THE QUANTIFICATION OF HAZARDS AT
LPG INSTALLATIONS

ANAM MOHAMMED NASIR

Master of Philosophy

THE UNIVERSITY OF ASTON IN BIRMINGHAM

October 1987

This copy of the thesis has been supplied on condition that anyone
who consults it is understood to recognise that its copyright rests with
its author and that no quotation from the thesis and no information

derived from it may be published without the author's prior, written

consent.



THE UNIVERSITY OF ASTON IN BIRMINGHAM

"THE QUANTIFICATION OF HAZARDS AT LPG
INSTALLATIONS"

ANAM MOHAMMED NASIR Master of Philosophy, 1987

SUMMARY

The literature relating to properties, utilisation, storage and
transportation of LPG has been surveyed. Potential hazards were
reviewed, particularly those related to fireballs arising from
unconfined vapour clouds, boiling liquid / expanding vapour and pool
fires. These confirmed the need for quantitative techniques for hazard
evaluation and a critical analysis of such techniques, their applications
and limitations was carried out.

The main parameters innvolved in evaluating thermal radiation
hazards were: mass of fuel, equivalent spherical diameter, duration,
height and surface temperature of the fireball.

Published empirical correlations for fireball size and radiation
were compared with theoretical models and observations and the best
fitting models were established, accurate to + 5%.

Three new correlations have been proposed to fit published
experimental data which relate radiation intensity on human skin to
exposure time and to tissue damage, within +8%.

Thermodynamic considerations have been applied to calculate
the theoretical flame temperature of a fireball, giving good agreement
with previous models.

A proposed correlation for radiation from pool fires also shows
reasonable agreement with published results. However, many factors
for pool fires remain unpredictable, such as: shape and size of flame
envelope, its temperature and emissivity.

Four methods to find acceptable spacing distances between
vessels in hazardous areas are discussed. The results show spacing
distance related to fuel released and to explosion yield factor for
different damage overpressures. The maximum predicted spacing
distances are to be preferred because of the relative unpredicability of
unconfined vapour cloud explosions.

The quantitative methods discussed enable a reasonable
assessment of major LPG hazards. The possibility of a major fire or
explosion at an LPG installation may be minimised by recommended
safety measures.

The available hazard evaluation methods have been collected,
compared and their limitations assessed in a manner which should be
useful to engineers and safety and loss prevention personnel.
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INTRODUCTION

Liquefied Petroleum Gas (LPG) is a term used to describe a
variety of hydrocarbons which exist as vapours under ambient
conditions of temperature and pressure, but can be liquefied by the
application of moderate pressure. LPG originates from oil or gas
fields, or from refineries where the crude oil is processed. LPG is
used mainly for heating or as a feedstock for chemical processes.

In recent years the rapid growth of operations involving the
storage, transportation and use of LPG has resulted in problems related
to environmental protection, energy conservation, safety and loss
prevention. Despite the high standards of care taken in the design,
construction and inspection of new and existing process plants,
hazardous incidents still occur. The scale and variety of LPG
operations have increased to an extent that fire and explosion incidents
that occur may put not only the whole process plant and its personnel at
risk, but also possibly a large number of inhabitants and buildings in
the surrounding area. For example on November 19th, 1984 a disaster
involving an LPG installation occured in Mexico City which resulted in
the deaths of over 500 people and injury to 7,231, of whom 144 died in
hospital.

The main types of hazard associated with LPG plants are:
£ Major fires: pool or flash fires can occur when the three

conditions of fuel, air and ignition sources are available. Here

radiant heat is the main effect causing burns to exposed

persons, and a danger of secondary fires or explosions.
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s Explosions: these include;

(a) Confined Vapour Cloud Explosioné (CVCE): when a
fuel/air mixture is ignited within equipment or buildings,
allowing the pressure to build up inside the confined
volume until rupture of the container or collapse of the
building wall occurs.

(b) Unconfined Vapour Cloud Explosions (UVCE): when a
large fuel/air cloud burns in free space at a sufficiently
rapid rate to generate pressure waves which propagate both
through the vapour cloud and into the surrounding
environment.

(c) Boiling Liquid Expanding Vapour Explosions (BLEVE):
when a pressure vessel containing flammable liquid is
heated so that the metal loses strength and ruptures. The
effects of BLEVEs are thermal radiation caused by a
fireball, a blast wave and missiles.

