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SYNOPSIS

VOC emissions are emitted during the various storage and distribution stages of
petrol. These emissions contribute to the formation of smog and the control of
these emissions has been applied internationally for some years. Vapour
recovery is the preferred control technology after prevention and minimisation.
The application of vapour recovery of petrol in South Africa has been limited and
the first vapour recovery unit in the country was installed at the Engen-Wentworth
storage and loading facility in 2001. Petrol loading data and vapour analyses
data were used to determine the theoretical and experimental filling emissions
from the Engen bulk storage facility. The average filling emission at the Engen
facility was 0,08% compared to a value of 0,05% in Europe. It is recommended
that further research be conducted to determine the vapour collection efficiency
at the Engen facility, and to assess VOC emissions from the other stages in the

overall petrol storage and distribution system.

KEYWORDS: volatile organic compounds, carbon vacuum adsorption process,

petrol, vapour, vapour recovery systems, bulk storage facility
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CHAPTER 1

Introduction

Volatile organic compounds (VOCs) are among the most common air pollutants
emitted by chemical process industries, and include hydrocarbons such as
olefins, paraffins and aromatics. VOCs adversely affect air quality as it is one of
the precursors of groundlevel ozone (GLO), the primary component of smog. It
can also have a negative impact on human health due to its toxicity. During
petrol storage and distribution, VOCs are emitted due to evaporation, where the
rate of evaporation depends on factors such as the vapour pressure of the liquid,

temperature and turbulence.

Vapour recovery of petrol is used extensively in Europe and the United States of
America, with legislation to enforce its use. In South Africa little attention has
been given to VOC control in general, and the use of vapour recovery systems in
particular. There are also no South African legislation regarding the use of
vapour recovery systems for the control of VOC emissions originating from petrol
storage and distribution systems.

The Engen-Wentworth refinery and loading facility is situated in Durban’s South
Basin where poor planning has left a legacy of environmental and social
problems. A vapour recovery unit (VRU), the first of its kind in South Africa, was
- installed at the Engen bulk storage and loading facility to recover vapour
originating from road tanker filling. However, little is known locally about the use
of vapour recovery generally, the available technologies, as well as the

operational setup at bulk storage facilities.
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The objectives of this dissertation are to:

o evaluate vapour recovery systems used in first world countries for the control
of VOC emissions from petrol,

e determine evaporative losses from the filling of road tankers at a bulk storage
facility, and

e assess South African present and future legislation with regard to VOC

emission control.

In this dissertation the evaluation of vapour recovery systems and related
terminology was conducted via a literature survey and is presented in Chapter 2.
The complete vapour recovery system at the Engen Wentworth bulk storage and
loading facility and the methodology for experimental work is set out in Chapter
3, followed by a discussion of the results in Chapter 4. Conclusions and
recommendations are presented in Chapter 5.
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CHAPTER 2

Literature survey

2.1 INTRODUCTION

Petrol is a commodity used worldwide. During its use, carbon dioxide, nitrous
oxides and hydrocarbons are emitted as a result of combustion processes taking
place in a vehicle. Further emissions, consisting of hydrocarbons, take place

during the storage and distribution of petrol due to evaporation.

The hydrocarbons emitted during petrol storage and distribution can be broadly
classified as volatile organic compounds (VOCs). VOCs make up a major class
of air pollutants and is a broad collective term for different organic compounds.
These include pure hydrocarbons, partially oxidized hydrocarbons and organics
containing chlorine, sulphur and nitrogen; with most VOCs being toxic and/or
carcinogenic (Jo and Song, 2001).

According to Jeffery (1998), there is some discrepancy in the definition of VOCs
used in international legislation. In the United States of America a VOC is defined
as any compound of carbon that participates in atmospheric photochemical
reactions, excluding carbon monoxide, carbon dioxide, carbonic acid, metallic
carbides and carbonates and ammonium carbonate. The United Nations
Economic Commission for Europe (UNECE) classifies VOCs based on their
photochemical ozone creation potential (POCP). POCP is defined as the change
in photochemical ozone production due to a change in emission of a particular
VOC and can be determined by photochemical model calculations or laboratory
experiments (Jeffery, 1998).
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In the presence of sunlightt VOCs react with nitrogen oxides forming
photochemical oxidants such as ozone. Groundlevel ozone (GLO) is a major
component in the formation of smog, can migrate great distances and is a known
greenhouse gas. Smog also adversely affects human health, vegetation and
materials. Although VOCs and nitrogen oxides occur naturally, anthropogenic
sources have greatly increased the concentration in the atmosphere. According

to Sangster (1991), VOC emissions originate from:

e industrial and domestic solvents (40%);

e exhaust gases from motor vehicles (25%);

e evaporative and running losses from motor vehicles (10%);
e petrol distribution (3%);

e vehicle refuelling (2%);

¢ il refining (3%); and

e 17% from other sources.

Although petrol distribution and vehicle refuelling contributes to only 5% of the
total VOC emissions, these emissions are concentrated at petrol bulk storage
facilities and service stations, highly frequented by people.

A typical petrol distribution system is shown in Figure 2.1. In South Africa, rail
cars and pipelines are mainly used for the transportation of petrol from product
storage facilities at refineries to bulk storage tanks at marketing depots, with
marine vessels also used in other countries. From the marketing depots road

tankers are used to transport the petrol to the service stations.

The control of emissions that occur during the transportation of petrol from bulk
storage facilities to the ultimate consumer is represented by three stages, namely
(Figure 2.2):

e Stage la involves the control of emissions that occur at facilities when road

tankers are loaded:;
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e Stage Ib involves the control of emissions that occur when road tankers
unload into service station storage tanks; and

e Stage Il involves the control of emissions that are formed during vehicle

refuelling.

Bukstorage at
merketing depot

Storaa;tevmk Nb.tor
service stafion vehide

Figure 2.1 Typical petrol distribution system.

During each of these stages evaporation losses occur, as shown in Figure 2.2.
Evaporation occurs whenever petrol is introduced into a tank that has a vapour
space (Hadley et al., 1978:13). Unless the resultant vapour (a VOC/air mixture)
is contained or suppressed by some means, a loss of product results. The VOC
composition of petrol vapour; petrol being a mixture of compounds with different
boiling points with the tendency of the lower molecular weight compounds to

evaporate; is shown in Table 2.1 (Hansen, 1996).

23
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Table 2.1 Typical petrol vapour composition (only VOC).

Propane 1,5%
Isobutane 8 %
n-Butane 10 %
Pentane 14 %
Benzene 5 000 ppm
Hexane and others 6 %
A
-(I\-I(CJ).(I'-J otly, remainder is air) ==

2.2 EVAPORATIVE EMISSIONS

Please note that the majority of references used in this section refer to the
publication of Hadley et al. (1978). Although other sources were consulted and
are available on this particular subject, for example EPA (1995), most of them
where found to either refer back to the study conducted by Hadley et al. (1978),
or do not provide the same in depth coverage of the Hadley study.

According to Hadley et al. (1978:8), the average emission from a typical
European petrol storage and distribution system, as shown in Figure 2.2, is 0,56
volume % of the petrol distributed. Therefore, for every 1 000 litres of petrol
distributed (that is, petrol from the bulk storage facilities to the remainder of the
distribution system); 5,6 litres are lost to the atmosphere through evaporative
emissions. These emissions can be divided into four types, namely

displacement, breathing and withdrawal, filling and refuelling emissions.
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2.2.1 Displacement emissions

Displacement emissions occur from fixed roof storage facilities (bulk storage
tanks), as well as underground service station tanks due to vapour displacement
by incoming petrol (Hadley et al., 1978:16). Displacement emissions from fixed
roof storage facilities account for 0,14 % (vol%) and from service station storage
tanks for 0,16 % of the total emissions losses (0,56%) from petrol storage and
distribution systems (Hadley et al., 1978:8).

2.2.2 Breathing and withdrawal emissions

Breathing emissions are caused by variations in tank contents, temperature and
by changes in barometric pressures that cause expansion and contraction of the
liquid and vapour in a tank (Hadley ef al., 1978:16). Withdrawal emissions occur
when petrol is pumped out of a storage tank resulting in the intake of air through
pressure/vacuum relief valves or vents (Hadley et al., 1978:16). The incoming air
will dilute the VOC/air mixture previously contained in the tank, resulting in an
increase in evaporation to restore the equilibrium (Hadley et al., 1978:16).
Breathing and withdrawal emissions from bulk storage tanks account for 0,02%
and from service station storage tanks for 0,01% of total emission losses (Hadley
et al.,1978:8). According to Hadley et al. (1978:27), breathing and withdrawal
emissions from tankers are not significant due to the relatively short transit times.

2.2.3 Filling emissions
Filing emissions occur when petrol is transferred from storage tanks to road
tankers. Hadley et al. (1978:23) identified two types of vapour making up filling

emissions, namely preloading vapour (PLV) and evolution vapour (Ve).

PLV is residual vapour originating from a tank’s previous contents, being
displaced by loading of the new product, and is defined as a fraction or
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percentage of full saturation, C,. According to Hadley et al. (1978:24), typical Cp

values are:

e C; less than 1% (C, < 0,01) when the previous contents of a road tanker were
a non-volatile product;

e C, between 10% and 20% (0,1 < Cp < 0,2) when the previous contents of a
tanker were discharged completely at one point;

e C, between 30% and 50% (0,3 < Cp < 0,5) when the previous contents were
discharged at several occasions; and

e Cp between 90% and 100% (0,9 < C, < 1,0) when the contents of a tanker

were discharged at a service station tank that allows for vapour return.

Evolution vapour (V.) evaporates from the product itself when it is being loaded.
Petrol can be loaded into a road tanker via top splash loading, submerged top
loading or bottom loading. Most V. evaporation takes place during splash
loading when the turbulence in a tank is at its peak. In order to estimate V, a
parameter Vg is used to represent the amount of splashing in a tanker during
filling. Vg is equal to the fraction of the original tank atmosphere that is assumed
to be completely saturated during loading. Typical values for Vg are (Hadley et
al., 1978:25):

e Vg = 0,4 for top splash loading,
e Vg =0,15 for submerged top loading, and

e Vg =0,13 for bottom loading.

Hadley et al. (1978:26) derived Equation 1 for the calculation of tanker filling
emission (Er) as a percentage of the petrol loaded:

1-C

E,=fxCy| Cs+V
1=C
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where: E; = filing emission (liquid equivalent) expressed as a

percentage of the volume of liquid loaded;

f = liquid to vapour volume equivalence factor (f = 0,45 under
European conditions, as derived in Appendix A);

C.= concentration of petrol vapour under equilibrium conditions (fully
saturated), equal to the petrol true vapour pressure in bars (see
Section 2.3, Hadley et al., 1978:42);

Cp= the average preloading vapour concentration expressed as a
fraction of full saturation; and

Ve = parameter representing the amount of splashing.

Hadley et al. (1978:48) calculated the values for emissions during tanker filling
shown in Table 2.2, assuming that petrol from the tanker was discharged at one
point only.

Table 2.2 Filling emissions from road tanker loading.

e
- @
Top splash loading 0:15
Top submerged loading 0,15 015 0,055
Bottom loading Q.15 0,13 0,050

2.2.4 Emissions from vehicle refuelling

When a motor vehicle is being refuelled at a service station the incoming petrol
displaces the petrol vapour in the fuel tank, causing it to escape into the
atmosphere. These emissions contribute to 0,18 volume % of the total emissions
from petrol storage and distribution systems (Hadley ef al., 1978:28).
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2.3 FACTORS AFFECTING EVAPORATION

The main factors affecting evaporation are product (liquid petrol) properties,
liquid/vapour interface areas and turbulence in the relevant liquid and vapour.
Product properties that play a role during evaporation are vapour pressure and
temperature. The higher either the vapour pressure and/or the temperature of a
liquid, the higher the expected rate of evaporation. The vapour pressure of a
petroleum product can be determined by using the Reid vapour pressure (RVP)
method where RVP is also a generic term used for petrol volatility (EPA, 2003a).
RVP is a standard laboratory method that measures the Reid vapour pressure of
a substance at a temperature of 100°F, or 37,8 °C (Hadley et al., 1978:13).
According to Hadley et al. (1978:14), the RVP is about 10% less than the true
vapour pressure. Figure B.1 in Appendix B shows a nomogram for the
determination of true vapour pressure from RVP at any temperature for different
petroleum products (Hadley et al., 1978:29).

The rate of evaporation is also proportional to the area of the liquid/vapour
interface (Hadley et al., 1978). By decreasing the liquid/vapour interface area,
the amount of evaporation will decrease due to the limited amount of vapour
space above the liquid (Hadley et al., 1978:15).

Turbulence in the liquid and/or vapour will increase the rate of evaporation and
reduces the time necessary to reach 100 % saturation in the vapour space via
two mechanisms (Hadley et al., 1978:15). When light hydrocarbons evaporate,
the thin liquid surface layer becomes momentarily deficient in these molecules,
slowing the rate of evaporation. However, when fresh petrol is loaded, the light
hydrocarbons move to this region via diffusion and evaporation continues. This

process is accelerated by mixing and/or turbulence in the liquid.
In the vapour space above the liquid, the hydrocarbon molecules are heavier

than air and tend to accumulate as a layer just above the liquid surface,
suppressing further evaporation (Hadley ef al., 1978:15). Turbulent movements

28



in the vapour space caused by thermal convection currents or pressure vacuum

valve air intakes accelerate evaporation.

2.4 CONTROL OF EMISSIONS

Emissions from petrol storage and distribution systems can be controlled in
accordance to the hierarchy of methods presented in Figure 2.3. The hierarchy
of these methods, namely prevention, minimisation, recovery and finally
treatment; represents the ideal hierarchical order of managing emissions from
petrol storage and distribution systems.

