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Abstract

Hazardous areas are most often associated with the storage and handling of
flammable liquids. However, in certain circumstances hazardous areas can
occur around combustible fuel installations. This paper explores a specific case
study involving the above ground storage of diesel in a hot climate (Pilbara,
WA) and investigates scenarios to inform the understanding as to when
hazardous areas might occur. Issues reviewed include the relationship between
ambient conditions and the temperature of the fuel being handled, spill
scenarios, and the potential formation of sprays and mists.

Introduction

A typical fuel installation in the Pilbara, Western Australia, fictitiously named
Bilybara® Fuel Farm, is used as a case to explore the risks associated with
storing diesel in hot climates where the gap between the flash point of the fuel
and the ambient temperatures is much narrower than in more typical climatic
settings.

Fig 1 shows the Bilybara Fuel
Farm. It comprises a 68kL
horizontal self bunded tank, fitted
with a submersible pump to
enable transfer of fuel to a
generators day tanks as well as
to supply a dispenser located in
the cowling at the front of the
tank. In front of the tank is a
concrete containment area.
Diesel is delivered via a pump on
the delivery vehicle.

Figure 1 Bilybara Fuel Farm

! Bilybara is the Aboriginal word meaning 'dry' from which the Pilbara name was derived'
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Scenarios

The following scenarios that could potentially lead to the generation of a
hazardous area were considered:

1. Diesel in tank heated to near its flash point due to hot ambient conditions

2. Diesel spill on a hot concrete slab (70°C)
a. Small spill (4 Litres)
b. Medium spill (200 Litres)
c. Large spill (4,000 Litres)

3. Formation of mist or spray from potential leak points or vents
4. Black dispensing hose heated above diesel flash point
5. Other (Tank overflow and catastrophic failure)

Approach

The potential for each of these scenarios to result in the generation of a
flammable atmosphere was investigated using a combination of the following
methods as applicable:

e Review of selected Standards and Codes of Practice
e Empirical measurements
e Modelling

Where the potential for a flammable atmosphere was identified, discussion
regarding the probability of the scenario is included to further inform the
hazardous area classification (referred to as HAC).

Review of Standards

Relevant standards were reviewed to draw upon the regulatory understanding
regarding HAC for combustible fuel installations at higher ambient
temperatures. The following key documents were reviewed:

e AS/NZS Explosive Atmospheres Part 10.1 Classification of Areas - )
Explosive gas atmospheres (IEC 60079-10-1, Ed.1.0(2008) MOD) 2009"
Subsequently referred to as AS/NZS 60079.10.1:2009

e Area Classification Code for Installations Handling Flammable Fluids
(Part 15 of the IP Model Code of safe Practice in the Petroleum Industry)
July 2005 3rd Edition"

Subsequently referred to as "IP15:2005"

¢ Research Report: Dispersion modelling and calculations in support of El
Model code of practice Part 15: Area classification code for installations
handling flammable fluids"
Subsequently referred to as "IP Calcs in Support of IP15 - 2nd Edition"

Hazardous Areas WA — IDC Technologies



Session 12: A Case Study: Hazardous Area Considerations for Diesel Storage in a Hot Climate

Empirical Measurements

To explore scenario 1, it was useful to gain some insight into the relationship
between ambient conditions and the temperature of fuel in the tank. Reference
is made to a previous 'in company' investigation by J Van Staden in 2014 which
involved taking measurements of the fuel in tanks in the Pilbara and comparing
them to ambient temperatures.

To support scenarios 2 and 4, it was useful to understand the temperatures
likely to be encountered on various surfaces exposed to the extremes of the
Pilbara sun. Afternoon measurements of the fuel dispensing hose, concrete
containment slab and tank shell were taken at Bilybara and compared to
ambient temperatures.

Modelling

The scenarios were modelled using a consequence modelling software
package because:

e The example scenarios such as those depicted in Annex ZA of AS/NZS
60079.10.1 are based on flammable liquids, so would be overly
conservative to depict the behaviour of diesel.

e Simple calculations may be practical in some situations to predict
outcomes but are unlikely to be able to reflect the complexities of the
situation as well as modelling software

Overall, modelling was not expected to provide the basis of the understanding
of the scenarios, but rather to strengthen and enhance this understanding.

Phast (ver 7.11), developed by DNV-GL was selected as the modelling
software package because:

e |t was used to support "IP Calculations in Support of IP15 - 2nd Edition":
This report also states that:

e Phast's "dispersion modelling has been validated in the SMEDIS project
(Daish et al. 1999 CERC Model evaluation report on UDM version 6.0)
where it performed well"

e Phast 7.11 has a multi components module which provides functionality to
improve the way mixtures are modelled, reflecting the individual properties
of the mixture components rather than attempting to average the properties
of the mixture components as a '‘pseudo component'. This was considered
important for modelling diesel which is a mixture of lighter components that
contribute to its volatility and heavier components that will be far less
involved in evaporation and dispersion activity.

e DNV-GL provide detailed reports outlining the theory that underpins the
software as well as verification reports outlining the results of empirical
testing completed to check and enable improvement of the software.

Modelling was used to predict the concentration of vapours that might result in
the various scenarios considered.

Whilst details relating to each model scenario are discussed with the scenario,
the overarching issues relating to the modelling are discussed below.
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Modelling Accuracy

The following strategies were applied to address the inherent risk of modelling
inaccuracies:

o the use of conservative assumptions when assigning inputs to the
model and factors of safety when assessing outputs

o the use of simple calculations where practical to provide a cross
check against the modelled results

o comparison to documented results relating to flammable liquids
where appropriate

Modelling a Diesel Mixture

It is difficult to model a material such as diesel because it is made up of a large
number of constituent compounds and the constituents vary depending on the
crude source and the manufacturing process.

V,Vi
™,

Reference to some relevant literature on the chemical composition of diese
informed the derivation of two representative mixtures for modelling purposes.
They each reflected the composition typical of diesel, including predominantly
straight chain alkanes in the range of C10 (Decane) to C19 (Nonadecane) with
a lesser representation of cyclic aromatic compounds such as Ethylbenzene
and Naphthalene. Mixture B was developed with a focus on attempting to most
accurately represent the constituents of diesel, whilst Mixture A was simplified
slightly and created with higher proportions of the lighter components likely to
be active in evaporation and dispersion. Details of the two mixtures are
included in Appendix A. All scenarios were modelled using both mixtures.

