and the released gases are
ow the lower_flammable limit before the release passes out of the jet-dominated portion
mber, Re, meets the criterion of Equation (22):

ISposal because of Its Inherent simplicity, dependability and economy. |he decision 1o discharge

hsure
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toxic
5 and

fly to
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tions
each

res in
most

s in which individual pressure-relief valves discharge vertically upward through their own stacks,

be. At

are
then
if the

where

Re

Pi

is the Reynolds number at the vent outlet;

is the density of the gas at the vent outlet;

P Is the density of the air.

NOTE

velocity ratio is less than 10.
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On the other hand, if the release is at too low a velocity and has too low a Reynolds number, jet entrainment
of air is limited, and the released material is wind dominated. Principles of atmospheric dispersion then
determine the dilution rate and the distance within which flammable conditions can occur. Under these
conditions, flammable mixtures can possibly occur at grade or at distant ignition sources. A complete
evaluation requires consideration of the following:

a) velocity and temperature of the exit gas;

b) relative molecular mass and quantity of the exit gas;

c) prevailing meteorological conditions, especially any adverse conditions peculiar to the site;
d) Ipcal topography and the presence of nearby structures;

e) ¢levation at which the emission enters the atmosphere.

Previpus technical investigations [71] have demonstrated the rapid dispersion caused'by the turbulent mixing
that results from dissipation of energy in a high-velocity gas jet. For a situation inavhich a pressuie-relief valve
is flowing at or close to full capacity, discharge velocities through independent latmospheric sfacks usually
excegd 150 m/s (500 ft/s). The studies on the discharge of jets into still air indicate that gases with velocities
of 190 m/s (500 ft/s) or more have sufficient energy in the jet to cause,turbulent mixing with gir and effect

dilutipn in accordance with Equation (23):

[Imy _ 02642 (23)

dm,o d
wherg

Imy is the mass flow rate of the vapour-air mixture at distance, y, from the end of the tail pipe;

Im,o Is the mass flow rate of the relief device discharge, expressed in the same units as ¢y, | ;

3 is the distance along the tail pipe-axis at which dmy is calculated;

d is the tail pipe diameter, &xpressed in the same units as y.
Equation (23) indicates that the distance, y, from the exit point at which typical hydrocarbon relief streams are
dilutgd to their lower flammable limit (i.e. a mass fraction of 3 %) occurs approximately 120 diamgters from the
end ¢f the discharge pipé;measured along the axis. In essence, when hydrocarbon vapours ar¢ diluted with

air to|
flamn
volun
thessg
charg
120 ¢
achig

a mass fraction_6f-approximately 3 %, the concentration of the resultant mixture is at or be
hable limit. This.yalue actually varies from 3,0 % for methane to 3,6 % for hexane. When
ne fraction basis, which is more commonly used than mass fraction to express limits of
values_are' equivalent to 5,3 % and 1,2 %, respectively. For materials that do not havg
cteristies*similar to light hydrocarbons, the extent of a flammable mixture can differ cons
iameters. Based on these dispersion data, it can be concluded that where discharge

ved, the hazard of flammable concentrations below the level of the discharge point is neg

ow the lower
figured on a
flammability,
combustion
derably from
elocities are
ligible. Fixed

distarces may beused-for designsbasedupomexperience; which prectudesthemeedtoperform dispersion
analyses. This confirms the many years of experience with vapour releases from pressure-relief valves
discharging directly to the atmosphere without accumulating flammable concentrations.

Through the years, skepticism arose about the validity of this past investigation, even though experience had
indicated that large flammable volumes were not created by pressure-relief valves releasing vapour directly to
the air. There was concern because any system designed for a discharge velocity of 150 m/s (500 ft/s) at
maximum conditions can have a lower discharge velocity under other conditions.

Although a high discharge velocity is characteristic of a pressure-relief valve when it is flowing at design
capacity, one cannot assume that a pressure-relief valve is flowing at full capacity. For example, even though
the initial release can be at a high velocity, once a spring-loaded pressure-relief valve has opened, kinetic
forces are sufficient to offset the spring-closing force until the flow has been reduced to approximately 25 % of
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the valve's rated capacity. Reduced flow rates can occur as the conditions affecting relief are corrected. In
many cases, overpressure can result from a minor operating upset, causing the flow rate to be appreciably
less than the design capacity. The probability of these situations occurring can often be minimized by using
two or more pressure-relief valves and staggering the set pressure to provide for sequential operation. Using a
common vent stack for several pressure-relief valves can also result in a discharge at a relatively low velocity
if only one valve is operating.

Because of these concerns, studies were undertaken at the Battelle Institute [70] to evaluate the effects of
reduced velocities of discharge at the point where the pressure-relief valve is about to reseat at approximately
one-quarter of the valve’s rated capacity. Also covered in these studies are the effects of the temperature and
relative molecular mass of the hydrocarbon gases as they affected the zone of flammability under various

ratios of exit v
through their|i
full capacity,
Equation (22

pattern. For the most part, vent velocities are greater than 30 m/s (100 ft/s), even at the 25 % release rate.
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a higher ele
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about large (
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)

which corresponds to the reseat level of the valves. As long as the minimal value\give

is exceeded, the release is jet-dominated and diluted outside the flammable range, 'within t

5 of the safety of tanker venting [72] have shown the same jet-momentum dilution effects v

ne jet

vhere

Lities exceed 30 m/s (100 ft/s). One would expect that only for low-set pressure-relief valvgs, or

alves routed via a manifold into a common vent stack, is the Reynoldsyfnumber of the rele
the minimum necessary for jet momentum effects.

bnd 6 demonstrate the limits of flammability vertically, horizontally and along the main axis

nd Luce [70 indicate these figures apply to both single andmuiti-component hydrocarbon j
r mixture between methane and heptane. For more detailed analysis, dispersion modellin
. The axial and vertical distances in still air are indicated to be somewhat greater tha
s indicated by previous still-air studies. However, the.horizontal limit of the flammable envelq
essentially independent of the wind velocity and ‘is' significantly lower than the axial dist3
he previous study.

lemonstrate the adequacy of the general industry practice of locating pressure-relief-valve s
e to the atmosphere at least 15 m (50 ft) horizontally from any structures or equipment runn
ation than the discharge point. In most cases, this is adequate to prevent flammable va
g the higher structures. With these)jet-momentum releases, there should also be no co
louds of flammable vapours or flammable conditions existing at levels below the release le

ased
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nese recent studies have génerally verified long-standing experience relative to the safgty of

ses vertically to the atmosphere from atmospheric pressure-relief valve discharge stacks.
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Figure 4 — Maximum downwind vertical distance from jet exit to lean-flammability concentration limit
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6.3.2.3 Mist emission

Mists, as referred to in this International Standard, result from condensation following vapour relief. Fine
sprays associated with relief streams that contain liquids are considered in 6.3.2.4. Condensed mists are
finely divided; the diameter of most drops is less than 10 pm, with few larger than 20 micrometers. Mechanical
sprays do not usually contain many drops smaller than 100 um in diameter.

Whether vapours condense in appreciable quantities when they are released to the atmosphere depends on
the stream composition, atmospheric temperature and exit velocity. The assumption is frequently made that if
the lowest anticipated atmospheric temperature is below the dew point of a released hydrocarbon, significant
condensation will occur. This approach ignores two important effects associated with the release of vapours.
As vapours g i i y for
immediate cpndensation to occur is min More
important is [the combined dilution effect of air and light components normally present in discharges| from
pressure-relief valves. Rapid dilution tends to lower the dew point of individual components to a point helow
the ambient {emperature.

Loudon [73] gives a method of calculating whether condensation of a discharge from a-préssure-relief valve
can occur. These calculations indicate that most emissions do not condense, regardless of relative molgcular
mass, althoygh relatively heavy molecular mass hydrocarbons can condense in the range previously poted
(10 um to 20 um). This approach is supported by experience with refinerycrelief installations invelving
discharge to the atmosphere of vapour streams covering a wide range of conditions.

In cases in which the vapour discharges from pressure-relief valves condense, consideration should be given
to how this cpondensation influences the formation of a flammable atm@sphere. Combustible liquid mists|in air
are capable |[of propagating flame when they are ignited, even though the liquid is so non-volatile thiat no
appreciable pmount of vapour is formed at the ambient temperature. Mists of flammable liquids can| thus
present a hpzard even at temperatures well below their flash point. Burgoyne [74 has shown that for
flammable, cdondensed mists, the mass-percent lower flammability limit and the burning velocity are the pame
as for the cofresponding vapour. According to Saletan [73]; theé ignition energy required to ignite a mist infair at
ambient temperatures and pressures is approximately 10 times that needed to ignite a vapour.

In cases in which calculations indicate that vapour discharges from pressure-relief valves can condgnse,
coalescence(can possibly produce droplets thatrapidly settle to grade rather than disperse as a mist sim|lar to
vapours. Thg hydrocarbon partial pressure at which the calculated adiabatic air-mixing curve intersecfs the
dew-point cufve should be considered indicative of bounding the region in which coalescence seems unlikely.
Although no fonclusive data are now available, condensation at hydrocarbon partial pressure of 34 kPa (p psi)
or less should be treated as finely divided mists without coalescence. In the absence of coalescencg, the
effect of gravity should be negligible, since the free-fall velocity of 10 um hydrocarbon particles in fir is
approximatelly 3 mm/s (0,01 ft/s)."Therefore, even with very light wind, the discharge from an elevated logation
travels a congiderable distance’before it reaches grade.

Based on the foregoing factors pertaining to the dispersion and combustion characteristics of a mist, it can be
concluded that as long as the condensate remains in a finely divided form and is airborne, the mixture can be
treated for flammapbility and dispersion characteristics as though it were completely vaporized. Because ¢f the
extremely snmall/siZe of the droplets, use of the methods described in 6.3.2.2 can give an order of magnitude
of the concgntration at various distances from the point of emission. As noted above, the same mass
percentages of hydrocarbons are necessary 10 make a mist flammablé as are necessary 10 make a vapour
flammable. It can, therefore, also be concluded that as long as the minimum Reynolds number of the release
is in excess of that required by Equation (22), the envelope of flammability for the mist is within the same
confined predictable limits as those for a vapour. Therefore, although condensation can create problems
relative to air pollution, if only hydrocarbon-flammability considerations are involved, the risk from an area-
explosion potential is no higher than if the vapours had not condensed.

6.3.2.4 Liquid emission

Unlike discharges composed of vapour or mist, which rapidly disperse when they are vented to the
atmosphere at high velocity, liquid discharges settle to grade. If volatile components are present, a flammable
atmosphere can result. The risk of fire or explosion can be high if appreciable quantities of liquid hydrocarbons
are released to the atmosphere when the ambient temperature is at or above the flash point of the liquid.
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Theoretically, liquids that have a flash point above the maximum anticipated ambient temperature do not
vaporize enough to create a flammable atmosphere. However, widespread spraying of oil droplets can create
concern in an emergency and constitute a serious nuisance. Also, fires can occur if the liquid comes in contact
with very hot lines or equipment. Therefore, all liquid-relief streams should generally be disposed of by one of
the methods described in 6.6.

To minimize the possibility of a release of flammable liquid, all pressure-relief valves that vent vapour to the
atmosphere should be located so that the valve inlet connects to the vapour space of vessels or lines. In some
instances, additional safeguards are warranted. For example, during unit upsets, liquid levels can increase
and flood the vessels that are partially or totally filled with vapour during normal operations. The potential for
such a situation can be greatly mlnlmlzed by locating pressure- rellef valves at a point in the process system
Wher ne _ropg - a A O ll_ e _pre e-lrelle e e l‘ . -lrﬂ‘ 2Jalal=Ta becauseof
factofs related to time and the system’s liquid capacity. For example a pressure-relief valve loedted on top of
a large fractionating column presents far less risk of liquid release than a valve positioned.eh {he overhead
receiyer, which can flood in a matter of minutes. In other situations, high-level alarms or ¢ther ingtrumentation
can grovide a valuable safeguard against high-liquid levels reaching the pressure-relief-valve inlef.

In symmary, a rigorous analysis should be made of the various causes of everpressure on| any system
contgining flammable liquid in which pressure-relief valves that vent to the atmosphere are in¢gluded in the
design. All possibilities that can allow liquid to gain entrance to the pressurestelief valve should bg determined
and gppropriate safeguards should be taken to prevent this occurrence.

6.3.3] Exposure to toxic vapours or corrosive chemicals

6.3.3]1 Toxic vapours

Although most vapour streams can be harmful to breathe at high concentrations, the majority present little or
no rigk to personnel when they are discharged from pressure-relief valves at a remote location.

Certgin process streams contain vapours that are-dangerous at extremely low concentrations; g.g. hydrogen
sulfide vapours can cause unconsciousnessxWwithin seconds following exposure to a concenfration above
1.00Q mg/kg [ppm?3)]. This is approximatelylone-tenth the concentration representing the lowept flammable
limits| of any hydrocarbon. Where toxic.materials are present in a relief stream, an investigatipn should be
made to predict the maximum downwind concentration at any location where personnel can |be exposed.
Spedjal attention should be given tovadjacent elevated structures that can lie within the path of the plume and
are thus subject to relatively high-eoncentrations.

Each| situation in which toxie vapours can be released to the atmosphere warrants careful analysis. Since
toxicity varies greatly for @ifferent materials, the maximum concentration that can be tolerated should first be
determined. Based ondhe length of exposure, the maximum tolerated level may vary for differenf locations. A
highgr concentrationi.can pose less risk at locations that can be quickly and safely evacuated as opposed to
thosq locations where it is necessary for personnel to remain on duty or where personnel cannot feadily leave.
Of further importance is the probable duration of a release. Most emergencies that cause overpressure on
equigment ean.'be controlled within 5 min to 10 min. The duration of an emergency varies, depgnding on the
procgss .and-equipment involved. For example, when the source of overpressure can be gliminated by
shutting.down a pump or compressor, the duration of relief should be shorter than if a fractiongating column
werele—everpressd A—peried-of10-minte—30-min-sheuld-besufficientte—centrel-any-emergency situation
short of a catastrophe

The actual exposure of an individual to a release is difficult to determine accurately but should be estimated.
Where toxic releases have a sufficiently high Reynolds number, they meet the dispersion/dilution criteria for
jet momentum releases described in 6.3.2.2. The materials in the release can be expected to be diluted
between 30:1 and 50:1 before the jet-momentum effects are lost. In considering further dispersion from the
end of the jet, one should take into account that the released materials have already been diluted to at least
this level. From this level of mixing, calculations of ground concentrations can be evaluated based on the
techniques given in Gifford’s article [76].

3) “ppm’”is a deprecated unit.

© I1SO 2006 — All rights reserved 73


https://standardsiso.com/api/?name=75c0d2753b5f2745e23f58fd62a68734

ISO 23251:2006(E)

6.3.3.2 Corrosive chemicals

Certain chemicals, such as phenols, that are liquid at ambient conditions can create a serious hazard to
personnel if they are discharged from pressure-relief valves to the atmosphere. When process systems
contain such chemicals, atmospheric relief is not safe unless valves can be installed at locations where
personnel exposure from release of such materials can be avoided. Many of the same considerations

discussed in
6.3.4 Igniti

6.3.4.1

6.3.2.4 concerning avoidance of liquid releases apply to corrosive chemicals.

on of a relief stream at the point of emission
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ignition. For additional information about lightning;.see the recommendations in NFPA 780 [36],
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The possibility of accidental ignition of the outflow of flammable vapours from a presSure

The possible existence of outside ignition sources such as open flames, hot surfaces

electrical equipment installed in surrounding areas and on structures. is” known or cg
With jet-momentum releases from pressure-relief valves, emission points can be locate
opdelling so that the flammable pattern evolved does not reach such sources. This becomes
e wind-dominated, low-velocity releases are involved, since flammable patterns can e
distances from the release point. Also, in these instances, thefignition potential from temp
h as automotive equipment or hot-work activities, should be recognized. With normal atmosy
side ignition sources can be readily avoided by the proper location of vents. On the other
city, low-momentum releases, a careful design check should be made of conditions at va

Iculations, fixed distances may be used for designs:based upon experience.

Discharges from open atmospheric vents havebeen known to be ignited by lightning. Exce
ischarges associated with power outages that can occur during thunderstorms, the probabi
Lirring simultaneously with the opening of‘a-relief valve is negligible. Intermittent discharges
and continuous discharges (e.g. from-leaking relief valves) increase the probability of ligh

For general information on eléctrostatics, see Eichel’s article [77] and API RP 2003 [13], O

rks and ignition [78]. The €ondensate zone in the jet of well-head gas apparently tends to prg
of charge, although _ignition does not actually occur. Another theory relating to static ig
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particles in t

static dischafges can occur, either by complete electrical breakdown (spark discharge) or by partial elec

t gas flow through-apiping system during venting induces a static charge on any solid or
e pipe stream that)contact the pipe wall. As the gas reaches the sharp edges of the vent ¢
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nt can best be analysed in terms of the possible causes of ignition covered in 6.3.4)1+2 thfough
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discharges from gas wells (to)the atmosphere, static discharges are developed that are suffjcient

duce
hition
iquid
utlet,
trical

breakdown (¢orona discharge). There is a lack of documented information on the ignition of relief-valve vapour

discharges

pipeline companies {who customarily discharge natural gas to the atmosphere at low elevations) includes
gauge pressfpiresias high as 6 200 kPa (900 psi) and discharge rates as high as 82 kg/s (650 000 Ib/h) fi

single vent

ttributed<to 'the development of electric potential at the discharge point. The experien

ce of
gas-

om a

aek. The probability of ignition by static electricity is, therefore, very low because of a relgtively

weak charge build-up In the Jet and reasonable I1solation from the well-grounded vent stack.

This conclusion pertains to hydrocarbon vapour releases. Experience indicates that streams with a high
hydrogen content are susceptible to ignition by static electricity as a result of the described mechanism
because of electrostatic discharges at the sharp edge of the vent outlet. NASA investigated this
phenomenonl”®l and found that such electrostatic discharges can be prevented by installing a toroidal ring on
the vent-stack outlet. This ring inhibits the static discharge at the vent stack exit by removing the sharp edged
geometry of the vent outlet, which is conducive to spark formation.

Ignition of hydrogen from atmospheric vents can also result from the chemical reaction between hydrogen and
iron oxides frequently found in vessels and piping. When a stream containing extremely small particles of
ferrous oxide (FeO) or iron (Fe) is brought into close contact with the oxygen present in the atmosphere, an
exothermic reaction occurs that under ideal conditions can provide sufficient energy to ignite a hydrogen-air
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mixture. The energy requirement has been experimentally determined at 0,017 millijoule (approximately 5 %
of that necessary to ignite a methane-air mixture). This quantity of energy can conceivably be imparted to a
tiny particle as a result of the heat released in the reaction of either FeO or Fe with oxygen (O,). Furthermore,
if the ratio of surface area to mass were high enough, a temperature sufficient for ignition can be reached.
Also, because of the wide explosive range of hydrogen (volume fraction from 4 % to 75 %), flammable
atmospheres are formed very close to the point of release. This, along with hydrogen’s very low ignition
energy, increases the probability of ignition.

6.3.4.1.5 Relief streams that are above the auto-ignition temperature on the upstream side of the valve can
ignite spontaneously on contact with air unless sufficient cooling occurs before a flammable vapour-air mixture
is formed. For this reason, these hot streams should usuaIIy be routed to a closed system cooler or quench

, r—Pe tolerated.

6.3.4|2

Explosive release of energy

If a quantity of gas accumulates and then ignites, the possible explosive release of energy in thq
can dause concern about using atmospheric relief. Where unconfined jet-momentum releases are
with & normal pressure-relief device, there is likely to be little potential for the accumulation of
clouds and this can be validated by dispersion and consequence modellifig. The total potential h
relatgd to the total quantity of hydrocarbon-air mixture that accumulates within the flamma
downstream of the point of emission. With jet-momentum releases, the total volume can be ca

Hepending on densities and ratios of jet-to-wind velocity, The mixture in this zone can contai

range
probl

at any time is relatively small compared with the total gas volume emitted and considerg
em even if an ignition does occur.

If the
Simil
signif
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Evalu
equig
relatg

release rate does not achieve jet momentum*and dilution is not achieved, vapour clouds
brly, if even a relatively small amount of flammable gas accumulates in a confined or conges
icant hazard can be created. In thesel.cases, care should be taken to avoid any confin

ating such confinement should take account of the proximity of buildings or high cong
ment that produce congestion«or confinement. The total potential hazard from such sources
d to the total quantity of gas-released [80].

6.3.4{3 Thermal radiation)effects
Whefever large quantities of flammables are vented, the potential heat release is sufficien
considering its effects,on personnel and equipment, even though ignition of the discharge from p
deviges is highly-improbable. Once allowable thermal radiation levels are established, the requ
from |various .€xposure locations to the point of emission can be calculated (see 6.4.2.3 for in

evaldyating thermal radiation effects).
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large vapour
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culated. In a

al case, the flammable zone can be in the range of 40 diameters to 120 diameters downstfeam but can

n an average

but 6 % hydrocarbon, which would represent 3 s of the emitted outflow. The volume within the flammable
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5ed gases, since the degree of confinement determines the pressure rise if accidental igfition occurs.
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t to warrant
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6.3.5| "Excessive noise levels

The noise generated by a pressure-relief valve discharging to the atmosphere can be loud. The noise levels
produced by gases at the point of atmospheric discharge can be approximated by reference to 7.3.4.3. Since
emergency relief is typically infrequent and of short duration, the noise might not be subject to regulation. In
many areas, regulatory authorities define allowable levels of noise exposure for personnel or at property limits.
If no regulatory limits are prescribed, the proposed standards of the American Conference of Governmental
Industrial Hygienists [81] may be applied.

The allowable noise intensity and duration should be evaluated at areas where operating personnel normally
work or at property limits. If two or more pressure-relief valves can discharge to the atmosphere
simultaneously, it is necessary to evaluate the combined effects. For design information on noise levels
associated with atmospheric discharge, see 7.3.4.3.
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6.3.6 Air pollution

The continuing problem of air pollution has become a factor that warrants serious consideration. Regulations
pertaining to air pollution usually provide exemption for discharges that occur only under emergency
conditions; however, effluent concentrations at grade level or other locations obviously should be controlled,
even though the acceptance level for limited and occasional emergency discharge can be much higher than
that for prolonged or continuous emissions. Methods for calculating the grade-level concentration to determine

whether air pollution exists are discussed in Gifford’s article [76].