2.4.1 Emission prevention and minimisation

The same techniques are followed in both the prevention and minimisation of
emissions. These include decreasing the volatility of petrol (by lowering RVP or
introducing RVP limits) and its temperature, vapour balancing, minimising the
liquid/vapour interface area and reducing turbulence.

It is common practice in large parts of Europe and North America to blend petrol
to a predetermined RVP limit, depending on the season (Kojima and Mayorga-
Alba, 1998). For summers the RVP of petrol is typically limited to between 48
kPa to 55 kPa and for winters between 70 kPa to 90 kPa, resulting in reduced
emissions (Kojima and Mayorga-Alba, 1998). Although there has been a move
in lowering the RVP limits generally, lower limits exist to avoid combustion
problems in motor vehicles (Hansen, 1996).

2.10
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Figure 2.3 Hierarchy of vapour emission control.

Lowering the temperature that petrol is stored at will decrease the true vapour
pressure and therefore decrease the amount of evaporation. Methods in
reducing petrol temperature include painting of storage tanks in sun reflecting

colours (for example, silver and white) and the use of underground storage tanks.

Vapour balancing involves a vapour retrieval system whereby vapour displaced
from tanks/tankers receiving petrol is returned to the tanks/tankers delivering
petrol. For example, vapour formed during vehicle refuelling is rerouted back to
the service station storage tank. The liquid inside the service station storage
tank will only evaporate until the vapour in the air space above the liquid reaches
a certain pressure, therefore less evaporation will occur due to the returned
vapour (Jeffery, 1998).
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The use of floating covers in storage tanks prevents contact between the product
and air, thereby decreasing the liquid/vapour interface area and therefore
evaporation. According to Hadley et al. (1978:2), this can reduce or even
prevent displacement, withdrawal and breathing emissions. As evaporation is
also a function of turbulence in the liquid and/or vapour interface, the use of
either bottom (as shown in Figure 2.4), or submerged top loading, instead of top
splash loading; will reduce turbulence and therefore evaporation.

VL

Figure 2.4 Bottom loading.

2.4.2 Vapour recovery

Vapour recovery is a broad term for a process where petrol vapour, which would
normally escape into the atmosphere, is recaptured and recovered into the liquid
state. It involves the:

Step 1 collection of VOCs/air mixture,
Step 2 separation of VOCs from air, and

Step 3 the recovery of the separated VOCs into liquid state.
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Recovery systems generally consist of vapour collection or balancing systems;
using either condensation, absorption, diffusion and/or adsorption technologies to

recovery vapour emissions.

Collection of vapour

Vapour collection (Step 1) can take place during either or all of the three stages
of the petrol storage and distribution system identified in Section 2.1. Stage |
collection involves the collection of vapour formed during road tanker loading at
terminals (Stage la) and unloading at service stations (Stage Ib). Road tankers
are modified to allow for the collection/rerouting of vapour from the road tanker to
a vapour recovery unit (VRU) (Stage la) and from the service station storage tank
to the road tanker (Stage Ib). Madifications involve the closing of vents on a road
tanker and service station storage tank and the addition of piping and equipment
to allow for vapour collection/rerouting.

The collection of vapour during Stage Il involves vapour formed during vehicle
refuelling. Two methods can be used. The first method involves the return of
vapour to the service station storage tank when refuelling by using a specially
modified petrolfilling nozzle, as shown in Figure 2.5. The second method is
when the emissions are captured on the vehicle itself by Onboard Refuelling

Vapour Recovery (ORVR) units, usually consisting of carbon canisters (Jeffery,
1998).

Once the vapour has been collected, various processes or combinations of
processes can be used to separate and recover the vapour (Steps 2 and 3).

These include condensation, absorption, diffusion and adsorption.
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3

Figure 2.5 Petrol nozzle at service station adapted for the collection of vapour.

Condensation

Condensation of a vapour into liquid can be achieved by compression (increase
in pressure) or cooling (decrease in temperature), with separation and re-
condensation taking place in a single process as shown in Figure 2.6. However,
compression is normally ruled out due to risk of explosion (Jeffery, 1998).
Cooling can be achieved by either mechanical refrigeration or using liquid
nitrogen (cryogenic condensation) as the cooling medium (Jeffery, 1998).

VOC/air
mixture

Condensed
VOCs

Figure 2.6 Flowdiagram for condensation as vapour recovery process.
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The advantages and disadvantages of using condensation for separation and
recovery of petrol vapour are shown in Table 2.3. According to Ruddy and
Carroll (1993), condensation is most efficient for VOC recovery at relatively high
VOC concentrations (above 5 000 ppm).

Table 2.3 Advantages and disadvantages of condensation.

N Energy requirements of
Welglt

l(\&cﬁegat:niﬁéc;:;:e:égg)go - mechanical refrigeration are high

y ’ ' (Jeffery, 1998).
Simple, flexible, safe process Nitrogen source needed for
(Jeffery, 1998). cryogenic condensation.

. May result in the generation of a
C;r;S;r;d(lJee#ede r?ggg)of wastewater stream (Dunn and El-
P Y, ' Halwagi, 1996).
Absorption

The application of absorption is well known in the chemical process industry.
When a vapour stream containing VOCs is brought in contact with a hydrocarbon
liquid, the VOCs in the vapour will be absorbed into the liquid due to molecular
forces. The absorption of the VOCs in the vapour depends on the vapour
pressure and the temperature of the absorbent, as well as the liquid-vapour
equilibrium. In the case of absorption as vapour recovery method, absorption is
used for the separation of the VOCs from air (Step 2) as well as the final,
recovery Step 3.

Low boiling point hydrocarbon liquids (like crude oil or kerosene) are often used
for VOC separation from air via absorption, as shown in Figure 2.7. The VOCs
and primary absorbent (kerosene) are then split via distillation and the primary
absorbent recycled and used again (see Figure 2.7). The VOCs is then
absorbed into petrol (secondary absorbent) and thereby recovered into the liquid
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state. Absorption is also used for recovery after separation methods like
adsorption or with the use of membranes.

Air

. Absorbent
\rfr?x?a" (kerosene)/
Hre VOC mixture

Recycling of
absorbent (kerosene)

Absorbent

(petrol)/VOC
mixture

Figure 2.7 Flowdiagram for absorption vapour recovery process using kerosene
and petrol as primary and secondary absorbents respectively.

Advantages and disadvantages of absorption as a vapour separation and
recovery method are shown in Table 2.4. Absorption can be used for high
vapour flows and VOC concentrations ranging between 500 ppm to 5 000 ppm
(Ruddy and Carroll, 1993).

Diffusion technologies

The application of diffusion technologies such as membranes for the control of
petrol vapour is relatively new. The membranes separate VOCs from the air that
can then be recovered by absorption or condensation, as shown in Figure 2.8.
There are currently two types of membranes used for the separation of VOCs
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from air, namely diffusion membranes and solubility membranes (Jeffery, 1998).
Diffusion membranes act like a sieve where the molecules in the vapour are
separated according to their size. Solubility membranes allow certain gases to
be adsorbed into the upstream side of the membrane and desorbed at the
downstream side (Jeffery, 1998).

Table 2.4 Advantages and disadvantages of absorption.

"Good for high humidity streams | Liquid absorbent may be
(relative humidity > 50%) (Ruddy | transferred to the exit gas (Dunn
and Carroll, 1993). and El-Halwagi, 1996).

High efficiencies, 95-98% (Dunn
and El-Halwagi, 1996).

Wide range of vapour flow rates
and VOC concentration (Dunn
and El-Halwagi, 1996).

VOC/air
mixture

VOC/absorbent Condensed
mixture VOCs

Figure 2.8 Flowdiagram for using diffusion technology as vapour recovery

process.

217



-

vvvvvvvvvvvvvvvvvvvvvvv
UNIVERSITY OF PRETORIA
YA PRETORIA

Q=P VUNIBESITHI

Advantages and disadvantages of using membranes for VOC/air separation are
shown in Table 2.5.

Table 2.5 Advantages and disadvantages of diffusion technologies.

Recovery of between 95 and 99% | Constant vapour flow rates are
(Ohirogge, Peinemann, Wind and | necessary, but buffer tanks are a

Behling, 1990). major safety concern.

Safe process and operational High power consumption (Jeffery,
flexibility (Jeffery, 1998). 1998).

Very wide range of product

Post treatment system needed in
the case of very high emission
standards (Ohlrogge et al., 1990).

handling, for example, hydrogen
sulphide, acetone, methyl tertiary
butyl ether (MTBE), ethyl acetate.

Adsorption

Adsorption is the most widely used solvent recovery technique (Jacob, 1991).
Ruhl (1993) states that adsorption is not only one of the most effective methods
of VOC emission recovery, but also one of the most economical. According to
Jeffery (1998), adsorption is seen as the standard method for bulk liquids vapour
recovery, particularly for road tanker loading terminals. Adsorption is only a
separation process and is normally used with other technologies (such as

absorption or condensation) to recover the vapour, as shown in Figure 2.9.

The adsorption medium most generally used is activated carbon, where certain
molecules adsorb onto the carbon surface due to molecular Van der Waals
forces. Alternative adsorbents include hydrophobic zeolites that can be used at
higher humidity levels than activated carbon, but at a higher cost (Ruhl, 1993).
The VOCs are recovered by regeneration or desorption of the adsorption

medium. Two regeneration technologies are currently in use, namely:
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¢ Thermal regeneration

Steam, hot nitrogen and hot flue gases are some of the heat sources used for
this type of regeneration. According to Young and Tuttle (1997), thermal
regeneration has been the traditional method for maintaining the effective
working capacity of activated carbon in many vapour phase applications. [n situ
thermal systems usually have at least three carbon adsorber vessels, one on-
stream receiving the vapour, the second being heated for regeneration and the
third being cooled before being used again (Young and Tuttle, 1997). The major
advantage of thermal regeneration is the large effective working capacity that is
created by this regeneration process (Young and Tuttle, 1997). The process is
used in applications where the contaminant concentration is low and with high
gas temperatures. Disadvantages of thermal regeneration are the time required
to heat and cool the carbon; and mechanical damage to the activated carbon
because of heating and cooling cycles resulting in more frequent replacement of
the carbon.

e Pressure swing and purge regeneration

Pressure swing regeneration involves the decrease in system pressure to desorb
the VOCs and a purge stream aids in the removal of VOCs from the carbon bed.
This system only requires two carbon beds, the one being on-stream receiving
contaminated gas while the second is being regenerated. Two types of pressure
swing methods have been used, firstly where adsorption takes place at elevated
pressure and the pressure is lowered to regenerate the carbon. Secondly where
adsorption takes place at or near atmospheric pressure and during regeneration
the pressure is reduced by mechanical means (vacuum pump). According to
Young and Tuttle (1997), the benefits of pressure swing regeneration is the
longevity of the carbon (up to 12 years), the flexibility of the system, simplicity of
the system (only two carbon beds) and the fact that no contaminated condensate
has to be treated.
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Air

VOC/air
mixture

VOC
vapour

VOC/absorbent Condensed
mixture VOCs

Figure 2.9 Flowdiagram for using adsorption as vapour recovery process.

Advantages and disadvantages of adsorption as a separation method are shown
in Table 2.6.

2.4.3 Treatment of vapour

Technologies such as biofiltration, UV oxidation, thermal and catalytic oxidation
are some of the methods that could be used to treat vapour containing VOCs.
These methods are destructive but in some cases remain the only viable option.
Destructive methods have been losing ground with legislative agencies because
of the formation of carbon dioxide (a greenhouse gas) and the loss of useful
product. According to Moretti and Mukhopadhyay (1993), the selection of
destruction versus recovery technologies is usually based on the economic
benefit of recovering the VOCs in the waste stream.
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Table 2.6 Advantages and disadvantages of adsorption.

Wide range of vapour and vapour
concentrations can be handled
(Jeffery, 1998).

Hydrogen sulphide from crude oil
vapour poison the carbon (Jeffery,
1998).

Organic compounds like ketones,
aldehydes and organic acids can
cause localised hot spots or
bedfires in carbon beds (Zerbonia
et al., 2001).

Efficient, relatively simple process
(Hansen, 1996).

Light hydrocarbon fractions such
as methane are very poorly
adsorbed (Hansen, 1996).

Flexible and inexpensive to
operate (Ruddy and Carroll, 1993).

Carbon performance decreases
with high humidity vapour streams
(relative humidity > 50%).

Aizpuru et al. (2001) concluded that the use of biofilration is an attractive
process for VOC treatment, with a high removal efficiency, that could be
improved. It involves the use of a packed column that is seeded with
microorganisms that allow for the biodegradation of the VOC to water and carbon
dioxide. Packing materials include peat, compost, soil, heather branches, bark

and more recently sludge from sewage treatment plants (Aizpure ef al., 2001).

UV oxidation uses oxygen-based oxidants (ozone and peroxide) to convert VOCs
into carbon dioxide and water in the presence of UV light (Moretti and
Mukhopadhyay, 1993).

According to Jacob (1991), thermal oxidation (incineration) is one of the most
popular methods of dealing with VOCs in industrial exhaust streams. Thermal
oxidizers can achieve efficiencies between 95 and 99%, operating at
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temperatures between 700 and 1 000 °C (Ruddy and Carroll, 1993). Catalytic
oxidizers operate at lower temperatures (370 — 490 °C) due to the use of
catalysts, achieving a removal efficiency of between 90 and 95% (Rudy and
Carroll, 1993). Thermal and catalytic oxidizers are the most popular VOC
treatment methods in use today, because of their broad applicability to a wide
range of VOC emission streams (Moretti and Mukhopadhyay, 1993). These
methods are technically simpler than vapour recovery, but require a high level of
safety considerations (Jeffery, 1998).