Many experimental and theoretical approaches have been
published in an attempt to analyse and mitigate the above problems.
However, the subject is extremely complicated; it is affected by a
number of factors, eg the physical properties and conditions of the
gases and liquid involved, the nature and type of storage and transport,
the degree of hazard involved, the topography of the region considered,
the atmospheric and weather conditions and the density of neighbouring
populations.

Therefore, quantitative methods for the identification and
assessment of hazards have always been used by the process industries
to try to ensure that plants are reasonably safe. The need to quantify

hazards in process plants arises because of the need to avoid losses and
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costs that could cause business interruption and sometimes ‘complete
closure. Safety is an important factor in the appraisal of the
acceptability of an industrial activity; it should be considered together
with the economic benefits to the community.

The present work includes an evaluation of the hazard ranges
for fireball and pool fires, to people, processes and buildings, based
on the radiant flux densities which have an effect on human skin,
buildings and processes. This study also includes predictions of
spacing distances for plants involving UVCEs for which several
methods have been proposed for the calculation of acceptable spacing.

The results computed from the various methods used have been
compared. The maximum figure is preferred for conservative spacing
and the design of mitigatory measures. The purpose of this study is to
present an assessment of the main quantitative methods available to
assess LPG hazards in the process industries and to draw together
sufficient detail to be useful to engineers and safety and loss

prevention personnel concerned with LPG handling and use.
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GENERAL CHARACTERISTICS OF LIQUEFIED
PETROLEUM GASES

2.1 DEFINITION

The term "liquefied petroleum gas" or LPG, refers to
hydrocarbons obtained from petroleum refining operations (ie
distillation, reforming, stabilisation), or from compression and/or
absorption processing of natural gas and which are gases at normal
atmospheric temperature and pressure, but can be readily liquefied
with either a moderate increase in pressure or a moderate drop in
temperature or both. These hydrocarbons including propane, butane,
butylene and propylene and mixtures of these gases are the principal
liquefied petroleum gases [1, 2, 4]. The more readily-liquefiable
gases of this group are commercial propane and commercial butane,
each of which contains several of the other hydrocarbons mentioned in
varying amounts. Butadiene is also a liquefied petroleum gas; it is
chiefly used in the rubber industry and not as a constituent of LPG

fuels.

2.2 SOURCES OF LPG

The main sources of liquefied petroleum gases are natural gas
the crude oil/gas mixtures that come out of actively producing oil and
natural gas wells, which are removed as condensible products by
compression and/or absorption processes, and from the crude oil
stabilisation process which is applied in order to provide an

appropriate vapour pressure for shipping. These sources are
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supplemented by secondary supplies produced within the course of
certain refining processes in oil refineries [1; 2]

The composition of liquefied petroleum gases varies according
to both the conditions used in the refining processes and the type of

crude oil used as feedstock

2.3 GENERAL CHARACTERISTICS OF LPG
The two principle liquefied petroleum gases in general use are

defined in BSS 4250 and, from the principle constituents, are termed

'‘commercial’ propane and butane. The contaminants usually comprise

varying amounts of, for example, propylene and butylene plus some

ethane and possibly some methane. Almost pure propane and butane
can be obtained for special purposes.
The general characteristics of LPG are summarised as follows

2. 3. 4, 5]

a. LPG at normal temperature and pressure is a gas which is
heavier than air. Butane is about twice as dense and propane
one and a half times as dense as air at normal temperature and
pressure.

b. LPG is easily-liquefied under moderate pressure at atmospheric
temperature. The density of the liquid is approximately half
that of water.

(= Pure LPG is non-corrosive to steel, copper and copper alloys.

d. LPG is colourless in the liquid and vapour phases. However,
any leak is often detected by the presence of frost due to the
evaporation of the LPG which causes a local reduction in
temperature and freezing of moisture from the surrounding air.

ec. LPG is odourless, so to assist detection a stenching agent (such

22



2.4

as ethyl mercaptan) is added to enable detection by smell at a
concentration of one fifth of the lower flammable limit [31,
except when the intended use requires a gas free from odour, as
in the manufacture of aerosols.

LPG is non-toxic but has anaesthetic properties when inhaled in
quantities for a long period; inhalation in moderate
concentration produces nausea and headache, ie at concentration
of 10% the vapour is not noticeably irritating to the eyes, nose
or lungs, but will produce slight dizziness in minutes [4].
Table 2.1 lists the properties of chemically pure hydrocarbons
[6], and Table 2.2 lists the properties of commercial propane

and butane [4, 7].

