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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through

ISO technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

Internat

The main task of technical committees is to prepare International Standards. Draft Internationjl
|s adopted by the technical committees are circulated to the member bodies for voting.
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Fional circumstances, when a technical committee has collected data ofa-different kind from
Ch is normally published as an International Standard (“state of the art®, for example), it mgy
 a simple majority vote of its participating members to publish a Technical Report. A Technical

ed to be no longer valid or useful.

1 is drawn to the possibility that some of the elements ofthis document may be the subject of
patent rights. ISO shall not be held responsible for identifying any‘or all such patent rights.

6732-3 was prepared by Technical Committee ISQ/TC 92, Fire safety, Subcommittee SC 4, Fire
gineering.

D consists of the following parts, under the general title Fire safety engineering — Fire risk assessment:
1: General

2: Example of an office building [Technical Report]

onal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Partp.
on as an International Standard requires approval by at least 75 % of the shember bodigs

vote.

entirely informative in nature and does not have to be reviewed until the data it provides are

3: Example of an industrial property [ Technical Report]
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Introduction

This part of ISO/TR 16732 presents an example of the application of ISO 16732-1, prepared in the
format of ISO 16732-1. It includes only those sections of ISO 16732-1 that describe steps in the fire risk
assessment procedure. It preserves the numbering of sections in ISO 16732-1 and so omits numbered
sections for which there is no text or information for this example.

This example is intended to illustrate the implementation of the steps of fire risk assessment, as defined
in ISO 16732-1. Only steps that are considered as relevant in this example are well detailed in this annex.

isk assessment is preceded by two steps - establishment of the context, including thg' fite safety
opjectives to be met, the subjects of the fire risk assessment to be performed and rélated| facts or
agsumptions; and identification of the various hazards to be assessed. (A “hazard” js'seimething with
the potential to cause harm.)

Alssumptions made in the present document have been chosen to illustrate, in a:simple manner| how the
fire risk assessment methodology proposed in ISO 16732-1 can be applied to an.industrial facility. These
agsumptions must be regarded as examples only, and not be applied to other cases without yerifying
they are representative of the considered cases.

© IS0 2013 - All rights reserved v
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Fire safety engineering — Fire risk assessment —

Part 3:
Example of an industrial property

Scope

1

This part of ISO/TR 16732 deals with a fictitious propane storage facility dedicated,to’the feception
of propane transported by tank wagons, the storage of propane in a pressurizedryessel and|the bulk
shipment of propane by tank trucks. The fire risk assessment developed in this partof ISO/TR|16732 is
npt intended to be exhaustive, but is given as an example to illustrate the application of ISO 16732-1 to
ah industrial facility.

The scope of this part of [ISO/TR 16732 is further limited to design-phase strategies, including changes
te the layout of the facility and selection of relevant fire safety strategies (implementatioh of risk
r¢duction measures). Not included are strategies that operate during the operation phase, including
Focess modifications.

p

This part of ISO/TR 16732 illustrates the value of fire riskjassessment because multiple scenprios are
ahalysed, and several design options are available, which*may perform well or not dependirg on the
cpnsidered scenario. Risk estimation is needed to determine the result of these different comblinations,
and overall measures of performance that can be compared between design options. If there were only
ohe scenario of interest, or if the options all tendedto perform the same way on all the scenarigs, then a
impler type of engineering analysis would suffice.

%)

N

Normative references

—3

he following documents, in whelévor in part, are normatively referenced in this document and are
dispensable for its application. For dated references, only the edition cited applies. For[undated
¢ferences, the latest edition«wefthe referenced document (including any amendments) applies.

— =

[

80 16732-1:2012, Fire sdfety engineering — Fire risk assessment — Part 1: General

98]

Terms and‘definitions

Fpr the purpeses of this document, the terms and definitions given in ISO 16732-1 and the following apply.

3i1
EVE
iling Liquid Expanding Vapour Explosion

(atmospheric) boiling point is ruptured, releasing the contents explosively
Note 1 to entry: Taken from Reference [1].
Note 2 to entry: A more detailed description of phenomena involved during a BLEVE is given in 5.3.

3.2

flashing vaporization

rapid transformation into vapor that is released when a saturated liquid stream undergoes a
reduction in pressure

© IS0 2013 - All rights reserved 1


https://standardsiso.com/api/?name=2cbe2516104fb611032b979aef7dfe79

ISO/TR

3.3
LPG

16732-3:2013(E)

Liquefied Petroleum Gas
flammable mixture of propane and butane mainly used as a fuel in heating appliances and vehicles

3.4
LOC

Loss of containment
release of product, such as a leak of product on a pipe, an instantaneous release of product due to a
vessel rupture, etc.