6.4 Disposal by flaring

6.4.1

The primary
objectionabld
influenced b
composition,
and public rg
navigable w3

Flare mecha
6.4.2 Com

6.4.2.1

6.4.2.1.1

two basic ty
ignition of a
before ignitio
unburned co

6.4.2.1.2

velocities, bg
of combustib
back mixing
located part
extinguishmg

In an aerate

Gendral
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function of a flare is to use combustion to convert flammable, toxic or corrosive vapours tq

several factors, including the availability of space; the characteristics of the flare gas, na
quantity and pressure level; economics, including both the initial investment.and operating
lations. Public relations can be a factor if the flare can be seen or heard fronyresidential arg
terways.

nical design, operation and maintenance issues are covered by APIStd 537.

bustion properties

A\ flame is a rapid, self-sustaining chemical reaction that occurs in a distinct reaction zone
pbes of flames are (a) the diffusion flame, which*is found in conventional flares and occu
fuel jet issuing into air, and (b) the aerated flame, which occurs when fuel and air are prer
n. The burning velocity, or flame velocity, is the speed at which a flame front travels throug
mbustible mixture.

n the case of a flare, the flame front is normally at the top of the stack; however, at loy
ck mixing of air occurs in the top of the stack. Experiments [82] have shown that if a sufficien
le gas is maintained to produce a flame visible from ground level, there is usually no signi
of air into the stack. At Jower gas flows, there is the possibility of combustion at a flame
of the way down the~flare tip with a resultant high tip temperature. Or there can be
nt with subsequent formation of an explosive mixture in the stack and ignition from the pilot

 flame from a‘premixing device, such as a flare pilot, a phenomenon known as flashbac

occur. This 1
causing the fi

In the case g
the resultant

stable positionr

esults from thelinear velocity of the combustible mixture becoming less than the flame ve
ame to travel back to the point of mixture.

diffusion flames, if the fuel flow rate is increased until it exceeds the flame velocity at every
turbulent mixing and dilution W|th air can cause the flame to be I|fted above the burner until 3
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compounds. Selection of the type of flare and the special design features\ required are
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flame. (Extinguishment of the flame is referred to as bIow off) Both blow off and flashback velocities are
greater for fuels that have high burning velocities. Small amounts of hydrogen in a hydrocarbon fuel widen the
stability range because blow-off velocity increases much faster than flashback velocity.

The allowable flare-burner exit velocity is a function of relief-gas composition, flare burner design and the gas
pressure available. These parameters are inter-related. Some flare tips incorporate a flame-retention device or
other means that provides a stable burning flame either attached or detached relative to the flare tip. There is
evidence [83]. [84], [85], [86], [87], [88], [89] that flame stability can be maintained at relatively high velocities
depending on the discharge properties and the type of tip used. Experience has shown that a properly
designed and applied flare burner can have an exit velocity of more than Mach 0,5, if pressure drop, noise and
other factors permit. Many pipe flares, assisted or unassisted, and air-assisted flares have been in service for
many years with Mach numbers ranging from Mach 0,8 and higher.
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Some flares are subject to regulations that limit exit velocity. Pipe flares applied in the U.S. as control
technology for volatile organic compound (VOC) emissions can have gas exit velocity limited by the United
States Code of Federal Regulations 40CFR60.18 [118]. In some locales, the 40CFR60.18 requirements on exit
velocities have been extended to “emergency conditions”. The regulations provide guidelines for the
determination of the maximum exit velocity as a function of waste-gas characteristics and the type of flare
burner employed. It is important to note that there are many flare applications that do not involve VOC control.
Such flares are not usually required to meet the exit velocity requirements of the CFR.

6.4.2.2 Smoke

Many hydrocarbon flames are Iumlnous because of mcandescent carbon partlcles formed in the flames.

accoinpanies the suppression of smoke formation [901. Smoke formation can possibly.be reduced by reactions
that gonsume hydrogen atoms or render them ineffective.

The Ways in which water vapour reduces smoke from flares have been disCussed by Smith [91] Briefly, one
theorly suggests that steam separates the hydrocarbon molecules, thereby minimizing polymgrization, and
formg oxygen compounds that burn at a reduced rate and temperaturé and that are not conducivie to cracking
and polymerization. Another theory claims that water vapour reacts with the carbon particles to| form carbon
mongxide, carbon dioxide and hydrogen, thereby removing the carbon before it cools and forms gmoke.

6.4.2|13 Thermal radiation

6.4.213.1 Many investigations have been undertaken, to determine the effect of thermal radiatipn on human
skin. |Using human subjects, Stoll and Greene [92]-fauuind that with an intensity of 6,3 kW/m?2 (2 00 Btu/h-ft2),
the ppin threshold is reached in 8 s and blisteringoccurs in 20 s. On the bare skin of white rats, gn intensity of
6,3 kV/m2 (2 000 Btu/h-ft2) produces burns in<less than 20 s. The same report indicates that ah intensity of
23,7 kW/m2 (7 500 Btu/h-ft2) causes burns on-the bare skin of white rats in approximately 6 s. Table 8 gives
Buetiner’s [93] exposure times necessary-to-feach the pain threshold as a function of radiation int¢nsity. These
expefimental data were derived from ‘tests given to people who were radiated on the foregarm at room
tempprature. The data indicate that\burns follow the pain threshold fairly quickly. Buettner's data agree well
with those of Stoll and Greene. Tissue damage starts with a burn that resembles a mild sunburn.[As exposure
time pnd/or radiation intensity(increases, the burn progresses to a severe sunburn and with further exposure
into more serious tissue damage.

Table 8 — Exposure times necessary to reach the pain threshold

Radiation intensity Time-to-pain threshold

kW/m?2 (Btu/h-ft2) s
1,74 (550) 60
2;33<(7407 40
2,90 (920) 30
4,73 (1 500) 16
6,94 (2 200) 9
9,46 (3 000) 6
11,67 (3 700) 4
19,87 (6 300) 2
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Since the allowable radiation level is a function of the length of exposure, factors involving reaction time and
human mobility should be considered. In emergency releases, a reaction time of 3 s to 5 s may be assumed.
Perhaps 5 s more can elapse before the average individual seeks cover or departs from the area, which would
result in a total exposure period ranging from 8s to 10s. In evaluating the emergency procedures,
consideration may also be given to an exposed individual becoming incapacitated during an attempt to exit the
area.

As a basis of comparison, the intensity of solar radiation is in the range of 0,79 kW/m2 to 1,04 kW/m?2
(250 Btu/h-ft2 to 330 Btu/h-ft2) depending on geographical location and time of year. Solar radiation can be a
factor for some locations, but its effect added to flare radiation has only a minor impact on the acceptable
exposure time.

The flare owpher/operator shall determine the need for a solar-radiation-contribution adjustment to thé vplues
given in Table 9 on a case-by-case basis. While an adjustment of 0,79 kW/m?2 to 1,04 kW/m?2 (250Btu/hift? to
330 Btu/h-ft2) to a 6,31 kW/m2 (2 000 Btu/h-ft2) level has a relatively small impact on flare cost, the pame
adjustment tp a 1,58 kW/m2 (500 Btu/h-ft2) level results in a significant increase in cost. This ‘determination
can include, pmong other things, an analysis of the frequency of maximum radiation flaring, lthe probability of
personnel or[the public being near the flare during a maximum flaring incident, the probability of the sup and
flame being pligned in such a manner as to have additive intensities and the ability of the personnel ¢r the
public to avo|d or move away from the exposure.

Table 9 — Recommended design thermal radiation for personnel

Permissiblg design level

K Conditions
kW/m2 (Btu/h-ft2)
9,46 (3 000) Maximum radiant heat intensity at _any location where urgent emergency actign by

personnel is required. When persorinel enter or work in an area with the potential for
radiant heat intensity greater than-6,31 kW/m?2 (2 000 Btu/h-ft2), then radiation shiglding
and/or special protective apparel (e.g. a fire approach suit) should be considered.

SAFETY PRECAUTION —\lt-is important to recognize that personnel with appropriate
clothing @ cannot tolerate thermal radiation at 6,31 kW/m?2 (2 000 Btu/h-ft2) for more
than a few seconds.

6,31 {2 000) Maximum radiant heat intensity in areas where emergency actions lasting up to 30 $ can
be required by personnel without shielding but with appropriate clothing @

4,73 {1 500) Maximum-~radiant heat intensity in areas where emergency actions lasting 2 min to B min
can be-required by personnel without shielding but with appropriate clothing 2

1,58((500) Maximum radiant heat intensity at any location where personnel with appropriate clotling 2
can be continuously exposed

@  Appropriate clothing consists of hard hat, long-sleeved shirts with cuffs buttoned, work gloves, long-legged pants and work ghoes.
Appropriate clofhing minimizes direct skin exposure to thermal radiation.

Flare system ‘design and plant equipment layout should minimize the need for operator attendancg and
equipment installed in Tocations of high radiant heat intensity.

The design of towers or other elevated structures exposed to flare radiation should consider radiation effects
on the ability to safely egress. If personnel exposure to radiant heat exceeds the guidelines provided above,
then shielding or other protection should be considered. It is often most effective to accomplish this by locating
ladders and platforms on a side away from the flare.

Personnel are commonly protected from high thermal radiation intensity by restricting access to any area
where the thermal radiation can exceed 6,31 kW/m2 (2 000 Btu/h-ft2). The boundary of a restricted access
area can be marked with signage warning of the potential thermal radiation exposure hazard. Personnel
admittance to, and work within, the restricted access area should be controlled administratively. It is essential
that personnel within the restricted area have immediate access to thermal radiation shielding or protective
apparel suitable for escape to a safe location.
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Another factor to be considered regarding thermal radiation levels is that clothing provides shielding, allowing
only a small part of the body to be exposed to full intensity. In the case of radiation emanating from an
elevated point, standard personnel protective measures, such as wearing of a hard hat, can reduce thermal
exposure.

There are practical differences between laboratory tests and full-scale field exposure [70]. [94]. Heat radiation is
frequently the controlling factor in the spacing of equipment such as elevated and ground flares. Table 9
presents recommended design total radiation levels for personnel at grade or on adjacent platforms. The
extent and use of personal protective equipment can be considered as a practical way of extending the times
of exposure beyond those listed.

boundaries,

The effects of thermal radiation on the gpnpral pnhlir‘y who can be m(pnepd ator hpynnd the plan

shou

Each

d be considered.

company may select the radiation level to which personnel can be exposed, either forn a’sho

rt duration or

continuously. Table 9 is provided to guide companies in making this decision. However, many factors can
influgnce the radiation levels to which personnel may be continuously exposed. The-“following|are some of
thesq factors:

a) environmental: Wind and ambient temperature can influence the @mount of radiation @ person can

b)

c)

withstand.
dlesign: Factors such as orientation of the work place with respect to the flare &nd shielding
can both impact on personnel radiation exposure.
fraining: Properly trained workers wear appropriate clothing and know how to react to
changing situations. For example; it 'can be safe to work with the wind| blowing in a
certain direction but unsafe if there is a drastic wind shift.
It is ¢xpected that each company evaluate the impact of these factors to determine a safe levgl of radiation

exposure for their personnel.

6.4.2
for p

3.2 In most cases, equipment can-safely tolerate higher degrees of heat density than t
prsonnel. However, if any items vulherable to overheating problems are involved, such as

matefials that have low melting points (€.g. aluminium or plastic), heat-sensitive streams, flamn
spacgs and electronic or electricaltequipment, then the effect of radiant heat on them migh

evall

tempgrature for comparison withyacceptable temperatures for the equipment [941.

6.4.2
flame

3.3 A common approach to determining the flame radiation to a point of interest is to
to have a single‘radiant epicentre and to use the following empirical equation by Hajek an

Equation (24) maybe. dsed for both subsonic and sonic flares, provided the correct F factor is use

where

nose defined
construction
hable vapour
need to be

ated. If an evaluation is neCéssary, a heat balance can be performed to determine the resuyilting surface

consider the
i Ludwig 8],
d.

(24)

D is the minimum distance from the epicentre of the flame to the object being considered,

metres (feet);

r is the fraction of the radiated heat transmitted through the atmosphere;

NOTE Refer to C.3.6.3 for further information on the use of z.

F is the fraction of heat radiated;

O is the heat release (lower heating value), expressed in kW (Btu/h);
K s the radiant heat intensity, expressed in kW/m?2 (Btu/h-ft2).
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A discussion of the single-epicentre equation, Equation (24), and its terms together with a review and
comparison of a number of interpretations of the method can be found in reference [88l.

The F factor allows for the fact that not all the heat released in a flame can be transferred by radiation.
Measurements of radiation from flames indicate that the fraction of heat radiated (radiant energy per total heat
of combustion) increases toward a limit, similar to the increase in the burning rate with increasing flame

diameter.

F factor data from the U.S. Bureau of Mines [9%] for radiation from gaseous-supported diffusion flames are
given in Table 10. These data apply only to the radiation from a flame from subsonic flares. If liquid droplets of
hydrocarbon larger than 150 ym in size are present in the flame the values in Table 10 should be somewhat
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t velocity and flare-tip design can also influence the F-factor.

are presented in Annex C for considering radiation levels. The example in C.2 .s/the §|
t has been used for many years. It uses Figures 7 and 8 to determine an estimated‘flame Ie
the flame in the direction the wind is blowing. The wind effect is obtained from,Figure 9,
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X hgat release, expressed in watts
Y flame length (including any lift-off), expressed in\metres
1 fdel gas (508-mm stack)
2 Ajgerian gas well
3 catalytic reformer — recycle gas (610-mm stack)
4  catalytic reformer — reactor effluent'gas (610-mm stack)
5 dehydrogenation unit (305-mm stack)
6 hydrogen (787-mm stack)
7 hydrogen (762-mm stack)
NOTH 1 This figure was converted from Figure 8.
NOTHB 2  Multiple’points indicate separate observations or different assumptions of heat content.
Figure 7 — Flame length versus heat release — Industrial sizes and releases (Sl uvrits)
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NOTE Multiple points indicate separate observations or different assumptions of heat content.
Figufre 8 — Flame length versus heat release — Industrial sizes and releases (USC units)
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Figure 9 — Approximate flame distortion due to lateral wind on jet velocity from flarg stack
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Table 10 — Radiation from gaseous diffusion flames

Gas Burner diameter Fraction of heat
cm radiated
Hydrogen 0,51 0,095
0,91 0,091
1,90 0,097
4,10 0,111
8,40 0,156
20,30 0,154
40,60 0,169
Butane 0,51 0,215
0,91 0,253
1,90 0,286
4,10 0,285
8,40 0,291
20,30 0,280
40,60 0,299
Methane 0,51 0,103
0,91 0,116
1,90 0,160
4,10 0,161
8,40 0,147
Natural gas 20,30 0,192
(95 % CHy) 4060 0,232

Several formulas for calculating flame length and approximating flame tilt are presented il the
literature [701{[94], [96], [97], [98] Each formulathas its own special range of applicability and should be used with
caution, particularly since the combined impact of several factors (radiation, radiant heat fraction, flame Iength
and centre apd flame tilt) shall be congidered.

The examplg in C.3 is another approach to calculating the probable radiation effects, using the more recent
method of Brizustowski and Samer [94l. The principal difference between these methods is the location ¢f the
flame centre] The curves and graphs necessary to simplify the calculations are included in Annex C.

There are other methoedstthat can be utilized to calculate radiation from flares. More sophisticated model§ that
consider winfd velogity; exit flare gas velocity, flame shape and flame segmental analysis can be appropriate
for special cgdses; especially with large release systems.

Most flare mantfacturers—have dcvv.-;:upcd plUpl;Ctaly radiation programs based—on UIIIp;I;bd: valtes. The
F factor (fraction of heat radiated) values used in these programs are specific to the equations used, and
might not be interchangeable with the F factor values used in Equation (24). These programs have not been
subject to review and verification in the open literature. The user is cautioned to assess the applicability of
these methods to his or her particular situation.

6.4.3 Combustion methods

6.4.3.1 General

Disposal of combustible gases, vapours and liquids by burning is generally accomplished in flares. Flares are
used for environmental control of continuous flows of excess gases and for large surges of gases in an
emergency. The flare is usually required to be smokeless for the gas flows that are expected to occur from
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normal day-to-day operations. This is usually a fraction of the maximum gas flow, but some environmentally
sensitive areas require 100 % smokeless or even a fully enclosed flare. The smokeless burning expectations
should be explicitly defined. Attempts to shortcut the establishment of factually based smokeless burning
requirements by setting the smokeless flow rate as a percentage of the maximum emergency flow rate can
lead to disappointment or needless expense.

Various techniques are available for producing smokeless operation, most of which are based on the premise
that smoke is the result of a fuel-rich condition and is eliminated by promoting uniform air distribution
throughout the flames (see 6.4.2.2). In 6.4.3.2 is provided a description of the most common techniques
employed for providing smokeless operation. In addition to smokeless operating requirements, stricter flaring
regulations (federal, state and local) are constantly evolving and, in most areas, typically include low noise
levelsimits-on-smeking—reliefs—continuous—pilotmenitering-andlimits-on-tip-exit-velocities-anrd-minimum heat

contgnt of the flare gas. Current regulations should always be consulted for detailed flaring requirgments.

6.4.3]2 Flare systems designs

6.4.3]121 Smokeless operation is normally the overriding requirement when designing the burper for a flare

systel
utility

m. Almost every flare design is aimed at inducing smokeless operation under a certain set g
tavailability conditions. To promote even air distribution throughout the flames (and thus pr

form
bein

systgm through another medium, such as injecting high-pressure steam, compressed air or

blow
flare
syste

tion), energy is required to create turbulence and mixing of the combustion air within the fla
ignited. This energy can be present in the gases, in the form of pressure, or it can be e

r air into the gases as they exit the flare tip. To create conditions favourable for smokeless
designs range in complexity from a simple open pipe with an ignition source to integrated
ms with complex control systems. In 6.4.3.2.2 and 6.4.3.2:3 is a short summary of the n

f flare-gas or
event smoke
egasasitis
erted on the
low-pressure
combustion,
staged flare
ost common

typeq of flaring systems.

6.4.312.2 The simplest flare-tip design is commonly referred to as a utility or pipe-flare tip and g¢an consist of
little more than a piece of pipe fitted with a flame. retention device for flame stability at higher gxit velocities
(the Ypper portion is typically stainless steel to endure the high flame temperatures) and a pilot fgr gas ignition.
This plain design has no special features to pretént smoke formation, and consequently should npt be used in
applications where smokeless operation is.required, unless the gases being flared, such as| methane or
hydrggen, are not prone to smoking. Flare tips of this style should include a flame-retentign device (to
increase flame stability at high flow rates) and one or more pilots (depending upon the diametger of the tip).
Windshields or heatshields are usually added on flare tips to reduce flame lick on the outside ¢f the tip. An
inner| refractory lining is also common with larger diameter tips to minimize thermal degradatign caused by
internal burning at low rates (known as burnback).

6.4.3
can |
inject
three
flamsg

2.3 Flare tips thatdse steam to control smoking are a common form of smokeless flare tip. The steam
e injected through-a single pipe nozzle located in the centre of the flare, through a serieq of steam/air
ors in the flare§. through a manifold located around the periphery of the flare tip or a combination of all
as appropriate for a particular application [see Figures 10 a) and 10 b)]. The steam is injgcted into the
zone to ereate turbulence and/or aspirate air into the flame zone via the steam jets.

This
condlfti
shift | yefrogen, which
is more easily burned Propnetary tip deS|gns that offer unique steam |nject|on methods and varying resultant
steam efficiencies are available from various manufacturers.

The amount of steam required is primarily a function of the flare-gas composition, flow rate, and steam
pressure and flare-tip design (see Table 11). Although steam is normally provided from a supply header at a
gauge pressure of 700 kPa to 1 000 kPa (approx. 100 psi to 150 psi), special designs are available for utilizing
steam-gauge pressure as low as 200 kPa (approx. 30 psi). The major impact of lower steam pressure is a
reduction in steam efficiency during smokeless turndown conditions.
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Figure 10 — Steam-injected smokeless flare tips
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Table 11 — Suggested injection steam rates

Gases being flared Steam required @
kg (Ib) of steam per kg (Ib) of hydrocarbon gas
Paraffins
Ethane 0,10t0 0,15
Propane 0,25t0 0,30
Butane 0,30 to 0,35
Pentane plus 0,40t0 045
Olefins
Ethylene 0,40 to 0,50
Propylene 0,50 to 0,60
Butene 0,60 to 0,70
Diolefins
Propadiene 0,70 to 080
Butadiene 0,9040 1500
Pentadiene 11040 1,20
Acetylenes
Acetylene 0,50 to 0,60
Aromatics
Benzene 0,80 to 0,90
Toluene 0,85 to0 0,95
Xylene 0,90 to 1,00
@  The suggested amount of steam that should be injected into the gases being flared in order to promote smpkeless
burning (Ringlemann 0) can be determined from this table. The given values provide a general guideline for the fuantity
of steam required. Consult the flare-vendor for detailed steam requirements.
In co|d climates, an internal steam nozzle can cause condensate to enter the flare stack and h¢ader, collect
and {reeze. In some instances, this has resulted in complete blockage of the flare stack or flare header.
Thergfore, consideration’should be given to supplying steam to an internal steam nozzle through|a separately
contrplled steam line'so that it can be turned off in cold conditions.
6.4.3]12.4  High-pressure air can also be used to prevent smoke formation. This approach is less common
becalise compressed air is usually more expensive than steam. However, in some situatipns with low
smokKeless capacities, it can be preferable, for example, in arctic or low-temperature applicationthere steam

can freéze and plug the flare tip/stack. Also, other applications include desert or island installptions where
there is a shortage of water for steam, or where the waste-flare gas stream reacts with water. The same
injection methods described for steam (6.4.3.2.3) are used with compressed air. The air is usually provided at
a gauge pressure of 689 kPa (100 psi) and the mass quantity required is approximately 200 % greater than
required by steam, since the compressed air does not produce the water-gas shift reaction that occurs with
steam.

6.4.3.2.5 High-pressure water, while quite uncommon, is also used to control smoking, especially for
horizontal flare applications and when it is necessary to eliminate large quantities of waste water or brine. One
Ib (0,45 kg) of water at a gauge pressure 350 kPa to 700 kPa (approx. 50 psi to 100 psi) is usually required for
each 0,45 kg (1 Ib) of gas flared. Freeze protection is required in cold climates and, because of the difficulty in
controlling the water flow at low flaring rates, usually requires a staged water-spray injection system.
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6.4.3.2.6 A low-pressure forced-air system is usually the first alternative evaluated if insufficient on-site
utilities are available to aid in producing a smokeless operation. The system creates turbulence in the flame
zone by injecting low-pressure air supplied from a blower across the flare tip as the gases are being ignited,
thus promoting even air distribution throughout the flames. Usually, air at a gauge pressure of 0,5 kPa to
5,0 kPa (2 in H,O to 20 in H,0) flows coaxially with the flare gas to the flare tip where the two are mixed. This
system has a higher initial cost due to the requirement for a dual stack and an air blower. See Figure 11.
However, this system has much lower operating costs than a steam-assisted design (requiring only power for
a blower). The additional quantity of air supplied by the blower for smokeless operation is normally 10 % to
30 % of the stoichiometric air required for saturated hydrocarbons and 30 % to 40 % of the stoichiometric air
required for unsaturated hydrocarbons.
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a) Guy-supported air-assisted b) High-pressure sonic air-assisted
with ladders/platforms with self-supporting stack
and dual blowers and with KO drum in base

Figure 11 — Typical flare systems
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6.4.3.2.7 A high-pressure system does not require any utilities such as steam or air to promote smokeless
flaring. Instead, these systems utilize pressure energy available within the flare gas itself [typically a gauge
pressure of 35 kPa to 140 kPa (5 psi to 20 psi) minimum at the flare tip] to eliminate fuel-rich conditions and
resulting smoke within the flames. High-pressure system limitations are also present but vary by manufacturer
and nature of design. By injecting the flare gas into the atmosphere at a high pressure, turbulence is created
in the flame zone, which promotes even air distribution throughout the flames. Since no external utilities are
required, these systems are normally advantageous for disposing of very large gas releases, both from the
economics of smokeless operation and the control of flame shape. The individual tips used have relatively
small capacities, and larger system designs can require that many tips be manifolded together. Maintaining
sufficient tip pressure during turndown conditions is critical and often requires that a staging system be
employed to proportlonately control the number of flare tlps in service W|th relat|onsh|p to the amount of gas

- systems can
than 300 tips
m.

jency vents.
isk or similar

All of the preceding descriptions have been for flare equipmentto dispose of exgthermic flare
5; that is, gases that have a high enough heating value [usually greaterthan 74,5 MJ/m3 (20D Btu/Scf) for
i it own without

6.4.3|12.9
re flame and generating turbulence(to assist overall combustion. Usually, the injection
similgr to steam tips, but special high-pérformance tips are used to reduce the amount of assist g
gas is used as the assist gas, typically 0,5 kg to 0,75 kg of assist gas per kilogram of flare ga
basefl on a flare gas consisting of normal paraffinics such as propane and butane. The gas-gaugs
naturpl gas assist is typically 500'kPa (approx. 75 psi) (minimum) with 1 000 kPa (approx. 150 psi) f
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ations, it can
) and build a
ammonia or
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High-pressure fuel gas can also be-used to prevent smoke formation by entraining olitside air into

methods are
as. If natural
5 IS required,
pressure for
referred.