2.5 LEGISLATION REGARDING EVAPORATIVE EMISSIONS

In November 1991, the Protocol to the Convention on Long-range
Transboundary Air Pollution on the Control of Emissions of VOCs (shortened
VOC protocol) was adopted and became effective on 29 September 1997
(UNECE, 2002). It forms part of the Geneva Convention on Long-range,
Transboundary Air Pollution that was established and undersigned in 1979 by the
United Nations Economic Commission for Europe (UNECE) (Fenger, 1999).
UNECE includes countries in North America, Europe and Central Asia. The VOC
protocol specified three options for emission reduction targets of which one had
to be selected by a country, either upon signature or upon ratification. These
options were:

Option 1 30% reduction in emissions of VOCs by 1999, using a year between
1984 and 1990 as basis.

Option2 The same reduction as for Option 1 within a Tropospheric Ozone
Management Area (TOMA), ensuring that by 1999 total national
emissions do not exceed 1988 levels.
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Option 3  Where emissions in 1988 were low enough not to exceed certain
specified levels, countries may opt for a stabilisation at that level of
emission by 1999.

Table 2.7 shows the options selected by the various member countries of
UNECE.

Table 2.7 Options selected by countries regarding 1991 VOC Protocol.

Llensteln, nlted States of

America.

1984

1985 Denmark.

Austria, Belgium, Estonia, Finland, France,
1988 Germany, Netherlands, Portugal, Spain,
Sweden, United Kingdom.

Czechoslovakia, Italy, Luxembourg, Monaco,
1990 .
Slovakia.

- There are TOMAs in Norway and Canada.

- Bulgaria, Greece and Hungary.

Legislation in Europe and the USA aimed at reducing the emissions from petrol
storage and distribution facilities, to comply with the above mentioned VOC
protocol, are limiting VOC emissions by the gradual extension of controls down
the fuels distribution chain (Munn and Kornelius, 2002). VOC legislation and
regulations for Europe and the United States of America are summarised in
Sections 2.5.1 and 2.5.2. An overview of air pollution legislation in South Africa is
given in Section 2.5.3.
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2.5.1 Overview of VOC emission legislation in Europe

Although minimum standards of emission control have been agreed between
countries in Europe, the method of application is left to individual countries and
differences do occur (Munn and Kornelius, 2002). The European directive on
Integrated Pollution Prevention and Control (IPPC) (Directive 96/61/EC) governs
pollution prevention in the industrial sector. The basis for the directive is the use
of best available technology (BAT). The first major legislation in Europe
regarding VOC emissions was under the German TA Luft 1981 legislation where
VOC emissions could not exceed 150 mg/m® vented (Sangster, 1991). This
remains the most stringent legislation regarding allowed VOC emissions.

In some European countries (Sweden, Denmark) the oil industry voluntarily
installed Stage la and Ib control facilities to pre-emp perceived legislation at that
time (Sangster, 1991). The EU 94/63/EC Directive of 1995 requires the control
of VOC emissions resulting from the storage and distribution of petrol from bulk
storage facilities to service stations (Stage |). Countries within the EC were
required to make the directive law by December 1995 (Jeffery, 1998). According
to the Institute of Petroleum (2002), Directive EU 94/63/EC made vapour
recovery a requirement from December 1998 for existing terminals loading more
than 150 000 ton per annum and for service stations handling more than 1 000
m° per annum.

2.5.2 Overview of VOC emission legislation in the USA

The regulatory environment in the USA is highly structured and a combination of
regulations and permits are used to achieve results (Munn and Kornelius, 2002).
The Environmental Protection Acency (EPA) enacted the first control measures
dealing with Stage | operations in 1970 (Sangster, 1991). Stringent controls are
applied in certain areas of petrol distribution, such as road tanker loading and
unloading, and vehicle refuelling (Jeffery, 1998). The EPA also established
national ambient air quality standards (NAAQSs) to limit levels of criteria
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pollutants. The criteria pollutants are particulate matter, sulphur dioxide, nitrogen
dioxide, ozone, carbon monoxide and lead. Geographical areas that meet
NAAQSs are classified as attainment areas, and the others as non-attainment
areas. The classification of these areas determines the type and the severity of

emission control that has to be used.

The Clean Air Act (CAA) of 1990 has six titles that, infer alia, direct the
implementation, maintenance and enforcement of the NAAQSs through a variety
of mechanisms. For example, Title | requires the reduction of VOC emissions in
areas that exceed the NAAQS for ozone of 0,08 ppm as an 8 hour average
(Fenger, 1999) and Title Ill addresses the reduction of hazardous pollutants.

The Code of Federal Regulations (CFR) contains regulations for the achievement
of the CAA and its amendments objectives and is divided into 50 titles. Almost all
environmental regulations appear in Title 40 (EPA, 2003b). For example,
Regulation 40CFR63 (CFR, 2001), Subpart XX (Standards of Performance for
Bulk Gasoline Terminals) stipulates that emissions from vapour collections
systems may not exceed 35 mg total organic compound (TOC) per litre of petrol
loaded.

2.5.3 South African air pollution legislation

Currently South Africa does not have legislation regarding the use of vapour
recovery systems for VOC emission control per se. In addition, the country does
not have established ambient air quality standards or an overall approach that
includes ambient air monitoring and emission inventories to enhance the level of
air quality on a country-wide basis (Lents and Nikkila, 2000). The Atmospheric
Pollution Prevention Act (No 45 of 1965), as amended, is the primary mechanism
in South Africa for the management and control of air pollution. Although part of
this act deals with the control of emissions from motor vehicles (only diesel), the
bulk storage of liquid petroleum products (scheduled process, no 14(b)) and

hydrocarbon gas is classified as an noxious or offensive gas, it does not
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specifically include the control of VOC emissions from the evaporation of petrol
during loading, unloading or vehicle refuelling by the mandatory use of vapour
recovery processes. However, the guidelines used by the Chief Air Pollution
Control Officer (CAPCO) for the issue of permits to operators of such processes
states, inter alia, that a fugitive emission monitoring and maintenance
programme must be implemented at all plants. This should also include positive
identification of all sources of VOCs, estimation of the emission rate, as well a
programme of preventative maintenance to minimise such emissions (CAPCO,
s.a.). Fugitive emissions include the release of gases from anthropogenic
activities, such as the storage and transportation of fuel, and therefore the
emissions from the storage and distribution of petrol falls under the guidelines
discussed above.

Apart from the present drafting of new air legislation, namely the Air Quality Bill
(SA Bill, 2003), that makes transitional provision for ambient ozone (Os)
concentrations: VOC emissions are only addressed (partly, together with other
pollutants) via the Refinery Managers Environmental Forum (RMEF), which was
formed in 2000 by representatives of the major oil fuels manufacturing facilities
(Caltex, Engen, Natref, Petro SA, Sapref and Sasol). The forum encourages the
sharing of ideas and practices with the aim of promoting a standard of
environmental governance in the refineries (Lents and Nikkila, 2000). Due to the
formation of the RMEF the refinery industry has become involved in Good
Neighbour Agreements (GNAs) and Environmental Management Co-operation
Agreements (EMCAs) that have the potential to reduce VOC and other
emissions. However, Lents and Nikkila (2000) state that this is a short term

solution as these agreements only focus on air quality issues on a localised
scale.

Notwithstanding the present state of legislation with regard to VOC emission
control, South Africa also struggles with all the environmental constraints
associated with a developing country. These include insufficient resources, both

manpower and financial, for the effective enforcement of environmental
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legislation (Friend, 2001). This view is confirmed by Munn and Kornelius (2002),
who stated that the biggest difference between South Africa and other countries
is the local lack of capacity and resources available, to the government, in order
to manage air quality issues. It is unlikely that South Africa will provide the level
of resources available elsewhere so it is important that South Africa learn from
other countries those measures that can be adopted that are the most successful
and require the least resources to implement (Munn and Kornelius, 2002).
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CHAPTER 3

Process description and experimental setup

3.1 INTRODUCTION

The Engen refinery in South Africa is located next to the Wentworth residential
area in Durban (Figure 3.1). It is the second largest refinery in South Africa,
processing 20 million litres of crude oil per day. The products from the refinery
are distributed by the Engen logistics and supply division, which has a network of
79 depots throughout Southern Africa, via the bulk storage and loading facility
situated next to the refinery. The facility provides petrol to service stations by
using road tankers as transport method; loading approximately 1,2 million m>
petrol per year (Cool Sorption, 2001).

Figure 3.1 The Engen (Wentworth) refinery with the bulk storage and loading
facility at the foreground.
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A vapour recovery unit (VRU) was constructed and installed during 2001 in order
to collect the vapour at the facility for processing at the recovery unit. This VRU
was used for the experimental work conducted in this dissertation. In this
chapter an overview of the unit and associated modifications to road tankers and
loading facilities, as well as the carbon vacuum adsorption (CVA) process used
to recover the collected vapour, is given. Thereafter the actual experimental
setup is described.

3.2 PROCESS DESCRIPTION
3.2.1 Facility and road tanker set-up

There are 9 loading bays at the Engen loading facility for the loading of road
tankers. Bays 1 to 2 are used for the loading of other products (like paraffin) and
bays 3 to 9 for mainly petrol loading. A vapour header, as shown in Figure 32,
has been added to the facility for the rerouting of the vapour from the road
tankers to the VRU. At each of bays 3-9, vapour return hoses have been
installed with adaptors to connect to the road tankers (Figure 3.3). The hoses
are connected to vapour return lines (Figure 3.3), which in turn are connected to
the vapour header.

Figure 3.2 Loading racks and vapour header leading to VRU.
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Figure 3.3 Vapour return hose for the transfer of vapour from a tanker to the
VRU.

For the recovery of petrol vapour from road tankers to the VRU, certain
modifications are required to existing tankers. Normally large road tankers can
have up to 4 separate compartments, where each compartment has a pressure
relief vent on top. For use at the Engen facility, tankers are adapted to allow for
vapour collection/vapour balancing by connecting these vents to an existing
manifold and extending it with additional piping, as shown in Figures 3.4 and 3.5.

During loading at the facility, a vapour return hose is connected to the tanker via
a vapour return adaptor, connecting the tanker and the vapour return line (Figure
3.3). As a tanker is being loaded by using bottom loading (as shown in Figure
2.4), the petrol displaces the vapour in the compartment into the vapour return
line. Due to the use of bottom loading, all the tankers must also be fitted with

sensors to avoid overfilling. [If overfilling occurs, liquid product will accumulate in
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the vapour return hose, which will prevent the discharge of vapour to the VRU

through the vapour return line and vapour header (Figure 3.2).

: % . Vapour :
L, return iine/,-

Figure 3.4 Top view of modified road tanker.

Figure 3.5 Modified road tanker to allow for vapour recovery.
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3.2.2 Carbon vacuum adsorption process

After vapour collection, VOCs are recovered by using the carbon vacuum
adsorption (CVA) process. In this process adsorption is used to separate the
collected VOCs and air, after which absorption is used to recover the VOCs in a
liquid state (as shown in Figure 2.9). A basic flowdiagram of the CVA process at
the Engen facility can be seen in Figure 3.6, with Figures 3.7 and 3.8 giving the
top and front view of the VRU respectively.

Adsorption

The first step for the recovery of petrol at the VRU is through adsorption.
Collected vapour flows through a knock-out pot to one of the two carbon
adsorption beds, (C1 and C2 in Figure 3.6). The two beds allow for continuous
operation of the VRU, with the one bed adsorbing and the other being
regenerated. For the purpose of this discussion bed C1 is in adsorption mode.
The vapour enters at the bottom of C1 and VOCs are adsorbed onto the
activated carbon. The cleaned air passes through the bed and is vented. This
air is analysed for VOC (hydrocarbon) as well as carbon monoxide to give an
indication of the effectiveness of the unit, as well as early warning of hot spots
forming in the bed. According to Zerbonia ef al. (2001), carbon monoxide
concentration monitoring provides the necessary information for the safe
operation of the carbon bed.

After a certain time of adsorption the bed can be divided into three zones: the
inlet zone, mass transfer zone and the outlet zone. [f the mass transfer zone
reaches the top of the bed, breakthrough will occur and some of the inlet VOCs
will escape into the atmosphere. At this plant an adsorption cycle of 15 minutes
ensures that the breakthrough of VOC vapour does not occur. After the
adsorption step in bed C1 ends (15 minutes), bed C2 is placed in adsorption
mode and bed C1 is regenerated.
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Regeneration

Regeneration of these adsorption beds takes place in two stages. For the first
stage pressure is decreased by the use of a vacuum pump (P1) and most of the
VOCs are desorbed. During the second stage a small amount of purge air is
used to ensure the complete regeneration of the bed. After regeneration the
pressure in C1 is allowed to equalise to atmospheric pressure before it is ready
to be switched to the adsorption mode again.

A liquid ring vacuum pump is used to decrease the pressure during regeneration,
with a mixture of monoethylene glycol and water used as the sealing fluid. Glycol

is used because of its low vapour pressure that allows for an increased vacuum.

Figure 3.7 Vapour recovery unit at Engen-Wentworth, Durban.
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Figure 3.8 Vapour recovery unit (front view).

Separation

During the second step of petrol recovery at the Engen VRU, the glycol and VOC
vapour mixture are separated in the separator (S1, first part of the vessel in
Figure 3.8). The concentrated VOC vapour flows from the separator to an
absorber column, A1, where it is recovered. The sealing fluid, in this case glycol,
is pumped (with P2) from the separator through a heat exchanger, H1 to remove
the heat of compression from the glycol. The glycol is then recycled back to the
vacuum pump. The coolant used in the heat exchanger is fresh petrol from a
daily storage tank.
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Figure 3.9 Separator and absorber column.