To validate the mixtures their theoretical flash point was calculated. Assuming
the mixture is an ideal solution in equilibrium and applying Raoult's and
Dalton's Laws, using the vapour pressure and mole fraction for each
constituent, the concentration of vapour above the liquid was calculated for
various temperatures. The temperature at which the concentration of
flammable vapours was equal to the LEL concentration for diesel (approx
6,000ppm or 0.6%) could then be determined by interpolation. The results as
shown in Table 1 indicate that Mixture A had a flash point slightly below 61.5°C
(minimum flash point for diesel in Australia) while Mixture B was above. Mixture
A results, being slightly more volatile and therefore offering the more
conservative analysis, are presented in this report.

Table 1: Theoretical Flash Point of Diesel Mixtures

Mixture Theoretical Flash Point (°C)
A 56.6
B 65.3
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Modelling Wind Conditions

To understand the wind conditions likely to occur at the location and their
frequencies, a review of winds speeds recorded at 9am and 3pm over the past
12 months was undertaken and analysed. Details of this analysis are included
in Appendix B. It suggests that wind speeds of 0.5m/s or less occur with a very
low frequency whilst wind speeds above 3.6m/s are very common (occurring
over 80% of the time).

Based on the above, analysis in Phast 7.11 was undertaken using the wind
speeds as defined in Table 2:

Table 2: Theoretical Flash Point of Diesel Mixtures

Wind Classification Wind Speed Pasquill Stability Class
Category 0.5/A 0.5 m/s A- Unstable, light winds
Category 5/D 5m/s D- Neutral stability

AS/NZS 60079.10.1 Annex B Clause B.4) states that 0.5 m/s wind speed is
considered appropriate for determining the rates at which ventilation in an
outdoor situation dilutes a flammable release.

The publication 'IP Calculations in Support of IP15' observes that higher
windspeeds generally lead to shorter hazard distances (for this type of fluid).
Thus, to be conservative, results from dispersion modelling with the lower wind
speeds of 0.5m/s are presented in this report.
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Results Scenario 1: Diesel in a Tank on a hot day

This scenario involved diesel in the tank being heated to near its flash point due
to hot ambient conditions.

Questions considered at the start of this scenario included:

e How hot is fuel likely to get whilst in a storage tank?

e How low is the flash point likely to be?

e How close therefore is the diesel likely to get to its flash point?

e What vapour concentrations could emanate from the vent of a diesel tank
on a very hot day?

How hot is fuel likely to get whilst in a storage tank?

A body of diesel stored in a tank has a degree of thermal inertia which prevents
it from approaching the maximum ambient temperatures experienced on a
given day. The investigation by Justin Van Staden captured results for a 110kL
above ground self bunded horizontal tank and larger vertical storage tanks (for
additional details refer Appendix C). Using the results, an approximate
relationship was derived between ambient conditions and the temperature of
fuel observed in the vertical storage tanks. Extrapolating the relationship for
extreme ambient conditions of 50°C (hottest day on record for the Pilbara is
actually 50.5°C - Mardie 19th Feb 1998 Source: Bureau of Meteorology), and
allowing for an error of 5 degrees the maximum temperature diesel is likely to
reach inside a storage tank is estimated at 43°C.

Measurements taken at Bilybara Fuel Farm of the steel surface on top of the
tank and in direct sunlight exceeded ambient temperatures (Refer Appendix D).
Extrapolating this data for a 50 degree day would suggest that the steel might
reach temperatures of up to 69°C. This might lead to localised heating and
additional vaporisation of any residual diesel remaining as a film on the inside
of the tank shell after fuel has been drawn from the tank.

How low is the flash point likely to be?

The specification for diesel in Australia requires it to have a minimum flash of
61.5°C (source: Fuel Standard Determination 2001). Typically, diesel is
supplied with much higher flash points and is rarely below 70°C and can
exceed 80°C (source: anecdotal from fuel suppliers in the Pilbara). Whilst this
will often provide an additional margin of safety, it cannot be relied upon as
there is always a possibility that diesel could be supplied with a flash point
close to the minimum specification.

This is reflected in the choice to use modelling results from Mixture A which has
a theoretical flash point of 57°C.
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How close therefore is diesel likely to get to its flash point inside a storage
tank?

A note in Section ZA.5.1 Scope of AS60079.10.1:2009 Explosive Atmospheres
Classification of Areas - Explosive Gas Atmospheres, states that:

"Combustible liquids that are stored, handled or processed at a temperature
T >= FP-6 T (where FP= Flash Point) should be considered as flammable
liquids. Zonal distances for such liquids should be determined in accordance
with this standard unless a detailed classification indicates otherwise."

Based on the above observations, the difference between the temperature of
diesel in a tank and its flash point is unlikely to be less than 18°C (43 to
61.5°C), even in the hottest conditions to be expected in the Pilbara.

It can be concluded that it is not necessary or appropriate in this case to treat
the diesel in the storage tank at Bilybara Fuel Farm as a flammable liquid.

What vapour concentrations could emanate from the vent of a diesel tank on a
very hot day?

As with the validating of the mixtures, Raoult's Law was used to manually
calculate the expected concentrations of vapour in the space inside the tank at
40, 50 and 60°C, based on the assumed diesel mixture constituents, their
vapour pressures at the modelled temperature and their liquid concentrations.
The results are summarised in Table 3 below for Mixture A:

Table 3: Flammability of Vapour inside a diesel tank

Diesel Temp (°C) 40 50 60
Vapour Concentration (ppm) 2,371 4,138 6,958
% Lower Explosive Limit (*100%=approx 40% 69% 115%*
6,000ppm)

These results are consistent with expectations. If the diesel mixture were truly
representative of diesel behaviour being modelled, 100% Lower explosive limit
(referred to as LEL) reading would be expected at 61.5°C, but because Mixture
A is slightly more volatile, the result is approximately 15% higher.

Given that 43°C was estimated as the highest temperature the fuel is likely to
reach, it can be concluded by interpolation of the results in Table 3 that the
vapours emanating from the tank vent will be approximately 46% LEL and will
only become more dilute as they are dispersed.

However, taking into account the higher temperature of the steel above the
liquid level and allowing for the possible localised effects this may have on
evaporation of residual diesel, it was assumed that the vapour concentrations
inside the tank would reach 100% LEL (more than two times the 46%
calculated).