6.4.3|13 Enclosed ground-flares

Groupd flares encompass a broad range of vastly different types of flare systems. In general, an
tips ¢or systems discussed in 6.4.3.2 can be mounted atop an elevated stack or mounted at| grade. With
increasingly sirict requirements regarding flame visibility, emissions and noise, enclosed groumnd flares can
offer the advantages of hiding flames, monitoring emissions and lowering noise. However, the ini{ial cost often

y of the flare

cloud in the event of a fIare maIfunctlon As a result speC|aI safety dlsper3|on systems are usually included in
the ground-flare system. For this reason, instrumentation for monitoring and controlling ground flares is
typically more stringent than for an elevated system. These flares are typically the most expensive because of
the size of the shell or fence and the additional instrumentation that can be required to monitor these key
parameters. Another significant limitation is that enclosed ground flares have significantly less capacity than
elevated flares.

If emissions monitoring is not required, a fenced ground flare system can be designed with very large capacity.
A radiation/wind fence can partially or totally hide the flames from view to a person located near grade. By
restricting the amount of flame visible to a point of interest at grade level locations, it is possible to greatly
reduce the external radiation load from the flare. Fenced ground flares frequently use multiple, high-pressure
burners to obtain smokeless performance at firing rates that cannot normally be handled smokelessly by
elevated flares.
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6.4.3.4 Elevated flares

The most common type of flare system currently in use is an elevated flare. In these systems the flare tip is
mounted atop the stack, which reduces ground-level radiation and improves the toxicity-dispersion profile.
There are three common stack support methods:

a) self-supported: Self-supported stacks are normally the most desirable. However, they are also
the most expensive because of greater material requirements needed to ensure
structural integrity over the anticipated conditions (wind, seismic and the like).
They require only enough land area for the foundation and the ability to meet

safe ground-level thermal radiation levels, but are normally Iimited (economically

voarctie aliarsatihvnc) $0 o ctanle ot ~Af BN o $48 QN 1 (S ey, O ft o Q O ft)
veToUuS ull.ulllul.lv\aol OO St Igit O OuU T tO—J0o an \UPPIUI\ l_uu T tO .

See Figure 12 a).

b) guy-wird-supported: These are the least expensive but require the largest land area due/to the guy-
wire radius requirements. The typical guy-wire radius is equal {0 one-half the
overall stack height. Guyed stacks of heights of 180 m to 250,m |(approx. 6090 ft to
800 ft) have been used. See Figure 12 b).

c) derrick-qupported: These are used only on larger stacks where self-suppofted design is not pragtical,
or available land area excludes a guy-wire design.“Some derrick designs Jallow
the flare stack and tip to be lowered to grade on, movable trolleys for inspgction
and maintenance. This self-lowering design 4s\especially useful when multiple
stacks are installed on the same derrick. In4ocations where land is not available,
the multi-flare derrick can be used. See Figure 12 c).

Additional information regarding elevated flares and support strictures and their structural design cgn be
found in API[Std 537.

6.4.3.5 Unassisted pipe flare

An unassistgd pipe flare is used where smokeless\!burning assist is not required. Pilots and a pilot-ighition
system provifle flare flame ignition.

The pipe-flaje tip may have a mechanicaltdevice or other means of establishing and maintaining a gtable
flame. The ignition fire from the gas discharge is initially ignited by interaction with the pilot(s) flames. Once
the pilot lights and the flame stabilizés; the flare should maintain flame stability over the operating design
range. Flame stability for a pipe flaréis primarily dependent upon the selection of the gas exit velocity.

The form of the flame producedsby an unassisted pipe flare is a function of the relief-gas composition and the
gas-exit velofity. At greater,gas-exit velocities, the flame uses the gas-discharge energy to pull combustipn air
into the flame. It produces a shorter, more erect flame that has greater resistance to wind deflections. At Jower
gas-exit velogities, airdsydrawn to the flame by the buoyancy of the heated products of combustion. A bupyant
flame is typidally softer, longer and more affected by wind than a flame that uses higher gas-exit velocities.

Low gas-exi veIocrtles and buoyancy-domlnated flames are preferred for successful combustion of| low-
heating-value relief
gases or for relief gases rich in hydrogen. Because of the hlgh flame velomty, wide flammability range,
buoyancy effects and noise, hydrogen flares require special design considerations. The manufacturer should
be consulted for details.

Flare combustion noise is influenced by gasexit velocity. Increased relief-gas-exit velocity can produce greater
combustion turbulence and higher combustion noise. The highest combustion-noise levels are realized when
a flare tip operates at gas-exit velocities where combustion instabilities occur.

The relief-gas discharging from the flare tip shall occur within the hydraulic design for the flare system (within

the allowable pressure drop and flame combustion velocity limits). It shall be ignited and burned with the
designed flame characteristics.
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Figure 12 — Flare structures

6.4.3.6 Auxiliary flaring equipment
6.4.3.6.1 If used, the purpose of a liquid seal in a flare system includes the following:
— to prevent any flashback originating from the flare tip from propagating back through the flare system;

— to maintain a positive system pressure to ensure no air leakage into the flare system and permit use of a
flare gas recovery system;

— to provide a method of flare staging between an enclosed flare and a full size emergency flare;

— to prevent an ingress of air into the flare system during sudden temperature changes or condensation of
flare gas, such as can occur following a major release of flare gas or following a steaming operation.
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Liquid seals are located between the main knockout drum and the flare stack and are quite often incorporated
into the base of the stack. They are sized for the maximum vapour-release case. When equipment, piping
elevations and other factors permit, liquid-seal volume and seal-leg height should be sufficient to prevent the
seal from being broken as a result of the vacuum formed in the flare header following a major release of flare
gas or steaming operation.

For facilities that have cryogenic products in the flare header, consideration should be given to the effect of
the cold material on the seal liquid medium. Water seals are not recommended where there is a risk of
obstructing the flare system due to an ice plug. Alternate sealing fluids such as glycol/water mixture may be
considered. Alternatively, methods such as heating the seal fluid or draining the seal when cold temperature is
detected have been used.

6.4.3.6.2
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velocitiep can be required to avoid’burnback within the flare tip. The two 180° turns in a buoyancy
can cauge liquid collection in-the seal (see Figure 13) in which case a drain is required. For those
tips that|have a refractoryining, debris from the flare tip refractory can potentially plug the buoyancy
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the air away from the wall. It subsequently encounters the focused purge-gas flow and is swept out of the
tip. This seal normally reduces the purge gas velocity through the tip to between 0,006 m/s to 0,012 m/s
(0,02 ft/s and 0,04 ft/s), which keeps oxygen concentrations below the seal to 4 % to 8 % (approximately
50 % of the limiting oxygen concentration required to create a flammable mixture). Higher purge gas
velocities can be required to avoid burn-back within the flare tip. Caution should be exercised when the

waste-gas stream can contain hydrogen, ethylene or other gases with wide explosive limits. In

such

cases, a higher purge rate can be required to avoid an explosive mixture with air. A hole should be made

in each baffle plate to permit drainage of possible liquids in order to avoid corrosion and/or freezing.

Without either one of these seals, the purge gas velocity in the tip required to prevent air infiltration into the
stack should be determined using the procedure described 7.3.3.3.3.
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CAUTION — Purge-reduction seals are not flame arrestors; that is, they will not stop a flashback. They
are designed as energy-conservation devices to reduce purge-gas flows required to mitigate air
infiltration into the stack. In the event of loss of purge-gas flow (and assuming that there is no other
waste-gas flow) the oxygen level below the velocity type seal will almost immediately begin to
increase. In the case of the buoyancy seal there is a time delay between the moment the purge gas
flow stops and the time the oxygen level below the seal begins to increase.

Buoyancy and velocity seals are typically not applicable to multi-point, staged flares. In staged systems, the
piping downstream of the staging device may be purged with a non-condensable inert gas following each
closure of the staging device.
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Figure 13 — Purge-reduction seal — Buoyancy seal

6.4.316.3" * The following methods of controlling steam (or compressed air, water and so on) for smokeless
flare pontrol are common (many other strategies are possible): T

a) manual operation:

Manual control usually involves remote operation of a steam valve by operating personnel assigned to a
unit from which the flare is readily visible. This method is satisfactory if short-term smoking can be
tolerated when a sudden increase in flaring occurs. With a manual arrangement, close supervision is
required to ensure that the steam flow is reduced following the correction of an upset. Operating costs
can be excessive if monitoring is not timely.

b) television monitoring with manual control:

The philosophy is the same as with manual operation except that a television monitoring system is added
so that control room operators can monitor and control the steam flow more effectively.
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c)

feed forward control system for pressure, mass flow or velocity:

By measuring the amount of flare gas flowing to the flare, the steam rate can be automatically adjusted to
compensate for rate changes. This system might not be desirable if the composition of the gas being
flared varies widely over time (in other words, paraffins to olefins or aromatics, hydrogen, or various
mixtures thereof).

d)

feedback system using an infrared sensor:

Infrared sensors can be used to detect smoke formation in the flames and automatically adjust the steam
control valve to compensate. A disadvantage of this system is that infrared waves are absorbed by

moisture
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rates, fluctuations in either pressure or flow are so minute that very sensitive instrdment
brovide sufficient steam for smokeless combustion while at the same time aveiding W
bntrols shall be carefully sized, precisely adjusted and properly installed to obtain satisfa

h (or other assist media) control is essential if the flare tip is to achievé its maximum rea
ear flame extinguishment. Such operation can be based on the beliéf that it is preferable to

e that it becomes difficult to see. This is not correct. Studies and tests of flare reaction effig
bhed that an over-steamed flare has a lower efficiency than™a: properly operated flare.

steaming carp also increase the noise generated by the flare.
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A\ pilot-ignition panel is an integral part of any flare system utilizing flame-front generatiq
me-front generator fills an ignition line leading from-thé panel to the flare pilot with a flamn
and fuel gas. A spark is then introduced at the panel to ignite the mixture and send a flame

bn when pilot flame-out is detected. Electronicignition systems that do not require flame
bre also used. These systems typically ignite the pilot gas at the pilot itself. The user is advis
selection of the flare ignition system for(the specific application based on experience from s

Beveral methods of pilot monitoring are available, including thermocouples installed withi
bnization monitoring within-the pilot head, and remote acoustic, infrared or optical mor
as shown that thermocouples can fail due to high-temperature exposure. The user should
itoring system on relevant’experience for the specific application. Further details concernin
t-monitoring systems.can be found in API Std 537.

Aircraft warning(lights are usually required only when flare heights are greater than 61 m (2
stack is close-to an airport. The type of lights and number required are usually regu
h should be given to maintenance accessibility in determining the types of lights to use.

Some'\flare systems require a flare knockout drum to separate liquid from gas in the flare sy
ne-maximum amount of liquid that can be relieved during an emergency situation.
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Knockout drums are typically located on the main flare line upstream of the flare stack or any liquid seal. If
there are particular pieces of equipment or process units within a plant that release large amounts of liquid to
the flare header, it is desirable to have knockout drums inside the battery limits to collect these liquids. This
reduces the sizing requirements for the main flare knockout drum, as well as facilitates product recovery.

In general, a flare can handle small liquid droplets. However, a knockout drum is required to separate droplets
larger than 300 um to 600 uym in diameter in order to avoid burning liquid outside the normal flame envelope. If
unit knockout drums are provided upstream of the main flare knockout facilities, these drums may be sized to
separate droplets typically greater than 600 um in diameter. The use of unit knockout drums effectively
reduces the sizing requirement for the main flare knockout drum and facilities. See 7.3.2.1.
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The liquid holdup capacity of a flare knockout drum is based on consideration of the amount of liquid that can
be released during an emergency situation without exceeding the maximum level for the intended degree of
liquid disengagement. This hold-up should also consider any liquid that can have previously accumulated
within the drum that was not pumped out. The hold-up times vary between users, but the basic requirement is
to provide sufficient volume for a 20 min to 30 min emergency release. Longer hold-up times might be
required if it takes longer to stop the flow.

It is important to realize as part of the sizing considerations that the maximum vapour release case might not
necessarily coincide with the maximum liquid. Therefore, the knockout drum size should be determined
through consideration of both the maximum vapour release case as well as the release case with the
maximum amount of liquid.

6.4.3]7 Flaring toxic gases

The flaring of toxic gases requires special considerations. Some information can be obtained from a test
progfamme sponsored by the Environmental Protection Agency (EPA) through the Chemical Manufacturers
Assofiation (CMA). The destruction efficiency for certain combustible toxic material in a properly operated
flare fan be in the range of 98 % [99],

Depgnding upon the gases being flared and the flare design being usedjthe minimum allowable net lower
heatipg value should be in the range of 7,5 MJ/m3 to 11,2 MJ/m3 (200 Btu/Scf to 300 Btu/Scf). If the net lower
heatipng value can drop below this range, a special flare design can be’required. (See 6.4.3.2.8.)

To ensure safe operation during periods when the flare might not have a flame present, |ground-level
concentration calculations for hazardous components should be*performed, assuming the flare Is functioning

as a|vent only. Other safeguards can be necessary to mitigate ground-level exposure hazands. Reliable,
contipuous pilot monitoring is considered critical when flaring toxic gases.

6.4.3|8 Burn pits
Burn|pits normally require excavation or bermed areas to contain liquid hydrocarbons or other pbjectionable

matefials produced by incomplete combustion. Seepage from a poorly designed or maintained|burn pit can
posela threat to groundwater supplies.

6.5 | Disposal to a lower-pressure system

6.5.1| General

Dischjarge of the relieved material to the same or another system at lower pressure can bg a safe and
econpmical method, ‘provided that the receiving system is designed for the additional load.

6.5.2] Sewer

Non-yolatile liquid discharges from pressure-relief devices may be piped to sewer drains, provjded that the
sewefr system has adequate capacity and is properly sealed and vented. Caution should be exerdised to avoid
discharging volatile, toxic or hot fluids into a sewer.

6.5.3 Process

The particular type of process unit selected determines whether a lower-pressure process system exists that
can safely receive material relieved from a higher-pressure system. This is usually true with liquid reliefs (e.g.
liquid relieved from the discharge side of a pump being disposed to the suction side). Selection of the type of
valve used (that is, a balanced or a conventional valve) depends on the back pressure (constant, variable or
built-up) of the lower pressure system.
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6.6 Disposal of liquids and condensable vapours

6.6.1

General

The selection of a disposal system for liquids and condensable vapours, not covered in 6.3 through 6.5, is
determined on the basis of the items covered in 6.6.2 through 6.6.5.

6.6.2 Temperature

6.6.2.1
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a separpte header that terminates in a quench. drum. In this service, quenching can reducg¢ the
temperature of the relief stream and may permit-the use of less expensive materials in downs{ream
equipmgnt. Cooling also condenses some of theless volatile components and can reduce or prevent the
release pf hot condensable vapours to the-atmosphere. A quench drum is a vessel equipped to spray a
quenching liquid down through the hot discharged gases as they pass at reduced velocity through the
drum. The quenching fluid may be water, gas oil, or another suitable liquid. The quenching liquid cdllects
in the bqttom of the drum for subsequent removal.

Pressur%-relief devices that discharge hot condensablediydrocarbon vapours or liquids may be pipefl into

One typ
transitio

b of quench drum is alvertical vessel containing baffles that is connected by a means of a cnical
h to a vent stack or flare. The condensable hydrocarbon material is fed into the drum belov the
baffles. Water is introduced into the drum above the baffles at a rate that depends on the tempeifature
and the pmount of hydsocarbon material being fed to the quench drum. The water spilling over the bpffles
desuperheats and cendenses the hydrocarbon vapour, knocks out entrained hydrocarbon liquid and
cools dgwn the hydrocarbon liquid collected in the bottom of the drum. The uncondensed vapour ang any
steam fqrmed.pass up the vent stack or enter a flare system (see Figures D.2 and D.3).

The submerged discharge system is not extensively used in present day design. Care should be talen in
its use and location when non-condensable gases that can escape to the atmosphere are present.
Cooling of hot liquid and condensation of vapour by submerged discharge in a large body of cold liquid
can have limited utility when considered as a disposal method to a lower-pressure system in the same
process unit. Occasionally, steam is mixed with the effluent in sufficiently large quantities to make the
discharge noncombustible. In this type of design, the pressure-relieving system on a unit that handles
heavy hydrocarbons generally serves a dual purpose: as a disposal system for the pressure-relieving
devices and as a dropout or blowdown system for furnaces and vessels.

The submerged discharge system is a relieving system that terminates in parallel laterals submerged in a
water-filled sump. Holes are cut in the bottom of the laterals throughout their length, imparting downward
flow to the discharged effluent to obtain maximum agitation, cooling and condensing. Provisions shall be
made to maintain a liquid level in the sump while the blowdown system is being used. The discharge is
drained from this sump into a separator, where the oil and condensed vapours are removed from the water.
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c) The use of shell-and-tube heat exchangers or coil-in-box coolers has the merit of separating cooled or
condensed material immediately. In addition, the coil-in-box (emergency box cooler) cooler can remove
some heat, which is desirable in emergencies when no cooling water is flowing.

6.6.2.4 Cold

Low-temperature fluids require considerations similar to those outlined for hot streams, particularly if there is a
possibility of low-boiling liquids entering the disposal system. Autorefrigeration will occur as liquid boils at the
reduced pressure. If the equilibrium temperature is sufficiently low, piping and drums fabricated of materials
designed for low temperature may be required to eliminate the risk of brittle fracture [1001, In such
cwcumstances conS|derat|on should be g|ven e|ther to a completely separate Iow-temperature system or

’ ' rs vented off
the dfum can often be safely comblned W|th other disposal systems if, in the absence of I|qU|d the heat pickup
(of the piping system) from the surrounding atmosphere will prevent temperatures from” dfopping to a
danggrously low level.

6.6.3] Hazardous properties

The gafe disposal of material that has toxic, acidic, alkaline, or corrosive-properties may reqyire chemical
neutrplization, absorption, or reaction in a special disposal system. Dilution-with air or water tq a safe level
may pe satisfactory in some cases.

6.6.4| Viscosity and solidification

In the selection of a disposal system for liquids and condensable vapours, the production of highly viscous or
solid [materials warrants consideration. The design of a disposal system for such materials may| require heat
tracirlg of valves and discharge lines. The formation of ‘gums, polymers, coke, or ice that might|prevent safe
opergtion of the discharge system should also be considered in the design.

6.6.5| Miscibility

Solubpility or miscibility of the material with’water and avoidance of the formation of emulsions should be
considered in the selection of a disposal.system.

7 Disposal systems

7.1 | Definition of system design load

7.1.1] General

7111 Jhe” entire process of developing disposal-system design loads can be a complex process
requifingeinput from process, operations, instrumentation and other engineering disciplines. The disposal-
systgm~boundary includes the piping, vessels and other equipment from the relief-device outlgt to the final
disposatpeirt—Sizing—of-the—disposal-system—ean—impact-the—relief-device—operation—{ies—baek! pressure on

pressure-relief valves, derating, etc.).

71.1.2 Although required relieving rates from individual devices for single-jeopardy events are known, it
is necessary to determine the combined effects on the disposal system, for example

a) loss of cooling water and/or instrument air compressor as a result of loss of power;
b) loss of process reboil heat from a downstream column;

c) loss of instrument air might not cause loss of power; however, loss of power can directly cause loss of
instrument air (e.g. loss of power to air compressor);
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d) instrumentation impacts (favourable or unfavourable) can require complex analysis;

e) load reduction credits.

7113 The following are general steps in establishing disposal system design loads.

a) As a starting point, establish the required relieving loads for the contingencies described in Clause 4 for
each individual relief device discharging into the disposal system. Consider the potential disposal-system
loads from pressure-control valves or emergency depressuring valves.

b) Determine which pressure systems are jointly affected by single contingencies (see 7.1.2).

c) Establish the maximum load into the disposal system during these contingencies (see 7.1.3).

d) Establish the design load for the disposal system (see 7.1.4).

7.1.2 Loads from pressure systems

The contingd
the system
contingencie
typically con
effects.

Particular stiidy is required for cases of failure of major utilities, such*as power or cooling medium. H

failure and tq
entire plant
failures. This
the failure of
design.

Interaction of
steam, heati
heating-med
plant-wide fa

makeup fromy an uninterrupted source a@r'when multiple-compressor-source supplies are provided. Faill
er to electronic or electri¢al instruments may also be considered, although credit can be givén for

the plant pow
sufficiently re

To define the
estimated. A
impact area
analysis can
of facilities,
barriers.

ncies to be considered in defining relieving requirements are discussed.in Clause 4. To ¢
oad, it is not necessary to assume the simultaneous occurrenceg“of’two or more unre
5. For example, an inadvertently closed valve at the same timega* utility failure occurs i
sidered. Therefore, the analysis should focus on individual initiating events and the res

tal failure of electrical power, steam, cooling medium; heating medium and instrument air
should be considered. There are cases where pardial failures result in higher loads than
type of study, with reference to electrical-powerfailure, commonly results in a design bas
one bus, although loss of an entire distributioh centre or of the incoming line can gover

utilities should also be considered. Forexample, loss of power can lead to loss of instrume
g medium and/or cooling medium:xThe most common basis for analysing cooling-medit
um failure is the failure of the entire-supply. Instrument-air failure is commonly considered tg
ilure unless conditions exist that allow the air supply to continue, such as when auto

liable backup power stpplies (e.g. uninterruptible power supply).
combined relieving loads under fire exposure, the probable maximum extent of a fire shod
s frequently-limited to a ground area of 230 m2 to 460 m2 (2 500 ft2 to 5 000 ft2). A more de

show a staller fire-impact area. This detailed analysis includes consideration of the actual |
the location of sources of combustibles, the provision of drainage and the effects of n

efine
lated
S not
ltant

artial
to an
total
ed on
h the

nt air,
m or
be a
matic
re of

Id be

5 a conservative.approach, in the absence of any other governing factors, consideration of a fire-

failed
hyout
ptural

Facilities tha
produced wh

T handle only flammable gases can be assumed 0 generate more localized fires than
en the release of flammable or combustible liquids results in a pool fire.