3.5
end-cap
curved e

3.6

ERS
Emergel
special 1
which is

4 Apry

ISO 1673
scenario

The exar
a propan
spherica
low freq

5 Ove

5.1 Ge

This clay

5.2 Oy

nd part of a pressurized cylindrical vessel shell

1cy Release System
hechanical device designed to break when a locked loading arm is accidentally displaced, an
plates the leak by the automatic closing of two valves on each side

licability of fire risk assessment

2-1 lists some examples of circumstances where it is impotrtant to give due consideration {
5 with low frequency but high consequence and hence,fire risk assessment is useful.

hple in this part of ISO/TR 16732 was conducted to-support an analysis of different designs f
e storage facility, where the main risk is a BLEV.E of the pressurized storage vessel (which is
| storage tank). A BLEVE particularly fits well'with the definition of a high consequences an
lency event where fire risk assessment is useful.

rview of fire risk management

neral

se specifies the different design options to be assessed.

erall description-of the industrial facility

The facility chosen for¢his example is a propane storage facility, due to its simple process and gener}

charactejr. The propane storage facility activities include

— reception ef'propane transported by tank wagons: a compressor sucks up the pressurized storag
vessgel gaseéous atmosphere and compresses it into a tank wagon vapour space to push the liquid inf
the qtorage vessel,

d

e

— storage in a pressurized vessel,

— bulk shipment of propane by tank trucks: a pump sucks up the pressurized storage vessel liquid and
injects it in a tank truck, for delivery to privates or companies.

The following main types of equipment are used: a pressurized storage vessel (with a diameter of 12.5 m
for a volume of about 1 000 m3), tank wagons and tank trucks, pumps, compressors and pipes.

This example focuses on the influence of the truck loading area layout and risk reduction measures upon
the pressurized storage vessel BLEVE frequency.

© ISO 2013 - All rights reserved
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5.3 Phenomenology of a BLEVE

According to the Center for Chemical Process Safety, a BLEVE is defined as “a sudden loss of containment
of a pressure-liquefied gas existing above its normal atmospheric boiling point at the moment of its
failure, which results in rapidly expanding vapor and flashing liquid. The release of energy from these
processes (expanding vapor and flashing liquid) creates a pressure wave”[2].

The overall phenomena involved in a BLEVE (see Figures 1 to 3) have been extensively described in
Reference [3].

Fragments

Figure 1 — Vessel failure (dark grey), fireball (light'grey), ejection of fragments (black
semicircles) and pressure wave {outer circular line)[3]

O

Figure 2 — Fireball lift-offl3]

© IS0 2013 - All rights reserved 3
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Figure 3 — Fireball apogeel3]

Numeroiis BLEVESs of stationary storage tanks, tank wagons and tank trucks occurred during the lapt
decades,|leading to large disasters and loss of hundreds of lives/Shalif[4] has listed 74 BLEVEs in the
period 1926-1986, resulting in 1,427 fatalities and 635 injuries.The catastrophic failure of a pressurizgd
vesselis p sine qua non condition fora BLEVE to occur: it can béprovoked by either mechanical or thermpl
threats with a sufficiently high energy. Table 1 illustrates the different causes leading to a BLEVE.

Table 1 — Past accidents involving BEEVESs and corresponding causesl5]

Causes BLEVEs
Fire 25
Impact 19
Vessel overfilling 11
Vessel over pressurization 3
Fatigue 2
Explosion 2
Corrosion 1
Earthquake -
Flood -
Lightning -
Others (runaway, overheating, etc.) 25

This survey shows that fire and impact events are the most common causes leading to a BLEVE.
Therefore, if the scope of the example is limited to effects of an adjacent fire, BLEVE or explosion, the
scope will include roughly half of the circumstances leading to past BLEVE accidents.

According to Roberts et al.lé], “if a pressurised vessel is attacked by fire, its temperature rises and this
reduces the strength of the vessel. This, combined with the pressure within the vessel, may lead to
failure of the vessel with catastrophic consequences”.

The global heat transfer mechanisms involved during thermal threat on a pressurized vessel
are described in Figure 4. When a fire engulfs a vessel, the total incident flux (due to radiation and
convection) is absorbed by the vessel, the liquid and the gas. It causes the evaporation of the liquid
phase, and hence both a pressure increase as well as the decrease of the liquid level. Thus, absorption

4 © IS0 2013 - All rights reserved
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capacity is decreasing with time. Safety valves are commonly used to delay the occurrence of a BLEVE
by discharging a part of the vessel content. The rapid rise of pressure inside the equipment due to boiling
combined with the drop of material strength due to external heating of the envelope will lead to the
catastrophic rupture of the vessel.