A model was prepared in DNV-GL Phast 7.11 to understand how such a
mixture would disperse from the tank during normal operating conditions.
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The model was based on the following assumptions and inputs. The
temperature of the diesel mixture in the atmospheric storage tank was adjusted
to produce a vapour concentration just above 100% LEL in the tank (i.e.
approximately 6,000 ppm v/v). The worst case scenario of the tank being filled
by road tanker was considered with vapours emanating from the vent at the
assumed filling rate of 1,000 L/min from the 4m high, 50mm diameter vent. The
worst case weather scenario of 0.5/A is shown.
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Figure 2 Centreline Concentration vs Distance Graph
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Figure 3 Vapours emanating from the Vent of Diesel Tank containing vapours @ LEL

Fig 3 shows that the vapour is diluted from approximately 6,000 ppm to below
LEL (5,884 ppm) over just a few millimetres (65 mm downwind and 4mm
sideways). This is consistent with expectations since dilution will commence as
soon as the vapour leaves the vent and only a small reduction in concentration
is required before it will be below LEL. As a comparison, this is different to
vapours emanating from a flammable tank vent (e.g. petrol), where the starting
concentration inside the tank is above the UEL (approx 76,000ppm) and thus
requires significantly more dilution before LEL (14,000ppm) is achieved (e.g.
1.5m is the Zone 1 radius for an underground petrol tank vent as per AS/NZS
60079.10.1 Fig ZA.8).

This illustrates that even in the scenario of a diesel tank being heated to the
point of having a flammable mixture in the vapour space, which could only
occur in extreme circumstances, the extent of a potential vapour cloud around
the vent of the tank is very limited.

It can be concluded that for this case study, whilst the diesel is being stored in
the tank, and considering only vapours that could emanate from the vent, there
is not a realistic requirement to establish a hazardous area in the tank’s vicinity
even in a very hot climate.

However, the case for the storage tank is not complete after studying only
vapour emissions. The case of sprays or mists emanating from a tank vent also
needs to be considered. Refer to Scenario 4.
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Results Scenario 2: Diesel spill on hot concrete (70°C)

The questions associated with these scenarios were:

e Can concrete containment surfaces in the Pilbara reach temperatures
above the flash point of diesel?

e Assuming diesel is spilled onto a hot concrete surface and is heated by it,
to what extent would it develop a flammable vapour mix and, for different
spill sizes, to what radius could such a vapour cloud extend?

Can concrete containment surfaces in the Pilbara reach temperatures above
the flash point of diesel?

Temperature measurements recorded at Bilybara indicated that it can. The
measured results for the concrete slab in the afternoon sun over three separate
measuring periods in December, January and February are shown in Appendix
D. The average temperature of the concrete measured on days when the
ambient temperature exceeded 40°C was 65°C. The hottest concrete
temperature measured was 74°C (on a 46°C day following 4 consecutive days
over 40°C). Extrapolating for even more extreme ambient conditions of 50°C
and allowing for a margin for error, it is possible a concrete surface at this
location could reach 77°C.

The modelling was conducted prior to finalising the above analysis with the
concrete temperature at 70°C, which although not the highest possible
temperature, remains at the extreme of likely temperatures to occur.

Assuming diesel is spilled onto a hot concrete surface and is heated by it, to
what extent would it develop a flammable vapour mix and, for different spill
sizes, to what radius could such a vapour cloud extend?

IP15:2005 outlines the "Point Source Approach" to determining hazardous
areas around a liquid pool. A depiction of a pool scenario is shown in Fig 4
including the extent of what would typically be a Zone 2 area. This has been
extracted from IP15:2005 Section 5.4.7 which also provides guidance regarding
the extent of the hazardous radii for different pool sizes.

However, this guidance relates to flammable liquids rather than diesel, so it is
necessary to model the specific diesel spill scenarios using Phast.

With advice from DNV-GL technical personnel, the Phast 7.11 model for this
scenario was prepared in two distinct steps to improve overall accuracy. The
first step was to determine what components of the diesel mixture would
evaporate and at what rate. This was achieved by defining a pool of the diesel
mixture of the required size and temperature on a concrete surface at 70°C and
monitoring the evaporation. The Phast 7.11 Poolvap model takes into account
the heat transfer from the concrete surface to the diesel mixture and properties
of the individual constituents of the mixture to calculate the evaporation rate for
each component. The second step involves defining a release of the vapours
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as a pool source at the peak rate of evaporation and modelling their dispersion
to determine the extent of any flammable vapour clouds.

Means of spillage containment

Notes:

B, 15 the extent of the hazard rading from the edge of the pooel in the same dirsction.

L 15 the equvalent diameter of the pocl.

b depends on the temperature of release and the volatility of the material released. For category C flnds up to 50°C. h is
nommally 1 m; for volatile flnids or at elevated temperatures. a nomuimal height, b, of at least 3 m should be apphed.
However, 1t is recommended that this height is venified by calculation.

Figure 5.4 Liquid pool due to spillage

Figure 4: Extract from 1P15:2005 Section 5.4.7

The DNV-GL Phast 7.11, modelling yielded the following results for the three
spill scenarios.

Small Spill

The small spill model was intended to simulate a 4 litre spill of 40°C diesel from
a fast flow dispenser at 60 L/min (i.e. 1 L/s) for a period of 4 seconds onto the
hot 70°C concrete surface. Results based on weather category 5/D gave
higher evaporation rates and are shown in Table 4 below.

Table 4: Small Spill Output Parameters from Phast 7.11 Model

Parameter Result
Inputs 60 L/min for 4 seconds, 4 Litres, 3.3kg
Pool Size 0.53m radius, reducing to 0.46m due to evaporation
Pool Temp Rises from 40 to 60°C after 30 sec
(°C) Rises to 67°C after 171 sec
Pool Depth 5mm (Phast minimum depth on concrete surface)
Evap Rate Peaks at 0.0003 kg/s or 0.0204 kg/min/m2 after 120 sec
Evaporated constituents Total amount evaporated after 1 hour = 0.89kg
after an hour (predominantly n-decane, ethylbenzene and n-tridecane)
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The temperature of the pool exceeded the flash point within a minute. The
resulting evaporation rate in kg/s is shown against time in Fig 5 below.
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Figure 5 Small Spill Pool Vaporisation Rate

The peak rate is converted to kg/min/m? in the Table 4 above to compare with
an independent calculation of evaporation rates by Merv F Fingas *'. The rate
calculated using the Fingas equation is compared to the Phast 7.11 rate in
Table 5.