7.1.3 Establishing design load for the disposal system

hose

The maximum potential load should be calculated for each common-mode event by adding up the individual
system loads that would result during that contingency. For a common-mode event, it is necessary for the
designer to determine the loads for each individual system including, as applicable, pressure-relief devices,
emergency depressuring valves and/or other control valves (e.g. pressure-control vent valves). It is important
to recognize that systems with pressure-control valves and/or depressuring valves, can maintain the pressure
below the opening pressure of a pressure-relief device. In such cases, it is not necessary to include the load
from the pressure-relief device in the flare load in addition to that from the pressure-control valves and/or
depressuring valves. Note that in these cases the resulting disposal-system load from the pressure-control
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valve or the emergency depressuring valve can be larger than the calculated load for the pressure-relief
device. For example, reboiler temperature pinch at full relieving pressure results in no relief load but the
pressure-control vent valve opens at a pressure where the reboiler can still generate a vapour load to the
disposal system.

The maximum flow through an emergency depressuring valve or pressure-control valve is limited by the
maximum expected pressure upstream of the valve at the moment it is first opened. The designer shall
determine this maximum expected pressure by reviewing the scenarios in which the emergency depressuring
valve or pressure-control valve is opened. If the scenario involves vessels reaching pressure-relief-valve set
pressure or full relieving pressure prior to opening the emergency depressuring valve or pressure-control
valve, then these pressures should be used as the design basis. If the scenario is such that no abnormal
press
then
that 1
conn

To—CXxpTotTT

he maximum normal operating pressure is likely be used as the design basis. It is important
eclosable pressure-relief devices might not have an additive load contribution to pressure-g
bcted to the same vessel or equipment.

to recognize
ontrol valves

If thq
equig
entra
carry

capacity of a vapour-depressuring valve exceeds the normal vapour flow rate within the protected
ment or if the depressuring rate is additive to normal flows within the equipment, considerable liquid
nment can occur. Therefore, disposal systems for depressuring valves should generally proyide for liquid
bvers.

The disposal-system design basis is not necessarily based on the:r maximum mass load, be

cause of the

influgnce of fluid properties. For example, the flow that imposes the-greatest head loss in flowing through the
system might not be the highest mass flow. Thus, a flow of 12,6 Kg/s”(100 000 Ib/h) of a vapour \Iith a relative
molegular mass of 19 at a temperature of 149 °C (300 °F) develops a greater head loss and is a greater “load”
than @ flow at 18,9 kg/s (150 000 Ib/h) of a vapour with a relative molecular mass of 44 at a temperature of
38 °Q (100 °F). Also, different scenarios may set the designbasis for individual components such as laterals,
knockout drums, flare stack, etc.

7.1.4] Refinement of the disposal system design load

7141 General

Ther¢ are several techniques that can be applied to establish a disposal-system design load that is less than

7.1.4{2

barticularly in

bak loads to
bd as a peak
ad modelling
onsiders the
one system
r major utility

failurg) not all affected pressure systems reach full relieving conditions at the same time, and ng

t all affected

systems are able to sustain their loads for the same duration. Dynamic-system load modelling can require
more sensitivity studies than individual-system dynamic modelling because the combined peak load for the
disposal system might not necessarily occur during the peak load of an individual pressure system.

7.1.4.3 Load reduction credits

Load reduction credits include HIPS (see Annex E), operator intervention, basic process control, etc. As
stated in 4.2, credit for some favourable instrumentation response to reduce disposal-system design loads
may be taken. The decision to exclude a particular load due to the favourable response of instrument systems
should consider the number and reliability of applicable instrument systems. Safety instrumented systems with
high SIL values (see 3.66 and 3.67) are more likely to function than simple instrument trip systems or basic
process control instrumentation. One approach is for the user to determine, based on instrument-system
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reliability, the percentage of these systems that would not function as designed. After doing so, the user then
determines which instrument system is assumed to fail. Typically, the instrument systems that contribute the
highest loads and/or back pressures are assumed to fail. When following this approach, the user should
assess the potential for failure of multiple instrument systems affecting common relief headers to assure an
adequate design.

Consideration may also be given to the capability for and response time available for operator intervention as
a means of reducing system loads. When doing so, the user shall consider what other demands can be
placed on the operator during the upset. Operator intervention credits can have already been taken in
establishing the individual system relief load (see 5.4) and major upsets can require the operator to respond to

many alarm conditions.

The basis fo
design. One
assess the d
contingencie
quantitative

probabilistic

7.2 Syste

7.21

Once the v
correspondin
disposal sys
Clause 6.

In selecting t
where press
vapour disch
beyond thos
liquids that a

Table 12 can
should be us

[ taking system-relief load-reduction credits should be evaluated carefully to assure an ade

sposal system performance as a whole. This method considers the likelihood of the .overpre
5 and the reliability of the safeguards that reduce or eliminate individual relief loads.
approach calculates the probabilistic disposal-system loads, probabilistic| hydraulics
bquipment overpressures. The system performance is compared to the user's acceptance c

m arrangement

Gengdral

prious combinations of loads have been defined foroall pertinent contingencies and
g allowable back pressures have been determined for allpressure-relief devices, selection
em can proceed. The factors influencing the choice>of the disposal system are discuss|

he arrangement of the disposal system or systems, special attention should be given to situa
Lre-relief devices can discharge flashing liquids or where a combination of cold liquid an
arge can result in vaporization of the liquid:"Such situations can generate additional vapour
e that correspond to the relieving loads (see also 6.6.2.4 for special considerations in har
e capable of auto-refrigeration).

ed in design of laterals and(main header (if applicable).

Tabl¢ 12 — Design basis-for pressure-relief device laterals and disposal system headers

juate

method of assessing the acceptability of system-relief load-reduction credits is to quantitgtively

ssure
This
and

iteria.

the
bf the
ed in

tions
d hot
oads
dling

be used to determine where:the required relieving rate and pressure-relief device rated capacity

Device Lateral/tail pipe Main header (if applicab

[

)

Pop-action, p

lot-operated Telief valve Pressure-relief-valve rated capacity Required relieving rate

Modulating-a

tion pilot-eperated relief valve |Required relieving rate 2 Required relieving rate

Spring-operat

ed relief valve Pressure-relief-valve rated capacity? |Required relieving rate

Rupture disk

stand :Ir\nn) anllirnr{ rnlin\/ing rate © anllirnd rnlin\/ing rate

Buckling pin (

stand-alone) Required relieving rate © Required relieving rate

a

b

Cc

the required rel

Consult the manufacturer, as some types of spring-operated pressure-relief valves can have some modulating capability. In these
instances, the required relieving rate may be used.

The mechanical and hydraulic design of the system should consider that the instantaneous flow rate upon opening can exceed the
required relieving rate, particularly in cases where the relief device is oversized.

The user is cautioned that if the required relieving rate is used for design of the lateral (see 3.41), any process changes that raise

ieving rate can increase the back pressure above the acceptable limits.
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7.2.2 Single-device disposal systems

Where only a single pressure-relief device or a single depressuring valve is connected to the disposal system,
the outlet may also be to the atmosphere, to another system operating at lower pressure or to a local flare.

If the outlet is connected to a lower-pressure system, the allowable pressure drop in the disposal system
should generally be based on the maximum allowable working pressure of the lower-pressure equipment.
However, a reduced back pressure (e.g. normal operating pressure in the lower-pressure equipment) may be
used if it can be shown that (a) none of the contingencies causing a relieving load also overpressure the
lower-pressure equipment and (b) the load (the required relieving rate of the device) imposed by the higher-

pressure-relief device does not result in overpressuring the lower-pressure equipment.

Each| pressure-relief device that vents directly to the atmosphere should normally have an indivi
sized for a relatively high exit velocity; however, the outlet piping should not be smaller than
relieftdevice outlet. The developed back pressure of this system should include all pressure los
exit Ipsses, friction losses and kinetic energy loss.

ijal vent pipe
e pressure-

ses, such as

Pop-action, pilot-operated pressure-relief valves normally have the back pressUre’calculation pased on the

rated| capacity of the valve. The design of the disposal system should be chécked for adequac
condftions. Modulating pilot-operated-type pressure-relief valves generate“loads that are equi
requifed relieving rate for a particular contingency [101]. The initial designof‘the disposal system
minimum, be based upon this required relieving rate.

Typidally, the required relieving rate is used for the flare headér, flare tip and knockout drum

under such
valent to the
should, as a

design with

spring-loaded pressure-relief valves. However, there can be instances where a higher flow rate {han required

can
press
flow

uppe
liquid

e encountered that affects operation of the downstream’equipment. For example, most 5
ure-relief valves discharge 50 % or more of their rated capacity at set pressure. Consequer

-limit flow rate when designing downstream .components such as scrubbers, thermal @
-seal drums.

Some¢ spring-loaded pressure-relief valves have limited modulating capabilities and can initially
capagity; consult the manufacturer to determine if the valve has modulating characteristics.

For 1|
relief
down
be e
desig

Lipture-disk or buckling-pin devices installed as a stand-alone device (i.e., not upstream o
valve), the required relieving rate is typically used to size the piping and the relief device. T
stream equipment, particularly scrubbers and thermal oxidizers, should consider the higher
ncountered based on theupstream pressure at which the relief device opens. The piping
n should also considerthis higher initial capacity.

7.2.3|] Multiple-device disposal system

For disposal 10 a flare or to a remote atmospheric vent stack, combining the discharges from
presqure-relief:devices or depressuring valves is usually economical. The specific arrangement o
and the routing of piping for the multiple-device system is normally a question of minimizing inve

pring-loaded
tly, the initial

ate can be greater than the required relieving ratex-In this case, the rated capacity can bg used as an

xidizers and

vent at rated

f a pressure-
he design of
oad that can

mechanical

a number of
the headers
stment. This

requifes-taking into consideration the system loads, the back-pressure limitations, the requireme

nt for special

materatsand otherdesigmparameters discussedim 7-2-tamd7-2:2:

In a multiple-device system that services a single unit, from the standpoint of economics, safety or other

pertinent factors, it is frequently desirable to isolate certain pressure-relief or depressuring s
involves one or more of the following situations:

a) occurrence of corrosive materials;

b) significant differences in the pressure levels of the equipment connected to the system;

c) pressure relief or depressuring streams that can subject piping to abnormally high or low tem
d) reactive materials (see 6.2.1).
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In defining the header arrangements, consideration should be given to any requirements for separate
shutdowns or separate maintenance on the protected equipment. It is usually not advisable to route pressure-
relief-device headers from one operating area through another area where major maintenance shutdowns are
performed separately. Furthermore, it is usually advisable to be able to isolate headers that serve separate
process areas from the disposal system, rather than to be required to isolate individual pressure-relief devices
within a common process area.

Multiple pressure-relief-device disposal systems that handle combustible vapours should not be used for
venting air or steam during the start-up of process equipment. Any tie-ins of process vents to the multiple-
device system should be accompanied by strict instructions against using such tie-ins for venting air to avoid
flammable mixtures in a system.

Ns. In
not a
iquid
Im, a

Most multipIeL-device systems involve collecting pressure-relief-device discharges from various elevatio
general, latefals and headers should be arranged so that the outlet from each pressure-relief device-is
liquid trap. All collecting piping should be considered subject to the inflow of liquid and should avoid
traps. If it is pot practical to arrange the piping so that laterals and headers drain to a remote knoekout dri

local knocko

for efficient

liquid carryo
mechanisms

If the liquids
avoid solidifi

Ut drum is usually required. It is normally not necessary for this local knockout drum to be
apour-liquid separation at the maximum flow rate, but only for collecting the probable max
er from any devices that can discharge liquids. The use of traps or othefrdevices with ope
should be avoided.

to be handled include water or oil with a relatively high pour point, a-provision should be m3
Cation in the system. Likewise, the introduction of high-viscesity liquids can require prote

sized
mum
ating

de to
ction

against low gmbient temperature, particularly on instrument-impulse lines

7.3 Design of disposal system components

7.3.1 Piping

7.31.1 General

The design df disposal piping should comply with:ISO 15649[2] or other piping codes specified by the owrjer.

NOTE Fgr the purpose of this provision, ASME:-B31.3[21 s equivalent to ISO 15649.

Installation d Bd in

API RP 520-

etails and criteria pertinent’to pressure-relief devices should conform to those specifi
| or 1ISO 4126.

7.3.1.2 Design of relief device inlet piping
ce to
ation

any

The inlet pip
the vessel ng
is to provide
rupture-disk

ng includes-all components and fittings that comprise the flow passage between the entrar
zzle and(the face of the inlet flange of the pressure-relief valve or device. The first conside
full inlet~area as a minimum and evaluate the reduction in relief-valve capacity caused b
Hevices, block valves or other components.

The inlet system shoutd be Self-draining and designed 10 prevent eXcessive pressure 10ss, which causes
chattering with a consequent reduction of flow and damage to pipe joints and seating surfaces. See
API RP 520-II and ISO 4126, which provide guidance on acceptable inlet-pressure losses. Pilot-operated
valves can require consideration of the location of the pressure pickup to ensure proper sensing for stable
operation of the main valve where inlet-pressure loss is excessive. Pressure drop through the burst rupture
disk should be taken into account when calculating the inlet losses to the pressure-relief valve. The pressure-
relief device should also be located as close to the source of pressure as is practicable; oversizing should be
avoided.

API RP 520-II, 1SO 4126 and EN 764-7 provide information on the design of inlet piping for pressure-relief
devices; it is acknowledged that their approaches are different and the user shall specify which standard is to
be used. Several sizing methods have been developed that minimize inlet-piping calculations in most cases
and allow the designer to quickly identify marginal situations [102]. [103],
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In addition to flow considerations, the vessel nozzle and other inlet piping should be designed to withstand
thermal loadings, reaction forces resulting from valve operation, vibration, dead weight and externally applied
loadings.

The strength of the inlet piping is less than that of the valve because the inlet piping has a smaller section
modulus. Any moments created by loads applied to the outlet flange and by the reactive force of the
discharging fluid transmit bending stresses and rotational forces to the inlet piping. Design for reactive force is

discussed in APl RP 520-11 and ISO 4126.
7.3.1.3 Design of relief device discharging piping
7.31 Ack pressure

overy
the v
back

g piping
i h can exist or be developed at any point in the system) shall not reduce the relieving capa

ressure-relieving devices below the amount required to protect the corresponding

ressure. Thus, the effect of superimposed or built-up back pressure on the operating cha
plves should be carefully examined. The discharge piping system should be designed so tha
pressure caused by the flow through the valve under consideration does notyeduce the c3

that equired of any pressure-relief valve that can be relieving simultaneously. Whére conventio

relief
apprd

valves are used, the relief manifold system should be sized to limif the built-up back
ximately 10 % of the set pressure of each pressure-relief valve that can be relieving

Additjonally, the effect of superimposed back pressure from other valves upon the set pressu

cons

With
used
50 %
API R
the b
owns

dered.

balanced pressure-relief valves (bellows, piston or pilot-opérated), higher manifold presg
The capacity of these balanced valves begins to decrease when the back pressure excq
of the set pressure due to subsonic flow and/or physical responses to the high back presq
P 520-1 or ISO 4126 and/or to manufacturer’s curves-for the effects of this back pressure.
ack pressure should not exceed the rating tabulated in API Std 526 or ISO 4126 as spsg
r, which can be lower than the outlet flange rating:

When discharge manifolds and relief headers afe sized, the relief contingency that produces the

city of any of
essels from
acteristics of
t the built-up
pacity below
nal pressure-
pressure to
concurrently.
e should be

ures can be
eds 30 % to
ure. Refer to
Additionally,
cified by the

reatest back

presqure should be identified. Any single:telief contingency may involve several pressure-r¢lief devices.
Typidal relief contingencies that may be_considered include cooling water failure, power failure and instrument
air fallure.

The @lesign of pipe anchors and-supports on discharge manifolds can require special consideradtion. Sudden
changes in flow rate and temperature can produce large reaction forces; if liquids are present in the relief

calculated W|th the smgle source (the relief or depressurlzatlon deV|ce) as the only source discharging into the
disposal system. Due to pressure drop in the tail pipe, the maximum velocity should be calculated at the end
of each pipe diameter (if the diameter varies).

Common header systems and manifolds in multiple-device installations are generally sized based on the
worst-case cumulative required capacities (instead of rated capacities) of all devices that can reasonably be
expected to discharge simultaneously in a single overpressure event (in other words, for certain scenarios, it
can be appropriate to assume some level of favourable instrument and/or operation response). See
API RP 520-I for information regarding rated capacities. Causes of overpressure events are discussed in
Clause 4; required relieving capacities for various events are discussed in Clause 5. If process conditions
change and dictate a higher required cumulative capacity from the initial design, the common header system
should be re-evaluated.
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cannot be expected to cover all installations. Good engineering judgment should be applied to

select the flow basis most appropriate to each case.

In designing

vapour depressuring systems, precise pressure-drop calculations are usually not necessary. The

only limits on built-up back pressure, in addition to those mentioned above, are as follows.

a)

b) Any sou

when its
c)

When the m

back pressuie has been defined (as determined by the type of valves in the system and the applicable d

requirementg

used to calcylate the size of discharge piping when the flow conditions are known. These-range from tre

the flow as i
afforded by t
permit the us
methods are

7.3.1.3.2
The progran
pressure-reli
drum, flare s
mounting fla
Multiple-relig]
typically use
gases or va
options to g
pressure, for
pressure-reli
phase flow
homogeneo|
adjustment i
headers. Cri
thermodynan

For less com
can be empl
heat capacit
nodes in the
isothermal o
flow in the sy

7.3.1.3.3
select a man
of any prefer

Back-flop

The ratings of fittings exposed to back pressure should not be exceeded.

rce that can reasonably be depressurized concurrently should be capable of entering the header
depressuring valve is opened.

Aximum vapour-relieving requirement has been established and the maximum allowable” h¢ader
sign
), the selection of line size is then reduced to fluid-flow calculations. Several ¢nethods can be
ating
sothermal, with appropriate allowances for kinetic energy effects, to the mére-rigorous solytions
ne adiabatic approach. A number of methods listed in the Bibliography under the heading “P|ping”
er to select the method best suited to his needs. In the absence of anypreference, the follpwing
recommended.

Beveral commercial relief-system network-flow simulation progfams are available to the des
s allow the user to model a complex flare system, including pressure-relief-device inlet p
bf devices, pressure vents, outlet tail piping, flare laterals,-main flare header, knockout drum| seal
tack and flare tip. Hydraulic capacity of modern flare\tips is not directly discernible from the
nge size alone. Consult the flare vendor for flare-tip-capacity. See API Std 537 for more dé¢tails.
f scenarios can be studied by alternating the devices that are allowed to flow. The programs
a steady-state equation of state to predict the-properties of the fluid in the relief systen]. For
bours, both isothermal and adiabatic flow models are usually available. Additionally, therg are
onsider heat transfer (i.e., conditions between adiabatic and isothermal). Discontinuities in
gases, vapours and two-phase fluid,.dué to critical-flow conditions at restrictions such as the
pf device outlet and the tail pipe outlets shall be taken into account by the program. For two-
conditions, typically a two-phase (préssure-drop method, such as Beggs and Brill [104] dr the
s equilibrium method (see 7.3.1.3.5) may be used. The Beggs and Brill method should haye an
h the acceleration term wheére necessary, due to the high velocity frequently found in| flare
ical flow conditions are typically handled by assuming homogeneous flow and applying pasic
nic relationships.

gner.
ping,

plex systems handling gases or vapours, spreadsheet models or other user-developed mpdels
byed to size and verify the relief system. A typical model of this type uses mass flow, density and
y relationships~to calculate the flow, temperature and physical properties of the relief fldi
system. Fhe pressure at various points is calculated using a compressible flow model (¢
adiabatic). It is important that the model also check for pressure discontinuities due to
stem{Marious relief scenarios can be evaluated by changing which inputs are active.

ual method to calculate the back pressure for gases and vapou
ence, the methods described in the remainder of this subclause are suggested.

Vapour flow in relief-discharge piping is characterized by rapid changes in density and velocity; consequently,
the flow should be rated as compressible. Several methods for calculating the size of discharge piping have
been developed using isothermal or adiabatic flow equations. Actual flow conditions in relief systems are
normally somewhere between isothermal and adiabatic conditions. For most cases, the slightly more
conservative isothermal equations are recommended; however, the adiabatic flow equations can be
preferable for some less-common applications (e.g. cryogenic conditions).
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The sizing of relief-discharge piping can usually be simplified by starting at the system outlet, where the
pressure is known, and working back through the system to verify acceptable back pressure at each pressure-
relief device. Calculations are performed in a stepwise manner for each pipe segment of constant diameter.
The isothermal flow equation based on inlet Mach numberl109] is as given in Equation (25):

2 2
L] [1—[QJ ]—m(ﬂ] (25)
Ma12 P P2

The equation can be transposed to Equation (26) for outlet Mach number:

= SI RG]

~

~|

wherg
¥ is the Moody friction factor, dimensionless;
is the equivalent length of pipe, expressed in metres (feet);
q is the pipe inside diameter, expressed in metres (feet);

Ma, is the Mach number at pipe inlet;
Ma, is the Mach number at pipe outlet;
1 is the pipe inlet absolute pressure, expressed in kilopascals (pounds per square inch);

oo is the pipe outlet absolute pressure, expressed in kilopascals (pounds per square inch].

The isothermal outlet Mach number is given by Equations (27) and (28):

In Slunits:
05
Va, = 3,23x107° | —Im— (ﬂ] (27)
n3 a2 I\ M
In USC units:
05
Ma, = $702x107° | —Im— [ﬂj (28)
pp-d M
where

gm I8 the gas mass flow rate, expressed in kilograms per hour (pounds per hour);
Z is the gas compressibility factor;
T is the absolute temperature, expressed in kelvin (degrees Rankin);

M is the gas relative molecular mass.
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Both graphical and computerized methods have been developed for solving Equations (25) and (26) and
calculating pipe inlet pressure [105]. [106]  Figure 14 is a typical graphical representation of Equation (25). The
figure may be used to calculate the inlet pressure, p,4, for a line segment of constant diameter where the outlet
pressure is known. If the relief system is to be operated at high pressure, the flow may be sonic in some parts
of the system. In those cases, a check should be made to see if the flow is critical. The critical pressure at
the pipe outlet can be determined by setting Ma, = 1,0 (sonic flow) in Equations (27) and (28) resulting in
Equations (29) and (30):

In Sl units:

Perit =3

3 10*5(351\(51fC\Q5

(29)

In USC units

—

Perit =

i

where p;; is

If the critical
greater than
calculated frq

7.3.1.3.4
the method g
nozzle and

critical mass
Equations (3

(a? U M)

]0,5

the critical absolute pressure, expressed in kilopascals (pounds per squate inch).

9m

)

d

zZ-T

702x10_5[ -

the pipe outlet pressure, the flow is sonic and Ma, = 1. Theréfore, the pipe inlet pressure,
m Equation (25) with p, equal to the critical pressure.