HAZARDOUS PROPERTIES OF LPG

Nowadays the preference for gaseous fuel rather than liquid or

solid, has produced situations in which the public may be increasingly

exposed to potential risk of injury from fires or explosions. The

hazardous properties of LPG are summarised as follows:

a.

LPG in the liquid phase has a low relative density, ie half that
of water, and this has implications for the control of fire after
large accidental spills, since it floats and will spread on water.
A large quantity of vapour can be obtained from a small
quantity of liquid (1 volume of liquid produces over 200
volumes of vapour).

LPG becomes flammable when mixed with air in a concentration
within the flammable range by volume, for example the
flammability limits of LPG in air (by volume) are 1.5% to 10%

[8]. So 4.5 litres of butane when vaporised will produce not
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less than 900 litres of gas at atmospheric pressure and 60 °F
(15.6 °C); thus at 5% concentration in air, 18.12 m3 of
flammable mixture would be formed.

d. LPG vapour is denser than air , ie propane vapour at ambient
temperature having a density of approximately one and a half
times that of air, while that of butane is approximately twice the
density of air, will sink to the lowest possible level,
possibly through drains and sewers, cable conduits or natural
fissures and flow downhill. Unless dispersed such accumulat-
ion may persist for long periods with the possibility of
subsequent ignition at a considerable distance.

€.  LPG has a calorific vlaue of 2 to 3 times that of natural gas, so
heat radiation from LPG fires is relatively high.

: ¢4 LPG in the liquid phase evaporates rapidly at ambient temper-

ature causing severe frost "burns" when in contact with skin.

2.5 UTILISATION

The expanding field of utilisation of liquefied gaseous fuels has
been largely reflected in the increased number of uses for which these
gases have been found acceptable. Because of the large population
areas not served by gas mains, ie without convenient supplies of
natural gas, its utilisation reaches from the more common domestic
uses to specialised commercial applications [3, 7]. The farm, camp or
resort operator now has clean, convenient LPG fuel available for the
domestic gas range, the gas refrigerator, the gas water heater and the
gas fired space heater, to mention the four principal gas fuel
applications. More extended uses include that for commercial
refrigeration in preserving fruits and vegetables, gas engine power for

sawing wood and motor fuel for the operation of trucks and tractors
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used on the farm, and on construction and road building projects.

Another rapidly-growing classification is the commercial and
industrial application in which the portability of the LPG cylinder is
important. These include those of the plumber, mechanic, tinsmith,
and other tradesmen serving the home and industry [3].

The utilisation field in internal combustion engines is very
broad. It includes both the stationary type of gas engine, such as that
used for the generation of electric power, for waste pumping and for
oil field use.

In the transportation field its use extends from the smallest to
the largest trucks and buses and its application in air-conditioning
machines for rail cars.

The high octane value of LPG permits its use in all types of
gasoline and oil engines after these have been converted with special
tanks, heat exchangers and carburettors. Reduced maintenance costs,
increased economy and saving in crank case oil consumption are some
of the advantages obtained in using propane or butane as fuel. So
there are benefits both to the industry in utilising LPG, and to the
environment because of the low sulphur content which almost
eliminates the production of sulphur dioxide (SO») during combustion
13, 71.

Many uses for these gases have been developed in chemicals
manufacturing. At the present time iso-butane is made into motor fuel
by suitable processes. Special grades of propane, normal butane, iso-
butane and butadiene are being used in the manufacture of nitro-
paraffins, plastics, synthetic rubber and synthetic textiles.

In summary, wherever heat, air conditioning, power or

refrigeration is required there is scope for the utilisation of LPG.



TABLE2.1

PHYSICAL PROPERTIES OF LIGHT HYDROCARBONS [6]

Methane Ethane Propane Isobutane  Butane  Pentane

Molecular volume of gas, cuft. @ 60 ‘Ff  378.7  375.8 3727 366.7 365.40
Molecular weight of gas 1604 3007 4409 5812 58.12 7215
Gal/lIb.-mole at 60 °F 64 # 9.64 10.41 12.38 11.94 13.71
Weight:

% carbon 7488 7988  81.72 8266 82.66  83.33

% hydrogen 2512 20.12 18.28 17.34 17.34 16.66
Specific gravity:

Of liquid (water = 1) 0248 0377 0508 0563 0584  0.631

Of liquid, ‘A.P.I 340 ¥+ 247 147 120 111 93

Of gas (air=1) 0.555  1.048 1550 2,077  2.084 2490
Weights and volumes:

Lb/gal. liquid 251 3145 4235 4494 4873 5250

Cu. ft. gas/gal. liquid 590 t 39.69 3628 3065 3146  27.67

Cu, ft. gas/Ib. liquid 24.8 12.5 8.55 6.50
Ratio, gas volume to liquid volume§ 443 T 2934 2727 229.3 237.8 207.0
Initial boiling point (atmospheric pressure) 259  -128.2 -43.7 10.9 31.1 97
Heat value (gross):

B.t.u/cu. ft. gas 1,012 1,786 2,522 3,163 3261 4,025

B.t.u/Ib. liquid 23,885 22,323 21,560 20,732 21,180 21,110

B.t.u/gal. liquid 70,210 91,500 103,750 102,600 110,800
Vapour pressure, Ib/sq. in. abs

At-44°F 88 0 9 -12 -14

At0°F 206 38 12 -7 -13

At33°F 343 54 17 0 -11

At70°F 563 124 45 31 -6

At90 °F 710 165 62 44 -

At 100 °F . 189 2 52 4

At 130 °F - 275 110 81 11

At 150 °F - 346 138 87 21
Latent heat of vaporisation at boiling point:

B.t.uJlb. 221 211 185 158 167 153

B.t.u/gal. 553 664 785 742 308 802
Specific heat: :

Of liquid, Cp at 60 °F., B.t.u/(Ib.)('F) 0.780 0588  0.560  0.549

Of gas, Cp at 60 °F., B.t.u./(1b.)('F) 0526 0413 039 0406 0396  0.402

Of gas, Cy at 60 °F,, B.tu./(1b.)('F) 0402 0347 0346 0373 0363 0376

f Ideal gas = 379.5 cu. ft. @ 60 "‘For 15.5 °C
# Apparent values for dissolved methane at 60 °F
§ Based on "perfect gas”.
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TABLE 2.2

TYPICAL PROPERTIES OF COMMERCIAL LPG GRADES [4, 7]

Properties Commercial ~ Commercial
butane propane
Relative density of liquid
at 15.6 °C (60 °F) 0.57t0 0.58 0.5 to 0.51
Imperial gallons/ton at 15.6 °C 385 to 393 439 to 448
Litre/tonne at 15.6 °C (60 °F) 1723 t0 1760 1965 to 2019
Relative density of gas compared
with air at 15.6 °C and
1015.9 mbar (30 in Hg) 1.90t0 2.10  1.40 to 1.55
Volume of gas (litres) per kg of
liquid at 15.6 °C and 1015.9 mbar 406 to 431 537 to 543
Volume of gas (ft3) per Ib of liquid at
60 °F and 30 in Hg 6.5 to 6.9 8.6 to 8.7
Boiling point (°C) at atmospheric
pressure -2 approx -45 approx
Vapour pressure (bars) for products
at their maximum specified vapour
pressure. Temp -40 °C - 1.38
-17.8 °C - 3.11
gC 1.95 5.52
37.8°C 5.86 15.5
45 °C 6.89 18.6
Latent heat of vaporisation (kJ kg)
at 15.6 °C 372.2 358.2
Cont'd]...
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TABLE 2.2 -

Continued/...

Properties Commercial  Commercial
butane propane

Latent heat of vaporisation (Btu/lb)

at 15.6 °C 160 154
Specific heat of liquid at 15.6 °C (kJ’kg°C)  2.386 2:512
Specific heat of liquid at 60 °F (Btu/lb °F) 0.57 0.6
Sulphur content, percent weight Negligible Negligible

to 0.02 to 0.02

Calorific values

Gross: MJ/m3 121.8 93.1

Ml/kg 49.3 50
Net: MJ/m3 112.9 86.1
Ml/kg 45.8 46.3

Therm/ton (gross CV) 475 485
Air required for combustion

(m3 to burn 1 m3 of gas) 30 24
Limits of flammability (percentage

by volume of gas in a gas-air

mixture to form a combustible

mixture )

lower flammable limit 1.8 2.2

upper flammable limit 9.0 10.0
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STORAGE, TRANSPORTATION AND MODES OF
CONTAINER FAILURE

3.1 STORAGE SYSTEMS

Liquefaction of petroleum gases under certain conditions of
pressure and temperature permits convenient and econmical storage
and transportation of large quantities of these gases.

There are two types of storage:-

k5 5 Pressurised Storage:
Light gases such as propane and butane liquefy readily when
subjected to a pressure equal to their respective equilibrium vapour

pressure; this pressure varies according to temperature [2, 3, 4].