Table 5: Comparison of Calculated Evaporation Rates by Fingas and Phast 7.11

T T
3500

Inputs to Fingas Fingas Result Phast 7.11 %
i - 1/2 Result Diff
Equation 37 %evap = [0.0254(%D) + 0.01(T-15)](t™)
Temp, %D Time, Peak Evap Rate (kg/min/mz) Pe??katEevap
T . t
% Diesel o2
(cc) | distiled at | (min) (kg/min/m?)
180°C
70 10 1 0.01045 0.0204 95%

Table 5 shows that Phast 7.11 models the evaporation at approximately twice
the rate of the Fingas equation. This provides reassurance that the model is
unlikely to be under estimating the evaporation rate.

For step 2 in the modelling process, the evaporated constituent vapours (ie
0.89kg of n-decane, ethylbenzene and n-tridecane) were modelled in a
pressure vessel (at just above atmospheric pressure) and released at the peak
evaporation rate as a pool source with a defined radius. The modelled
dispersion of the resulting vapour cloud was then observed.
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Figure 6: Small Spill Vapour Cloud
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Figure 7: Small Spill Vapour Cloud

Fig 6 shows that a flammable vapour cloud is generated with a maximum
concentration of 1,742 ppm or 30% LEL over the pool and Fig 7 shows a
1,500ppm or 25% LEL zone within a 200mm radius of the edge of the pool.

Medium Spill

The medium spill model was intended to simulate a spill of 200 litres of 40°C
diesel during a delivery at 1,000 L/min for a period of 12 seconds onto the hot
70°C concrete surface. Results are shown in Table 6 below.

Table 6: Medium Spill Output Parameters from Phast 7.11 Model

Parameter Result

Inputs Spill Rate 1,000 L/min or 16.7 L/s for 12 seconds giving 200 L or 166kg
Pool Size 3.79 radius, reducing to 3.38m due to evaporation

Pool Temp (°C) Rises to 66.1°C after 195 sec

Pool Depth 5mm (Phast minimum depth on concrete surface)

Evap Rate Peaks at 0.011 kg/s or 0.0146 kg/min/m2

Evaporated constituents Total amount evaporated after 1 hour = 33.98kg

after an hour (predominantly n-decane and ethylbenzene)

The temperature of the pool exceeded the flash point within 2 minutes. The
evaporation rate/min/m? is lower for the medium spill in comparison to the small
spill presumably due to the thermal inertia associated with the larger spill mass,
slowing the heat transfer and resultant evaporation rate. At 0.0146 kg/min/m?,
the rate is still 40% above the 0.01045 kg/min/m? calculated using the Fingas
equation.
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Figure 8: Medium Spill Vaporisation Rate

As for the small spill, the evaporated constituent vapours from the medium spill
(i.e. 33.98 kg of n-decane, ethylbenzene) were modelled and released from the
vessel at the peak evaporation rate as a pool source. The resulting vapour
concentration is depicted in Fig 9.
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Figure 9: Medium Spill Vapour Concentration

Fig 9 graph show that a flammable vapour cloud is generated with a maximum
concentration of 1,348 ppm or 22% LEL over the pool and gradually reducing
from this level at the edge of the pool to 100 ppm. The concentration would
reach zero but is not shown in Fig 9.

Large Spill

The large spill model was intended to simulate a spill of 4,000 litres of 40°C
diesel during a delivery at 1,000 L/min onto the hot 70°C concrete surface. For
this scenario, a containment bund is included in the model, restricting the spill
to an area of 64m? representing the unloading containment slab area. Results
are shown in Table 7 below.

Table 7: Large Spill Output Parameters from Phast 7.11 Model

Parameter Result

Input Spill Rate 1,000 L/min for 240 seconds giving 4,000 L or 3320kg
Pool Size 4.51m radius, constrained by a bund 64m”

Pool Temp (°C) Rises to 51°C after 30 sec and then to 59°C after 1 hour
Pool Depth 70mm

Evap Rate Peaks at 0.012 kg/s or 0.0113 kg/min/m?

Evaporated constituents Total amount evaporated after 1 hour = 35.27kg

after an hour (predominantly n-decane, ethylbenzene and n-tridecane)
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The temperature of the pool does not reach the flash point but remains in the
50-60°C range. The evaporation rate in kg/s is shown in Fig 10 below. The rate
in kg/m?/min for the large spill is comparable to the medium spill due to the
similar spill surface area, but slightly lower due to extra depth and mass of the
spill. At 0.0113 kg/min/m?, it is still 8% above the 0.01045 kg/m?/min calculated
using the Fingas equation.

~
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Figure 10: Large Spill Pool Vaporisation Rate

For step 2 in the modelling process, the evaporated constituent vapours (ie
35.27 kg of n-decane, ethylbenzene and n-tridecane) were modelled and
released from the tank at the peak evaporation rate in a similar fashion to the
other spills. The resulting vapour concentration as depicted in Fig 11.
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Figure 11: Large Spill Vapour Concentration

The Fig 11 graph shows that a flammable vapour cloud is generated with a
maximum concentration of 790 ppm or 13% LEL over the pool, and gradually
reducing from the edge of the pool to zero.

In summary, all spills were heated by the concrete to temperatures close to or
above their flashpoint, so obviously presented a risk. However, it is known that
at its flash point diesel will generate a flammable atmosphere in a closed
environment as in the 'closed cup' test methods used to measure flash point
(e.g. Pensky Martins and Setaflash tests). So it is conceivable that LEL
concentrations could be achieved in dead calm conditions. But in the open
ventilated (0.5 m/s wind) environment of these scenarios, it is logical to expect
that the flammable concentrations would remain below LEL.

This was also demonstrated using simple manual calculations from
AS/NZS60079.10.1. Section B.5.2.2. In this calculation the theoretical minimum
ventilation flow rate of fresh air to dilute a given release of flammable material
is determined. It was applied to the three spill scenarios, using the peak
evaporation rate as the release rate to determine the ventilation required to
keep each scenario below LEL. It was then compared to the actual ventilation
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provided by a 0.5m/s wind. The results are shown in table 8 below and the
calculations are outlined in detail in Appendix E.

Table 8: Summary of Ventilation Calculations and Phast 7.11 modelling results

Spill Scenario Theoretical Actual Ventilation Modelled
Minimum Ventilation Safety Factor result from
Ventilation to provided by (VSF) = Phast 7.11
dilute below LEL | 0.5m/s wind over Actual % LEL
m3/s spill area Ventilation/
m3/s Theoretical Min
ventilation
Small Spill 0.01 0.16 16.5 30%
Medium Spill 0.35 1.14 3.22 22%
Large Spill 0.39 1.35 3.43 13%

The results show that for all spill scenarios, the actual ventilation associated
with a 0.5 m/s wind is greater than the theoretical minimum ventilation required
to dilute the evaporative releases to below LEL, by at least a factor of three,
thus broadly supporting the Phast 7.11 modelled results which are below LEL.