A\ rapid solution for sizing depressuring lines is offered in the remainder of this subclause,
eveloped by Lapple [197]. This method employs a theoretical critical mass flow based on an
hdiabatic flow conditions and assumes a known: upstream low velocity source pressure
flux for isothermal flow conditions (i.e. where.vapour k = C,/C, = 1,00) can be determined
1) and (32):

()
ofit]

M
Z-T,

Z-T

In Sl units:
Gei = 6,1
In USC units
Ggi =12
where
Gg is

the critical mass flux, expressed in kilograms perf second-square metre (pounds per se

(30)

pressure is less than the pipe outlet pressure, the flow is subsonic. If the critical pressyre is

using
ideal

The
using

(31)

(32)

cond-

square foot);

kilopascals (pounds per square inch);

Pq

M is

T4 is

Z is
106

the relative molecular mass of the vapour;
the upstream temperature, expressed in kelvin (degrees Rankin);

the compressibility factor.

is the absolute pressure at the upstream low velocity source (see Figure 15), expressed in
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The compressibility factor should be taken at flow conditions and, thus, changes as the fluid moves down the
line with a resulting pressure drop. A stepwise calculation may be employed to allow for this variation. An
accurate solution using this method is tedious, but sufficiently accurate results can usually be obtained by
performing the calculation over relatively large increments of pipe lengths, using an average compressibility
factor over those lengths. Regardless of which equation is used, actual mass flux (G) is a function of critical
mass flux (Gg;), frictional resistance (N), and the ratio of downstream to upstream pressure. These
relationships are plotted in Figure 15. (Similar charts for adiabatic cases with ratios of specific heats of 1,4 and
1,8 have been developed by Lapple [107]) In the area below the diagonal line in Figure 15, the ratio G/G;
remains constant, which indicates that sonic flow has been established. The total frictional resistance for use
with the chart is expressed by Equation (33):

N = f_dl +Y K, (33)
where

N is the pipe frictional resistance factor, dimensionless;

fis te Moody friction factor, dimensionless;

[ is the actual length of the pipe, expressed in metres (feet);

d is the diameter of the pipe, expressed in metres (feet);

K, arethe resistance coefficients of fittings (see Tables 13 and 14),dimensionless.
If a Fanning friction factor is used, Equation (33) reduces to the following expression:

-l
v=all!
4

These methgds assume that there are no enlargements or contractions in the piping and no variation |n the
Mach numbagr that results from a change in area. Coulter [198] provides a more comprehensive treatmgnt of
ideal gas flow through sudden enlargements and-contractions.
Another method of calculating pressure drops for ideal gases at high velocities is the use of Fanno [ines.
Fanno lines @re the loci of enthalpy/entropy*conditions that result from adiabatic flow with friction in a plpe of
constant crogs-section. Fanno lines extend into both supersonic and subsonic flow zones. For relief-disposal
systems, only the subsonic flow is ofsinterest. The use of Fanno lines permits the calculation of pressure frops
for ideal gases under adiabaticor isothermal flow conditions, with the total piping resistance [as a
parameter [1%9]. In general, the“vélocity in gas-discharge piping cannot exceed the sonic or critical velocity limit.
(This limit is shown on Lappfe’s charts [197] or on Fanno lines.)
In most disppsal systems, the gases being handled are not ideal. For gases, deviations from the idedl are
expressed als compressibility factors, which, in turn, are normally correlated with reduced pressurg and
reduced tenperature. For hydrocarbon gases, the compressibility factor is less than 1,0 if the requced
temperature does*not exceed 2,0 and the reduced pressure does not exceed about 6, 0 Since most pre sure-
relief-device disposal-syste A 1,0.

As long as compressibility is less than 1 O the pressure drop caIcuIated for an ideal gas is larger than that
calculated for the same gas incorporating the compressibility factor.

For most applications, the pressure drops that are calculated assuming ideal gases under isothermal flow
conditions exceed those calculated by more rigorous procedures. In any design of a disposal system, the sizing of
piping based on ideal gas flows under isothermal conditions is normally adequate. However, for very high-
pressure or high- or low-temperature situations, the possible effects of deviations from ideality should be checked.

If a rigorous calculation of pressure drop, including the effect of non-ideal behaviour is necessary or desirable,
an incremental or stepwise approach is usually required. It should also be noted that for ideal gases, the
specific heat ratio is equal to the isentropic expansion exponent and is independent of pressure. For non-ideal
gases this is, at best, an approximation. Rigorous pressure-drop calculations should be based on the use of
the real-gas isentropic-expansion exponent and should consider its pressure dependency.
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In any calculation method, the total frictional resistance should include the length of piping and the equivalent
length of all fittings, valves, expansion or contraction losses and any other flow resistances. The frictional
resistance of fittings and some other items in the piping system can also be expressed in terms of K-factors.
Tables 13 and 14 show typical K-factors for pipe fittings and for reducers (enlargements and contractions).

The friction factor, f, enters into all calculations of pressure drop. At high gas-flow velocities, which usually
prevail in the design of disposal systems, the friction factor approaches a constant number that depends only
on pipe size and internal roughness.

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 X
0 >
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0,1 (260 —_—
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Key
X pylp1Apslpy only above diagonal dashed line)
where

p3 is the pressure in the reservoir into which the pipe discharges [101 kPa (14,7 psia) with atmosphere discharge];
p1 is the pressure at upstream low velocity source, expressed in kPa (psia);
p2 is the pressure in the pipe at the exit or any point a distance, L, downstream from the source, expressed in kPa (psia).

Y GIGg
NOTE 1 Equations (31) and (32) are based on adiabatic flow and a vapour k-value (= C,/C,) approaching 1,00. For
adiabatic flow and with a vapour of k = 1,40, the critical mass flux is 12,9 % higher than that calculated with Equations (31)
and (32).

NOTE 2  The area below the diagonal dashed line represents sonic flow.

Figure 15 — Adiabatic flow of k1 = 1,00 (i.e. isothermal flow) compressible fluids through pipes
at high pressure drops
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Figure 15 is used as follows:

a) Calculate N (number of velocity heads) using Equation (33);

b) Calculate p3/p4 or polpy;

c) Calculate G; using Equation (31) or (32);

d) Knowing N and either p5/p4 or p,/p,, obtain G/G; from Figure 15;

e) Calculate G, in kilograms per square metre (pounds per second per square foot);

f)  Calculatg W [the actual flow, in kilograms per second (pounds per second)] as follows:

W =G x Ap
where 4|, is the cross-sectional area of pipe, expressed in square metres (square feet).
Table 13 — Typical K-factors for pipe fittings

Fitting K Fitting K
Globe valve, ppen 9,7 90° double-mitre elbow. 0,59
Typical deprepsuring valve, open 8,5 Threaded tee through run 0,5(|)
Angle valve, ¢pen 4,6 Fabricated tee.through run 0,54)
Swing check yalve, open 2,3 Lateral through run 0,5(|)
180° close-thfeaded return 1,95 90° triple-mitre elbow 0,4¢
Threaded or fabricated tee through branch 1,72 452 single-mitre elbow 0,4¢
90° single-mifre elbow 1,72 180° welded return 0,4
Welded tee through branch 1,37 45° threaded elbow 0,4
90° standard-threaded elbow 0,93 Welded tee through run 0,3
60° single-mifre elbow 0,93 90° welded elbow 0,32
45° |ateral thrpugh branch 0,76 45° welded elbow 0,2
90° long-sweg¢p elbow 0,59 Gate valve, open 0,2
Rupture disk,|subcritical flow 1,62
NOTE 1 Except for rupture-disk data, this table is taken from the Tube-Turn Catalogue and Engineering Data Book No. 211 [14p].
NOTE 2 K gan vary with nominal pipe diameter. The values above are typical only.
a8  K=1,5 hgds been-used successfully for design purposes. Other K values have also been reported [110]. Consult a rupturp-disk
manufacturer f¢r specific data, if required.

Table 14 — Typical K-factors for reducers (contraction or enlargement)

Contraction or enlargement K-factors for various values of d/d’ @
0 0,2 0,4 0,6 0,8
Contraction (ANSI) — — 0,21 0,135 0,039
Contraction (sudden) 0,5 0,46 0,38 0,29 0,12
Enlargement (ANSI) — — 0,90 0,50 0,11
Enlargement (sudden) 1,0 0,95 0,74 0,41 0,11
@  dis the inside diameter of the small end of the reducer; d' is the inside diameter of the large end of the reducer.
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For preliminary studies, it is often necessary to assume K-factors or an equivalent length of fittings, expansion
loops, and the like. Based on actual layouts, these elements can add equivalent length equal to 100 % or
more of the geographical length of the pipe.

Where gas flow velocity in long runs of piping approaches the critical flow limit, it is often economical to
increase the pipe size in steps or progressively along the run. In general, a calculation of pressure drop is
required for each section of uniform size. The piping directly connected to a pressure-relief device should not
be smaller than the size of the outlet flange.

7.3.1.3.5

If the system includes mixed-phase fluids (vapour and flashing or non-flashing liquid), the line

sizing is more complex. Commercial relief-system network-flow simulation programs (see 7.3.1.3.2) generally

use gr-eguaten-ef-statemodetepredietvapouriquid-equilibrivmand-therapplyeatwe-phasefgressure-drop
equation, with an adjustment in the acceleration term due to the high velocity typical in flare lings;|to determine
line gressure loss.
Therg are a number of manual two-phase flashing-flow pressure-drop correlations available (see|Bibliography
itemg under headings “Flashing flow in pipes” and “Flashing flow in valves”). Ong method is hased on the
homageneous equilibrium flow assumption, i.e. equal velocity (no-slip) and equal temperature |n both liquid
and Yapour phases [111]. For the case of a single-diameter, horizontal line, thé Gompressible flow relationship
given| in Equation (34) can be used to determine pressure drop in multi-phase’flow systems:
Ci- 1 Co pn- - 10} 1-0)n+o 1€w)n+w
1-f _ L2 PF; PR M2 zln{( )4 } +n ( )74 (2} (34)
d G -0 (1-w) (1-o)ny+o (VFo)n,+o | ny
wherg
is the total equivalent length of pipe hayving diameter d (including fittings), expresged in meters
(feet);
q is the inside pipe diameter, expressed in millimetres (inches);
¥ is the Fanning friction facter,assumed constant over the length of pipe;
IR is the reference condition absolute pressure, expressed in kilopascals (pounds per square inch);
PR is the reference condition density, expressed in kilograms per cubic metre (pounds per cubic
foot);
; is the mass flux in the pipe, expressed in kilograms per hour-square millimetre| (pounds per
hourssguare inch);
For pressure-relief valve laterals, use G as the relief-valve capacity divided by the pipe cross-
Sectional area. For headers, use G as the required relief load divided by thg pipe cross-
sectional area.
o / dimancianlncc
I‘I _IJ’IIIJR, UITTTOUTTOTUTITO U U,y
15 = polpr, dimensionless;
D1 is the pipe-inlet absolute pressure, expressed in kilopascals (pounds per square inch);
Do is the pipe-exit absolute pressure, expressed in kilopascals (pounds per square inch);
1) is the correlating parameter referenced to pr, pr [see Equation (36)];
Cy is a constant, equal to 2 000 in Sl units (C; = 24 in USC units);
C, is a constant, equal to 0,012 96 in S| units (2,898 x 108 in USC units).

© I1SO 2006 — All rights reserved

111


https://standardsiso.com/api/?name=75c0d2753b5f2745e23f58fd62a68734

ISO 23251:2006(E)

As in the case of gases, the pipe-outlet pressure, p,, depends on whether or not the flow at the end of the pipe
is choked. The pipe-outlet pressure, p,, of a constant-diameter pipe is the higher of the pressure at the exit of
the pipe and the critical choking pressure given in Equation (35):

Q)‘pR
PR

p.=C3-G (35)

where

pe s the critical choking absolute pressure, expressed in kilopascals (pounds per square inch);

C5 is a|constant, equal to 8,784 in Sl units (5,8742 x 10~4in USC units);
and the fefinition of the other symbols is the same as for Equation (34).

If the pressufe at the pipe exit (e.g. atmospheric pressure or other known pressure) is lessythan p., thgn the
flow is chokgd. In this case, replace p, with p. in the 7, term used in Equation (34). Otherwise, the flow |s not
choked so the pipe exit pressure should be used as p, in Equation (34).

The following is a procedure to select the reference conditions for calculating¢o for use in Equationg (34)
and (35):

Step 1) Pefform an isenthalpic flash starting from relieving conditions™0 the maximum expected [back
pressure (pg). In many cases involving multi-phase relief, a balanced bellows or pilot-operated|relief
valye will be required so for a first try let pg ~ 30 % to 50 %:<ef the pressure-relief valve set pregsure.
Let| this pressure be the new reference pressure, pg, and,determine the density of the multi-ghase
mixture. This density is the new reference density, pr

Step 2) Pefform an isenthalpic flash from relieving conditiens to 50 % of the reference pressure, pg,| from
Step 1 or atmospheric pressure, whichever is greater. Assign this pressure as p, and the multi-phase
mixXture density at this pressure as p.

Step 3) Thén

e (pr/P)-1_ (v/r)1
(pr/P)-1 (pr/Pp):+A

(36)

where
v is the spe&cific volume, expressed in cubic metres per kilogram (cubic feet per pound);

vr is the,reference condition specific volume, expressed in cubic metres per kilogram (cubic
feet.per pound).

NOTE THelvalue of @ used in Equations (34) and (35) is NOT the same as that used when sizing the pressurg-relief
valve in accordaree-with-ARHRP-520-1:2008,-Appendib-

Step 4) |If there is a large pressure drop, repeat steps 2 and 3 to obtain additional w-values. Use the
appropriate o, pgr and pg values that most closely correspond to the calculated pressures in each
pipe segment.

Equations (34), (35) and (36) are used to calculate either the upstream pressure (i.e., p4) or the maximum

equivalent length of pipe allowed for the specific relief device. If using the equations to determine the

upstream pressure, then

a) determine wusing Equation (36) and the guidance above;

b) calculate G and determine the critical pressure, p, using Equation (35);
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c) if p, exceeds the outlet pressure p,, then set p, = p.; otherwise use p, directly in Equation (34).
Then, 7, = polpr

d) calculate the Fanning friction factor;

e) solve Equation (34) by trial and error for 774 and then p; = (774'pR);

f)  determine if the selected relief device is appropriate for the calculated p,.

If using the equations to determine the maximum allowed equivalent pipe length for a specific type of

pres

a)

f)

7.31
desid
pipin
enco
temp
systel

The

expa
reliey

sure-relief valve then

q

j

q

etermine the maximum allowed back pressure for the specific pressure-relief valve type\(e.g
ressure for conventional pressure-relief valves, 30 % of set pressure for most) balar
ressure-relief valves (without derating), 50 % of set pressure for most pilot-operated p
alves (without derating). Set this back pressure equal to p4;

etermine o, using Equation (36) and the guidance above;

¢alculate G and determine the critical pressure, p. using Equation (35);

if . exceeds the outlet pressure p,, then set p, = p,; otherwise use p, directly in Equation (34

“hen, 772 =p2/pR

¢alculate the Fanning friction factor;

q

4

olve Equation (34) directly for 1.

3.6 The mechanical design of the disposal system warrants the same attention as that
n of piping systems that handle process fluids. The problems encountered in the design
j from pressure-relief device or depressuring valves are frequently more complex
intered in the design of a process-system, since discharge piping can be subject to a gre
brature, pressure and shock caused’ by the wide range of operating conditions. In addition,
m can, at one time or another, ‘contain any material handled in the process system.

Mmajor stresses to which(the discharge piping of a relieving system is subject are resul
hsion or contraction frem, the entry of cold or hot materials and thrust developed by the disch
ing systems that serve facilities within the scope of this International Standard, temperatur

. 10 % of set
ced bellows
ressure-relief

).

~

given to the
of discharge
than those
hter range of
the disposal

s of thermal
arge fluid. In
PS can range

from than it is for

proce

well below zero_teyseveral hundred degrees. Designing for flexibility is more complicated
ss piping systems because thrust as well as thermal expansion shall be controlled.

Most
full te

situations make it possible to maintain stress levels in relieving systems within allowable limits over the

mperature range by providing guides, anchors and appropriate piping configurations.

Specjal-attention to stresses is recommended if piping constructed of carbon steel can be cooled below its
transition temperature. Cooling can be caused by the entry of coid matertals or by auto-reffigeration, which
occurs when the pressure on low-boiling liquids is reduced. Reference should be made to ISO 15649 for
material specifications, allowable stresses and impact test requirements for carbon-steel piping materials that
can be used for temperatures as low as — 46 °C (- 50 °F). Stress relieving of welded piping systems has
proven beneficial as a supplementary precaution in reducing the risk of brittle fracture of carbon-steel piping
that can operate below its transition temperature. If temperatures below — 46 °C (- 50 °F) are possible, the
usual practice is to construct relief lines of materials that exhibit ductile behaviour at the minimum anticipated
operating temperature.

The design of discharge piping requires careful analysis of the possible imposition of both thermal and
mechanical stresses on the associated pressure-relief devices. The stresses set up in the pressure-relief
devices can cause malfunction or leakage of the devices (see API RP 520-Il). Forces on the device can be
controlled by proper anchors, supports and provisions for flexibility of discharge piping.
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Discharge piping that is supported by the outlet of the pressure-relief device instead of being supported
separately induces stresses in associated pressure-relief devices and inlet piping. Forced alignment of the
discharge piping imposes similar stresses. Discharge piping, including short tail pipes, should be examined,
supported and carefully aligned as requirements dictate. Strains sufficient to cause mechanical failure usually
occur first at the inlet piping; however, moments at much lower levels can cause serious malfunction and
leakage of the pressure-relief device. Stresses can also be imposed on the disposal piping as a result of
reaction forces created when the pressure-relief devices are discharging. Provisions should be made for
anchoring or restraining disposal lines related to these devices where analysis indicates that this is necessary.
A formula for computing reactive loads due to the operation of pressure-relief devices is given in APl RP 520-

Il or ISO 4126-9.

Shock loadin
release of a
points of cha

7.3.1.3.7

discharge pi
should be n
handled is eq
having to cof

Experience |
the design of

What ar
of temp
What ar

a)
b) What ar

Are ther
where a

c)

In general, if

moments are not imposed on the bodies ar the discharge piping of pressure-relief valves. If pressure

devices disc
forces to ens

7.3.1.3.8
lines should
they cool to
be necessary
use of liquid

7.3.1.3.9
following poi

The design of appropriate and adequate anchors, guides and supports for a pressure-reli

hge in direction. Reaction forces can occur at each change of direction in the piping.

pbing system is complex. There are several methods of calculating piping flexibility; refe
ade to ISO 15649 for a background discussion. Once the range of relieving conditions

tablished, the problems are no different from those for most other piping systems, other thar
sider thrust forces.

as shown that it is necessary to carefully consider answers to the-following questions to ¢
a satisfactory system of anchors, guides, and supports.

e the probable combinations of relieving conditions that thexmanifold needs to handle? Wha
p the probable inlet conditions, in terms of thermal mevement, when these reliefs occur?
b the probable magnitude and sources of any liguid slugs?

b any valves that can release large volumes)of high-pressure gas and produce shock loads?
e they located?

is preferable to select anchor paints so that header movements and the resultant forces

harge to the atmosphere, the tailpipe configuration should be checked for discharge rez
ure that it will not be overstressed.

Disposal system piping-should be self-draining toward the discharge end. Pocketing of disc
be avoided. If presstre-relief devices handle viscous materials or materials that can solid
ambient temperature, the discharge line should be heat-traced. A small drain pot or drip le
at low pointsdnlines that cannot be sloped continuously to the knockout or blowdown drum
drain traps-of other devices with operating mechanisms should be avoided.

hts-are not to be taken as definitive or restrictive.

Many ‘'design details and features merit particular emphasis with respect to relieving systems.

dden
gs at

Bving
ence
o be
also

ermit

t sort

prature ranges do these conditions impose, considering~changes in the ambient tempergture?

If so,

and
relief
ction

harge
fy as
j can
. The

The

a)

keep any liquids that flows or develops in the header out of the laterals to each valve.

b)

The laterals from individual relieving devices should normally enter a header from above. This tends to

Laterals that lead from individual valves located at an elevation above the header should drain to the

header. Locating a pressure-relief device below the header elevation in closed systems should be
avoided wherever possible. Laterals from individual devices that must be located below the header
should be arranged to rise continuously to the top of the header entry point; however, means should be
provided to prevent liquid accumulation on the discharge side of these valves.

piping deflections between supports.

114

A slope of 21 mm in 10 m (4in in 10 ft) is suggested for all laterals and headers, taking into account
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Where individual devices are vented to the atmosphere, an adequate drain hole [a nominal pipe size of
DN 15 (NPS %) is usually considered suitable] should be provided at the low point to ensure that no liquid
collects downstream of the device. The vapour flow that occurs through this hole during venting is
generally not considered significant, but each case should be checked to see if the drain connection
should be piped to a safe location. Vapours escaping from the drain hole should not be allowed to
impinge against the vessel shell, since accidental ignition of such vent streams can seriously weaken the
shell.

The use of angle entry, e.g. an entry at 0,79 radian (45°) or even 0,52 radian (30°) to the header axis, for
laterals is much more common in relieving systems than in most process-piping systems. The two main
reasons for this approach are (1) Iower pressure drop (mcIudlng velocny head Iosses) and (2) reduced
eaching sonic,
pressure Iosses or recoveries caused by velocny change can become a significant factpr in system
analysis. These resultant density changes can produce large reaction forces.

he use of block valves to section the header system for maintenance or safety.should beg

justified, the provision for blinding should be studied. In locating sectioning block valves or bli
¢aution should be exercised in their use to ensure that equipment which isyoperating is not
ifs relieving system. If block valves are used in the header system, they-should be mounted

¢annot fail in the closed position (an example would be a gate falling«into its closed position).

considered.

Puch block valves should be provided with locking or sealing devices. Where| block valvgs cannot be

hds, extreme
solated from
so that they
Procedures

should address the possibility of exposing workers to flare gas from a relief scenario that|occurs while
ey are blinding the flare system if there are no isolation valves. In some cases, the hgader can be
operating under a vacuum (stack draft), in which case air can be drawn into the header repulting in the
potential formation of explosive-combustible mixtures.

Drums and seals

Knockout drums

The economics of drum design caninfluence the choice between a horizontal and a Yertical drum.

If a large liquid storage capacity is desired-and the vapour flow is high, a horizontal drum i$ often more
econpmical. Also, the pressure drop across horizontal drums is generally the lowest of all the desjgns. Vertical

knoc
suited for incorporating into the base of the flare stack.

out drums are typically used if.the’ liquid load is low or limited plot space is available. They are well

Although horizontal and vertical knockout drums are available in many configurations, the differences are

mainly in how the path of the yapour is directed. The various configurations include the following:

a)

b)

c)

© I1SO 2006 — All rights reserved

orizontal drum with the vapour entering one end of the vessel and exiting at the top of the ppposite end
no internal baffling);

ertical dfum’ with the vapour inlet nozzle entering the vessel radially and the outlet nozzle|at the top of
]-re vessSeél’s vertical axis. The inlet stream should be baffled to direct the flow downward;

ertical vessel with a tangential nozzle. Vertical centrifugal separators differ from vertical setfling drums in
that the flow enters tangentially and spins around a centre tube, which extends below the liquid inlet
nozzle. The gas and liquid flow radially downward through the annulus causing liquid droplets to coalesce
along the walls and collect in the bottom of the drum. The vapour changes direction once below the
centre tube and flows upward to the outlet nozzle. To avoid liquid re-entrainment, vapour velocity has to
be kept low in the turnaround section of the drum. An additional measure to prevent liquid re-entrainment
is a baffle plate below the turnaround section of the drum. The maximum liquid level is the same as
vertical settling drums;

horizontal drum with the vapour entering at each end on the horizontal axis and a centre outlet;

horizontal drum with the vapour entering in the centre and exiting at each end on the horizontal axis;
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f) combination of a vertical drum in the base of the flare stack and a horizontal drum upstream to remove
the bulk of the liquid entrained in the vapour. This combination permits the use of larger values for the

numerical constant in the velocity equation.