Temperature °C

15.6 °C (60 °F) 37.8°C (100 °F)

Equilibrium Butane 103 kPa (15 psig) 483 kPa (70 psig)
vapour pressures  Propane 518 kPa (75 psig) 1400 kPa (210 psig)

In practice the commercial grades of LPG are not pure, being
contaminated with small amounts of other low molecular weight
hydrocarbons. In the storage of commercial grades of LPG, it is
necessary to take into consideration that the equilibrium vapour
pressures of commercial grades of propane and butane are somewhat

higher than those for the pure gases. This is illustrated in Figure
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Pressure storage tanks must therefore be designed and
constructed to withstand the highest vapour pressure encountered in
use. This will depend upon the highest temperature to which the
contents will be elevated in use, usually by solar heating.

Static installation tanks are usually constructed in accordance
with a relevant standard such as BSS 5500, ACTC Rules and others.
The design pressure must not in any case be less than 489 kPa for
butane and 1470 kPa for propane.

Pressure storage tanks are fabricated from special steel and are
inspected for soundness by a variety of sophisticated techniques for
incipient cracking and full weld integrity. It is usual to inspect them
at about five yearly intervals in service.

Occasionally pressure storage tanks at fixed installations are
buried below ground to eliminate fire impingement and solar heating
upon the shell. These are given external protective coatings to resist
soil corrosion, and in addition cathodic protection is employed. It is
important to ensure that such tanks are securely fixed since ingress of
water around even full tanks will produce severe flotation induced
stresses which could rupture associated piping. Indeed, any
associated piping needs to be of high integrity and well-supported and
protected.

These submerged tanks may be more expensive but are a viable
proposition in congested areas where spacing requirements cannot be
met.

Above ground pressure storage tanks at fixed installations are
spaced to provide access for fire fighting [9] and to avoid the spread

of fire from tank to tank. The tanks are usually elevated above the
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ground and the ground beneath them is concreted, and sloped away
from the tank, to prevent accumulation of spilled LPG below the tank.
Such installations are sometimes fitted with water drench systems
intended to cool the shell of the tank in the event of a fire below, or
of high radiant heating from adjacent fires. Such above ground tanks
are often grouped in a fenced compound, to prevent trespassing or
tampering. Sabotage is a very real threat.

All large scale pressure storage vessels are fitted with spring-
loaded pressure relief valves set to vent vapour to atmosphere in the
event of an undue pressure increase. Ideally the valve capacity should
be such that it will cope with the maximum vapour production at the
reference temperature plus the vapour production under fire
conditions. Installation of a relief valve is not, unfortunately,
sufficient to guarantee tank integrity in the event of fire: there are
instances on the record of valves sticking shut.

These tanks need a variety of safety devices in addition to relief
valves. All openings should be equipped with excess-flow valves that
prevent uncontrolled product flow to atmosphere, in the event that
piping connected to a tank opening is ruptured or broken-off. Some
high pressure tanks are equipped with rupture disks which permit the
vapour to escape at a greatly accelerated rate.

A precaution which must be taken into consideration for relief
valves and rupture discs is that connections should be equipped with
stacks so that discharged vapour will not strike personnel. These
stacks should be located so that they will not vent into enclosed spaces
or towards air intakes or sources of ignition.

Small scale storage of LPG is always under pressure in

containers as diverse as the small disposable cartridges used for
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fuelling cigarette lighters, to the 100 kg cylinders, ie "bottles".
Cylinders are tested to the minimum pressures for commercial

propane of 2200 kPa and for commercial butane of 750 kPa, and are

provided with radically different coupling threads to prevent butane-
rated equipment from being inadvertently fitted to a propane cylinder,
and vice-versa.

Cylinders are subjected to visual examinations to check for any
mechanical damage and that they are leak-free prior to filling.
However, the accident record is replete with instances of cylinders
attached to portable appliances being responsible for massive damage
due either to slow leakage and accumulation and subsequent ignition of
explosive levels of gas within buildings or by catastrophic failure
when subject to fire. To counter this last threat, most cylinders are
now being fitted with relief valves to relieve internal pressures caused
at elevated temperatures.