Absorption

The VOC rich vapour from the separator (S1) moves up into the absorber column
(A1, shown in Figure 3.9) where petrol from the daily storage tank is used as
absorbent. Any vapour that is not absorbed is recycled back to the carbon beds.
The petrol product (containing the recovered vapour) from the absorber is
pumped (P3) back to the daily storage tank.

3.3 THEORETICAL FILLING EMISSION CALCULATION

Equation 1 introduced in Chapter 2 was used for the calculation of the theoretical
filling emission for the conditions at the Engen facility. In this equation a factor f
(liquid to vapour volume equivalence factor) is used. This factor was derived (as

shown in Appendix A) for typical European product properties and conditions and
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had to be adapted for the South African situation. The average product
temperature in Durban was expected to be much higher than the temperature of

15°C used in Appendix A and was measured during fuel loading

As shown in Equation 1, road tanker filling emissions is also a function of the:

e VOC vapour concentration under equilibrium conditions (fully saturated, Cs),
e average preloading VOC vapour concentration (Cy), and

e amount of splashing (Vg).

The average preloading vapour concentration (Cs) was determined from the
nomogram in Appendix B. As shown in Table 3.1, the average RVP at the
Engen facility for 2002 varied within a certain range during the year (Kemp,
2003). There is, however, a maximum allowable RVP of 75 kPa for leaded and
unleaded petrol, according to standards by the South African Bureau of
Standards (SABS, 1995 and SABS, 2001). As the RVP and the temperature do
not remain constant and varied within a certain range, different Cs values were

determined at different values within the range.

The preloading vapour concentration (Cp) was determined by assuming that all
the tankers discharged completely at only one point.

The amount of splashing (Vs) could be quantified by knowing the type of loading

method that was used. All the tankers at the Engen-Wentworth facility load via
bottom loading, therefore the value of Vg was known.
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Month - :
January 60,0 65,9H
February 65,4 67,9
March 60,5 67,2
April 71,2 66,9
May 64,7 65,0
June 62,5 59,6
July ' 58,1 67,2
August 57,0 62,4
September | 70,7 69,5
October 66,7 68.7
November 58,8 61,8
December 60,9 65,0

3.4 EXPERIMENTAL METHOD AND SETUP

Vapour from road tankers is a mixture of VOCs and air and therefore the VOC
concentration in these mixtures had to be determined for calculation of
experimental filling emissions. For the conversion of the VOC vapour to a liquid
equivalent value, the factor f specified in Equation 1 had to be calculated for
South African product properties and conditions. Data was obtained from the
Fuel-Facs’e information management system employed at the Engen facility
(CSI, 2002). This system records the following data (see Appendix C)
automatically when a road tanker is loading any product at the facility:

e road tanker name and number,
e type of product loaded,

o start and stop time,
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e gross (measured at ambient temperature) and net (measured at 20°C)
product quantity loaded, and

e product temperature.

All the tankers that load at the Engen facility are recorded and no notification of
the tankers that connect to the VRU is made by the Fuel Facs®e system, although
all tankers loading petrol and diesel have to connect to the system according to
facility management. To ensure that only the tankers that did connect to the
system was taken into consideration for calculation purposes; the numbers of the
tankers that did connect to the system was noted manually. Tankers not
connecting, even though they have been adapted for this purpose, and incorrect

operating practices were also noted.

As shown in Appendix C, the product loading data was only available as total
volume loaded over a known time period and therefore the product flow rate had
to be calculated.

An ultrasonic flow meter (Panametrics, Model GM 686) was installed in the
vapour header (ID 250 mm) connecting the loading racks with the VRU. The
ultrasonic flow meter measures the vapour flow (VOC/air mixture) from the road
tankers that are connected with the VRU via the various connection hoses
described in Section 3.2.1. According to McCarthy (1999), ultrasonic flow meters

are increasingly gaining acceptance from measuring gas flow because of the
following advantages:

e high accuracy,
¢ high repeatability,
¢ negligible pressure drop, and

¢ |ow maintenance.
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There are two main types of ultrasonic flow meters, namely transit time and
Doppler. The meter installed at the Engen facility is of the transit time type where
the flow velocity is measured by measuring the time difference for sound to travel
a fixed distance with and against the direction of flow by transducers. Figure
3.10 shows a simplified schematic representation of such a meter, with the

transducers mounted in diagonal mode, and Figure 3.11 the installation at the

T1
FLOW
—

T,

Engen facility.

Figure 3.10 Ultrasonic flow meter with transducers (T1 and T») in diagonal mode.

From Figure 3.10; the transit time (t12) of an ultrasonic signal travelling with the
flow is measured from transducer 1 (Ti) to transducer 2 (T2). When this
measurement is completed, the transit time (t) of an ultrasonic signal travelling
against the flow is measured from T, to Ts. As the dimensions of the internal
piping and the distance between the transducers are known, the gas velocity can
therefore be determined.

The ultrasonic flow meter measures the vapour flow through the vapour header
continuously but the data can only be recorded at specified time intervals
(ranging from a few seconds up to 3 minutes). For the comparison of petrol
loading data with the vapour flow data, the same time interval had to be used.
The shortest interval used to record the product data was 1 minute and could not

be changed. The vapour flow data was therefore recorded every ten seconds

3.13



-

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

and converted to one minute averaged values by the multiplication of the velocity
by the internal area of the vapour header (ID = 250 mm).

Figure 3.11 Transducers mounted in the vapour header at the Engen facility.

The ultrasonic flow meter measures the velocity of the VOC/air mixture through
the vapour header, and because only the flow rate of the VOCs were of
importance; the concentration of the VOC/air mixture at the Engen-Wentworth
facility had to be known. Appendix D shows the volumetric concentration of
vapour at different temperatures for petrol with an RVP of 70 kPa and 90 kPa,
respectively. This was used in conjunction with grab samples of the vapour from
the vapour header to verify the vapour concentration.

Vapour samples were taken upstream of the VRU at the sampling point in the
vapour header (see Figure 3.6). Thermal tubes and glass samplers were used
for taking vapour samples during different days, an hour apart each time. For the
thermal tube sampling a syringe was used whereby a fixed, known volume of the
VOC/air mixture was drawn into the tubes filled with various adsorbents.
Using the glass sampler, the VOC/air mixture was allowed to flow into the
sampler over some time without any external pressure. Gas chromatography
and flame ionization spectroscopy was used to analyse the VOC concentration in
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both types of samples and analysed by two independent laboratories to

determine the organic content.
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CHAPTER 4

Results and discussion

4.1 INTRODUCTION

This chapter is structured in five parts. Firstly experimental results from this
research and theoretical filling emission calculations, using South African product
(petrol) data, are presented. Thereafter experimental filling emissions for the
Engen-Wentworth facility are calculated, based on the data collected. Finally
observations made during data collection and the effective inclusion into future
legislation for VOC emission control in South Africa are discussed.

4.2 EXPERIMENTAL RESULTS

Only the tankers that connected to the vapour recovery system during the time
when data was collected (October 2002 and May 2003) are presented in
Appendix E and will be used in determining experimental filing emissions
(Section 4.4). The petrol loading data from Appendix E were converted to
volumetric flows, as the volume loaded over a certain time was known. As the
temperature of the fuel that was loaded was also known, an average product
temperature for all the available data (that was used in the calculation of the
theoretical and experimental filling emission calculations) was determined as
28.2°C.

The vapour flow (in m/s, measured by the ultrasonic flow meter), being a mixture
of VOCs and air, was converted to one minute averaged volumetric flow values
in Appendix F (only part of the measured data, the rest of the converted data is
shown in Appendix G).
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The typical vapour VOC concentration at the Engen facility had to be known
before the experimental filling emission could be determined (the ultrasonic flow
meter measures the velocity of the VOC/air mixture in the vapour header and the
filling emission calculations are based on the VOC quantity). There were 2 paths
through which the VOC concentration could be determined:

i) experimentally via analysis of vapour samples from the Engen facility, and
i) theoretically, by using vapour pressure data.

Although direct measurement of the VOC concentration would be preferable, this
option was too costly for this research and therefore grab vapour samples (using
thermal tubes and glass samplers) were analysed to determine the VOC
concentration. The analytical VOC concentration results for the grab samples

taken from the vapour header at the Engen facility are shown in Appendix H.

The VOC concentration results of samples 1 to 4 (thermal tubes) were very low
compared to the VOC concentration of 40 vol% value stated in Section 2.1 for
European conditions. The highest VOC concentration was in sample 4 and was
equal to 6497,32 ppm or 0,65 vol%; as shown in Table H.1 in Appendix H.
According to Carr (2003), there could have been a breakthrough of the thermal
tubes explaining the low results. So, even if the VOC concentration could have
been high, the thermal tubes are only able to sample a limited amount and
therefore the use of another sampling method had to be investigated.

Further research revealed that glass samplers, where a larger volume of vapour
could be sampled, were a better alternative than the thermal tubes (Mey, 2003).
Thermal tubes are more commonly used for ambient air samples and are
designed for the adsorption of heavier hydrocarbons (VOCs) in low
concentrations. Glass samplers will tend to understate the lighter hydrocarbons
(VOCs), but a larger sample can be taken. Four samples were taken with glass

samplers on the same day, a few minutes apart. As shown in Table H.3 the
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results of samples 5 to 8 are higher than those of samples 1 to 4. The highest
VOC concentration was for sample 5 and was equal to 11,07 vol %.

From the analysis the average molecular weight was also determined. For
samples 1 to 4 (81,1 g/mol, Table 4.1) it was much higher than the European
value of 64 g/mol, whereas the average result from samples 5 to 7 (59,5 g/mol)
was in the same range as the European value. The average molecular weight of
all eight samples was 70,3 g/mol.

Table 4.1 Comparison of average molecular weights of vapour samples (only

VOC part) taken at Engen facility.

Methane 0,06 Methane 0,11
Ethane and ethylene 0,36
Propane 1,16 Propane and propylene 6,36
Butane 8,44 Iso-butane 13,17
1-butene 3,06
n-butane 11,93
t-butene-2 1,86
c-butene-2 1,52
Pentane 1101 Iso-pentane 0,03
n-pentane 15,03
1-pentene 0,39
Pentane 4,35
Hexane 47,93 Iso-hexane 0,39
n-hexane 0,29
Heptane 5,52 Iso-heptane 0,51
n-heptane 0,03
Octane 3,36 Iso-octane 0,09
n-octane 0,00
Nonane 2,49 Iso-nonane 0,01
n-nonane 0,00
Decane 0,54 Iso-decane 0,00
Undecane 0,23 n-decane 0,00
S et | ]
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There could be various reasons for the low VOC concentration results. Every
effort was made to ensure that mostly petrol was being loaded at the times when
the samples were taken, but it is possible that other products could also have
been loaded at this time, as the previous contents of the road tankers were
unknown. It is thus possible that vapour originating from other product (for
example diesel, resulting in very low VOC concentrations) could have been
sampled, even though petrol was loaded. All the samples were taken as grab
samples and this could also explain the low results if the samples were taken at
times when the VOC concentration was low. All of the samples were taken at

times when there were numerous tankers loading simultaneously.

Due to the low VOC concentration results from the analyses, it was decided to
investigate the calculation of the VOC concentration theoretically. Assuming a
state of equilibrium in the vapour space in the road tanker, it is known that the
mixture of petrol vapour and air will be present at a constant ratio and the
concentration of the petrol (VOC) vapour is proportional to the true vapour
pressure (TVP) of the liquid petrol at its storage temperature (Hadley ef al,
1978:14). The petrol vapour displaces air, creating a partial pressure equal to
the TVP, the balance of the partial pressure, assuming atmospheric pressure of
101,325 kPa, is due to the remaining air.

Using the nomogram (Figure B.1) in Appendix B, the TVP can be determined if
the Reid vapour pressure (RVP) and the storage temperature of the petrol is
known. For example, petrol with an RVP of 65 kPa at 37,8°C (100°F) will exert a
TVP of 47 kPa at a storage temperature of 25°C (Figure B.1, Appendix B). The
VOC concentration in the vapour space is then given by Equation 2 (assuming
the vapour is 100% saturated at the conditions stated):

47kPa
VOC vapour = — = 46 vol% 2]

101,325kPa
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If the vapour is not fully saturated (as an example, only 40% saturated), the

concentration will be given by Equation 3:

VOC vapour = 46 vol% x 0,4 =18 vol% [3]

Using the nomogram in Appendix B and an S value (see Figure B.1 in
Appendix B) of 3 for petrol (shown as motor gasoline in Figure B.1), values for
TVP was determined for known RVP and temperature values. Figure 4.1 shows
the resultant TVP values at different RVP and temperature values (with a linear
relationship between TVP and RVP).
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Figure 4.1 TVP versus RVP at temperatures from 20°C to 35°C.
Using Equation 2 and the TVP values determined for Figure 4.1, VOC
concentrations were calculated for different RVP and temperature values. Figure

4.2 shows the theoretical VOC concentration of petrol vapour as a function of

RVP and temperature, assuming the vapour is 100% saturated.
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From Figure 4.2 the VOC concentration in the vapour increases with an increase
in RVP, as well as temperature. As it cannot be assumed that the petrol vapour
in the road tankers is saturated, Figure 4.2 can only give an indication of the
relationship between RVP, temperature and concentration; and cannot be used
to determine an average concentration at the Engen facility. It does, however,
show the maximum possible concentration if the RVP and storage temperature of
liquid petrol is known. At an RVP of 75 kPa (maximum allowable RVP in South
Africa) and 25°C (typical storage temperature), the maximum possible VOC
concentration will be in the order of 55 vol% (see Figure 4.2).