A split-entry or -exit configuration can be used to reduce the drum diameter (but increase the length) for large
flow rates and should be considered if the vessel diameter exceeds 3,66 m (12 ft). Careful consideration
should be given to the hydraulics of split-entry configurations to ensure the flow is indeed split in the desired
proportion. Inlet nozzles should include means such as baffles or long sweep elbows to prevent re-
entrainment of liquid. Long sweep elbows are typically used up to DN 300 (NPS 12) inlet diameter. Baffles are

typically used for larger inlet diameters.

If used, long
reducing the

ricochet of li
should have
minimize liqu
should be co|

The maximu
facilities typi
alarms. Othe
more pumps
these pumps
pump should

Depending ¢@
supplementa

huid from the end cap. Alternatively, a secondary internal baffle can be installed. Outlet no
a deflection plate or baffle to minimize carry-over. Other internal baffles can-be requir|
id sloshing. If installed, substantial forces associated with the gas velocities.and’liquid slo
hsidered in the baffle mechanical design.

d to
hing

m liquid level should not exceed the level where re-entrainment of liquid) occurs. Knockout [drum
tally have level-control instrumentation including local and remote level indication, high anfl low
r instrumentation can include pressure indication as well as temperature measurement. Ohe or
are used to remove accumulated liquid from the drum. Depending on the operating philospphy,
typically are started manually with automatic shut-off on low"level. The driver for at least one
be supplied from a reliable source such as emergency eléctrical power or steam turbine driye.

n the climate and the nature of the liquid in the system, winterization and/or some medgns of

propane). H

heat input can be required for knockout drums-to vaporize any volatile liquids (e.g. fiquid
wever, caution should be exercised in assuring that material vaporized in the knockout [drum

does not condense and possibly solidify in the flare header or stack downstream of the knockout drum.

7.3.2.1.2

knockout drym are limited to a single entry and sitigle vapour exit [112]. Sizing a knockout drum is gene

trial-and-err

Liquid particles separate (a) when the residence time of the vapour or gas is equal to or greater then th
required to travel the available vertical height at the dropout velocity of the liquid particles and (b) wh
gas velocity fs sufficiently low to permiit the liquid dropout to fall. This vertical height is usually taken

distance fro
prevent larg
radiation flu

izing techniques for a horizontal knockout drum are given below. Sizing techniques for a vértical

process. The first step is to determine the drum size required for liquid entrainment separ

s the
the maximum liquid level. The vertical velocity of the vapour and gas should be low enough to
slugs of liquid from-entering the flare. The presence of small liquid droplets increases thermal
s and smoking potential. Long-term field experience has shown that the dropout velocity in the

drum may b¢ based on that\necessary to separate droplets from 300 um to 600 um in diameter. Droplgts of

larger size

n result in~incomplete combustion with excessive smoking, possible “burning rain”, and|even

flame-out. Spme types of flares can accommodate larger liquid droplets, so the vendor should always be
consulted regardingthe adequacy of a specific flare for the burning of liquids.

The dropout |vélocity [113], expressed in metres/second (feet per second) of a particle in a stream is calcylated

using Equation (37):

ug =115 M (37)
py-C
where
g s the acceleration due to gravity [= 9,8 m/s2 (32 ft/s2)];
D is the particle diameter, expressed in metres (feet);
116 © 1SO 2006 — All rights reserved
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py is the density of the liquid at operating conditions, expressed in kilograms per cubic metre (pounds
per cubic foot);

py is the density of the vapour at operating conditions, expressed in kilograms per cubic metre (pounds
per cubic foot);

C is the drag coefficient (see Figure 16).

This basic equation is widely accepted for all forms of entrainment separation.

CA
80
60 Ho
N\
40 C
30 <
20
N
N
10 ™
8 SN
6
4 N
3 ™ N
2 \\\
\\\\~
1
0,8 1
0,4
1( 50 107 500 10° 5000 10* 50000 10° 500 0pO 10‘50(/%‘;)2
Figure 16 —Determination of drag coefficient
In Sl units:
0,13x108 D3 (o
C(Re)z _ . (pl pv) (38)
M
In USC units:
| ,085x108D3 (- py)
C(Re)~'s 5 (39)
7
where

u is the viscosity of the gas, expressed in megapascal-seconds (centipoise);

py is the density of the gas, expressed in kilograms per cubic metre (pounds per cubic foot);
p, is the density of the liquid, expressed in kilograms per cubic metre (pounds per cubic foot);
D s the particle diameter, expressed in metres (feet).

NOTE Refer to the section on particle dynamics in the Chemical Engineers’ Handbook 461,
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The second step in sizing a knockout drum is to consider the effect any liquid contained in the drum can have
on reducing the volume available for vapour/liquid disengagement. This liquid may result from

a) condensate that separates during a vapour release, or

b) liquid streams that accompany a vapour release.

The volume occupied by the liquid should be based on a release that lasts 20 min to 30 min. Longer hold-up
times can be required if it takes longer to stop the flow. Any accumulation of liquid retained from a prior
release (from pressure-relief devices or other sources) should be added to the liquid indicated in items a) and b)
above to determine the available vapour-disengaging space. If the knockout drum is used to contain large

liquid dumpsfrem-presstre-retief-devieesfrom-othersourees-and-there-is-no-sigrificant-flashingand-theiquid

is removed gromptly, it is not necessary to consider this liquid volume when determining the volume-avajlable

for vapour disengagement.

It is importar]t to realize as part of the sizing considerations that the maximum vapour release,case dogs not

necessarily ¢oincide with the maximum liquid. Therefore, the knockout-drum size should, 'be determined

through consideration of both the maximum-vapour-release case as well as the release case with the

maximum anpount of liquid.

The following sample calculations have been limited to the simplest of the designs [7.3.2.1.1, [drum

configurations (a) and (b)]. The calculations for drum configurations (d) and (e)-are similar, with one-hglf the

flow rate determining one-half the vessel length. The normal calculations are used for drum configuratipn (c)

and are not quplicated here.

The following conditions are assumed.

— A singlg contingency results in the flow of 25,2 kg/s (200-000 Ib/h) of a fluid with a liquid densjty of
496,6 kg/m3 (31 Ib/ft3) and a vapour density of 2,9 kg/m3+(0,18 Ib/ft3), both at flowing conditions.

— The gauge pressure is 13,8 kPa (2 psi), and the temperature is 149 °C (300 °F).

— The visdosity of the vapour is 0,01 mPa-s (0;03-¢P).

— The fluid equilibrium results in 3,9 kg/s {31-000 Ib/h) of liquid and 21,3 kg/s (169 000 Ib/h) of vapour.

In addition, |1,89 m3 (500 US gal) of/storage for miscellaneous drainings from the units is desired| The

schematic in|Figure 17 applies. The-droplet size selected as allowable is 300 ym (0,012 in) in diameter.
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vapour and liquid safety relief valve releases

dvel instrument to indicate when slop and drain volume has been consumed
njinimum vapour space for dropout velocity

iquid hold-up from safety relief valves and other emergency releases

slop and drain liquid

tq flare
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Figure 17 — Flare knockout drum

The Yapour rate, R, in actual cubic metres per second (cubic feet per second), is determined as fpllows:

In Sl funits:
21,3
R, =——=7,34 m3/s
29
In USC units:
169 000
R, =—————— =261 ft3/s
3600x0,18

The drag coefficient, C, is determined from Figure 16 using Equation (39):

2 0,95x10%x0,18x(0,000984)° x(31-0,18)
(0,01)?

C-Re =5021

From Figure 16, C =1,3.
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The dropout velocity, u,, is calculated as follows:

In Sl units:
6 05
9,8x300x10 ><(496,6—2,9)
ug, =1150 =0,71m/s
2,9x13
In USC units:
[32 20000984+ (31 n’m\'lo’5
ug =1,1%50 s 21 =2,35ft/s
0,18x1,3
A horizontal yessel with an inside diameter, D;, and a cylindrical length, L, should be assumed."This givgs the
following totgl cross-sectional area, 4;:
T
A= D) (40)
Liquid hold-yp for a 30-min release from the single contingency, in additiono the slop and drain volurhe, is
desired. The|volume in the heads is neglected for simplicity. The liquid holdsup required, 4| 4 in cubic netres
(cubic feet), Is calculated as follows:
The slop and drain volume of 1,89 m3 (500 U.S gal, 66,8 ft3) occupie$.a bottom segment as follows:
In Sl units:
A 1=189 ! (41)
L= 7
In USC units
1
Ay =60 ,s(_J (42)
L
A total of 3,9 kg/s (31 000 Ib/h) of-¢ondensed liquids with a density of 496,6 kg/m?3 (31 Ib/ft3) accumulatgd for
30 min occupies a cross-sectional segment [see 7.3.2.1.2 a)] as follows:
In Sl units:
A < %(30x60) ! (43)
= — X X —
2" 4b66 L
In USC units:
y 31000 30( 1 (44)
= X—| —
27731 Te0l L
The cross-sectional area remaining for the vapour flow is expressed as follows:
Ay = A (A1 + 4) (45)
120 © 1SO 2006 — All rights reserved
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The vertical depths of the liquid and vapour spaces are determined using standard geometry and the total
drum diameter, 7, is calculated using Equation (46):

ht = hL'] + hLZ + hv (46)
where
hy 4 is the depth of slops and drains;

(h 4 + B o) is the depth of all liquid accumulation;

v istheTermaiming verticatspace for the vapour flow:

The gadequacy of the vapour space is verified by determining the liquid dropout time, 6, using Equption (47):

In Sl |units:
h 1
= — | — (47)
100 )| ug
In USC units:
h 1
h_ () (48)
12 ) ug
wherg

P is the liquid dropout time, expressed in seconds;
v is the vertical drop available for liquid-dropout, expressed in centimetres (inches);
¢ is the dropout velocity, expressed in metres per second (feet per second).

The yelocity of N vapour passes;based on one vapour pass, is determined from Equations (49) @nd (50) for a
volume flow rate of 7,34 m3/s (260 ft3/s):

In Sljunits:
7,34 1 (49)
VU NA,
In USC units:
260 i (50)
Uy =|—— | ——
VLN )4,
where
A, is the cross-sectional area, expressed in square metres (square feet);

N is the number of vapour passes;

u, is the vapour velocity, expressed in metres per second (feet per second).
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The drum length required, L,;,, is determined as follows:

Lnin =u

Lmin

vON

shall be repeated with a newly assumed cylindrical drum length.

(51)

shall be less than or equal to the above assumed cylindrical drum length, L; otherwise, the calculation

Tables 15 and 16 summarize the preceding calculations for one pass for horizontal drums with various inside
diameters to determine the most economical drum size. Drum diameters in 15 cm (6 in) increments are
assumed, in accordance with standard head sizes.

Table 15 — Optimizing the size of a horizontal knockout drum (Sl units)

NOTE 2 T

Trial | D Lb Cross-sectional area Vertical depth of liquid and 6° Y | s e
No. vapour spaces
m?2 cm
Ay A4 A2 4y hie o |hutho| o by hy
1 244 | 579 | 467 | 0,33 | 2,45 | 1,89 30 140 104 244 1,45 3,9 5,6
2 229 | 625 | 410 | 0,30 | 2,27 | 1,53 29 137 91 229 1,28 4,8 6,2
3 2,1 6,86 | 3,57 | 0,28 | 2,07 | 1,22 28 133 81 213 1,13 6,0 6,7
4 1,9 762 | 3,08 | 0,25 | 1,86 | 0,98 27 128 70 198 0,98 7,5 7,4
NOTE 1 The data in this table are in accordance with the example given in text for'ene pass vapour flow.

e values in this table are rounded-off conversions of the values_inTable 16.

a8 Dyisthea

b Listhe as

¢ gisthelig

d 4 isthev

€ Lpinisthe

5sumed drum inside diameter, expressed in metres.
sumed drum cylindrical length, expressed in metres.
Lid dropout time, expressed in seconds.

pour velocity, expressed in metres per second.

required drum length, expressed in metres.

It can be con

— all of the

— the mos
and cortr

— the choi

cluded from Table 15 that
drum sizes above fulfilthe design requirements;

I suitable drum<size should be selected according to the design pressure, material requiren
psion allowance as well as layout, transportation and other considerations;

ce of twe-=pass flow, as shown in Figure 17, is optional.

nents
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Table 16 — Optimizing the size of a horizontal knockout drum (USC units)

Trial | D42 LP Cross-sectional area Vertical depth of liquid and 6° uyd | Lin ©
No. vapour spaces
ft2 in
Ay Ay Ao Ay hie |huthg| by hy
1 8,0 19,0 | 50,26 | 3,52 | 26,32 | 20,43 | 11,75 55,0 41,0 96 1,45 | 12,76 | 18,5
2 7,5 20,5 | 4417 | 3,26 | 24,39 | 16,52 | 11,43 54,0 36,0 90 1,28 | 15,78 | 20,2
3 7,0 22,5 |1 38,49 | 2,97 | 22,22 | 13,29 | 11,00 52,3 31,7 84 1,13 [ 19,62 | 22,1
4 6,5 25,0 | 33,18 | 2,67 | 20,00 | 10,51 10,5 50,4 27,6 78 0,98 24,82 | 24,3
NOTEH The data in this table are in accordance with the example given in the text for one-pass vapour flow.

@ b4 is the assumed drum inside diameter, expressed in feet.

is the assumed drum cylindrical length, expressed in feet.

[v]
~

€ Qis the liquid dropout time, expressed in seconds.

|, is the vapour velocity, expressed in feet per second.

min is the required drum length, expressed in feet.

It car] be concluded from Table 16 that

Il of the drum sizes above fulfil the design requirements;

e most suitable drum size should be selected according to the design pressure, material

nd corrosion allowance as well as layout, transpertation and other considerations; and

If a

e choice of two-pass flow, as shown in Eigure 17, is optional.

ertical vessel is considered, the vapour velocity is equal to the dropout velocity, which

requirements

is 0,71 m/s

(2,35|ft/s). The volume flow rate is 7,34m®/s (260 ft3/s). The required cross-sectional area, Acs, Of the drum, in

squafe metres (square feet) is determined as follows:

In Sl junits:
7,34 o
.. =——=10,3m
0,71
In USC units:
260 2
=== =110,6 ft
42,35

(52)

(53)

The drum diameter, D, is determined as follows:

In Sl units:

D=[103x2 -36m
T

In USC units:

D= {110,6><i:11,9ft
m

© I1SO 2006 — All rights reserved
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7.3.2.1.3  During flaring situations, the liquid level in all flare knockout drums should be monitored. High-
level alarms should be installed to alert the operators of abnormal knockout conditions. Therefore, these
alarms should be set at a relatively low level so there is the required hold-up time between the alarm point and
the high liquid level for normal facility shutdown. Redundant level transmitters may be considered if high alarm
reliability is needed. Minimum levels in knockout drums should be maintained to ensure sufficient free volume
is available in the event of a flaring situation. Level transmitters shall be designed for operation at the
minimum design temperature of the knockout drum.

7.3.21.4 Check level instrumentation, including any alarms, low level pump shutdown instruments, etc. in
accordance with vendor recommendations during planned maintenance intervals. The drum level should be
checked in the field on a regular basis: field versus any remote level indication. Since knockout drums and

liquid seals

There is a pq
and, in partidg
this material
7.3.22 Li
7.3.2.21

to prevent a
vapour at Ig

conditions, a
dramatically

Factors to cd

ra tunicallv considaered o “dirt\/’ carvica routine claanina of asuae - alascas can ha raciiirad
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tential for the presence of pyrophoric iron in flare-system components such as liquid-<seal d
ular, knockout drums. When any vessel entry is being planned, the potential for the presen
should be included in the considerations for safe entry.

fjuid-seal drums

A\ liquid-seal drum can have many uses as set forth in 6.4.3.6.1. A liquid’seal is sometimes
r entry into the flare-header system. Following a hot release, coaling and/or condensati
w-flow or no-flow conditions can form a vacuum condition id,the flare header. Under
ir can be drawn into the flare system through the flare tip. The'rate of contraction accele
f the cooling leads to condensation of components of the contained gas.

nsider when assessing this potential are

rums
ce of

used
pbn of
such
rates

a) the poteptial contraction of the contained gas when cooled,

b) the volume of the flare system,

¢) the vacyum rating of the flare system, and

d) the antigipated cooling rate of the flare system, which can be affected by insulation or sudden cgoling
from wirld and rain.

To prevent gir entry, it is necessary that the seal dip-leg height and the density and amount of seal fiquid

within the drim be sufficient to preévent the seal from being broken as a result of the vacuum formed in the

flare header.|The physical dip-leg-height is measured from the top opening of the seal head or end piecq (e.g.

the top of the V-notches on_the) end of the pipe) to the bottom of the horizontal section of the flare h¢ader

piping immedliately upstream, of the inlet leg. The relative elevations of the flare header and other equigment
and other fagtors can limit‘the vacuum sealing capability. If it is necessary to have the liquid seal inlet some
height abovg the flare-header elevation, then the flare header shall be sloped to avoid low points. The seal
drum should|be desighed to provide the volume of liquid (without credit for make-up liquid) to fill the vgrtical
seal leg up tp the specified vacuum. It is important that the purchaser states this performance requiremgnt on
the data sheegtt

If possible, a minimum height of 3 m (10 ft) should be considered. A tank-blanketing regulator, pressure
regulator and/or pressure switch/transmitter that dumps extra purge gas into the system in the event of
vacuum can also be considered in addition to or in lieu of the water seal.

The flare header pressure at which gas begins passing through the seal can vary depending upon the
purpose of the water seal (i.e., prevent air infiltration, act as a flame arrester, act as a staging device or
provide back pressure to a flare gas recovery system). The gas pressure at the start of flow through the liquid
seal can vary from 50 mm (2 in H,O) to 3 050 mm (120 in H,0) or more. Typical seal depths are equivalent to
a gauge pressure of 13,8 kPa to 34,5 kPa (2 psi to 5 psi) for staged flares or 6,9 kPa to 13,8 kPa (1 psi to
2 psi) where a flare-gas recovery system is used. For general applications, a seal depth of 150 mm (6 in) is
common. In normal operation, a gas flow that exceeds the lower-stage capacity or capacity of the flare gas
recovery unit causes waste gas to start flowing through the seal.
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A properly designed and operated liquid seal should allow gas to pass through the seal with minimal surging
in gas flow and/or upstream gas pressure. The design of the liquid seal internals and the sizing of the vessel
can have a significant impact on the ability of the seal to meet this performance objective. For example, a
common design for the end of a dip-leg pipe uses “V” notches cut into the end of the pipe wall. The design is
less effective than the proprietary designs developed by vendors of liquid seals. These proprietary designs
that use alternative design guidelines can offer economic or operational advantages. The purchaser should
determine the applicability of such designs to the purchaser’s system and situation. Additional discussion of
liquid seals and examples of alternate seal head designs can be found in Reference [114].

Liquid seals typically use water as the seal medium, however, other fluids are possible. Fluid selection
requires conS|derat|on of freeze protec’uon in cold cllmates hydrocarbon/water separatlon implications of

7.3.2|12.2 Consideration should be given to providing a,continuous flow of seal fluid (typical forwater seals),
which allows for the continuous skimming of hydrocarbons as well as maintaining liquid level. Proper liquid-
seal drum operation is dependent upon maintaining;the design liquid level in the seal. Routing surveillance
and hydrocarbon skimming, if applicable, are required to ensure proper seal operation. Pulsing combustion
noisq at the flare tip is a problem sometimes encountered relating to seal drums. The cause is lijuid sloshing
in thg seal drum and can be corrected by installing stiling or perforated baffles in the seal drum.

7.3.212.3 Like many components of a flare system, liquid-seal drums are generally in a position where they
can he maintained only on a full plant'shutdown. However, normal inspection and operational maintenance of
liquid-seal drum ancillaries should-be carried out by the operators as part of their rounds.|Check level
instrymentation and gauges ,ncluding any alarms, pump out switches, etc. in accordance |with vendor
recorpnmendations. Also look.for-any leaks or signs of corrosion, especially on connections and flanges. Leaks
should be reported and cerrected, since a leak can allow gas to escape from the flare or air to gnter the flare
at low flow rates and draft conditions from high-temperature or low-density flare gas.

The drum level shguld be checked in the field on a regular basis: field versus any remote level indication.
Since liquid seals’are typically considered a “dirty” service and tend to act as a scrubber removing any solids
or liqlids, routine cleaning of gauge glasses can be required. Dirt build-up can also plug the draif or overflow;
thesq should:be checked periodically to determine that they are still functional.

Depe d for a new
flare-seal drum (or a drum in WhICh the service has been changed) during the initial few months or even the
first year of operation. Liquid samples from the seal drum should be checked for levels of sulfur, chlorinated
wastes or other components that can damage the seal drum and internals. Check with the vendor for specific
limitations. Proper sampling procedures should be followed to prevent the leakage of flare gas or air entry into
the flare. If any problem substances are found, then consider a continuous water flush or treatment
programme on the water seal to protect it and the stack in accordance with vendor recommendations.

There is also a potential for the presence of pyrophoric iron in the liquid-seal drum. When any vessel entry is
being planned, the potential for presence of this material should be included in the considerations for safe entry.

During plant shutdown, inspect the internals of the liquid-seal drum (such as bubble plate) for fouling or

plugging, remove any build-up of dirt or foreign matter and check for corrosion. Report any major corrosion in
order that these sections can be repaired or replaced, as needed.
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CAUTION — Only open the seal-drum-access manway after the complete flare system has been shut
down, blinded and purged of all hydrocarbons, gases and vapours. Check oxygen level and follow
plant safety procedures before entry (confined space). Inspection approximately once every two years
or less is recommended if liquid-seal pressure drop increases or pulsations occur.

WARNING — Possible gas leaks from the liquid-seal drum can be caused by the following.

a) excessive back pressure from fouling, freezing or plugging of the flare equipment (arrestor,
burner or flare stack), which can displace water from the overflow and/or drain u-trap thus
allowing gas to escape. Pressures downstream of seal should be monitored to ensure pressures
are not exceeded.

b) loss of liquid in water seal and trap, which shall always be filled with liquid to contain the fIarL gas.

7.3.2.24 he area for the gas flow above the liquid level should be at least three times the inlét!pipe dqross-
sectional arep to prevent surges of gas flow to the flare. As described in 7.3.2.2.1, the flare-header presstire at
which gas bggins passing through the drum can vary. The submergence depth is set by this'pressure with due
consideration for the specific gravity of the seal fluid [see Equations (56) and (57)]. This back pressure should
not exceed the maximum back pressure allowable in the vent header (see 7.3.1.3). Fhis"back pressurg sets
the maximunp distance, & [see Equations (56) and (57)], that the inlet pipe is submerged.