Mass and heat discharge

Absorbed into gas

\\ Re-emitted radialion

Total incident flux f f f f ?
(radiation, convection)

Evaporation

Absorbed into liquid

Ty

igure 4 — Heat transfer mechanisms involved during thermal threat on a pressurized yessell6]

5{4 Risk reduction measures
T

hble 2 lists risk reduction measures that can be Used to prevent or delay a BLEVE, based on [a review
Fovided by Fulleringer.[Z]

g=)

Table 2 — Examples of common risk reduction measures against BLEVEs

Risk reduction measures Function
Lpyout (distance) Increases separation distances to decrease accidental loads on the vegsel
Lpyout (orientation) Decreases the probability that a thermal/mechanical event threatens|the vessel
Ijolation of leak (emergency reledse,system) Isolates loading arm in case of tank truck displacement
I4olation of leak (automatic pump‘shutdown) Shutdowns feeding pumps in case of pressure drop (i.e. a leak)

Cpntainment/evacuation‘ef+the product (bund, slope) |Preventsliquid accumulation under the vessel/Increases separation distances to
reduce thermal loads on the vessel

Shfety valve Discharges product outside the vessel and hence reduces the stress infduced by
increase of internal pressure

Ppssive fire'protection (protective coating, thermal Reduces heat transfer rate to vessel wall

shielding)

Alctive fire protection (water deluge, water curtain) Protects the vessel as it absorbs part of the heat produced by a fire/a jet firea

Cenerete-watlaround-the-vesselormotnding Protects-the-vesselagainstthermaland-mechanicalloads

a  Several tests and studies[8] have shown that a typical water deluge system on a LPG storage vessel cannot maintain a
water film over the whole vessel surface if a jet fire impinges on the vessel. APl 2510A[9] indicates that “...effective cooling
of a vessel shell that is exposed to jet flames is difficult to achieve. The velocity of the jet stream may deflect a water spray
pattern or fog pattern from a fire hose.” So the current example assumes water deluge is only efficient for radiant jet fires,
not impinging jet fires.

5.5 Presentation of design options
In the present example, several alternative designs are considered, differing in

— the separation distances between the pressurized storage vessel and the truck loading area,

© IS0 2013 - All rights reserved 5
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— the orientation of the truck loading area, and

— therisk reduction measures implemented relative to the storage vessel (emergency release system
on loading arms, automatic feeding pump shutdown system and water deluge on the pressurized
storage vessell).

Table 3 summarizes the six different design options studied in the present document.

Table 3 — Fire protection design options considered

Design Additional Truckloading area| Emergencyreliet | Pump shut down Water deluge
option separation distance orientation system (ERS)
(99 % reliability (99 % reliability (90 % reliability
assumed) assumed) assuied)

1 No North-to-South No No No

2 Yes North-to-South No No No

3 No West-to-East No No No

4 No North-to-South Yes No No

5 No North-to-South Yes Yes No

6 Yes North-to-South Yes Yes Yes

“North-tp-South” means that a line through the bays of the truck loading area will be perpendicular o
the shortest line from pressurized vessel to truck loading area (Eigure 5).

“West-tof East” means that the shortest line from pressurized-wessel to truck loading area, if extendef,
will alsofrun through the bays of the truck loading area (Figure 6).

e 9 M B 9 Jemmdh

COMPRESSOR

WAGON UNLOADING AREA

TRUCK LOADING AREA

Figure 5 — Option 1

1) Note that pressure safety valve action is not considered in this example.
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COMPRESSOR STORAGE

WAGON UNLOADING AREA

C)

TRUCKLOADING AREA

Figure 6 — Option 3

Option 1 has the closest point of'the truck loading area located 25 m from the storage vessel and has
no other risk reduction measures (Figure 5).

Option 2 is the same as.Option 1 but with a separation distance of 50 m between the storage vessel
and the nearest pointin-the truck loading area. Option 2 also has no risk reduction measufes.

Option 3 is the same as Option 1 but with a different orientation of the truck loading area.|Option 3
also has no risk'wreduction measures (Figure 6).

Option 4 iSithe same as Option 1 but with an emergency release system on each loading arnp. An ERS
is efficient for a loading arm rupture, but not for leaks. For simplification purposes, it is pssumed
that the’only cause of a loading arm rupture is an accidental tank truck displacement. ERS is then
assumed to prevent all LPG large releases due to a loading arm rupture.

Option 5 is the same as Option 4 but with an additional automatic feeding pump shutdowh system

f)

activated by both a gas detection system covering the truck loading area and a low pressure
detection system.

Option 6 is the same as Option 2 but with risk reduction measures (ERS, automatic feeding pump
shutdown system, and also a water deluge activated by an infrared detection system on the
pressurized storage vessel and designed to protect LPG storage tanks in the event of a fire).