——20°C —&—25°C —-—-35°C |

Petrol vapour concentration(vol%)

60 65 70 75 80 85 20 95 100
RVP (kPa)

&
&
5
8
&

Figure 4.2 Theoretical VOC vapour concentration (vol%), assuming 100%

saturation, as a function of RVP (kPa) and temperature.

Figure D.1 in Appendix D shows typical VOC concentration data at various
temperatures for European summers (RVP = 70 kPa) and winters (RVP = 90
kPa) petrol. These are results from analysis on vapour samples taken by Cool
Sorption (2001) in Europe. From Figure D.1 it can be shown that the typical
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European VOC concentration is between 30 vol% and 40 vol% at a temperature
of 15°C for petrol with a RVP of 70 kPa and 90 kPa, respectively. At a
temperature of 25°C and using winter petrol data (RVP = 70 kPa), which is
comparable to the RVP at the Engen facility, the VOC concentration is 40 vol%
and at 30°C the concentration can be as high as 50 vol%.

Due to the low VOC concentration results it was decided to use the value of
40 vol% for further calculations (Section 2.1). This value is a good approximation
of the VOC concentration and has been proven to be correct under European
conditions. As the VOC concentration in petrol vapour at the Engen facility would
be higher, because of the higher product temperatures and the relatively high
RVP, the use of the 40 vol% concentration value would provide a conservative

estimate of the experimental filling emissions.

4.3 THEORETICAL FILLING EMISSION CALCULATIONS

The theoretical filling emission is calculated based on Equation 1 (Section 2.2)
using petrol RVP, product temperature and vapour characteristics for the Engen
facility. The average RVP value from historical data was calculated as 65 kPa
(unleaded and leaded petrol), as shown in Table 3.1. The average product
temperature was 26 °C for the period of assessment (Section 4.2).

One of the vapour characteristics required for Equation 1 is the liquid to vapour
equivalence factor f, derived in Appendix A for European conditions, and had to
be adapted for the conditions at the Engen facility. Calculation of f required the
average VOC molecular weight, liquid vapour density, product temperature and
pressure at the Engen facility.

From Section 4.2 the average VOC molecular weight was 81,1 g/mol and 59,5
g/mol for samples 1 to 4 and 5 to 8 respectively. The liquid vapour density was
not determined experimentally and therefore the same value as in Appendix A
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was used. According to Hadley et al. (1978:43), the liquid vapour density (only
VOCs) is 600 kg/m® at 15°C and 101,325 kPa. Average product temperature for
the period of assessment was 26°C and an atmospheric pressure of 101,325 kPa

was used in calculations.

Table 4.2 shows a comparison of factor f determined for the two sets of samples.
The value of f determined with a molecular weight of 81,1 g/mol at 26°C is higher
than the European value of 0,0045 at 15°C. The molecular weight of the second
group of samples provided a lower value for f. Due to the large discrepancy
between the experimental VOC concentration results, it was decided to use the f
value from samples 5 to 8 (namely 0,0041 or 0,41%) for further calculations.
Although this is slightly lower that the value derived for European data, it is
expected that this represents a minimum value at the Engen facility, indicating

the most conservative estimate of filling emissions.

Table 4.2 Comparison of factor f determined for the two sets of samples.

CRR

Molecular weight of vapour 81,1 g/mol 59,5 g/mol
Vapour density (in liquid form) | 600 kg/m® 600 kg/m®
Storage temperature 26 °C (299 K) | 26 °C (299 K)
Atmospheric pressure 101,325 kPa 101,325 kPa

The other variables used in Equation 1 were Cs, C, and Vg. Cs is the VOC
vapour concentration at 100% saturation and is equal to the petrol TVP (Section
2.2). It can be determined from Figure B.1 in Appendix B, if the RVP and product
temperature is known. Cp is the preloading VOC concentration and is dependent
on the amount of product discharges that were made until a tanker was loaded
again. For calculation purposes it was decided to assume that a road tanker will

only discharge its contents at one point, and therefore C, equals 0,15. The type
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of loading method also has an influence on the amount of evaporation that would
occur and because all the tankers at the Engen facility use bottom loading, a Vg
value of 0,13 will be used for calculations (the average value for bottom loading,

as explained in Section 2.2).

As the RVP and temperature of the product may vary, thereby influencing the
amount of VOCs that evaporate, it was decided to determine filling emissions
within an RVP range, rather than using the average value of 65 kPa (Section
3.3). As 75 kPa is the maximum allowable RVP for leaded and unleaded petrol,
and because the RVP is almost always above 60 kPa (Section 3.3); a range of
between 60 kPa to 75 kPa was used. The product temperature of the fuel can
also vary between 20°C to 35°C (see Appendix E), and was therefore used as
the product storage temperature range.

Figure 4.3 shows the theoretical filling emission (Es) results for RVPs from 60 kPa
to 75 kPa and for product temperatures from 25°C to 35°C. As expected, filling
emissions increase with an increase in RVP and temperature. At an RVP of
65 kPa and 26°C, typical conditions at the Engen facility, the theoretical filling
emission is approximately 0,08%. The results in Figure 4.3 give a good
indication of the approximate amount of filling emissions that may occur and
shows that the expected filling emissions at the Engen facility will be higher than
the value of 0,05% stated by Hadley ef al. (1978:48), for typical filling emissions
under European conditions. As filling emissions are expressed as a percentage
(Section 2.2), this means that for every 1 000 litres of petrol that is loaded at the
Engen facility, 0,8 litres will evaporate.
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Figure 4.3 Filling emissions (E) for the typical range of RVPs and temperatures
at the Engen, Wentworth facility (E; is the liquid equivalent volume of
VOCs in the vapour divided by the volume of petrol loaded,
expressed as a percentage).

4.4 EXPERIMENTAL FILLING EMISSIONS

The petrol loading data (Appendix E) and the vapour flowrate data (Appendix F
and G) were used to determine the experimental filling emission. As an example
of the actual data collected, the fuel flow (petrol and diesel) and the
corresponding vapour flow for tankers 28 to 44 during the period 08:09 to 14:01
on 6 May 2003 are presented in Figure 4.4. (Appendix | show similar examples
during different days). Although some form of visual correlation does exist (apart
from data for the first hour due to operational problems, see Section 4.5), the
following aspects may impact on obtaining good correlations between loading
and emission rates.
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Figure 4.4 Comparison between fuel loading data and vapour flow through the
vapour header for the period 08:09 to 14:01 on 6 May 2003.

As the actual vapour flowrate through the vapour header will be dependent on
the overall loading rates at all the loading bays, loading characteristics will impact
on final vapour flowrates. For example, when fuel is loaded, the first and last
hundred litres of a loading start and finish slow, to prevent overfilling (Hamilton,
2002). This then results in plug flows through the vapour header, which would
explain the numerous peaks in Figure 4.4. The design of road tankers will also
determine the rate at which fuel is loaded (for example, some tankers are
capable to load at about 2 200 litres per minute; while others may only load at
1 600 litres per minute). The number of tankers loading at the same time will
also result in changing flowrates due to overall loss of pressure over the loading
bays (Hamilton, 2002).
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The other aspect that impacts on the VOC concentration and vapour flowrate is
the nature of the actual product being loaded. From Appendix E it can be seen
that not only tankers loading petrol connected to the vapour recovery system.
This was because some tankers loaded different products in different
compartments at the same time. Figure 4.5 shows the vapour flow for two
different tankers (no 36 and 37 in Appendix E) loading at different bays and
loading petrol and diesel, respectively. The vapour flow decreases rapidly as
soon as diesel was loaded, confirming that the evaporation from diesel is less
than that of petrol. According to Kemp (2003) the VOC concentration in, for
example, diesel, is much less (less than 1%) than for petrol.

In calculating the experimental emissions from the Engen facility, a decision had
to be made on whether the other fuels (for example diesel, kerosene) had to be
used in the experimental filling emission calculations. If only the petrol data is
considered, the filling emission is calculated using a lesser amount of fuel for the
same vapour data and it is then assumed that all the vapour is petrol vapour with
a VOC concentration of 40 vol%, which in the case of diesel vapour, is not true.
Therefore, by using the total amount of fuel loaded, the effect of the vapour that
may have originated from diesel (therefore, very low VOC concentration) is
compensated for. On the other hand, the previous tanker contents could have
been petrol, therefore contributing to the VOCs in the vapour, but the other fuels
only contributed to a small percentage of the total fuel loaded during this time.
There will be a VOC/air flow from trucks loading diesel, but most of the vapour
measured were from tankers loading petrol. It was therefore decided to show the
experimental filling emission calculation for both situations. The calculation used

to determine the experimental filling emission follows as an example.
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Figure 4.5 Vapour flow over a time period where petrol and diesel were loaded
into two different tankers.

Say there is P m® petrol that is loaded and V m° vapour evaporates, where the
vapour is a mixture of VOCs and air and the VOC concentration is 40 vol %
(Section 4.2). The liquid to vapour volume equivalence value, f, for petrol was
determined at the Engen facility as 0,0041 (Table 4.2). The actual emission Es
can then be calculated using Equation 4.

04xVxf

E

. x 100 [4]

P

The results from the data collected during different days in October 2002 and
May 2003 are shown in Table 4.3. In the first column only the petrol loading data
and all the vapour data was considered and it was assumed that all the vapour
measured by the ultrasonic flowmeter was from petrol. All the other fuel loaded
was ignored. The second column is the filling emission if all the fuel’'s loading
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data was considered together with all the vapour data measured by the

flowmeter.

Table 4.3 Experimental filling emission results for data collected during October

2002 and May 2003.
Petrol Total Fuel

03 Oct 2002 0,139 0,139
04 Oct 2002 0,047 0,047
05 Oct 2002 0,082 0,082
06 May 2003 0,089 0,072
07 May 2003 0,094 0,070
08 May 2003 0,062 0,052
09 May 2003 0,041 0,030

Average 0,079 0,069

As shown in Table 4.3, when all the fuel loaded was taken into consideration, the
average experimental filing emission from all the collected data was
approximately 0,07%. Therefore for every 1 000 litres of petrol that is loaded into
road tankers, 0,7 litres evaporate. When only petrol is considered the filling
emission is higher (0,08%). As most of the fuel loaded during the time of this
research was petrol the experimental filling emission was taken as 0,08%. This

value is much higher compared to the value of 0,05% for European conditions.

The theoretical and the experimental filing emission results compare well
although many assumptions were made in the calculation of the experimental
filing emission calculations. The analytical results to determine the molecular
weight from petrol vapour and the VOC concentration was the largest obstacle in
the determination of the experimental filling emission, together with the fact that
different fuels were loaded at the facility during data collection.
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4.5 GENERAL OBSERVATIONS

During the time when the experimental data was collected, the general use of the
vapour recovery equipment by the road tanker drivers was observed to assess
any possible operational problems. Table 4.4 shows a list of the tankers where

problems with vapour collection did occur.

At the Engen facility all tankers loading petrol must be adapted (as explained in
Chapter 2) to allow for vapour return from the tankers to the VRU. Almost all the
tankers loading at the Engen facility have been adapted and only one tanker
(Tanker 2) out of over 100 tankers assessed, were not adapted for vapour
collection.

At some stages during experimental data collection it was found that the vapour
return hoses were filled with product (liquid petrol). This occurs when the overfill
sensor on the tanker does not work properly and liquid petrol is pushed through
the vapour return piping into the hoses when a compartment is full. This petrol is
wasted as it is emptied into the drains on the facility. The tankers responsible for
the overfilling were not known as the hoses were not checked after each tanker
loaded.

In the case of tankers 28 and 62 in Table 4.4 the road tanker drivers were aware
that their tanker’s overfill sensors were not working. They then observed the level
in a specific compartment through the manholes on top of the tankers. This
involved the driver standing on the top of the tanker in order to stop the loading of
fuel whenever a compartment is full. Even though these tankers were still
connected to the vapour return system, it defeated the purpose as all the vapour
escaped into the atmosphere through the open manholes.
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Table 4.4 List of road tankers where problems with vapour collection did occur at

the Engen facility.

UniiaHe Manhole on top of tanker is open, even
28 (686) though the tanker is connected to the
vapour return system.

Did not connect from the start of loading.
62 Bulktrans | Manhole on top of tanker is open even
(24271) | though tanker is connected to the vapour
recovery system.

Freight
Dynamics | Not adapted for vapour return.
(372)

Engen Did not connect to vapour return system,
Transport | although the tanker has been adapted for
(96091) | vapour recovery.

* Not shown in Appendix E because tanker did not connect to vapour return system, and
was therefore not considered in calculations.

The effect on the vapour flow is illustrated in Figure 4.4, where from 08:09 to
08:20 there was no vapour through the vapour header and only Tanker 28 was
connected to the system. After 08:20 there was a small amount of vapour
measured, this was because the manholes were closed for a while during loading
after instruction by the facility manager. At 08:31 Tanker 29 started loading
petrol and the increased vapour flow can be seen in Figure 4.4.

4.6 INCLUSION IN SOUTH AFRICAN LEGISLATION

The newly proposed air pollution legislation, namely the Air Quality Bill (SA Bill,
2003) is aimed at replacing the Air Pollution Prevention Act (No 45 of 1965). The
new legislation proposes the establishment of national norms and standards; a

framework for air quality management planning and reporting; and regulatory
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instruments for the control of air pollution and compliance and enforcement. The
Air Quality Bill sets ambient air quality standards rather than emission standards.
The draft bill also addresses various regulatory tools available to government for
achieving acceptable ambient air quality, for example:

e priority areas may be identified for focussed attention;

e listed activities will have to require a licence before operation; and

e controlled emitters, where emission standards will be set for identified
emitters.