A higher concrete temperature of 77°C, which would be a less than once per
year event, might produce results that are 9% (calculated using the Fingas

equation) or even 20% higher, but even at these levels, concentrations would
remain below LEL.

Given the conservative nature of the assumptions required to generate the
above scenarios (i.e. the low likelihood that they will actually occur) as well as
the low resultant concentrations, clearly the notional hazardous area resulting
from these three spill scenarios do not require classification.

Hazardous Areas WA — IDC Technologies
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Scenario 3: Mist or Spray Formation

Questions arising at the outset for this scenario were:
e Does the risk of mist or spray need to be seriously considered?

e |Is there clear guidance in the codes of practice regarding mists and sprays
in HAC?

e Can mists or sprays result in the creation of hazardous areas in this diesel
storage facility? If so, what hazard radii should be applied to such areas?

Does the risk of mist or spray need to be seriously considered?

The risk of mist or spray formation is based on the fact that a mist or spray of
high flash fuel or lubricant can be ignited at temperatures below its flash point
as a result of the increased surface area associated with the small liquid
droplets. This risk is not limited to installations in hot climates, however the risk
is arguably greater where ambient temperatures are higher.

The fact that this risk requires serious consideration is best illustrated by an
incident that reportedly occurred in Western Australia. Details of the incident
are briefly outlined by the Dept of Mines and Petroleum below:

27 Jul 2010
Location: Pilbara mine site

A 55 KL self-bunded storage tank was over-pressurised due to an incorrectly installed
tank vent during a tank filling operation. This resulted in fuel spraying out the dip stick
hole and over the tank, tanker and nearby power supply. A fire started shortly after.
The driver attempted to extinguish the fire but was unable to contain it. The driver
received minor injuries to his hand. Additional information : A bang/popping noise was
heard in the area of the power supply and a fire started.

Is there clear guidance in the codes of practice regarding mists and sprays in
HAC?

The relevant codes of practice make comment about mist or spray formation
with high flash products but do not provide a lot of clarity or consistency.

AS/NZS 60079.10.1 :2009 addresses 'Flammable Mists' in Annex D. Some
extracts are included below, not indicating a high level of concern.

"Even liquids that can be considered as non hazardous at process temperatures, in
some situations may form a flammable mist which may then give rise to an explosion
hazard"

Hazardous Areas WA — IDC Technologies
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"Fuel droplet clouds have generally been found difficult to ignite, unless there is
sufficient mass or vapour or very small droplets present."

"In practice a liquid release will normally comprise a broad range of droplet sizes with
larger droplets tending to fallout immediately, leaving only a small fraction of the
release airborne in the form of an aerosol"

The UK HSE Executive published a report entitled "Generation of flammable
mists from high flashpoint fluids: Literature Review"" in 2013. This publication
provides a strong indication that regulatory guidance in this area will continue to
evolve. The document acknowledges that there is a "pressing need for clear
guidance" on HAC relating to mists and sprays. It outlines all recent and
relevant literature on the subject and begins to make some suggestions on
possible approaches for developing classification guidance and mitigation
controls.

IP15:2005 addresses the topic in various sections, providing some practical
guidance but acknowledging that further research is required.

Section 3.2.1: Note 1 in Fig 10 below

"Due to the possibility of mist or spray formation, the ullage space of Class II(1) and
I11(2) tanks should also be regarded as Zone 0. It is recommended that the area
surrounding any vents or openings on the roof of such a tank be regarded as Zone 1".

Class 1l1(1) tanks would include diesel storage. This specifically applies to
vertical storage tanks. It is open to interpretation whether it should be applied to
horizontal storage tanks.

—_-——— _— -
\ Seenote 3

Whole distance to bund

Notes:
Due to the possibility of mist, spray formation, the ullage space of Class II(1) and ITI(1) tanks should also be regarded as
Zone 0. It is recommended that the area surrounding any vents or openings on the roof of such a tank be regarded as Zone 1
to a radms determuned using section 5.4.4.2 at the vent tip.

Figure 12: Extract from IP15:2005 Section 3.2.1

3.4 Road Tanker Unloading:

"Under ambient conditions, materials handled below their flash points, such as diesel,
may give rise to hazardous areas around equipment in which they are handled under
pressure, due to the possibility of mist or spray formation”

"Note that for substances handled below their flash points such as diesel, the
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generation of hazardous areas by the formation of mists or sprays from leaks is
unlikely, so with these substances the above areas may be treated as non-hazardous"

In Annex A, the topic is explored further:

Table A3 indicates that a high flash point liquid such as diesel handled below its flash
point should be classified as a Category C Fluid (normally a category for flammable
liquids) if it can be released as a spray or mist.

"There is little knowledge on the formation of flammable mists and the appropriate
extents of associated hazardous areas." "Further research is needed"

"To clarify the position pending further research, it is suggested that, where fluid is
more than 5 < below its flash point, and at atmospheric pressure or only under a few
meters of head in a storage tank, it can be treated as non-hazardous; where it is
pumped and under pressure, it should be regarded as a category C fluid generating a
hazardous area appropriate to the type of equipment given in Chapter 5 of this code,
because of the possibility of mist or spray formation from a small hole or a flange leak"

Chapter 5 offers further guidance

"For both flanges and valves, the likelihood of release from an individual item is very
small and so may not warrant classification as a hazard.... As a guide, where there are
more than 10 leak sources within close proximity (ie where their notional zone 2 areas
would overlap) the area should be classified as zone 2."

Figure 13: Potential leak points in close proximity

Fig 13 shows that there are potentially 10 leak sources in close proximity at
Bilybara Fuel Farm. Based on guidance from IP15:2005 Chapter 5, a Zone 2
hazardous area would apply.