© IS0 2013 - All rights reserved 7
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6 Steps in fire risk estimation

6.1 Overview of fire risk estimation

Fire risk estimation begins with the establishment of a context. The context provides a number of
quantitative assumptions, which are required with the objectives and the design specifications, to
perform the estimation calculations.

The ob]ectlve for this example isto prevent the pressurlzed Vessel to BLEVE. The focus isona BLEVE of

ofa BLE E is also expected to reduce the potential for harm to thlrd partles located outside the proparie
storage facility.

For simplification purposes, this example only focuses on the influence of the truck loading area layouit
and riskjreduction measures upon the storage vessel BLEVE frequency.

6.2 Usde of scenarios in fire risk assessment

6.2.1 (verview of specification and selection of scenarios

The number of distinguishable fire scenarios is too large to permit analysis of each one. Therefore, any
fire risk pssessment must develop a scenario structure of manageable size but must also make the cage
that the gstimate of fire risk based on these scenarios is a reasonable estimate of the total fire risk. The
principal techniques to achieve these goals are identification of{HaZards, combining of scenarios into
clusters pnd exclusion of scenarios with negligible risk.

The follogwing steps define how the scenarios are selected ifithis example.

6.2.2 Identification of hazards
The pregent example studies a BLEVE of the pressurized storage vessel in a propane storage facility.

As explajned in 5.3, a BLEVE is the direct corisequence of the catastrophic rupture of a vessel, which cgn
be causefd by several types of events.

These evients can be classified in twoumain categories or families of hazards and related initiating events
(see Figyre 7, see Reference [10]):

— internal (to the facility).hazards, caused by the activities of the facility itself; for the example, thefe

are fhree main familjes of internal hazards and related initiating events, which are

— mechanical failure of the storage vessel itself by over pressurization, overfilling, corrosion ¢r
fatigue,

— BLEVESGfother pressurized vessels on the site (wagons and trucks in our example), conducting
fo Overpressures and ejection of fragments (BLEVE associated thermal radiation is n¢t
ronsidered to be able to provoke a BLEVE because of the short duration of the fireball3)) that
may lead to mechanical damage on the pressurized fixed storage vessel,

2) According to the CCPS book relationshipl2], the BLEVE of a 1 000 m3 vessel storing propane would give a
fireball maximum diameter of: D = 5.8 M1/3 = 5.8 x (582 x 1,000)1/3 = 485 meters.

3) According to the CCPS book relationshipl2], the BLEVE of a 1 000 m3 vessel storing propane would give a
fireball duration of: t = 2.6 M1/6 = 2.6 x (582 x 1,000)1/6 = 24 seconds.

8 © IS0 2013 - All rights reserved
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— propane releases from other equipment on the site conducting to fires, jet fires or explosions

that may also lead to mechanical damage on the pressurized storage vessel.

external (to the facility) hazards, caused by the surroundings of the facility; for the example, there

are three main families of external hazards and related initiating events, which are:

— natural events such as earthquake and lightning,

— transportation accidents outside the facility (airport, railways, highways, river traffic),

and pipelines.

Accidents in surrounding hazardous facilities }7

Figure 7 — Generic fault tree (bow-tie format) for catastrophic rupture and BLEVE (w
risk reduction measures)

Flgure 7 describes thesix families of initiating events and related hazards that canlead to the cat3
ryipture of a pressiirized vessel. As noted, the scope of this example is limited to BLEVE due to
fires, BLEVEs ot_gxplosions, and also to risk reduction strategies focused on the truck load
Igternal-hazard scenarios involving mechanical failure of specified vessel are therefore not rel

—  hazardous material release in nnarhy facilities such as pnfrnr‘hﬂmir‘a] Far‘i]ifinc’ £ Ctories’

Mechanical failure of specified vessel }7 I H
N

A

T Z

Impact of BLEVE E —

- % — A

beginning at other nearby vessel R R

N D

b W o
Impact of jet fire beginning in other L
equipment near vessel
S
D Catastréphic BLEVE |
,&ture
Mechanical damage or heating due |

to natural events E

H
X

A

P K P,
Mechanical damage due to | % E Z\

transportation accidents s@&;{

D

\W 0
L

ithout

strophic
adjacent
ing area.
evant for

the example,'External-hazard scenarios such as natural events or transportation accidents ouftside the

f4cility, also are not relevant for the example. Explosions also are not considered here for simp
plirp@seés: it is assumed in the example that the truck loading area congestion level is too loy

ification
v to give

stfficient high overpressures to provoke a BLEVE of the pressurized storage vessel.