In Sl units:
102p
po102p (56)
Yol
In USC units
144p
he— 1 (87)
where

h is the maximum distance the inlet pipe is submerged, expressed in metres (feet);
p is the maximum header exit absolute pressure, expressed in kilopascals (pounds per square inch);
p is the sealing liquid density, expressed in kilograms per cubic metre (pounds per cubic foot).
The area for|the gas abovethe-iquid surface should equal at least that of a circle with a diameter, D, that is
equal to 24, Where d is the diameter of the inlet gas pipe. This can be derived assuming a vertical vessql that

has an interpal area equal to (nD?)/4 and an inlet pipe with an area equal to (nd2)/4. The annular afea is
(n/4)(D? - d?). Since the’suggested ratio is 1:3, then:

(D? —dt)=3d? ~.D? =44d? D=2d (58)

The height of the vapour space in a vertical seal drum should be approximately 0,5 to 1,0 times the diameter, D,
to provide disengaging space for entrained seal liquid. A minimum dimension of 1 m (3 ft) is suggested.

In some situations, special considerations can affect the size of a seal drum. One such occurrence is a large
flow of hot vapour into the vent header. The vacuum created when this vapour cools can pull sufficient liquid
into the header to break the seal, thus allowing air to be drawn into the flare system. To prevent this
occurrence, the inlet line should be constructed to form a vacuum leg. The total vertical height of the inlet leg
at the seal drum is determined by the maximum vacuum expected. The volume of liquid in the inlet line at the
maximum vacuum should be obtained from the seal drum. This requirement can necessitate an increase in
the size of the drum.
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Sizing a quench drum

The sizing criteria for quench drums depend so closely on the design of the drum internals, the liquid loading,
the amount of condensation and other features specific to the particular installation that no generally
meaningful sizing rules can be established. A common criterion is to reduce the temperature of the stream so
that the exit liquid and vapour do not exceed the range of 66 °C to 93 °C (150 °F to 200 °F) and, typically, to
assume that no more than 40 % to 50 % of the liquid fed is vaporized. Scheiman's articles [116]. [117] cover the
sizing criteria for one type of internals frequently used in this service.

7.3.2.4 Design details

A cofivenient way 10 state the detailed design requirements for a seal drum and a knockout dijum is to use

data pheets from API Std 537.

Design details that can be applicable to knockout drums and seal drums include the following.

a) Anti-swirl or anti-vortex baffles should be used on the liquid outlet lines.

b) Internally extended liquid outlet nozzles should be used so that sediment settles out in the grums, not in

Ipw spots in the lines.

c) Antifreeze, siphon-type drains should be used for normal manualdrains if a freezing problem|exists.

d) Provisions should be made for water leg or boot and water removal if three-phase separation|is expected.

e) IHandholes [DN 100 to DN 200 (NPS 4 to NPS 8) nozzles] should be present on the bottom df the drum to
ermit thorough cleaning. These nozzles should haye*DN 40 (NPS 1-1/2) or DN 50 (NPS 2)|valves in the
lind flange to permit complete draining of the vessels before opening.

f) llowance should be made for blinding, venting, purging (steaming) and preparing the vegsel for entry
here manways are provided.

g) rovisions should be made for heating the contents of the vessel if cold weather, autofrefrigeration,
iscous or congealing liquids can introduce problems. If internal coils are needed, considefation should
e given to coil drainage. The.coils should have a generous corrosion allowance and adequgte support to
revent mechanical failure.(Because one side of the vessel shell cannot be inspected, heating jackets
at use the vessel shell as one wall should be avoided.

h) ost knockout drums and seal drums are operating at relatively low pressures. To epsure sound
onstruction, a minimum design gauge pressure of 345 kPa (50 psi) is suggested for knocout drums in
ubsonic flare~or/other low-pressure applications. A vessel with a design gauge pressurg¢ of 345 kPa
50 psi) should-not rupture if a deflagration occurs. Stoichiometric hydrocarbon-air mixtures|can produce
eak explosion pressures on the order of seven to eight times the absolute operating pressure. Most
ubsonie=flare seal drums operate in the range of gauge pressure from 0 kPa to 34 kPa (0 pdi to 5 psi).

i) In‘designing vessel nozzles, attachments, supports and internals, one should consider shock loadings

that result from thermal effects, slugs of iquid or gas expansion.

j)  Try cocks for liquid-level detection can be desirable in addition to or instead of level gauges.

k) Facilities to provide for continuous removal or intermittent manual skimming of hydrocarbons that can

accumulate should be considered. Constant skimming by means of continuous addition of seal liquid and
overflow to drain can be used. Provisions for periodically raising the level of the seal liquid to force lighter
fluid out through a skimmer connection are permissible. The designer is cautioned to review the proposed

system to ensure that lighter material cannot build up to the point at which a false (non-de
effect is established.
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Instrumentation components should be the simplest and most rugged available and should be easily
maintained (externally mounted and valved). The use of seals instead of valves and of valves instead of
traps is preferred, primarily because of the nature of the materials handled and the conditions under
which it is necessary that these components operate. On-off valves with large flow areas are frequently
preferred to small-passage throttling valves.

Provisions for establishing and maintaining an adequate seal level are recommended.

If corrosion can occur at the seal fluid/vapour interface, an adequate corrosion allowance should be used.
Such corrosion can occur even in hydrocarbon systems that use water as the seal fluid or in areas where
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requirement for quenching may be monitored by a temperature- or flow-switch in the relief-discharge header.
The liquid in the bottom of the drum or tower may be automatically controlled. Removed liquid may be cooled
and recycled, dispatched to sewers or sent to equipment for recovery of condensed-vapour components.
Alarms may be provided to signal operators in the event that design liquid levels are exceeded. Heating
equipment should be provided in the liquid-collection zone to keep the system operative in situations where
low ambient temperatures can be a factor.

128

© 1SO 2006 — All rights re

served


https://standardsiso.com/api/?name=75c0d2753b5f2745e23f58fd62a68734

ISO 23251:2006(E)

7.3.3 Flares

7.3.3.1 General

Additional guidance is provided in API Std 537, which addresses mechanical design, operation and
maintenance of flare equipment. API Std 537 also provides data sheets for exchanging both process and
mechanical design information. Note that flares are considered pollution-abatement equipment and are
usually subject to environmental regulations and permitting requirements for their use and location.

7.33.2 Sizing

7.3.3]21 Factors governing the sizing of flares are covered in 7.3.3.2.2 through 7.3:3.R.6. General
considerations involved in the calculation of these requirements are discussed in Clause p. Examples
coveling the full design of a flare stack are given in Annex C. Note that flare-diameter calculatiops are based
on a|basic flare. Most commercial flares have flame retainers that restrict flow area, by 2 % to|10 %, which

should be accounted for in the flare and header sizing.
7.3.3]2.2 Flare-stack diameter is generally sized on a velocity basis, although pressure drgp should be
checked. It can be desirable to permit a velocity of up to 0,5 Mach for a peak, short-term, infrequent flow, with
0,2 Mach maintained for the more normal and possibly more frequent conditions for low-pressurg flares. This
depends on the following:

a) VYolume ratio of maximum conceivable flare flow to anticipated-average flare flow;

b) probable timing, frequency and duration of those flows;

c) design criteria established for the project to stabilizeflare burning.

However, sonic-velocity operation can be appropriate for high-pressure flares. Smokeless flargs should be
sized for the conditions under which they are to.operate smokelessly. Equations (27) or (28) can be used to
calculate the Mach number (see 7.3.1.3.3):>Velocity limitations imposed by regulatory agencies (see
Reference [118]) might not apply to flares.im-eémergency-relief service.

Presgure drops as large as 14 kPa (2 psi) have been satisfactorily used at the flare tip. Modern|conventional
flare fips with proper flame stabilization can operate well above this level. Most flare vendors alsp have a line
of spgcial-duty high-pressure flares that can operate at gauge pressures around 700 kPa (100 psi) or higher.
This general class of flare designs is recognized by API Std 537 and usually operates smokelessly without
steam or air assistance. Too low a tip velocity can cause heat and corrosion damage. The bprning of the
gasep becomes quite slow; and the flame is greatly influenced by the wind. The low-pressure| area on the
downwind side of the-stack can cause the burning gases to be drawn down along the stack for B m (10 ft) or
morel Mechanical details of flare burners relating to stack downwash effect can be found in API Std 537.

7.3.3]12.3 The/flare-stack height is generally based on the radiant-heat intensity generated by the flame.
Equattion (24).in 6.4.2.3.3 applies. The recommended levels of radiation intensity, K, are given in Table 9.

The quality of combustion affects the radiation characteristics. Use of the fraction of heat radiated, F, based
on the US Bureau of Mines data given in Table 10, is considered to result in a reasonable but conservative
stack height.

7.3.3.24  Another factor to be considered is the effect of wind in tilting the flame, thus varying the distance
from the centre of the flame, which is considered to be the origin of the total radiant-heat release, with respect
to the plant location under consideration. A generalized curve for approximating the effect of wind is given in
Figure 9.

7.3.3.2.5 Where there is concern about the resulting atmospheric dispersion if the flare were to be

extinguished, the information referred to in 6.3.1 and in Gifford’s article [76l may be used to calculate the
probable concentration at the point in question.
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7.3.3.2.6 A complete description of an enclosed ground flare can be found in API Std 537, where an entire
chapter is devoted to this type of flare. Options exist for bottom or side firing, staged or unstaged control and
steam-, air-, pressure- or non-assisted burners. This type of flare system is often relatively complex and may
involve a number of independent burner systems. Accounting for the various interactions between burners,
fences, stack, smoke suppression equipment, piping and wind/weather requires considerable experience and
can involve detailed flow modelling before a workable design can be achieved.

7.3.3.3 Design details

7.3.3.3.1  Smoke-free operation of flares can be achieved by various methods, including steam injection,
injection of high-pressure waste gas, forced draft air, operation of flares as a premix burner or distribution of
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The flare md
the smokeles
more than 5
to achieve
opacity) for
regulatory re
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7.3.3.3.2

result of the pntry of air is to install a seal drum-as described in 7.3.2.2. The continuous introduction of
gas at an adequate rate can also be usedto reduce the possibility of flashback with or without a seal

Flame arres
plugging. Th
arresters coy
and free fror
with flare sy
during the cq
system. See

the mixture (i.e., exclude inerts). In any event; if a proprietary smokeless flare is purchase

ne of the most common methods-ef.preventing propagation of flame into the flare system

ers are seldom used in a-flare system for flashback protection because they are subj
b hazards associated withian“obstruction in a flare system are of such a serious nature that
Id be recommended ontly-if vapours are non-corrosive, dry, free from any liquid that can co
n any substances thatCan cause obstruction. Although these situations are rarely encoun
stems, an additional disadvantage to a flame arrester that is pertinent to flare systems is
oling that follows a warm discharge, air can be drawn back through the flame arrester int
Referencel124 for additional precautions associated with flame arresters.

Studies [122],
lower flam

above the ugpérflammable limit and too rich to burn (

o

[123], 124k have shown that hydrocarbon-air mixtures can be diluted with inerts to be belo
bledimit. Alternatively, the hydrocarbon-air mixture can be enriched with combustible gas s
see NFPA 69 [35] for details).

more

d the
ge of
unds
ylene

state
ty for
lares
(zero
local

, the
stible
i, the

as a
burge
rum.

Ict to

lame
ngeal
tered

that
o the

v the
D it is

7.3.3.3.3

Air infiltration down the flare stack from wind or density effects can be mitigated by use of purge

gas. If purge gas is required, the user shall assure the reliability of its supply. The amount of purge gas
required can be reduced by the use of a purge-reduction seal (e.g. buoyancy seal or velocity seal; see
6.4.3.6.2).

For lighter-than-air purge gases, Equations (59) and (60) can be used to determine Q, he purge gas rate,
expressed in normal cubic metres per hour (standard cubic feet per hour) for continuous purge requirements
in open flares without the effect of buoyancy seal or velocity seal [121]. [122],
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In Sl units:
0 =190,8D** yl (2((; 9}(2 c* -Kij (59)
» J\5
In USC units:
0=0,070 68D™* ; (20 9)[2&“1(} (60)
wherg

b is the flare stack diameter, expressed in metres (inches);
)4 is the column depth at which the oxygen concentration (O,) is predicted, expressed in metres (feet);
D, is the oxygen volume fraction, expressed as a percentage;

. is the volume fraction of component i, expressed as a percentage;
is a constant for component i.

The following are typical values for X;:

— hydrogen: K=+5,783;

— helium: K=+5,078;

— methane: K=+2,328;

— nitrogen: K=+ 1,067 (né_wind);
— nitrogen: K =+ 1,707 [with a wind speed of approximately 7 m/s (15 miles per hour)];
— ethane: K=+1,067;

— propane: K =—-2,651;

— COq: K=-2651;
— Gy K =-6,586.
NOTH Steam or other condensables are not suitable purge gases.

‘ ) 3 bf limiting the
oxygen volume fractlon to 6 % at a dlstance of 7 62 m (25 ft) down the flare stack (except that lower oxygen
concentrations should be used for certain compounds such as hydrogen):

In Sl units:

0=31,25D%* . K (61)
In USC units:

0=0,0035283 D34 . g (62)
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where
O is the purge gas rate, expressed in normal cubic metres per hour (standard cubic feet per hour);
D s the flare stack diameter, expressed in metres (inches);
K is a constant (see above).
Based on recent test data involving natural gas production facility flares [124], a significant reduction in purge

rates as predicted by Equations (59), (60), (61) and (62) may be taken under certain constraints. The user is
cautioned not to extrapolate outside the bounds and conditions under which the tests were conducted.

If the gas in [the stack (e.g. hydrogen or methane) is lighter than air, the pressure in the bottom of theJ‘stack
can be lowef than atmospheric, even with some outflow from the top of the stack. This condition~cregtes a
situation in wWhich any flange leaks, open drains/vents or other openings in the flare header draws|air in{o the
flare header| resulting in potential for an internal explosion. For this reason, the users are“cautiongd to
maintain the [integrity of their equipment and follow proper safety precautions when opening‘an-active hegder.

7.3.3.34 Note that purge rates higher than those given by Equations (59), (60); (61) and (62) may be
required

a) to establish an initial, air-free condition during start-up;
b) in transignt conditions associated with a passing rainstorm cooling down header exposed to the sun;
c) after vernting a hot condensable release into the flare header;

d) after venpting a stream containing significant amounts of \«compounds that are easily detonated or|have
unusually wide flammability limits.

Gases or vapours with unusually high burning velocities, such as hydrogen and acetylene, should be

7.3.3.3.5 Dnce the required quantity of purge gas has been established, the injection rate should be
controlled byl a fixed orifice, rotometer or ather device that ensures the supply remains constant and {s not
subject to ingtrument malfunction or matadjustment. Consult the vendor to determine purge rates to prevent

are

7.3.3.3.7
sources can-beupse iable
alternative fuel source, with a prowsmn for automatic cut-in on low pressure. The use of a waste gas with low-
energy content or with unusual burning characteristics should be avoided. Parallel instrumentation for
pressure reduction is frequently justifiable. The flare fuel system should be carefully checked to ensure that
hydrates cannot present a problem. Because of small lines, long exposed runs, large vertical rises up the
stack and pressure reductions, use of a liquid knockout pot or scrubber after the last pressure reduction is
frequently warranted. If at all feasible in terms of distance, relative location and cost, a low-pressure alarm
should be installed on the fuel supply after the last regulator or control valve so that operators are warned of
any loss of fuel to the pilots.
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7.3.4 Vent stacks

7.341 Sizing

Where the atmospheric vent handles combustible vapours, the outlet from the vent should be elevated
approximately 3 m (10 ft) above any adjacent equipment, building, chimney or other structure (see 6.3 for
additional discussion). Provisions should be made for drainage of each vent pipe so that liquid cannot
accumulate in the vent.

The size of a vent stack is determined by the available pressure drop and by any minimum velocity required to
prevent hazardous conditions due to combustible or toxic material at grade or working levels. Calculation
methpds applicable 10 a vent stack that discharges hazardous materials are given in Clause.6] Normally, a
size iis selected that results in a high discharge velocity; e.g. a velocity of 150 m/s (500 ft/s) provifles excellent
dispdrsion. The size should be checked to ensure that sonic flow is not established or, if-it.is, that allowance
has Heen made for the pressure discontinuity at the discharge end in calculating pressure drop.

A sample calculation follows.

For this calculation, the following conditions should be assumed: The maximum relief rate, m | is 31,5 kg/s
(250 POO Ib/h). The relative molecular mass of the vapour, M, is 44. The absolute temperature ¢f the vapour
just ipside the exit point from the vent stack, 7, is 361 K (650 °R). The exit\velocity, v, is 150 m/s (p0O ft/s). The
absol|ute pressure of the vapour just inside the exit point from the ventsstack, p, is 101 kPa (14,7 psi). The gas
consfant, R, is 8,3 in Sl units (10,7 in USC units). The density, p, is then calculated as in Equations (63) and (64):

In Sljunits:
_M-p _ 44x101 :1,48kg/m3 (63)
R-T 83x361
In USC units:
_M-p  44x147 :O,1Ib/ft3 (64)

R-T 10,7x650

The f§p area, A1, is determined by-Equations (65) and (66):

In Slunits:

1= pn:qv - 1,42251 50 -0 14m” (63)
In USC units:

. m 250000 _ 4 5942 (66)

J 3600p-v 3600 x0.1x500

Thus, the pipe diameter should be approximately DN 400 (NPS 16).

7.3.4.2 Design details

Once the vent stack has been sized in accordance with the recommendations in 7.3.4.1 and the height has
been established in accordance with the principles in 6.3, design is primarily a structural problem. If the vent
stack is in a location remote from other facilities, the use of a guyed stack is usually as satisfactory as, and
more economical than, providing a structure to support the stack. Vent stacks are frequently located in a
process area that contains equipment connected to the stack. The stack can often be supported from a
fractionating tower, chimney or other tall structure in the unit. Such an arrangement provides for economical
discharge at a safe elevation.
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The height of the vent stack is selected so that the concentration of vapour at a point of interest is well below
the lower flammable limit of the vapour. Flammability consideration can be satisfied with 0,1 times to 0,5 times
the lower flammable limit. Toxicity consideration can require much lower concentrations on certain
applications and is, therefore, the controlling factor. Ambient dispersion calculations can be performed to
confirm that concentrations at potential personnel locations are at acceptable exposure levels. The radiant
heat intensity for vent stacks should also be checked in the event that a relieving vapour should ignite. This is
done by the same means used for flare stacks, and the same limits apply for radiant heat intensity. Radiant
heat levels sometimes take precedence over dispersion in determining stack height.

In every vent stack installation, careful consideration should be given to two potential problems:

a) accumu

b)

' £ 1. HPN IH dlood & : 4 4 blo 4 4 1
AU UT TIqUIU T Trreos tiat tIeriimmiale dat UIc VOTIL SLaUn,

accidental ignition of the released vapour by lightning.

Accumulation of liquid in lines to the vent stack can result from leakage into the systemdeof *high-rel

molecular-m

hss vapours that condense at ambient temperature. If appreciable quantities of liquid collect

will subsequéently be discharged to the atmosphere when vapours are released into the system.

To avoid ligy
be sloped tg
designed se
pressure ung
sealed drain
is recommen

The possibil
usually maks
true in locati
with convent|
rate thatis s
since, in mo
Furthermore
the fire will

reduction in

7.3.43

7.3.4.31
by Equation

L

30(100) |

where

id accumulation, pockets should be prevented from occurring in the lin€s and the system s
a low-point drain. These drains can be installed to function automatically by using a prg
bl. The height of the seal should provide a head equivalent¢to at least 1,75times the
er the maximum relief load to avoid release of vapour through the seal. As an alternative
a small disengaging drum may be installed at the base of the vent stack. This type of instal
ded where significant quantities of liquid can occur.

ty that vapours from the vent stack can be accidentally ignited by lightning or other so
s a remote-controlled snuffing-steam connection\desirable on the vent stack. This is espe
bns where the incidence of lightning is high orcwhere access to the point of discharge is di
onal fire-extinguishing equipment. It is frequéntly impractical to size the steam-supply line

t cases, vent fires occur when the onlyiflow to the system consists of leakage or minor ve
unless steam is supplied, if ignition:occurs when venting at or near the maximum design
ikely continue to burn when the\cause of overpressure is corrected, with an accompa
enting.

Noise

The noise level at 30-m (100 ft) from the point of discharge to the atmosphere can be approxin

67):
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is the noise level from Figure 18, expressed in decibels;

is the mass flow through the valve, expressed in kilograms per second (pounds per second

)i

is the speed of sound in the gas at the valve, expressed in metres per second (feet per second).

Figure 18 illustrates the noise intensity measured as the sound pressure level at 30 m (100 ft) from the stack
tip versus the pressure ratio across the pressure-relief valve.
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30 |~
20 >
1,5 2 3 4 5 6 7 8 9 10|X
Key
X plessure ratio, PR
Y spund pressure level, L3g(1qg), decibels
NOTEH PR is the pressure ratio and is defined as theabsolute static pressure upstream from the restriction (e.g.
presspre-relief valve nozzle) divided by the absolute pressure downstream of the restriction while relieving. I|h some cases,
criticgl flow can occur not only in the pressure-relief valve nozzle but also at the discharge-pipe outlet to 4tmosphere. In
this chse, the noise level is additive (logarithmic).«n’the case of the discharge pipe, the pressure ratio is the absolute
presspre within the pipe at the outlet divided by atmospheric pressure.
Figure 18 — Sound pressure level at 30 m (100 ft) from the stack tip
Equations (68) and (69) show,how to calculate the speed of sound, c.
In Slunits:
05
k-TH”
=912 —<| m/s 68
EX] ™ (9
In USC units:
05
k-T\”
c=223 (—j ft/s (69)
M
where
k is the ratio of the specific heats in the gas;
M is the relative molecular mass of the gas;
T is the gas temperature, expressed in kelvin (degrees Rankin).
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7.3.4.3.2

Sl units as follows.

a)
b)
c)
d)
Assume the
— qm=14,
— k=14;
— M=29;
— T=311
— PR=48
— ¢=912

The results 4

a) (0,5¢y
b) 10 x Ig(q
c) from Fig
d) Lzpe00
7.3.4.3.3
Sl units as fo
a) Calculat
per pou
by 1,36.
b) Calculat
c)

Calculate (0,5 ¢,,,c?) in watts.

Calculate 10 x 1g(0,5 g,,"c2).

In Figure 18, find the value of PR on the abscissa and read the corresponding ordinate.

The noise level at 30 m from the point of discharge to the atmosphere can be calculated in

Add items b) and c) to obtain L3o(100): which is the average sound pressure level at 30 m (100 ft),
expressed in decibels.

ollowing:

b kg/s;

<;
16 = 3;

(1,4><311

05
=353 m/s.
29

re as follows, referring to the numbered list items:
2) = (0,5)(14,6)(353)2 = 910 000;

5 qm-cz) =60;

ure 18, the ordinate corresponding to*PR = 3 is 54;

=54 + 60 =114 dB.

llows:

e (0,5 qm'cz) in(watts as follows: Divide the mass flow (pounds per second) by 32,2 foot-pq
nd-force - square-second to obtain ¢,,,. Multiply (0,5 qm'cz) feet times pound-force per sq

e 10, X01g(0,5 gmpy-c2).

In Figure_18, find the value of PR on the abscissa and read the corresponding ordinate. |

The noise level at 30-m ffom the point of discharge to the atmosphere can be calculated in

unds
cond

d) Add itemsb) and c) to obtain Lzpqgp), Which is the average sound pressure level at 30 m (100 ft),
expressed in decibels.

Assume the following:

— ¢y =32,2Ib/s =1 ft-Ibf/s;

k=1,4;

— M=29;
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— T=560 °R;
— PR=48/16=3;
05
— c=223x(@) =1159 ft/s.