The bulk storage of liquid petroleum products in storage facilities with individual
tank capacities of at least 1 000 m® is included as a scheduled process in the
Atmospheric Pollution Prevention Act (No 45 of 1965). Although the CAPCO
guidelines for hydrocarbon emission control requires that a programme of
preventative maintenance must be implemented at all plants to minimise such
emissions (CAPCO, s.a.), in practice these guidelines never resulted in the
implementation of suitable vapour recovery systems. An example being that the
Engen Wentworth vapour recovery system was the first of its kind to be installed
in South Africa, and this only came into operation during 2001.

The draft bill on Air Quality does not mention the specific activities or areas that
will be regulated, and therefore only the possible regulation of certain processes
and areas can be discussed. The storage of petrol (and other petroleum
products) could be extended to include smaller volumes as part of the new
legislation, and then service stations storage tanks will also be included. The
guidelines could also be altered to include the minimisation of VOC emissions
during the distribution of petrol via recovery.

Transitional provision for ambient ozone and nitrogen oxide (NO,) concentrations

are made in the draft bill, but not for VOCs. As ozone is a secondary pollutant
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formed when VOCs and nitrogen oxides (NOy) react, VOCs will be regulated
indirectly by the enforcement of the ozone standards.

As discussed in Chapter 2, some European countries pre-empted the possibility
of future legislation by installing vapour recovery systems before they were
obligated to do so. This was also the case at the Engen-Wentworth facility.
Internationally the control of VOCs from the storage and distribution of petrol
(Stage 1) has been applied for years and currently the focus is on the recovery of
vapour from vehicle refuelling (Stage II). It is expected that the control of VOCs
from petrol storage, distribution and refuelling in South Africa will be phased in
over time, as was the case internationally.

Public pressure with regard to air pollution control will also play an important role
in the application of vapour recovery in the future. In South Africa, communities
are situated close to bulk storage faciliies and public participation and
awareness with regard to environmental matters, such as air quality, is
increasing. An added advantage in the use of vapour recovery systems is the
monetary value of the recovered VOCs, which makes this an attractive control
option for the oil companies. The application of vapour recovery systems will
also be easier to implement in South Africa, as the technologies have been
proven and have been known internationally for some time.

For these reasons it is believed that an increase in the application of vapour
recovery systems in South Africa will occur over a shorter period of time.
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CHAPTER 5

Conclusions and recommendations

VOC controls can take many forms and the type of control method used will be
determined by the characteristics of the VOC emissions.  Minimisation
techniques, such as the lowering of RVP, can be implemented but only to a
certain degree, as there is a lower limit with regard to petrol volatility. Vapour
recovery is the preferred technique for the control of VOC emissions from petrol
storage and distribution systems. This also has the added advantage of
monetary savings from recovered petrol vapour. There are various VOC
treatment techniques, but this must only be used in situations were other control
options are not viable.

The analytical VOC concentration results obtained from samples 1 to 4 were very
low compared to literature values, but the average molecular weight for these
samples were high compared to the European value. This was because the
thermal tubes used for sampling were good at adsorping heavier hydrocarbons
(VOCs) but not as effective for lower molecular weight VOCs. Thermal tubes are
also commonly used to sample ambient air samples, therefore at much lower
concentrations, and it was found that the breakthrough of these tubes could
explain the low results.

The VOC concentration results from the analysis on the glass samples (samples
5 to 8) were higher, but still low compared to literature values. The average
molecular weight of these samples were, however, in the same range as the
European value. The VOC concentration could not be determined accurately as
the samples were taken from the vapour header where the relevant composite
sample of different vapours from the different tankers were measured and the
preloading vapour specifics (petrol, diesel or kerosene) were unknown. The

results from the sample analysis were much lower than expected and it was

5.



concluded that the vapour samples contained mixtures of petrol and other fuel
vapour (such as diesel), where the VOC concentration of the diesel vapour were
known to be much lower.

The theoretical and experimental results in Chapter 4 show that the filling
emission (expressed as a percentage of the volume petrol loaded) from the
Engen facility was in the order of 0,08% compared to the value of 0,05% derived
for European conditions. This can mainly be ascribed to the higher temperatures
of the petrol loaded at the Engen facility and the relatively high RVP.

The main operational problem was the overfilling of the road tankers due to
overfill sensors not working. This resulted in the wastage of liquid product. For
vapour recovery to work effectively and efficiently, the equipment supporting i,
must also be in good working order. The use of the vapour collection equipment
by the road tanker drivers was generally good. The control of VOC emissions
must be approached holistically and the people using the collection equipment
must be informed of the benefits of the system. As the road tankers are not
usually the property of the facilities, in this case the Engen facility, the owners of
these tankers must ensure that they are in good working order. This must be
enforced by the management of the facility.

Although there are guidelines with regard to fugitive VOC emissions, that
includes emissions from the storage and distribution of petrol in South Africa,
there is no legislation governing the control measures that must be implemented
to minimise these emissions. Air pollution issues are, however, becoming more
important with the possibility of new air pollution legislation. Internationally
vapour recovery has been included in legislation, and it is expected that this will
also be the case in South Africa in the future. Bulk storage and loading facilities
are coming under increased pressure to control emissions as they are situated
close to communities. When the new air quality legislation comes into force, the
standards set out in the legislation will determine the emission control measures

that will be taken by various industries. The degree of enforcement of the new
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legislation will also determine the rate at which control measures, such as vapour

recovery systems, will be implemented.

The VOC emissions from the filling of road tankers only form part of emissions
from the total storage and distribution system. As stated in Chapter 2 the total
emissions are equal to 0,56% under European conditions. The results in
Chapter 4 show that the filling emission was higher than the European value and
therefore it can be concluded that VOC emissions at all the other stages of
storage and distribution will also be higher, and therefore the total emission will
be higher than the 0,56% stated for Europe.

It is recommended that additional vapour samples from the road tankers loading
petrol and diesel respectively, must be analysed to determine the VOC
concentrations of both. Other recommendations with regard to future studies are
as follows:

¢ determine the experimental VOC emissions from Stage Ib operations;

e compare VOC vapour concentrations for vapour from diesel and other heavier
fuels with that of petrol;

e determine the vapour collection efficiency at the facility and the possibility of
improvements that could be made; and

e investigate the development of regulations to enforce the use of vapour

recovery systems.

The following actions are recommended for the general control of VOC
emissions at the Engen facility:

e ensure that the overfill sensors on the road tankers are in working order and
enforce this by not allowing tankers to load if this is not the case;

e train road tanker driver and facility personnel on the benefits of the vapour
recovery system with regard to their health and wellbeing; and

e lower the RVP during the warmer months in South Africa to minimise VOC

emissions.

5.3



REFERENCES

AIZPURU A, MALHAUTIER L, ROUX JC and FANLO JL (2001) Biofiltration of
a Mixture of Volatile Organic Emissions, Air and Waste Management
Association, 51, December 2001, 1662 — 1670.

CAPCO (s.a.) Aid in the control of air pollution in South Africa, Chief Air Pollution
Control Officer (CAPCQ), Pretoria.

CARR G (2003) Determination of molecular weight of petrol vapour sample,

personal communication, Chemist: Langet Labs, Durban.

CODE OF FEDERAL REGULATIONS (2001), 40 CFR Part 63: National
Emission Standards for Hazardous Air Pollutants for Source Categories,
Subpart R and Subpart XX, Title 40, Volume 9, 451-463,
http://www.access.gpo.gov/nara/cfr/index.html [20 March 2002].

COOL SORPTION (2001) Vapour Recovery Unit, Engen Operation and
Maintenance Manual, Wentworth, Durban.

CSI (2002) Fuel-Facs’e Supply chain automation and information management
systems for petroleum and other bulk distributors, Control Systems

International® (CSI), http://www.fuelfacs.com/home.htm [1 August 2003].

DUNN RF AND EL-HALWAGI MM (1996) Design of Cost-Effective VOC-
Recovery Systems, Tennesee Valley Authority publication, United States

of America.

EPA (1995) Transportation and Marketing of Petroleum Liquids, Chapter 5:
Petroleum Industry, Volume |, Fifth Edition, Compilation of Air Pollutant
Emission Factors, AP-42, EPA.

A



UNIVERSITEIT VAN PRET ORIA
wwwwwwwwwwwwwwwwwwww

W YUNIBESITHI YA PRETORIA

EPA (2003a) Volatility (RVP), Gasoline Fuels, EPA, http://www.epa.gov/
otag/volatility.htm [ July 2003].

EPA (2003b) /Introduction to Laws and Regulations, Laws and Regulations, EPA,
http://www.epa.gov/epahome/lawintro.htm [12 June 2003].

FENGER J (1999) Urban Air Quality, Aimospheric Environment, 33, 4877-4900.

FRIEND JFC (2001) Possible Solutions to the Challenges Facing Environmental
Management in a First/Third World Developing Country. Paper presented
at the 6™ World Congress of Chemical Engineering, 23-27 September
2001. Melbourne, Australia.

HADLEY PV, DEVOS F, ESTY W, GOMMEL PG, ISING U, LILIE RH,
VERBEEK GPM AND WILLIAMS LJ (1978) Hydrocarbon Emissions from
Gasoline Storage and Distribution Systems, Report nr. 4/78, CONCAWE,
Den Haag.

HAMILTON J (2002) Fuel Facs’e data, personal communication, Engineer:

Liquid Automation Systems, Johannesburg.
HANSEN MR (1996) Hydrocarbon vapour emission reduction by recovery, Paper
presented at Danish Days in Ukraine conference, 5-9 February 1996.

Kiev, Ukraine.

INSTITUTE OF PETROLEUM (2002) Vapour Recovery Hazards Bulletin, April
2002, London.

JACOB A (1991) Cut VOC's to beat new laws, Chemical Engineer, 12 December
1991, London.

R.2



JEFFERY K (1998) Bulk Liguids Vapour Control, Hazardous Cargo Bulletin, IIR
Publications, London.

JO W AND SONG K (2001) Exposure to volatile organic compounds for
individuals with occupations associated with potential exposure to motor
vehicle exhaust and/or gasoline vapour emissions, The Science of the
Total Environment, 269, 25-37.

KEMP P (2003) Reid vapour pressure (RVP) values at Engen, Wentworth for
2002, personal communication, Distribution Engineer: Engen. 25 April
2003, Cape Town.

KOJIMA M AND MAYORGA-ALBA EO (1998) Cleaner Transportation Fuels for
Air Quality Management, Energy Issues, No. 13, July 1998, The World
Bank, http://www.worldbank.org/html/fpd/energy/enis13.pdf [23 October
2002].

LENTS JM AND NIKKILA RM (2000) South African Air Quality Related Findings
and Recommendations, Refinery Managers Environmental
Forum, http://www.rmef.co.za/home/server/air_quality/lents_report/lent_co
ntent.asp[16 Janaury 2003]].

McCARTHY R (1999) Ultrasonic Gas Flowmeters, CGA Gas Measurement
School publication,June1999, London,http://www.gtionline.org/ref/mem -
ber/library/cga1999/(14)mccarthy.pdf [4 August 2002].

MEY H (2003) Sampling of petrol vapour, personal communication, Scientist: SCI

Laboratories, Sasolburg.

MORETTI EC AND MUKHOPADHYAY N (1993) VOC Control: Current Practices
and Future Trends, Chemical Engineering Progress, July 1993, 89, 20-26.

R.3



MUNN A AND KORNELIUS G (2002) Report on Overseas Visit, 19 April — 01
May 2002, Air Quality Reports, Refinery Managers Environmental
Forum, http://www.rmef.co.za’home/server/air_quality/lents_report/roport_

on_overseas_visit.asp [6 October 2002].

OHLROGGE K, PEINEMANN KV, WIND J AND BEHLING RD (1990) The
Separation of Hydrocarbon Vapors with Membranes, Separation Science
and Technology, 25(13-15), 1375 — 1386.

RUDDY EN AND CARROLL LA (1993) Select the Best VOC Control Strategy,
Chemical Engineering Progress, July 1993, 89, 28-35.

RUHL MJ (1993) Recovery VOCs via Adsorption on Activated Carbon, Chemical
Engineering Progress, July 1993, 89, 37-43

SA ACT (1965) Atmospheric Pollution Prevention Act (Act No 45 of 1965),
Government Gazette, 32, 391-453.

SABS (1995) SABS 299: Specification for leaded petrol, South Africa,
http://www.asosh.org/Standards/dangerous_goods.htm [ 3 July 2003].

SABS (2001) SABS 1598:. Specification for unleaded petrol, South Africa,
http://www.asosh.org/Standards/dangerous_goods.htm [ 3 July 2003].

SA DRAFT BILL (2003) National Environmental Management: Air Quality Bill,
Government Gazette, 458 (25289), 1 Augustus 2003, Cape Town.

SANGSTER A (1991) Vapour Recovery from Petrol Distribution, Petroleum
Review, March 1991, 45(530), 130-132, 134.

UNECE (2002) Convention on Long-Range Transboundary Air Pollution,

Protocol Concerning the Control of Emissions of Volatile Organic

R.4



UNIVERSITEIT VAN PRET ORIA
vvvvvvvvvvvvvvvvvvvv

W YUNIBESITHI YA PRETORIA

Compounds, Environment and Human Settlements Division,

http://www.unece.org/env/ /1rtap/vola_h1.htm [4 October 2002].

YOUNG JW AND TUTTLE WN (1997) Reduction of hydrocarbon emissions from
air through pressure swing regeneration of activated carbon. Paper
presented at the AIChE Conference, 1997,
http://www.vaporrecovery.comrheps.html [18 October 2001].