Therefore, in this example, the six families of initiating events and related hazards are reduce

d to only

two families: impact of BLEVE beginning at other nearby vessel and impact of jet fire beginning in other

equipment near vessel.

These two families can be further reduced to two groups of more specifically defined loss of containment
initiating events that are the only hazards considered capable of initiating a BLEVE of the storage vessel:

— jetfires from truck loading arms, considered the only fire resulting from a nearby leak that
sufficient impact at a distance; and

— tank truck BLEVESs, considered the only nearby source of a BLEVE.

© IS0 2013 - All rights reserved
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Some past incidents have been identified in the ARIA databasel[l1] that particularly well illustrate these
two families of initiating events and related hazards. Several cases of leaks (or malfunctions likely to
lead to aleak) occurring in LPG tanker loading facility were noticed that would have been able to initiate
ajet fire and thus impinge a LPG pressurized storage vessel:

— October 23,1989, Le Blanc, France: LPG release in the LPG road-tanker loading facility of a LPG depot;

— January 14, 2002, Cournon d’Auvergne, France: LPG release due to a nozzle rupture in the LPG road-
tanker loading facility of a LPG depot;

— Aprif23; 2664 Germany PG reteaseandftastrim the EP G road=tartker toading facitity of arefimery;

Octdber 7, 2004, Le Blanc, France : malfunction of an ERS in the LPG road-tanker loading facility
of a LPG depot;

— Mar¢h 21, 2005, Donges, France: release of LPG at a railcar tank loading station of a LPG-depot.
Also several cases of tank truck BLEVESs (on industrial sites or LPG filling stations) wefe noticed:

— Febnuary 9, 1972, Tewksbury, Massachusetts, United States of America: BEEVE of a tank trugk
duripg unloading operation;

— Julyp, 1973, Kingman, Arizona, United States of America: BLEVE of awagon truck during unloading
opeifation after disconnection of an unloading arm;

September 11, 1998, Buncheon, South Korea: BLEVE of a tanktruck in a LPG filling station after ledk
of anp unloading arm;

May|7, 2007, Dagneux, France: BLEVE of two tank trucks parked on an industrial site;

Auguist 10, 2008, Toronto, Canada: BLEVE of a tank’'truck parked on an industrial site during|a
trangfer operation between two tank trucks.

6.2.3 (ombining scenarios into scenario clasters

The two parrowly defined families of hazards and initiating events defined at the end of 6.2.2 constitute
aninitialstructure consisting of two scenario clusters. In this case, scenario clusters have been developgd
from families of hazards, as opposed to the normal sequence in ISO 16732-1, wherein scenarios afe
developdd from hazards and are then grouped into scenario clusters.

This initjal scenario structurfe ctan be improved by subdividing the jet fire scenario cluster into thr¢e
narrowelr scenario clusters’based on the size of the initiating leak. Frequency of occurrence, as well gs
consequeénce, can then bedirectly estimated for each of these smaller scenario clusters. The three siz¢s
of leaks are defined qualitatively and each is represented by a specific size of leak, as indicated.

Mingr leaks,fepresented by a 1 % diameter leak: such leaks can be the result of corrosion, and thgy
can e omitted from the analysis because they do not supportajet fire large enough to cause a BLEVE,

— Medjum leaks, represented by a 10 % diameter leak: such leaks can be the result of a gasket leak or
a pipe connection leak for INStarnce,

— Major leaks, represented by a full-bore rupture: such leaks can be the result of a steam hammer, a
vehicle impact or an arm failure, for example.

The final scenario structure therefore consists of three scenario clusters - a tank truck BLEVE, a jet fire
caused by a medium leak (represented by a 10 % diameter leak), and a jet fire caused by a major leak
(represented by a full-bore rupture).

10 © IS0 2013 - All rights reserved
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6.2.4 Exclusion of scenarios with negligible risk

In this example, itis assumed that each loading area is fitted with a drainage system that enables to collect
fuel and oil leaks, thus preventing truck fires that could otherwise lead to a BLEVE. Note that tire/break

fires are also supposed to be extinguished by truck drivers before leading to an aggravated fire

6.2.5 Demonstrating that the scenario structure is appropriate and sufficient

As stated in 6.2.2, the scenario structure for the present example requires only scenarios that begin

ith tank trucks on the facility or with equipment that interacts with tank trucks on the facili

=t

gether represent all scenarios falling within the scope of the example. Based on the experig
hst BLEVESs, the two types of scenarios identified in 6.2.2 are considered as the only ones c4
Foduce a BLEVE of the pressurized storage vessel.

o]

6{2.6 Fire risk assessment without explicit scenario structures

[%2)]

Ibclause 6.2.6 of ISO 16732-1:2012 is not relevant in this example.