Hazardous Areas WA — IDC Technologies

18




Session 12: A Case Study: Hazardous Area Considerations for Diesel Storage in a Hot Climate

For the potential leak points, there are various tables in IP15:2005 which
provide hazard radii for different fluid types, hole sizes and pressures (refer
Table 5.6, Table C6 and Tables C9(a) and C9(b) in Annex C). However, none
of these tables provide adequate representation for the Bilybara case which
has a relatively low pressure (2.4 bar vs the lowest pressure in the tables is 5
bar), has a high flash liquid (the Category C fluid in the tables is a low flash
liquid), and is at a different height (3.5m vs 5m). So the Bilybara scenario was
modelled using Phast 7.1.1 with the following results:

Table 9: Distance to LEL (m) for horizontal release at height 3.5m

Diesel Pressure Release hole diameter
Mixture A (bar) 0.6mm 2mm 6mm
Release Level 1 Level 2 Level 3
Frequency >1.0E-2 1.0E-2 to 1.0E-3 1.0E-3-1.0E-4
Level* per release source- | per release source- | per release source-
year year year
Distance to
LEL 2.4 1.44 411 9.07

* Release frequencies for associated hole sizes are extracted from Table C6 in IP15

Fig 14 from Phast 7.11 for the 0.6mm scenario is shown below, indicating a
hazard radius to the LEL of approximately 1.44m.
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Figure 14: Hazard Radius for spray from 0.6mm hole at 3.5m height

0.8 1 1.2 1.4

The larger hole sizes are associated with events of lower likelihood. On this
basis, it may be possible to discount their distances. But based on current
guidance, it is not clear that this would provide adequate protection.

So to be safe in this instance, due to the number of leak points in close
proximity, Bilybara owners have been advised that fabric flange guards should

area.

Figure 15: Fabric Flange Guard

be fitted around most of the joints. These guards
are effectively wrapped around the joint as
shown in Fig 15 and reduce the potential spray
to a drip, thereby eliminating the cluster of leak
points that could generate sprays and
eliminating the need to establish a hazardous

The tank vent must also be considered in terms of mist or spray formation.
Table 5.4 in section 5.4.4.3 of IP15:2005 indicates that a Zone 2 hazard radius
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of 2m around a 50mm diameter vent for flow rates of up to 250Nm?h (or
4000L/min) should be applied to a vertical storage tank. Should it be applied to
a horizontal tank with a flowrate of 1000L/min?

It could be argued that this requirement should translate to smaller horizontal
tanks such as that at Bilybara, but it could also be counter argued that the scale
of vertical tanks compared to horizontal is very different and the flowrates
significantly different (the flowrate nominated in the table is four times that
anticipated at Bilybara). This requires further investigation and evolution of the
standards to resolve. In the absence of clear guidance, it is appropriate to
assess and manage the risks to as low as reasonably practicable regardless of
the HAC.

If it is practical, a Zone 2 area should be established within a 2m radius of the
vent. If this is not practical, all strong or medium ignition sources (such as
generator sets with internal combustion engines) or unnecessary ignition
sources should be removed from this area. A junction box inside the cowling of
this tank is unlikely to be impacted directly by a spray or mist and could thus be
considered an acceptable risk in this instance.
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Scenario 4: Dispensing Hose Heated above flash point

Questions arising were:

e What temperature is a 32mm black dispensing hose likely to reach in the
hot climate of Bilybara? Will its colour and small diameter enable
temperatures above the flash point of diesel to be reached?

e |If so, will this impact hazardous area classification for the facility?

What temperature is a 32mm black dispensing hose likely to reach in the hot
climate of the Pilbara?

An indicative answer can be derived from the temperature measurements
recorded at Bilybara. The measured results for the 32mm black dispensing
hose in the afternoon sun are shown in Appendix D. The hottest temperature of
the hose measured was 65°C, but extrapolating for a very hot day of ambient
temperature 50°C and including a margin for error, it is conceivable that the
hose could reach 70°C.

If so, will this impact hazardous area classification for the facility?

The 32mm diameter hose at Bilybara is approximately 6m long and therefore
contains approximately 7 litres of diesel. If these 7 litres are heated to 70°C and
dispensed into a vehicle fuel tank containing fuel at a lower temperature
(assume 40°C), and is mixed with additional fuel drawn from the storage tank
(assume 40°C), the resulting mixture will definitely be below 60°C. To be
conservative, the Phast 7.11 modelling was completed at 60°C. The model is
similar to that for scenario 1, but with the flow rate being 60L/min to represent
the dispenser flow rate.

Audit Number 4253 x

Averaging Time Flammable (18.73 Side View

s) Vent from vapour space
Equipment black hose 60 Deg I I I

C . T— — Category 0.5/A @ 2842.01 ppm
Material Diesel 1 £ T "————__,____________ — Category 0.5/A @ 5884.03 ppm
Offset Distance 0 m £ T — ~
Program Phast 7.11 I o8 —
Scenario Vent from vapour E ___________--‘-"-_-.—- >

space [w] | — /
Time 1s
Weather Category 0.5/A L T T T T T T T T T T =TT T T T T T T T T
Workspace Redone Spill 0 0.02 0.04 0.06 0.08 0.1 012 0.4 0.76 0.8 0.2 0.22 0.24

Models Distance Downwind [m]

Figure 1617 Fuel Dispensing of diesel heated in the black dispensing hose

Fig 16 above shows that a very localised flammable vapour will be generated
as fuel is dispensed in this scenario for a radius of up to 90mm.
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(b) Nozzle without Stage 2 vapour collection

Figure 17: Fuel Dispensing of diesel heated in the black dispensing hose

Fig 17 depicts in red this localised flammable vapour cloud as it would occur
near the fill nozzle of a car during refuelling of the very hot diesel as modelled.

It should be noted that such a vapour cloud would only endure for a few
seconds. The time it takes to empty the hose of the 7 litres of heated fuel is 7
seconds. Subsequently, cooler diesel from the tank will be drawn into the hose,
reducing the average temperature of the fuel until the generation of the vapour
cloud would cease. Assuming a duration of 15 seconds per event, this would
need to occur almost 250 times p.a. in order to require a Zone classification.
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Scenario 5: Other Scenarios

Other scenarios such as spillage due to overfilling of the tank and catastrophic
failure of the tank were considered. However, given the lower probability of
these scenarios (the Bilybara tank is double contained and is fitted with high
level alarms and an overfill protection valve) and the results obtained with the
other scenarios, further analysis of these scenarios was deemed unnecessary.

Future Investigations
Additional work to build on this investigation could include the following:-

e Investigate scenarios involving pipelines of different diameters being
heated in the sun. Is there a scenario involving a long, relatively small
bore diesel pipe exposed to hot ambient conditions where the volume of
fuel involved is more significant than the black hose scenario and the
temperature of the fuel exceeds the flash point?

e Continued monitoring of academic research and evolution of the relevant
standards in relation to spray and mist formation and associated risks
and mitigation. A review of the API standard. RP505, could also be
undertaken.

e Given that concrete temperatures potentially higher than 70°C were
identified, there would be some value in re-running the spill scenario
models with the concrete at the higher temperature of 77°C.