ZERBONIA RA, BROCKMANN CM, PETERSON PR AND HOUSLEY D (2001)
Carbon Bed Fires and the Use of Carbon Canisters for Air Emission
Control on Fixed-Roof Tanks, Journal of the Air and Waste Management
Association, 51 (12), December 2001, 1617 — 1627.

R.5



APPENDIX A

Petrol liquid/vapour volume equivalence

According to the ideal gas law, 1 kg of hydrocarbon (VOC) vapour at atmospheric
pressure and a temperature of 15° C (European conditions) occupy a volume as

shown in Equation A1.

288 1 236 3
X — = ——m [A1]
273 M M

Volume of vapour(V) = 22,4 x

where M = mean molecular weight of the hydrocarbon (VOC) vapours and the
22 4 termis in m°/kmol at standard conditions (0 °C and 101,325 kPa), according
to Avogadro’s law.

Also, according to Hadley et al. (1978), 1kg of the same vapour in liquid form

occupies the volume shown in Equation A2.

3

Volume of liquid(L) = — m [A2]

1
d
where d = liquid density of the hydrocarbon (VOC) vapours in kg/m®.

Therefore, by combining Equations A1 with A2, the vapour/liquid volume ratio
(VIL) at atmospheric pressure and 15°C, is:

V 236xd
== [A3]
L M

A1



According to Hadley et al. (1978) the typical mean molecular weight for
hydrocarbon (VOC) vapour at European conditions is 64 g/gmol and the
condensed vapour density is approximately 600 kg/m® at 15°C and 101,325 kPa.
By substituting these values into Equation A3, V/L = 220 m°. The inverse, L/V =
0,0045 or 0,45%; is known as the liquid to vapour equivalence factor (f), used in
calculating the volume liquid equivalent contained in a given volume of petrol
vapour (Hadley et al., 1978).
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Figure B.1 Nomogram for the determination of true vapour pressure (TVP)

from RVP and temperature (Hadley et al.,1978).
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APPENDIX C

Table C.1 Product loading data from Fuel Facs"e system.

ngen P-U95-7- | DYNAMIC | 2003/05/05 | 2003/05/05
transport 92062 1L ULP 08:39 08:43 6099 6103 20.6
Engen P-S97-7- | SUPER | 2003/05/05 | 2003/05/05
transport 92062 2R 97 08:40 08:42 3970 4001 26.2
Engen P-S97-7- | SUPER | 2003/05/05 | 2003/05/05
transport 92062 2R 97 08:43 08:45 3956 4001 28.8
Engen P-U95-7- | DYNAMIC | 2003/05/05 | 2003/05/05
transport 92062 1L ULP 08:43 08:47 6098 6103 20.7
Engen P-S97-7- | SUPER |2003/05/05 | 2003/05/05
transport 92062 2R 97 08:45 08:48 3954 4000 29.1
Engen P-U95-7- | DYNAMIC | 2003/05/05 | 2003/05/05
transport 92062 1L ULP 08:48 08:51 5797 5802 20.8

o A W N

Preset code in the form P-XXX-Y-ZZ where XXX is the product loaded, Y the bay number (1-9) and ZZ the meter

position.

Product loaded where ULP is an acronym for unleaded petrol.

Net quantity is measured at 20°C in litres.

Gross quantity is measured at ambient temperature in litres.

Temperature of fuel loaded in °C.

|
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Figure D.1 Hydrocarbon (VOC) concentration (vol%) as a function of
temperature for petrol with RVP values of 70 kPa and 90 kPa,
respectively (Cool Sorption, 2001).
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APPENDIX E
ADO Diesel
ULP Unleaded petrol
DPK Dual purpose kerosene
Table E.1 Loading data from Engen-Wentworth facility*.
o | e | | oo | ome | 3| 3% | oty | qumty | Tome | T
ADO 030ct02 | 09:56 | 09:58 4018 4004 242 2
. TrEaigs;r; . ADO 030ct02 | 09:58 | 10:00 3016 3002 257 2
93061 ADO 030ct02 | 10:00 | 10:01 2999 2985 259 1
DPK 030ct02 | 10:02 | 10:05 3006 2997 237 3
ADO 030ct02 | 10:21 10:23 3499 3482 26 2
Engen ADO 030ct02 | 10:23 | 10:25 3199 3183 26,1 2
2 Transport | 4 ADO 030ct02 | 10:25 | 10:27 3801 3783 25,8 2
94001 ADO 030ct02 | 1027 | 10:29 2953 2939 25,7 2
ADO 030ct02 | 10:20 | 10:30 545 542 25,6 1
Bistbian DPK 030ct02 | 10:36 | 10:37 98 98 255 1
3 Fuel 4 DPK 030ct02 | 10:37 | 10:40 1909 1901 252 3
. DPK 030ct02 | 10:40 | 10:42 2007 1997 26,1 2
ADO 030ct02 | 1232 | 12:34 5502 5458 29,8 2
Engen ADO 030ct02 | 12:36 | 12:38 6001 5955 29,4 2
4 Transport | 6 ADO 030ct02 | 12:39 | 12:42 5500 5460 29 3
86052 ADO 030ct02 | 1244 | 12:47 6001 5957 29 3
ADO 030ct02 | 1256 | 1259 6000 5955 29,2 3
ADO 030ct02 | 12:34 | 12:36 3800 3776 27,4 2
5 Tg:%;gu £ ADO 030ct02 | 1237 | 12:39 3800 3776 27,7 2
92072 ADO 030ct02 | 12:39 | 12:41 3902 3878 27,6 2
ADO 030ct02 | 12:41 12:44 4601 4573 27,5 3
ADO 030ct02 | 1220 | 1223 3761 3745 25,4 3
ADO 030ct02 | 1224 | 12:27 5332 5295 28,3 3
Engen ADO 030ct02 | 1228 | 12:31 5301 5264 28,5 3
6 Transport | 7 ADO 030ct02 | 1232 | 12:32 g 9 28,5 1
agtes ADO 030ct02 | 12:35 | 12:38 4894 4861 28,4 3
ADO 030ct02 | 12:38 | 12:42 5300 5264 28,5 4
ADO 030ct02 | 1243 | 1246 5300 5263 285 3

* as provided by Fuel Facs'e system.
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Table E.1 Loading data from Engen-Wentworth facility (continued).

o | T | % | prctionces | 0w | S| S| ey | iy | T | T
ADO 030ct02 | 1245 | 12:48 5001 4975 26,3 3
SUPER 97 030ct02 | 1245 | 12:47 6003 5958 259 2
SUPER 97 030ct02 | 1248 | 12:50 5303 5260 26,4 2
- Tg:%;';n " ADO 030ct02 | 1249 | 12:53 5000 4971 27 4
95061 SUPER 97 030ct02 | 12:51 12:54 5302 5261 26,1 3
ADO 030ct02 | 1253 | 1257 5000 4970 27,3 4
ADO 030ct02 | 1259 | 1301 1258 1250 27,3 2
ADO 030ct02 | 1302 | 13:05 3743 3720 27,3 3
ADO 030ct02 | 13:06 | 13:08 4999 4969 27,1 2
i ADO 030ct02 | 1310 | 1312 5000 4969 27,3 2
8 Transport | 8 ADO 030ct02 | 1313 | 13:15 4999 4967 27,5 2
NS ADO 030ct02 | 1317 | 13:19 5499 5464 27,6 2
ADO 030ct02 | 1321 | 13:23 5799 5762 757 2
SUPER 97 030ct02 | 1307 | 13:10 3999 3974 25 3
" ngg:gﬁ . SUPER 97 030ct02 | 1310 | 13:13 3999 3971 25,6 3
518 SUPER 97 030ct02 | 1313 | 13:16 3999 3969 26 3
ADO 030ct02 | 1319 | 1321 3994 3964 29,2 2
ADO 030ct02 | 1327 | 13:29 4001 3978 27 2
i nggsgr; 1 s ADO 030ct02 | 13:30 | 13:33 4001 3975 27,8 3
99062 ADO 030ct02 | 1335 | 13:38 4001 3975 28 3
ADO 030ct02 | 13:38 | 1342 4000 3974 28,1 4
PREMIUM 93 040ct02 | 10555 | 10:59 6495 6442 26,4 4
PREMIUM 93 040ct02 | 1059 | 11:04 6094 6026 28,8 5
PREMIUM 93 040ct02 | 11:04 | 11:08 6093 6044 26,3 4
5 Eg;ft*:g . PREMIUM 93 040ct02 | 11:08 | 11:13 6096 6043 26,7 5
690 PREMIUM 93 040ct02 | 11:13 | 1117 6095 6046 26,3 5
PREMIUM 93 040ct02 | 11:17 | 11:21 5495 5445 27.1 4
PREMIUM 93 040ct02 | 11:25 | 11:29 5995 5941 27 4
PREMIUM 93 040ct02 | 1129 | 11:34 6499 6441 26,9 5
ADO 040ct02 | 11:45 | 11:52 3199 3184 256 7
i TrEaf:g:f; v |s ADO 040ct02 | 11:52 | 1202 5300 5269 269 | 10
200014 ADO 040ct02 | 1203 | 12:10 3499 3481 26,2 7
ADO 040ct02 | 1210 | 12:18 3999 3979 262 | 18
ADO 040ct02 | 1224 | 12:26 5199 5172 26,3 9
— ADO 040ct02 | 1226 | 12:29 5200 5173 26,4 3
13 | Transport | 8 ADO 040ct02 | 1228 | 12:31 5199 5173 26 2
96091 ADO 040ct02 | 12:31 12:34 5200 5174 259 3
ADO 040ct02 | 1234 | 12:36 5200 5174 25,9 2

.2
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Table E.1 Loading data from Engen-Wentworth facility (continued).

ol Il - IECRT R R - - o e e
PREMIUM 93 040ct02 | 1313 | 1317 4494 4457 | 265 | 5
PREMIUM 93 040ct02 | 1317 | 1321 4495 4433 | 308 | 4
PREMIUM 93 040ct02 | 1321 | 13:24 4495 4442 | 29,1 3
PREMIUM 93 040ct02 | 1325 | 13:28 4494 4443 | 289 | 3
PREMIUM 93 040ct02 | 1333 | 1333 0 0 0 0
” Blift‘::vaa":a o PREMIUM 93 040ct02 | 13:33 13:36 3498 3456 294 3
102 PREMIUM 93 040ct02 | 1338 | 13:39 3798 3750 | 200 | 3
PREMIUM 93 040ct02 | 1339 | 1343 4494 4443 | 289 | 4
PREMIUM 93 040ct02 | 1343 | 1346 4494 4442 29 3
PREMIUM 93 040ct02 | 1347 | 13:50 4494 4441 25 | 3
PREMIUM 93 040ct02 | 1351 | 13:54 4494 4443 | 287 | 3
PREMIUM 93 040ct02 | 1355 | 1358 4499 4450 | 285 | 3
SUPER 97 040ct02 | 1513 | 15:04 3481 3450 | 273 | 3
p Roan . SUPER 97 040ct02 | 1504 | 15:08 5530 5471 286 | 4
899 SUPER 97 040ct02 | 1510 | 1513 3102 3069 | 285 | 3
SUPER 97 040ct02 | 1513 | 1516 4391 4342 | 288 | 3
SUPER 97 040ct02 | 1521 | 15:25 5942 5877 | 287 | 4
. Rean : SUPER 97 040ct02 | 1526 | 15:28 1554 1537 | 288 | 2
4 DYNAMICULP | 040ct02 | 1530 | 15:34 5972 5038 | 247 | 4
DYNAMICULP | 040ct0o2 | 1535 | 15:39 6084 6049 | 248 | 4
SUPER 97 o50cto2 | o725 | o728 6002 5062 | 253 | 3
Engen SUPER 97 050ct02 | o729 | o7:33 6002 5961 254 | 4
17 | Transport | 7 SUPER 97 050ct02 | o733 | ora7 5801 5762 | 254 | 4
86051 SUPER 97 050ct02 | 07:37 | o740 5902 5862 | 255 | 3
SUPER 97 050ct02 | o740 | o743 6300 6256 | 255 | 3
SUPER 97 050ct02 | o728 | o732 3000 2085 | 24,1 4
DYNAMICULP | 050ct02 | 07:30 | o7:33 6003 6016 83 | 3
” TrEaf:]g;gﬁ . SUPER 97 050ct02 | o7:42 | o7:44 5002 4969 | 253 | 2
200163 DYNAMICULP | 050ct02 | o7:44 | o07:48 6003 6013 185 | 4
SUPER 97 050ct02 | 07:45 | 07:48 5001 4967 | 253 | 3
SUPER 97 050ct02 | o07:48 | 07:50 5001 4067 | 254 | 2
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Table E.1 Loading data from Engen-Wentworth facility (continued).