(=)

2.7 Behavioural scenarios

1]

br simplification purposes, this example does not consider human behaviour explicitly. Howeve
‘ror is inherently taken into account in the frequencies of loss of containment used for the pre
risk assessment. Fire brigade is assumed to be unable to control the fire after several minuteg
Fits dimensions, which is a conservative assumption.

[¢]

=]

(=)

2.8 Firerisk assessment for selecting design fire'scenarios for deterministic analysis

wn

ibclause 6.2.8 of ISO 16732-1:2012 is not relevantiin this example.

6.3 Estimation of frequency and probability

(=)

3.1 Frequencies of loss of containment

—3

he scenario clusters selected in-6.2 all involve loss of containment events (LOCs) - either a truc
'm leak resulting in a jet fire.or a tank truck BLEVE.

o8]

In this example, the “Purple Book”[12] database was used to quantify LOC frequencies.

(=)

3.2 Frequency that a loading arm leak produces a jet fire that provokes a BLEVE of the
irized storagevessel

%]

—3

he frequency that a loading arm leak produces a jet fire that provokes a BLEVE of the pre
forage vessel can be estimated by multiplying

%]

—+ _the frequency of a loading arm LOC (/hour),

y, which
nce with
hpable to

r, human
sent fire
because

kloading

 pres-

ssurized

— the annual number of hours of loading (assumed to be 1,000 h in our example for the six loading

arms, corresponding to 1,000 loading operations of one hour per year),

— the probability of immediate ignition (that a leak produces a jet fire), which is assumed to be 1

in the example,

— theprobabilitythatthejetfireisorientedinthedirection ofthe pressurized storagevessel (orientation
factor) and that it can impinge the vessel or generate sufficiently high radiation level on the vessel
to provoke a BLEVE of the pressurized storage vessel¥ (critical radiation level is fixed at 16 kW/m?2,
which is a conservative assumption compared to Health and Safety Executive recommended value

4) Considering a constant jet fire length is conservative. In a real situation, the jet fire length decreases as a result

of the depressurisation of the leaking equipment.

© IS0 2013 - All rights reserved
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6.3.3 Hrequency that a tank truck BLEVE leads to an overpressure that provokes a BLEVE of th
pressurized storage vessel

The freqpiency thatatanktruck BEEVEleads to an overpressure that provokes a BLEVE of the pressurizgd
storage Yessel can be estimated by multiplying

of 37,5 kW/mz2[13]). Orientation factor can be calculated, for example, using the approach proposed
by Pettitt et al. (see Figure 8, see Reference [14]). In this approach, leak frequency density is
assumed to be constant over the total area of the loading arm (i.e. singularities are not taken into

Limits of jet fire
impingement

Object from
which jet fire
emerges

Figure 8 — Example of “angle of impingement*“between two vessels

the probability of failure of risk reduction measures (ifiexisting), and

the probability that impinging jet fire damages thewessel, which is assumed to be 1 in this exampl.
Notg that only a jet fire that lasts long enoughcan provoke a BLEVE of the pressurized storage
vessgl. In this example, it is assumed that an inipinging jet fire will last enough to provoke a BLEVIE
of thie pressurized storage vessel.

W

the firequency of a tapk&ruck instantaneous release (/year)>),

the probability ofiimmediate ignition (that an instantaneous release results in a BLEVE), which |s
assumed to be Tin this example®),

the probability that an overpressure level greater than 38 kPa’?) can reach the pressurizdd
storpge“vessel, and

the probability that the overpressure damages the vessel suificiently to cause a BLEVE.

5)
6)
7)

In this example, it is assumed that tank truck BLEVEs are independent events.
In this example, the BLEVE frequency is equal to the tank truck catastrophic rupture frequency.

In this example, a 38 kPa overpressure is assumed to provoke a BLEVE of the pressurised storage vessel. It

corresponds to the “overpressure of partial damage on a pressure vessel”[16],

12
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6.3.4 Frequency that a tank truck BLEVE leads to a vessel fragment impact that provokes a
BLEVE of the pressurized storage vessel

The frequency that a tank truck BLEVE leads to a vessel fragment impact that provokes a BLEVE of the
pressurized storage vessel can be estimated by multiplying

— the frequency of a tank truck instantaneous release (/year),

— the probability of immediate ignition (that an instantaneous release results in a BLEVE), which is
assumed to be 1 in this example,

— the probability that the BLEVE results in effective ejection of fragments, which is assufited to be 1
in this example,

— the probability that a vessel fragment travels a sufficient distance to reach the pressurized storage
vessel, whichisassumed tobe 1inall options of this example because of the small distance sgparating
the tank truck loading zone and the pressurized storage vessel (which is a conservative asqumption
comparing to the recommendations in Reference [13]): this factor can bexmore precisely eptimated
using a probabilistic approach; see References [15],[16],[17],

— the probability that the vessel fragment travels in the direction ©f)the pressurized storage vessel
(orientation factor). Orientation factor can be calculated usingthe approach proposed in Reference
[14]. In this example, it is assumed that only end-caps have sufficient energy and mass to grovoke a
BLEVE of the pressurized storage vessel. A 60° angle is cansidered for end-cap according to Holden
etal,[15] and

— the probability that the fragment damages the vesselsufficiently to cause a BLEVE is assumed to be 1.