The results in USC units are as follows, referring to the list items above:

a) (0.5 g,,c2)=(0,5)(1)(1 159)(1,36) = 910 000;

b) {OXIg(0,5 ¢c2) = 60;

c) [rom Figure 18, the ordinate corresponding to PR = 3 is 54;
d) 430(100) =54 +60=114 dB.

The gbove calculations are based on spherical spreading of the sound. If distances much lafger than the
height of the vent aboveground are of concern, add 3 dB to the calculated result to correct for hemispherical

diffudion.

By applying Equations (70) and (71), the noise level can be adjusted, for distances that differ from the 30 m
(100 ft) reference boundary:

In Sl units:

Ly = Lo — [20 Ig(r/30)] (70)
In USC units:

4= Lo — [20 1g(+/100)] (71)
wherg

Lo is the sound pressure levehat distance r, expressed in decibels;

L30(100) is the sound pressure level at 30 m (100 ft), expressed in decibels;

it is the distance fromthe sound source (stack tip), expressed in metres (feet).

presqure-relief valves prove to be excessively noisy during operation, the sound can be deadened by the
appligation of/insulation around the valve body and the downstream pipe up to approximately five pipe
diameters from the valve.

For distances greater)than 305 m (1 000 ft), some credit may be taken for molecular noise ibsorption. If

7.4 | Flare gas recovery systems

7.41 General

Environmental and economic considerations have resulted in the use of flare-gas recovery systems to capture
and compress flare gases for other uses. Many times the recovered flare gas is treated and routed to the fuel-
gas system. Depending upon flare gas composition, the recovered gas can have other uses.
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7.4.2 Safety considerations

7.421

Path to flare

Flare systems are used for both normal process releases and emergency releases. Emergency streams, such
as those from pressure-relief valves, depressuring systems, etc., shall always have flow paths to the flare
available at all times. The design of flare-gas recovery systems shall not compromise this path. Several
methods of accomplishing this are described in 7.4.3.3.

7.4.2.2

Because flar
header, the
considered.
made to shuf

7423 FI
Flare gases
systems. Th
destinations
the flare, the
systems.

7.4.3 Design considerations

7431 Si
Figure 19 sh
more recipro
is usually ro
processing s

Flare-gas re
capacity be
and the nor
Actual loads
dynamically
limits on flarg

7.4.3.2 Lc
Typically, fla
ins and at a
unit tie-ins

h

Back flow

B-gas recovery systems usually involve compressors that take their suction directly from th
potential for back flow of air from the flare into the compressors at low flare-gas load$_sh
lypically, oxygen content of the flare gas stream should be measured and provisions' sh
down the flare-gas compressors if potentially dangerous conditions exist.

pre gas characteristics

can have widely varying compositions that shall be evaluated during-specification of rec
b potential for materials that are not compatible with the flare-gasstreating systems or ult
shall be determined. For example, streams containing acid gases ‘typically are routed direqg
feby bypassing the recovery system. Highly inert streams can.also be incompatible with rec

king

bws a conceptual design for a flare-gas recovery system. Typically, the system consists of 0
Cating compressors whose suction is direetly connected to the flare header. The compresse
Lited to some type of treating system-appropriate for the gas composition, then to fuel-g
ystems.

)

covery systems are seldom sized for emergency flare loads. Usually, economics dictate
ovided for some normal flare*rate, above which gas is flared. Flare loads vary widely over
al rate can represent some average flare load, or a frequently encountered maximum
on these systems vary ‘widely and they shall be designed to operate over a wide ran
changing loads. Flare>gas recovery systems often are installed to comply with local regu
operation and, therefore, shall be sized to conform to any such limits.

cation

e-gas-recovery systems are located on the main flare header downstream of all unit head
point\where header pressure does not vary substantially with load. Locations upstream of p

concentrations. Limited downstream tie-ins for material not suitable for recovery can be required.
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1 cpmpressor load control
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3  frpm process unit flare KO drums
4  flare header
5 flare KO drum (if used)
6 water seal
7 flare

[V

Gompressor shutdown.

Figure 19 —Typical flare gas recovery system

7.4.3.3 Flare tie-in

7.4.3.3.1 As discussed in 7.4.2, a major consideration in flare-recovery-system design is preservation of a
path to the flare for emergency releases. The flare gas recovery system shall be designed as a side stream
from the flare header. Main flare flow should not be through any compressor knockout or suction piping. The
tie-in line to the flare gas recovery system should come off the top of the flare line to minimize the possibility of
liquid entrance.

Some method of ensuring a positive pressure on the flare gas recovery system shall also be provided.
Figure 20 shows some methods of doing this while preserving a reliable open path to the flare.
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rupture disk or other non-=reclosing pressure-relief device

a8 Preferred system:Water seal.
b Alternativg system 1.

¢ Alternate System 2:
d See7.4.333.

Figure 20 — Flare gas recovery inlet pressure
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7.4.3.3.2 The most positive and preferred method for preventing air ingress is the installation of a water-
seal vessel between the flare knockout drum and the flare itself. The seal provides a relatively constant, low
back pressure on the flare header and provides a narrow, but usually adequate, control range for the flare-
gas-recovery control system. The water seal should be designed to function over the pressure for which the
flare-gas-recovery system is designed to operate. At higher release rates, flare gas flows through the seal and
out the flare. Design provisions shall be made to maintain the seal level, prevent high flare rates from carrying
the seal water up the flare and prevent seal freeze-up. See Figure D.1 for a typical seal-drum design.

7.4.3.3.3 If process requirements are such that the narrow operating ranges afforded by water seals cannot
be accepted, an alternate method is to use a fail-open control valve to regulate the suction pressure of the
flare-gas- recovery system A posmve path to the flare is prowded by |nstall|ng a Iow-pressure high-capacity
[ jef valve pilot

em shall also
be studied to verify that the back pressure imposed by the pressure-relief device (assuming the |control valve
is clgsed) at full header load does not induce unacceptable back pressures on.-devices releasing into the
headprs at the processing units.

An alternative to the use of a pressure-relief valve is the installation of non<reclosing devices su¢h as rupture
disks| or breaking-pin devices. These installations shall also be carefully‘reviewed to ensure that the devices
operate when required to do so, at as low a pressure as possible, and‘that they do not cause Winacceptable
back|pressure. An analysis should be performed to assure that theserequirements are met.

7.4.3|3.4 If it is necessary to use a control valve in the flare line to regulate flare-gas-recpvery-system
suctipn pressure, the control valve should be of a fail-open design and be interlocked to go fully[open upon a
highgr-than-normal header pressure, high-oxygen content or when the compressors are Junloaded or
shutdown. These interlocks are not a substitute for a positive path around the control valve, as|described in
7.4.313.3.

7.4.3]14 Back flow protection

Provisions shall be made to prevent back-flow of air from the flare into the flare-gas-recovery system. All
compressors should be equipped with ‘highly reliable low-suction-pressure shutdown controls. Consideration
should also be given to installation of additional instrumentation in the section of header between|the flare and
the gompressor suction take-off-to~detect reverse flow and automatically shut down the flare gas recovery
system.

7.4.3|5 Flare-gas-recovery controls

7.4.3|51 Flare-gas-fecovery systems operate over wide ranges, usually within very nafrow suction
presgure bands. A-typical system can operate over a suction-pressure range of 0,5 kPa to 1,2 kPa (2 in H,O
to 5in H,0) 16 _2,5 kPa to 3 kPa (10 in H,O to 12 in H,0O). The flare-gas-recovery compressofs should be
equigped with several stages of unloaders and a compressor-recycle valve. Suction pressure is maintained by
presgure‘control of a recycle valve, with additional loading and unloading of the compressors when limits of
valvel opening or closing or suction pressure are reached. Usually, the controls are set up to seqientially load
and unload the compressors.

7.4.3.5.2 The possibility of significant liquid in flare systems is usually quite high. Liquid-knockout vessels
should be provided for the compressors with automatic shut down of the compressors on high suction-drum
levels. Other mechanical protection systems can also be required for the compressors. These systems can
either shut down or just unload the compressors. Refer to 1SO 13707 [l for guidance on compressor
protection.

NOTE For the purpose of this provision, API Std 618 ['"l is equivalent to ISO 13707.
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Annex A
(informative)

Determination of fire relief requirements

A.1 Background

The problem
NFPA reque
capacities bq
Flammable L

It was later r
to be handle
the tank con
to be entirely
the less the

area of the ts

By 1948, se
Relieving Sy
data availab
1955 [126] g

Table A.1 co
were provide
liquid conten
The unit hea

of estimating fire-relief requirements for storage tanks was first recognized in 1928 whe

sted APl to recommend that a table of minimum emergency-relief loads for a series-of
included in the NFPA Suggested Ordinance Regulating the Use, Handling, Storage, and S
iquids and the Products Thereof.

bcognized that tank capacities did not provide the best basis for estimating the’amount of v
. Since the heat was absorbed almost entirely by radiation, the area exposed, not the volu
ents, seemed to be the important factor. Many of the tanks were large-and were never exp
surrounded by fire; the assumption was, therefore, made that the larger the area of the con
ikelihood that the tank would be fully exposed to radiation. In other-words, the larger the suU
nk shells, the lower the average unit heat absorption rate from-a fire.

eral different equations [125] were in general use, prompting the API Subcommittee on Pre
stems to develop an equation for determining the heat‘absorbed from open fires using thg
e at the time. The resultant equation has remained in general use since its publicati
d its development is documented in a paper presented by F. J. Heller in 1983 [127],

ntains data from ten fire tests and one actual fire. These data result from tests in which n
d to measure the total heat absorbed by.a(vessel by (a) computing the heat required to brin
s to the boiling range and (b) measuring.the amount of liquid contents evaporated in a giver
absorption rates in Table A.1 are average rates on the wetted surface.
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Examinations of detailed reports on these tests indicate that the setup for tests 4, 5 and 8 was arranged to
provide continuous and complete flame envelopment of the small vessels; under these conditions, maximum
average heat input rates of 96 kW/m2 to 100 kW/m?2 (30 400 Btu/h-ft2 to 32 500 Btu/h-ft2) were realized. The
environmental conditions set up for tests 1, 3, 6, 7, 9 and 10 allowed the flame to be subjected to air currents
and wind. All other factors were conducive to maintaining maximum heat input, a condition that is not likely to
exist in a refinery. Under these conditions, the maximum average heat-input rates varied greatly. Test 2
differed from Test 1 in that drainage away from the equipment was provided. The maximum heat input rate is
reduced by 60 % when drainage is provided; this fact was incorporated into the development of Equations (6)
and (7). Test 11 gives an indication of the effect of a large area on average heat input during an actual fire.

The test reports mentioned that in some cases the tests were delayed untll the arrival of a calm day so that
the wind wo most
cases, the f as it
normally wolild. was
mum

el was maintained by dikes in a pool beneath the vessel and was not allowed to drain away
In the Rubber Reserve Corporation tests, a 5cm (2in) gasoline line, running.full,
required to Heep the fuel supplied during the test. Without these special adverse conditions, the max
heat absorptfon values obtained by these tests are extremely unlikely to occur in an actual refinery fire.

A.2 Naturp of an open fire
from
n the
pour,

The nature of an open fire of flammable fluid, as related to test data, is important: This kind of fire differg
the fire in the firebox of a boiler or heater, where the fuel and air are mixed by means other tha
convection currents caused by the heated gases. The flame accordingly have a core of flammable v3

either unmixeg

Because the

This envelope

Hot gases frq
mass is quit
and the brigh
or orange, in

Flames of th
wind and car

A.3 Data ¢

Different hyd
behave simil
as the tempe

for that liquid.

d with air or insufficiently mixed to burn. Combustion occurs’ornvthe exterior envelope of this
actual combustion zone is on the rich side, a considerablé.amount of black smoke is gene
of soot can serve to mask much of the flame.

m the combustion rise and the air that supports the_.eombustion flows in at the bottom. The
b turbulent; as masses of the burning vapour tumble and billow, the smoky mantle is disp
t flame can be seen intermittently. This flame.is’not a blazing white, as it is in a furnace; it
Hicating a lower temperature than that of a furnace flame.

s type tend to rise because of their temperature; however, they can also be blown aside b
be blown so far from a vessel that-the heating effect on the vessel is small.

pn latent heat of vaporization of hydrocarbons

brly to one another. The latent heat of vaporization of a pure single-component liquid decre
rature at vaporization increases and the becomes zero at the critical temperature and pre

core.
ated.

flame
aced
s red

y the

rocarbon liquids have (different latent heats of vaporization even though hydrocarbons as a group

ases
ssure

Figure A.1 shows the&vapour pressures and latent heats of the pure, single-component paraffin hydrocarbon

liquids. This
hydrocarbon
the differenc

chart<is* directly applicable to such liquids and applies as an approximation to pa
mixtures composed of two components whose relative molecular masses vary no more th

affin-
hn by

p between propane and butane or butane and pentane.

The chart can also be applicable to isomer hydrocarbons, aromatic or cyclic compounds, or paraffin-
hydrocarbon mixtures of components that have slightly different relative molecular masses. The equilibrium
temperature should be calculated. Using the relationship for the calculated temperature versus vapour
pressure, one can obtain the latent heat from Figure A.1. The relative-molecular-mass relationship as shown
by the chart is not to be used in such cases; the relative molecular mass of the vapour should be determined
from the vapour-liquid equilibrium calculation.

For cases that involve mixtures of components that have a wide boiling range or significantly different relative
molecular masses, a rigorous series of equilibrium calculations can be required to estimate vapour generation
rates, as discussed in 5.15.3.2.

Other recognized sources [128] of |atent heat data or methods of calculating latent heat of vaporization should
be used where Figure A.1 does not apply.
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Annex B
(informative)

Special system design considerations

B.1 Single pressure-relief device protecting several components in a process
system

In some situations, a single pressure-relief device can be desirable to protect several equipment compo

nents

in a process pystem. For this system to be adequately designed, the following four criteria should-be satidfied.

a) No meaps can exist for blocking any of the equipment components being protected from the installation
of the dingle pressure-relief device unless closure of these valves is positively controlled (e.g| see
API RP $20-11:2003, Section-4 or EN 764-7).

b) The set pressure of the first pressure-relief device to be actuated should be at or below the lowest design
pressurg or MAWP of any equipment component being protected in the system.

c) The acdumulated pressure when one or more pressure-relief devices are discharging shall not ejceed
the max|mum allowable pressure in accordance with the pressure-design code.

d) The opgrating pressure in any equipment component shallhnot exceed that allowed by the predsure-
design dode when the pressure-relief device protecting the system is not discharging.

B.2 Description of a typical process system

A typical process system that can be provided-with only one pressure-relief device is a hydrotreater-rgactor

recycle-gas Ipop. Such a system can contain thefollowing main equipment components:

a) recycle gas compressor;

b) feed/effluent heat exchanger;

c) fired hegter;

d) reactor;

e) effluent condenser;

f)  separatqrdrum;

g) interconnecting piping;

h) piping for liquid feed, product, and purge gas.

Figure B.1 is a schematic for the typical hydrotreating process system indicated in the preceding list of

components.
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B.3 Procedure to calculate the design pressure or MAWP of equipment components

If the procedure outlined in the following list is followed, the design pressure or MAWP of any equipment
component in the system will never be exceeded unless the pressure in the system actuates the pressure-
relief device. These steps should be taken.

a)

b)

c)

d)

The pressure profile should be developed for the processing conditions that result in the maximum
pressure drop (normal end-of-run conditions with fouled equipment).

The settling-out pressure that develops when the compressor stops during the maximum pressure drop
case should be calculated. The separator drum should be assumed to be operating at normal operating

PTESSUTre before COMpressor Stoppage and the purge gas ine shoufd—be assumed 1o pe closed to

¢onserve gas.

The minimum design pressure or MAWP of the separator drum should be calculated’as 1}05 times the
gettling-out pressure. This provides an adequate differential between the opefating pressure and set
pressure of the pressure-relief device for a compressor shutdown contingency:

The pressure profile should be developed for the system with the pressure of the separatof drum at the
get pressure of the pressure-relief device. Assuming equal volumetric.gas flow, the pressufe gradient is
proportional to the change in absolute pressure.

NOTH The minimum design pressure or MAWP of each equipment comppnent is the inlet pressure for each equipment

comppnent as determined in list item d).
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Key

w

[20Né) IE N

= T T a ™" o0 o o0 T o

Y A
2 758 (400)

2 620 (380)
2 482 (360)
2 344 (340)
2 206 (320)
2 068 (300)
1931 (280)
1793 (260)
1 655 (240)
1517 (220) |-
1379 (200) L

pressure, lexpressed in kilopascals’(pounds per square inch gauge)

pressure profile for normal©peration based on end-of-run (EOR) process condition [see B.3, list item a)]
settling-oyt pressure when-system pressure equalizes after compressor stops during normal EOR operation [see B.3,
list item b}]
pressure profile when/system is operating with the pressure of the HP separator drum at the set pressure pf the
pressure-felief device [see B.3, list item d)]
feed
liquid prodquet
gas bleed-off

Normally set at 1 689 kPa (245 psig).

Set at 1 896 kPa (275 psig).

Typical minimum design pressures for equipment components in the system.
Compressor: DP = 2 799 kPa (406 psi) min.

Feed/Product exchange: DP =2 779 kPa (403 psi) min.

Furnace: DP = 2 613 kPa (379 psi) min.

Reactor: DP = 2 517 kPa (365 psi) min.

Feed/product exchange: DP = 2 234 kPa (324 psi) min.

Product condensorr: DP = 2 062 kPa (299 psi) min.

H.P.separator: DP = 1 896 kPa (275 psi) min.

Figure B.1 — Typical flow scheme of a system involving a single pressure-relief device serving
components in a process system with typical pressure profiles
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Annex C
(informative)

Sample calculations for sizing a subsonic flare stack

General

This

radiafion. The first method covered is the simple approach presented in Clause 6; the secend

spec
shou

C.2

C.2.
In th
(100
422 K
The

(1) 1
C.2.;
The |

In Sl

In UY

Bnnex presents examples of the two methods used to size subsonic flare stacks based-on

fic approach using Brzustowski’s and Sommer’s method [94]. The height and locatioh of th
d be considered, based on gas dispersion if the flame is extinguished (see 6.3).

Example 1 — Sizing a flare stack using the simple approach

Basic data

s example, the material flowing is hydrocarbon vapours?) The mass flow rate, ¢, is
000 Ib/h). The average relative molecular mass of the vapours, M, is 46,1. The flowing temf
( (760 °R). The compressibility factor, Z, is 1,0. The heat.of combustion is 50 000 kJ/kg (2
hbsolute pressure within the flare tip while flaring, p,gis 101,3 kPa (14,7 psi). The design
5 32,2 km/h (8,9 m/s) [20 mph (29,3 ft/s)].

P Calculation of flare diameter
Mlach number is determined from Equation (27) or (28) from 7.3.1.3.3:
units:

0,5
A AR
Vay =3,23x1075| M [—j
po-d M

C units:

0,5
z.17\°
Vay = 17025705 —m__ (—j
p2-d M

For A

he effects of
is the more
e flare stack

45 360 kg/h
erature, T, is
500 Btu/lb).
wind velocity

as= 0.2, the flare diameter is calculated as follows:

In SI

units:

0.0 —393,10-5[ 45360 | [1x422
T 101,342 )\ 46,1

d?2=0,219

d = 0,468 m (inside diameter)

©1S0
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In USC units:

0.2 - 1702 10-5( 100000 | [1x760
T 14,742 46,1

d?2=23

d=1,53

5

ft (inside diameter)

For Ma = 0,5, the flare diameter is calculated as follows:

In Sl units:

d?2=0,0

B8

d = 0,296 m (inside diameter)

In USC units
d2=0,9

d=0,97

C.2.3 Calc

0

ft (inside diameter)

hlation of flame length

The heat libdrated, Q, is calculated as follows (see Figures 7 and'8):

In Sl units:

0 =45
=6,3

In USC units

0 = (10(
=214

From Figures
C.2.4 Simg
The vapour

In Sl units:

360 kg/h) x (5x10% kJ/kg) x (1 h/3600 s)

k 105 kW

000) x (21 500)

x 109 Btu/h

7 and 8, flamé\ength, L, is 50 m (170 ft). See Figure C.1.

le calculation of flame distortion caused by wind velocity

olume flow rate, g, 4, is determined as follows:

dvap = [45 360] X (22’4] x[422] =9,46 m3/s (actual)

3600 46,1 273

In USC units:

duap = (100 000] X[ 379’1] y (76(’) —333,9 ft3/s (actual)

150

3600 46,1 520
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The flame distortion caused by wind velocity (see Figure 9) can be represented by Equation (C.1):

Yoo (C.1)

is the wind velocity;

u; is the flare tip velocity.

J

The fpexi tty;7r

i r method of
calcylating u;):

_ 4
nd?/4

j (C.2)

For Ma =0,2:

In Slunits:

9,46

= 2T _55m/s
L 7x04682/4

In USC units:

A_ﬂ:mﬁt/s

/T 1x1532/4

For Ma = 0,5:
In Sl units:

9,46

- 272 _137f/s
mx0,2962 /4 /

J

In USC units:

333 s s

! mx0:972/4

At Mg =0,2:

In Sl units:

u, 8,94
2 = -0,162

From Figure 9: z% =0,36

From Figure 9: Z% =0,85
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D Ay=0,36x50=18m

ZAx =0,85x50 =42,5m

In USC units:
”;w:ﬁ:(),mz
U ; 181

J

A
From Figure [O: L%z 0,36

Ax
From Figure O: —=0,85
gureo: > =
D Ay =[0,36x170 =61 ft

D Ax=[0,85x170 =144 ft

At Ma =0,5:

In Sl units:
—=—,E:O,065
7
From Figure [9: Z& =0,55
: 7 ,

From Figure |9: Z% =0,68

> Ay =|0,55x50 =27,5m

ZAx:0,68><50:34,0m

In USC units
[e
”;w:&ﬁ:o’o%
u 452

From Figure 9: Z%:O,SS

From Figure 9: z% =0,68

D Ay=0,55x170 =93 ft

D Ax=0,68x170 =115 ft

152
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C.2.5 Calculation of required flare stack height
For the basis of the calculations used in C.2.5, see 6.4.2.3. See Figure C.1 for dimensional references.

The design basis for these calculations is as follows.

The fraction of heat radiated, F, is 0,3. The heat liberated (see C.2.3), O, is 6,3 x 105 kW (2,15 x 109 Btu/h).
Assume it is necessary for the flare stack design to limit the maximum allowable radiation, K, at 45,7 m
(150 ft) from the flare stack to 6,3 kW/m?2 (2 000 Btu/h-ft2).

In Slunits:

L \/1,O><0,3><6,3><105

=48,9m
41% 6,3
In USC units:
9
- 1,0x0,3x2,15%x10 160 ft
41x 2000

The physical arrangement shown in Figure C.1 is the basis of the remaining calculations in C.2.5.
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Key
1 wind diredtion

Figure C:1-— Dimensional references for sizing a flare stack

At Ma = 0,2, the flare stack height, 4, is calculated as follows:

h'= h+(|0,5ZAy) (C.3)
r'=r-(05) Ax) (C.4)
In Sl units:

From C.2.4, at Ma =0,2: ) Ay =18m

From C.2.4, at Ma = 0,2: ZAx =425m
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