Conclusion

Scenarios involving the storage and handling of diesel at a Pilbara fuel storage
facility fictitiously named 'Bilybara Fuel Farm' have been investigated to
examine hazardous area classification implications for diesel storage in a hot
climate. The following conclusions are made.

Even under the hottest conditions expected in the Pilbara, it is unlikely that the
temperature of diesel stored in a bulk tank will exceed 43°C. At this
temperature the vapour concentration inside the tank will be below LEL.
However, allowing for localised heating effects above the liquid surface and a
margin for error, it was assumed that vapours emanating from the tank vent
could be at 100% LEL. Modelling the dispersion of these vapours showed that
they would rapidly be diluted to below LEL. So from a vapour perspective, a
hazardous area classification is not required around a diesel tank.

Concrete containment areas can get very hot in the Pilbara with surface
temperatures of above 70°C possible. Diesel spilled onto these surfaces can be
heated by the concrete to temperatures above the minimum flash point of
diesel. However, the Phast 7.11 modelling indicates that flammable vapours
generated as a result of spills onto such surfaces in open air conditions are not
expected to reach concentrations that would warrant the classification of a
hazardous area.

The risks associated with mist or spray formation is not limited to diesel
facilities in hot climates, but arguably increases at higher temperatures.
Guidance from codes of practice and standards is limited and requires further
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research and development, although 1P15:2005 requires the application of
Zone 0 inside diesel tanks and recommends Zone 2 around vertical storage
tank vents due to the potential for mist or spray formation. IP15:2005 also
recommends establishing a Zone 2 hazardous area where there are more than
10 leak sources within close proximity. Phast 7.11 Modelling indicates that
sprays and mists can propagate relatively long distances (up to 9m depending
on hole size) even with low pressures such as 2.4 bar. Flange guards may
provide a means to mitigate this risk.

It was confirmed that the black diesel dispensing hose at Bilybara could be
heated to temperatures exceeding the minimum flash point of diesel on very
hot days. However, based on Phast 7.11 modelling, and an understanding of
the likely frequency and duration of such an event, the area would not require
hazardous area classification.
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Appendix A: Representative Mixtures for Modelling Diesel

The composition of Mixture A was based upon making a slightly volatile version
of diesel whilst remaining reasonably representative. This was achieved by
maximising the weightings of some of the less heavy and more volatile
components such as n-decane and n-tridecane beyond their typical ranges and
excluding some of the heaviest straight chain alkanes such as n-Nonadecane.
The result is a mixture of diesel which would exhibit a higher level of volatility
and lower flash point than typically observed, thus providing a conservative
mixture for modelling.

Table Al: Mixture A — Conservative Representation

Compound % Vapour Flash | Molecular | High Level
Present Pressure @ Point Weight Breakdown
40°C (°C) (g/mol)
(Pa)
Ethylbenzene 2 2875 15 106 23%
Light/active
n-Decane 21 483 46 142 components
Naphthalene 1 101 79 128 67%
Medium to
n-Tridecane 26 20.2 79 184 Heavy
components
2- 1 26.7 82 142 (not present
Methylnaphthalene or barely
presentin
n-Pentadecane 25 2.74 114 212 evaporation)
n-Heptadecane 24 0.337 148 240

Development of the Mixture B composition followed the typical ranges of
various hydrocarbon groups e.g. straight chain alkane, polycyclic aromatic
hydrocarbons and monocyclic aromatic hydrocarbons. Additionally the typical
ranges of chain lengths or carbon numbers for these groups and known
characteristics of the components was considered. In order to limit the number
of compounds to a reasonable level for modelling and provide an accurate
representation of diesel, the most volatile compounds and groups were
selected and their weightings maximised within the range of typical values.

Mixture B represented the properties of diesel with a higher accuracy and
coherency when compared to Mixture A. However, Mixture B contained a much
lower percentage of volatile components and had a flash point above the
minimum flash point for diesel in Australia. As a result Mixture A was selected
as the more conservative formula for use when modelling.
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Table A2: Mixture B — Best Representation

Compound % Vapour Flash | Molecular| High Level
Present| Pressure Point Weight | Breakdown
@ 40°C (°C) (g/mol)
(Pa)
Ethylbenzene 2 2875 15 106 9.5%
Light/active
n-Decane 7.5 483 46 142 components
1,2,3,4- 3 129 68 134 90.5%
Tetramethylbenzene Medium to
Heavy
Naphthalene 4 101 79 128 components
(not present
1,2,3- 1 57.3 79 162 or barely
Triethylbenzene present in
n-Tridecane 145 202 79 1g4 | vaporation)
n-Pentadecane 27.75 2.74 114 212
n-Heptadecane 22.5 0.337 148 240
n-Nonadecane 17.25 0.042 168 269
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Appendix B: Modelling Wind Conditions (by Justin Van Staden)

To understand the wind conditions likely to occur at the location and their
frequencies, a review of winds speeds recorded at 9am and 3pm over the past
12 months was undertaken and analysed and Fig B1 was prepared.
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Figure B1 Wind speed Distribution

Linking the resulting frequencies of wind velocities to the source and grade of
release in HAC (refer IP15:2005 Section 1.6.4, 1.6.5 and C2.5), the following
table was developed.

Table B1: Wind Speed Frequencies and Hazardous Area Classifications

Classification Source and Grade of Upper Bound Wind speed Wind speed
Release Duration km/h m/s
Hours p.a.
Zone 0 Continuous 1000+ 13.00 3.61
Zone 1 Primary Grade 100 5.04 1.40
Zone 2 Secondary Grade 10 2.71 0.75
Non Hazardous No Grade 1 2.08 0.58

Table B1 shows that wind speeds of 0.5m/s occur at a very low frequency and
could arguably be associated with scenarios that do not warrant hazardous
area classification.

The obvious limitation with this analysis is that samples at 9am and 3pm do not
provide a 24h/day representation of wind speeds, so the data should only be
used with caution.
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Appendix C: Empirical Temperature Relationship between
Ambient Air and Diesel in a Storage Tank (By J Van Staden)

The empirical temperature relationship model provides a relationship between
ambient air temperature and the temperature of fuel within a tank. This model
serves to predict temperature dependent fuel properties.