614 Estimation of consequence

g the example, consequence is defined asthe occurrence of a BLEVE in a storage vessel aphd is not
mjeasured on a scale. Therefore, consequence estimation is not required for the example.

6{4.1 Consequence estimation from loss experience

Stibclause 6.4.1 of ISO 16732-1:2012 is not relevant in this example.

(=)

4.2 Consequence estimation from models

w

Ibclause 6.4.2 of [SO.46732-1:2012 is not relevant in this example.

(=)

4.3 Consequence estimation from engineering judgment

wn

ibclause6:4.3 of ISO 16732-1:2012 is not relevant in this example.

6.5 ~Calculation of scenario fire risk and combined fire risk

Calculations 1n 6.5, and generally in every part of this example, are done solely to provide a realistic
illustration of the general procedures applied to this application. As such, the parameter estimates and
other calculations cannot be validly used as a realistic representation of this application or a basis for
decision-making among these options. A real application of the procedures would require substantiation
for all parameter values and other decisions, and would also require a detailed discussion of statistical
significance of the calculated differences in point estimates of risk among the several options.

Here are the results of the conducted Fire Risk Evaluation. The following values of LOC frequencies are
used. Radiation distances have been arbitrarily chosen, and are representative of LPG leaks.

© IS0 2013 - All rights reserved 13


https://standardsiso.com/api/?name=2cbe2516104fb611032b979aef7dfe79

ISO/TR 16732-3:2013(E)

Table 4 — Types of releases, LOC frequencies, corresponding jet-fire flame lengths, and
radiation distances

Equipment Type of failure Frequency Flame length 16 kW/m?2

Full-bore rupture 3.10-8/h 80 m 100 m
10 % leak 3.10-7/h 40m 60 m

Unloading arm

Table 5 — Tank truck BLEVESs’ frequency and overpressure distances

= - = 1 201
LYUIPIITIIT rrcgucity periruts Q0 R d

Tank truck 5.10-7/year 30 m

Option 1: 25 m distance, North-to-South orientation, without risk reduction measures

Both full-bore rupture and 10 % leak jet fires can impinge the pressurized storage vesseband provolie
a BLEVH. The BLEVE of a tank truck generates both overpressure and fragments{n this Option |1
configurption, an overpressure level greater than 38 kPa can reach the pressurized storage vessel |n
case of the BLEVE of a tank truck. According to the truck loading area orientatiory, one end-cap of ea¢h
tank trugk can reach the pressurized storage vessel.

The orientation factors are taken equal to 0.18 for a jet fire (both for full-boretupture and 10 % leak) and
to 0.22 fgr a vessel fragment. So the BLEVE frequency due to the truck loading area is given by: (3.10-§x
103x1.8|10-1) + (3.10-7x103x 1.8.10-1) + (5.10-7 x 6 trucks) + (5.1072%6 trucks x 2.2.10-1) = 6.10-5/yedr.

The BLEVE frequency due to the truck loading area is quite high without safeguards for such a facility.
Option Z: 50 m distance, North-to-South orientation, without risk reduction measures

For this pption, only full-bore rupture jet fire can impinge the pressurized storage vessel, but radiatign
levels for the 10 % leak are assumed to be sufficient;to provoke a BLEVE (16 kW/m?2). In this Option|2
configurption, the BLEVE of a tank truck cannot lead to an overpressure level greater than 38 kPa on the
pressurifed storage vessel because of the 50 metets separation distance. According to the truck loading
area origntation, one end-cap of each tank truck can reach the pressurized storage vessel.

The orieptation factors are taken equal te/0.13 for a jet fire (both for full-bore rupture and 10 % leak)
and to 0|15 for a vessel fragment. Sovthe BLEVE frequency due to the truck loading area is given by:
(3.10-8103x 1.3.10-1) + (3.10-7 x 103 x 1.3.10-1) + (5.10-7 x 6 trucks x 1.5.10-1) = 4.10-5/year.

Additionjl separation distangerdoes not reduce the BLEVE frequency due to the truck loading area inja
significapt manner.