The common configuration of storage tanks [10] as illustrated in
Figure 3.2 and 3.3 are:

i) Cylindrical - these pressure tanks range in size from 4.35 kg
"bottles" to approximately 165,000 gal "blimps" and in pressure
from 200 bar (in small size only) down to 2 bar. The cylindrical
type of tank is the most commonly used since it is economical to
manufacture, of convenient configuration for movement, and can
be mounted on single foundations u‘sing conventional erection
procedures. It can be designed with good integral structural
strength. Rail tank cars, transport trucks and barge tanks are
invariably cylindrical.

ii) Spherical - these tanks are usually fabricated at the erection

site. They are subject to the same limitations in size as horizon-
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tal cylindrical tanks. Their principle advantage is that
they represent a minimum expenditure on steel. Segments of
spherical tanks can be formed at the factory and stacked for
shipment; they are the favoured type for the export trade because
of space saving during transportation.

iii) Spheroid - these tanks are generally used in the vapour
pressure range below 15 psia. They can be made in very large
sizes. Configurations may involve combinations of shapes such

as the sphere/torus type and the more oblate spheroid type.

S.1.2 Refrigerated Storage

Butane and propane can easily be liquefied by cooling below
their respective boiling points. When chilled as liquid they exert little
pressure upon the container which has advantages for engineering
purposes. The tank can be of relatively light construction and there
are no construction material problems such as the cryogenic-shock
associated with liquefied natural gas (methane) which has a boiling
point of approximately —160 °C.

Refrigerated tanks are fitted with a pressure relief valve to
relieve the increase in internal pressure following failure of the
refrigerating system, or fire impingement.

It is usual to insulate such tanks heavily with a variety of
materials: expanded polystyrene, rock wool and perlite are common.
Any insulation material needs to fulfill a number of criteria, such as

[3]:

a. withstanding impingement of water jets.
b. resisting the ingress of water vapour
c. maintaining effectiveness even if mechanically damaged.
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d. resisting fire, either intrinsically or behind protective

cladding.

Refrigerated storage tanks are constructed with an outer
cladding, such as aluminium sheeting, to protect and contain the
insulating material, which may be of the order of 900 mm in thickness;
the interspace may also contain inert gas. Because the insulation and
refrigeration systems add greatly to the complexity of such storage,
refrigeration is usually only applied for large static installations of
2000 tonnes or more, or for bulk carriage by sea [2].

The Canvey Report [11] has identified a potential hazard from
large refrigerated butane storage tanks that is of interest. Referring to
British Gas refrigerated tanks of 5000 and 10,000 tonnes capacity, it
points out that these are used near atmospheric pressure and were
designed primarily to withstand the head of liquid. The mode of
failure of such a tank when containing butane is diametrically opposed
to that of an identical tank containing oil. If such a tank, containing
oil, were to develop a horizontal split at a welded seam, then the
weight of the upper part of the tank would tend to keep the split
closed. Relief valves for refrigerated storage are set to quite low
values, a few centimetres of water only; however this slight positive
pressure in the same type of tank, but containing butane, would cause
the top of the tank to lift and the split to gape further open. Thus the
outflow of the tank contents would increase and possibly engulf the
surroundings with consequent dangers.

Although bunding is not recommended around pressurised
storage tanks or semi-refrigerated storage tanks, creating as this would
the potential for a large pocket of explosive vapours, they are spaced

at appropriate separation distances [12]. In general bunds are
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provided for atmospheric storage tanks and for fully refrigerated
storage tanks to contain spilled refrigerated LPG. This has the effect
of limiting heat input to the spilled liquid, reducing the rate of vapour
generation and subsequent formation of a large explosive vapour cloud
[12]. It is also argued that such containment of a large spill is
desirable to facilitate 'mopping up' operations, where the liquid could
be transferred to road or rail tankers and thus be contained under
pressure conditions as the LPG liquid subsequently warmed to ambient
temperature. So it is possible to envisage circumstances under which
such bunding would be a positive disadvantage in the event of tank
leakage. Should such a spill ignite there, a contained and possibly
sustained fire would ensue at the tank wall, and the light cladding used
to protect the insulation would probably fail. Heat input into the tank
contents could then generate vapour in excess of relief valve capacity
and perhaps lead to tank failure.

Furthermore the presence of a surrounding pool of cold butane
would preclude the use of water to cool the tank wall, as this water
would perforce drain into the bund. Experiments have shown that
under these circumstances water freezes to form an ice slurry which,
being denser than the butane, sinks to the bottom of the pool. In large
quantities this would cause displacement of the butane onto the
surrounding site, over the top of the bund. This would increase the
rate of evaporation and the incident would escalate rapidly in both size
and seriousness [3].

Some practical aspects of the design of bunds for flammable
liquids have been discussed by Hearfield (12). One fact which should
be noted is that a leak in the side of a tank may form a horizontal jet
which may jump the bund if the latter is too close to the tank.

Therefore the bund wall should be far enough from the side of the tank
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