The empirical temperature relationship model generates a linear regression line
to provide a correlation between temperature recordings from the Bureau of
Meteorology (referred to as BOM) and inventory management system, 15
samples from vertical storage tanks of varying diesel levels are used for this
relationship. These sample points are presented graphically in Fig C1 below. It
was noted that tanks with lower diesel levels exhibited higher temperatures
which was accounted for due to the decreased thermal inertia. There were
measurements taken but not graphed for 110kL horizontal tanks in addition to
the vertical tanks. The temperatures of the diesel in the horizontal tanks were
comparatively lower in temperature than the vertical tanks at the same ambient
temperatures. This is most likely attributed to the horizontal tanks being double
walled and consequently more insulated.
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Figure C1: Air Temperature vs. Temperature of Diesel in Tank Empirical Relationship

The linear regression line function presented in the formula below calculates
the fuel temperature in the tank for any ambient air temperature, with a
coefficient of determination of 0.75 it is considered accurate for the purposes of
this study.

T, = 0.2317T, + 26.63

Table C1: Empirical Temperature Relationship Formula Variables

Variable Definition

= Internal tank temperature °C
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= Ambient air temperature °C

Extrapolating this relationship for extreme ambient conditions of 50°C and
allowing for an error of 5°C, it is possible the diesel could reach 43°C

Empirical Temperature Relationship Assumptions

The empirical temperature relationship model relies on data from BOM and an
inventory management system. Assumptions made in regards to the data
ultilised by this model include

. Temperature uniformity;
. Data accuracy; and
. Sample size.

The inventory management system provides real time temperature data
obtained from electronic thermometers situated within tanks across the Pilbara.
Temperature probes within individual tanks are situated along the entire height
of the tank at approximately 1 metre intervals. The tank temperature available
on the inventory management system database is the average temperature
reading across all the probes. Based on the measurement technique ultilised
by the inventory management system the assumption that temperature is
uniform horizontally throughout the tank is considered reasonable.

The site selected for the empirical temperature relationship model was selected
as it is the closest diesel fuel storage facility with available inventory
management system data to any BOM weather station. The site has several
tanks each with their own temperature readings, when selecting the
temperature reading to use for each sample the temperature of the hottest tank
on site is selected. It is assumed that temperature data obtained from both
BOM and inventory management system are accurate for the purposes of this
study.

The inventory management system does not archive temperature data, thus to
develop the empirical temperature relationship model data is manually
recorded. A sample size of 15 recordings is selected for the model; this number
is selected so as to provide a correlation with acceptable accuracy.
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Appendix D: Temperature Measurements at Bilybara
(by Harrison Cox)

Concrete Containment Slab

Fig D1 below is of the measured concrete containment slab temperature
against the daily maximum temperature recorded that day at the nearest
weather station to Bilybara.

Ambient Air vs Concrete containment slab
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Figure D1 Daily Maximum Temp vs Concrete Containment Slab Temperature

The results depict that whilst there is a correlation between measured
temperatures of the concrete surface and the ambient temperature, the
ambient conditions over preceding days also has a significant effect on the
concrete temperature. For example one of the highest concrete temperature
was measured on the day with the second lowest ambient temperatures,
however, prior to this day were 5 days over 40°C including 3 days over 45°C.
Extrapolating the relationship for extreme ambient conditions of 50°C and
allowing for an error of 5°C, it is possible the concrete could reach 77°C.

On a 46.7°C day, with 4 days prior to it having 40°C or higher ambient
temperatures, a concrete slab temperature of 74.2°C was measured. Given this
information it is reasonable to assume that, provided a heat wave of multiple
40+°C days were to occur, the concrete could potentially reach temperatures of
up to 77°C on at least one of these days.
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Steel Surface of Tank

Fig D2 is of the steel surface on top of the tank temperature against the daily
maximum temperature recorded that day at the nearest weather station to
Bilybara

Ambient Air vs Steel top of the tank
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Figure D2 Daily Maximum Temp Vs Steel surface on top of the Tank Temperature

The results depict that whilst there is a correlation between measured
temperatures of the steel on top of the tank and the ambient temperature, the
ambient conditions over preceding days also has a significant effect on the
steel temperature. For example one of the highest steel temperatures was
measured on the day with the second lowest ambient temperature, however,
prior to this day were 5 days over 40°C including 3 days over 45°C.
Extrapolating the relationship for extreme ambient conditions of 50°C and
allowing for an error of 5°C, it is possible the steel could reach 69°C.

Black Fuel Hose

Fig D3 below is of the black fuel hose temperature against the daily maximum
temperature recorded that day at the nearest weather station to Bilybara
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Figure D3 Daily Maximum Temp Vs Black Fuel Hose Temperature
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The results depict that whilst there is a correlation between measured
temperatures of the black fuel hose and the ambient temperature, the ambient
conditions over preceding days also has a significant effect on the black fuel
hose temperature. For example one of the highest black fuel hose
temperatures was measured on the day with the second lowest ambient
temperature, however, prior to this day were 5 days over 40°C including 3 days
over 45°C. Extrapolating the relationship for extreme ambient conditions of
50°C and allowing for an error of 5°C, it is possible the black fuel hose could
reach 70°C. This value seems reasonable given that a 46.7°C day with
preceding days of over 40°C temperature yielded a black hose temperature of
65.4°C.
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Appendix E: manual calculations from AS/NZS60079.10.1.
Section B.5.2.2

Calculating the Minimum Volumetric Flow Rate of Fresh Air:

dG
dV  dtmax T

dt  k+=LEL 293

Where;

2 is the Minimum Volumetric Flow Rate of Fresh Air (m3/s)

ri

i—f is the release rate (kg/s) which is equivalent to the evaporation from the

surface of the spill
k is a safety factor

LEL is the molar lower explosive limit (kg/m®) calculated from the volumetric
LEL using the equation LEL,m = 0.000416*M*LEL,v where M is the
molecular weight of the mixture

T is the assumed ambient temperature (K)

Spill Size AV dG LEL T
dt At o
Small 0.0096 0.0003 0.033 313
Medium 0.35 0.011 0.033 313
Large 0.39 0.012 0.033 313

Calculating the Actual Volumetric Flow Rate of Fresh Air:

Where;

al’
— =C54=%v

dt

% is the Actual Volumetric Flow Rate of Fresh Air (m?/s)

CSA is the cross sectional area that the fresh air travels through (m?)
Vv is the assumed minimum wind speed (m/s)
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Spill Size AV CSA Height (m) | Max width of %
I Cross section
(m)
Small 0.159 0.32 0.3 1.06 0.5
Medium 1.14 2.27 0.3 7.58 0.5
Large 1.35 2.71 0.3 9.02 0.5
Ventilation Safety Factor:
Equivalent to the actual volumetric flow Spill Size Ventilation Safety
rate of fresh air divided by the minimum Factor
volumetric flow rate of fresh air. Small 16.5
Medium 3.22
Large 3.43
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