Option 3: 25 m distance, West-to-East orientation, without risk reduction measures

Both fulltbore rupture and 10 % leak jet fires can impinge the pressurized storage vessel and provokela
BLEVE. Trucks.are-5 m spaced. So only the two first trucks (25 m and 30 m) can provoke a BLEVE of the
pressurifged storage vessel by overpressure effects in case of instantaneous release. Moreover, given th
trucks’ orientation, end-caps cannot reach the pressurized storage vessel.

(¢

Regarding the perpendicular orientation of the trucks, each jet fire has its own orientation factor OF
(OF = 0.18 for the first truck, 0.17 for the second truck, 0.16 for the third truck, 0.15 for the fourth truck,
0.14 for the fifth truck and 0.13 for the last truck). So the BLEVE frequency due to the truck loading area
is given by: ¥, (3.10-8 x (103/6) x OF;) + ¥, (3.10-7 x (103/6) x OF;) + (5.10-7 x 2 trucks) = 5.10-5/year.

The BLEVE frequency due to the truck loading area is only slightly reduced compared to Option 1 thanks
to a different orientation of the truck loading area.

Option 4: 25 m distance, North-to-South orientation, ERS

Both full-bore rupture and 10 % leak jet fires can impinge the pressurized storage vessel and provoke a
BLEVE. But this time, ERS can isolate loading arm ruptures. An overpressure level greater than 38 kPa
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can reach the pressurized storage vessel in case of the BLEVE of a tank truck. According to the truck
loading area orientation, one end-cap of each tank truck can reach the pressurized storage vessel.

The orientation factors are those considered for Option 1 (same distances). So the BLEVE frequency due
to the truck loading area is given by (see also Figure 10): (3.10-8 x 103 x 1.8.10-1 x 10-2) + (3.10-7 x 103
x 1.8.10-1) + (5.10-7 x 6 trucks) + (5.10-7 x 6 trucks x 2.2.10-1) = 6.10-5/year.

The influence of ERS is not significant in the present case because of the major contribution of the 10 %
leaks jet fires which cannot be isolated by ERS.

Bc Immediate ignition
LIRO O
1
9.9.10 No leak
YES
Loading arm rupture 1 BLEVE  5.4.10° /year
3.10°x 10°x 1.8.10™ Jet fire
NO
10*
0
Figure 9 — Event tree-for a full-bore rupture jet fire (Option 4)

ption 5: 25 m distance, North-to-South orientation, ERS and automatic pump shutdown system

Bpth full-bore rupture and10% leak jet fires can impinge the pressurized storage vessel and grovoke a
BILEVE. ERS and an autotatic pump shutdown system can isolate both loading arm ruptures gnd 10 %
ldaks. An overpressuré€ level greater than 38 kPa can reach the pressurized storage vessel in c3se of the
BILEVE of a tank truek: According to the truck loading area orientation, one end-cap of each tgnk truck
cqn reach the pressurized storage vessel.

The orientatioh factors are those considered for Option 1 (same distances). So the BLEVE frequlency due
t¢ the truekJoading area is given by (see also Figures 10 and 11): (3.10-8x 103 x 1.8.10-1x 10-2[x 10-2) +
(3.10-7%x303 x 1.8.10-1 x 10-2) + (5.10-7 x 6 trucks) + (5.10-7 x 6 trucks x 2.2.10-1) = 4.10-6/yeqr.

TheBLEVE frequency due to the truck loading area is greatly reduced comparing to Option 4, b|y the use
o amautonratic pump shutdow T SystenT:

© IS0 2013 - All rights reserved 15
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ERS Pump shutdown Immediate ignition
-1
9.9.10 No leak

YES
Loading arm
rupture 9.9.10™ Minor leak
3.10°x 10°x 1.8.10™

Jlo 1 BLEVE 5.4.10"°(/yeqr

107 Jet fire
10”

Figure 10 — Event tree for a full-bore rupture jet fire (Option 5)

Pump shutdown Immediate ignition
-1
9.9.10 No leak
YES N
Loading arm 10% leak 1 BLEVE 5.4.107 Jyear
3.107%10°x 1.8.10™ Jet fire
NO )
10

P

Figure 11 — Event tree for a 10 % leak jet fire (Option 5)

Option 6: 50 m distance, North-to-South orientation, ERS and automatic pump shutdown system
and water deluge

Only full-bore rupture jet fire can impinge the pressurized storage vessel, but radiation levels for the
10 % leak are assumed to be sufficient to provoke a BLEVE (16 kW/m?2). This time, ERS, an automatic
pump shutdown system and a water deluge (only efficient for radiant jet fires, in our case 10 % leaks jet
fires) are installed. An overpressure level of 38 kPa cannot reach the pressurized storage vessel because

16 © IS0 2013 - All rights reserved
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