T | 0 | proterinces | owe | G| 2 | oty | ey | o0 | e
PREMIUM 93 050ct02 | 09:26 | 09:32 6494 6450 25,3 6
PREMIUM 93 050ct02 | 09:32 | 09:37 6094 6045 26,3 5
PREMIUM 93 050ct02 | 09:37 | 0942 6098 6060 249 5
Egg;l:: . PREMIUM 93 050ct02 | 09:42 | 09:46 6094 6052 254 4
691 PREMIUM 93 050ct02 | 09:47 | 09:51 6093 6053 25,1 4
PREMIUM 93 050ct02 | 0952 | 09:56 5495 5456 25,6 4
PREMIUM 93 050ct02 | 0959 | 10:04 5996 5950 26,1 5
PREMIUM 93 050ct02 | 10:04 | 10:09 6498 6444 26,5 5
SUPER 97 050ct02 | 11:06 | 11:08 5002 4961 26,6 2
DYNAMIC ULP 050ct02 | 11:07 | 11:10 5002 4984 23,1 3
SUPER 97 050ct02 | 11:09 11:11 5001 4956 27,2 2
SUPER 97 050ct02 | 11:12 11:14 5000 4956 27 2
SUPER 97 050ct02 | 11:15 11:17 5002 4957 27,1 2
SUPER 97 050ct02 | 11:17 11:20 5000 4956 27 3
T;r':%:f;ﬂ . ADO 050ct02 | 11:20 11:21 0 0 0 1
95061 ADO 050ct02 | 11:22 11:23 35 35 24,8 1
ADO 050ct02 | 11:23 11:24 0 0 0 1
ADO 050ct02 | 11:25 11:27 1776 1770 24,7 2
ADO 050ct02 | 11:29 11:30 379 378 247 1
ADO 050ct02 | 11:31 11:31 0 0 24,9 0
ADO 050ct02 | 11:31 11:32 9 9 25 1
ADO 050ct02 | 11:35 11:35 0 0 0 0
ULP 95 050ct02 | 12:05 12:05 0 0 0 0
—— ULP 95 050ct02 | 12:06 12:09 6000 5986 2 3
Transport | 5 ULP 95 05 Oct 02 12:09 12:11 6150 6134 2.2 3
=l SUPER 97 050ct02 | 12112 | 12:15 6004 5978 234 3
SUPER 97 050ct02 | 12:15 12:19 6103 6075 237 4
SUPER 97 050ct02 | 13112 | 13:14 5701 5669 24,6 2
Tr(;igizrt 5 SUPER 97 050ct02 | 13:15 13:17 5701 5666 24,9 2
202 SUPER 97 050ct02 | 1319 | 13:21 5803 5767 24,9 2
SUPER 97 050ct02 | 1322 | 1325 5801 5765 249 3
SUPER 97 050ct02 | 13:30 | 13:31 51 50 253 1
Erg SUPER 97 050ct02 | 13:31 13:34 6044 5996 26,3 3
Transport | 5 ADO 050ct02 | 1337 | 13:39 3001 2982 27,8 2
200014 ADO 050ct02 | 1339 | 13:41 3002 2982 28,4 2
ADO 050ct02 | 13:41 13:43 4001 3972 28,7 2
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T | T | | powesss | owe | S| S | aaky |y | T |
ADO 050ct02 | 1411 14:13 3103 3080 28,8 2
ADO 050ct02 | 1413 | 1423 5351 5312 29 10
e ADO 050ct02 | 1423 | 1426 5652 5609 29,2 3
24 | Transport | 5 SUPER 97 050ct02 | 1435 | 1437 4302 4267 26,6 2
215 SUPER 97 050ct02 | 14:38 | 14:40 5003 4955 27,6 2
ULP 95 050ct02 | 14142 | 14:45 5001 4966 25,8 3
ULP 95 050ct02 | 1445 | 14:47 4208 4183 25 2
ADO 050ct02 | 1504 | 15:08 3501 3475 29,2 2
—— ADO 050ct02 | 1506 | 15:08 1151 1141 29,8 2
25 Transport > ADO 05 Oct 02 15:09 15:10 2351 2332 30 1
<o ADO 050ct02 | 1510 | 15:12 3501 3472 29,9 2
ADO 050ct02 | 1513 | 15:15 3500 3473 29,6 2
ADO 050ct02 | 1520 | 1523 5201 5161 294 3
. Tgigﬁz o ADO 050ct02 | 1524 | 1526 5203 5163 293 2
252 ADO 050ct02 | 1526 | 15:29 5301 5260 293 3
ADO 050ct02 | 1529 | 15:32 5301 5261 29,3 3
SUPER 97 050ct02 | 1535 | 15:38 5101 5055 27,2 3
R SUPER 97 050ct02 | 1538 | 15:41 5001 4958 26,9 3
27 | Transport | 5 SUPER 97 050ct02 | 15:41 15:44 5001 4959 26,8 3
22 ULP 95 050ct02 | 1545 | 1548 6013 5975 253 3
ULP 95 050ct02 | 1548 | 1551 6151 6120 24,1 3
PREMIUM 93 06May03 | 08:09 | 08:15 6513 6511 19,7 6
PREMIUM 93 06May03 | 08:115 | 08:21 6111 6110 19,9 6
PREMIUM 93 06 May 03 | 08:21 08:27 6107 6107 20 6
” t’g}fﬁ . PREMIUM 93 06 May 03 | 08:27 08:33 6115 6107 19 6
686 PREMIUM 93 06May03 | 08:33 | 08:39 6118 6110 19 6
PREMIUM 83 06May03 | 08:39 | 08:45 5500 5501 20,2 6
PREMIUM 93 06May03 | 08:48 | 08:54 5994 6006 21,6 6
PREMIUM 93 06May03 | 08:54 | 09:00 6482 6498 21,9 6
SUPER 97 06 May 03 | 08:31 08:35 5454 5499 26,5 4
ULP 95 06May03 | 08:32 | 08:36 5183 5201 2.9 4
- T;?g;’;d 5 SUPER 97 06May03 | 08:35 | 08:39 5443 5500 28,2 4
293 SUPER 97 06 May03 | 08:38 | 08:43 5835 5899 28,7 4
SUPER 97 06May 03 | 08:44 | 08:48 5835 5899 28,7 4
SUPER 97 06May03 | 0855 | 08:58 5836 5899 28,5 3
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Table E.1 Loading data from Engen-Wentworth facility (continued).
| T || roueresss | oo | S| S |y | | T |
ADO 06 May 03 08:23 08:26 5174 5201 26,2 3
ADO 06 May 03 08:27 08:30 4996 5028 27,8 3
ADO 06 May 03 08:30 08:33 4979 5012 27,9 3
ADO 06 May 03 08:33 08:37 4981 5014 28 4
ADO 06 May 03 08:37 08:40 3683 3708 281 3
ADO 06 May 03 09:03 09:03 0 0 0 0
ADO 06 May 03 09:03 09:04 37 37 27,2 1)
DYNAMIC ULP 06 May 03 09:03 09:06 4501 4503 20,4 3
ADO 06 May 03 09:04 09:05 0 0 27,2 1
Engen SUPER 97 06 May 03 09:06 09:.07 2480 2501 26,5 1
30 Transport 7
86052 DYNAMIC ULP 06 May 03 09:07 09:10 4493 4504 221 3
SUPER 97 06 May 03 09:08 09:.09 2471 2501 29,5 1
ADO 06 May 03 09:10 09:10 54 54 271 1
ADO 06 May 03 09:11 09:11 1 1 27,1 1
ADO 06 May 03 09:18 09:19 0 0 26,9 1
ADO 06 May 03 09:20 09:21 0 0 0 1
ADO 06 May 03 09:48 09:48 0 0 0 0
ADO 06 May 03 09:54 09:54 81 82 26 i
ADO 06 May 03 09:54 09:55 3 3 26,2 1
ADO 06 May 03 10:08 10:11 3800 3823 27,4 3
SUPER 97 06 May 03 09:52 09:56 5842 5900 27,8 4
DYNAMIC ULP 06 May 03 09:52 09:58 6071 6100 23,9 6
a1 Téf:lgsggn ” SUPER 97 06 May 03 | 09:56 10:00 5239 5299 29,1 4
92062 DYNAMIC ULP 06 May 03 09:59 10:02 6072 6099 23,7 3
SUPER 97 06 May 03 10:01 10:05 5831 5899 292 4
ADO 06 May 03 10:03 10:06 4968 5000 20,7 3
SUPER 97 06 May 03 10:11 10:15 6030 6099 29 4
ADO 06 May 03 10:14 10:17 4958 4999 30 3
SUPER 97 06 May 03 10:15 10:19 5831 5899 29,3 4
- Tg':‘gsign 5 DYNAMIC ULP 06 May 03 | 10:18 10:18 22 22 235 1
92061 SUPER 97 06 May 03 10:19 10:23 5238 5299 29,3 4
DYNAMIC ULP 06 May 03 10:19 10:20 128 129 235 1
DYNAMIC ULP 06 May 03 10:21 10:25 5818 5848 24,3 4
ADO 06 May 03 10:26 10:29 4958 4999 30,1 3
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Table E.1 Loading data from Engen-Wentworth facility (continued).

Series | Tanker | BY | prgucticades | pate | S | Swp qu’%‘gt‘ny f(g?.fy
ADO 06May03 | 1050 | 1052 | 4464 4409 | 205 | 2
. ADO 06May03 | 1052 | 1055 | 3966 3007 | 205 | 3
33 | Transport | 4 ADO 06May03 | 1055 | 1057 | 4462 4497 | 205 | 2
YIAE, ADO 06May03 | 1057 | 11:00 | 4464 4499 | 205 [ 3
ADO 06May03 | 11:00 | 11:02 | 4464 4409 | 205 | 2
ADO 06May03 | 10:44 | 1047 | 4963 4009 | 288 | 3
ULP 95 06May03 | 10:44 | 1047 | 5071 6000 24 3
R ;2::!; 2l & SUPER 97 06May03 | 10:44 | 1047 | 5570 5608 | 255 | 3
207 ULP 95 06May03 | 1049 | 1052 | 5980 6000 | 227 | 3
SUPER 97 06May03 | 10:49 | 1051 | 5547 5600 | 288 | 2
SUPER 97 06May03 | 1052 | 1055 | 5841 5007 | 289 | 3
PREMIUMO3 | 06May03 | 1003 | 10:08 | 5468 5501 | 247 | 5
PREMIUMS3 | 06May03 | 1009 | 1012 | 2986 3011 | 264 | 3
PREMIUM93 | 06May03 | 1013 | 10148 | 5457 5500 | 262 | 5
PREMIUM93 | 06May03 | 10118 | 1023 | 5462 5505 | 261 | 5
s | PN | g PREMIUM93 | 06May03 | 10:28 | 1033 | 5453 5500 | 267 | 5
PREMIUMS3 | 06May03 | 1034 | 1030 | 5455 5506 | 272 | 5
PREMIUM93 | 06May03 | 1039 | 10:44 | 5448 5408 | 272 | s
PREMIUMS3 | 06May03 | 1045 | 1040 | 4954 5002 | 275 | 4
PREMIUM93 | 06May03 | 1050 | 1053 | 3969 4008 | 275 | 3
SUPER 97 06May03 | 1203 | 1206 | 5824 5001 | 304 | 3
DYNAMICULP | 06May03 | 1203 | 1207 | 5966 6002 25 4
- Tg{:g:gﬂ . SUPER 97 06 May 03 | 12:07 12:10 5226 5209 31 3
92062 DYNAMICULP | O6May03 | 1208 | 1211 | 5973 6002 24 3
SUPER 97 06May03 | 1211 | 1214 | 5821 5002 | 309 | 3
ADO 06May03 | 1212 | 1215 | 4967 5000 | 281 | 3
ADO 06May03 | 12110 | 1213 | 5573 5619 | 301 | 3
ADO 06May03 | 1213 | 1216 | 5103 5148 | 305 | 3
ADO 06May 03 | 12116 | 12118 | 5151 5197 | 306 | 2
ADO 06May03 | 1218 | 1221 | 3932 366 | 307 | 3
ADO 06May 03 | 12:33 | 1233 23 23 30 1
e ADO 06May03 | 12:34 | 1235 | 1200 1210 | 303 | 1
37 Natal 4 ADO 06May03 | 12:45 | 12:46 17 18 | 301 | 1
i ADO 06May03 | 1250 | 1254 | 5288 5336 | 311 | 4
ADO 06May03 | 12:55 | 12:55 407 40 | 311 | 1
ADO 06May03 | 1256 | 1256 54 55 31 | 1
ADO 06May03 | 12:56 | 12:57 116 17 | 311 | 1
ADO 06May03 | 1257 | 1258 996 1005 31 1
ADO 06 May 03 12:59 12:59 46 46 314 1
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

data from Engen-Wentworth facility (continued).

: Net Gross
Series Tanker Bay Start Stop : Temp | Time
No name no Froduct joaded Date time time qu?gtlty quz-;hty (°C) | (min)
ADO 06 May 03 12:32 12:36 4963 5000 29 4
SUPER 87 06 May 03 12:32 12:35 6018 6099 30,6 3
Engen SUPER 97 06May03 | 1236 | 12:39 5620 5700 31,2 3
38 Transport 7
200163 DYNAMIC ULP 06 May 03 12:36 12:40 5967 6002 24,9 4
SUPER 97 06 May 03 12:40 12:43 6015 6100 31,2 3
DYNAMIC ULP 06 May 03 12:40 12:44 5974 6003 241 4
Caltex ADO 06 May 03 12:50 12:52 3771 3801 29,4 2
39 Transport 8 ADO 06 May 03 12:52 12:55 3770 3801 30 3
518
ADO 06 May 03 12:55 12:57 3978 4011 30 2
SUPER 97 06 May 03 12:38 12:41 4263 4306 27,9 3
Engen SUPER 97 06 May 03 12:42 12:45 4256 4308 295 3
40 Transport 5
92033 SUPER 97 06 May 03 12:45 12:46 1391 1408 29,7 1
SUPER 97 06 May 03 12:48 12:50 4946 5007 29,7 2
ADO 06 May 03 12:51 12:55 3771 3801 29,6 &
Engen ADO 06 May 03 | 12:55 12:58 3769 3801 30 3
41 Transport 7
92027 ADO 06 May 03 | 12:58 13:01 3869 3901 30,1 3
ADO 06 May 03 13:01 13:04 4562 4800 30,1 3
Uriirans ADO 06 May 03 13:11 13:13 3670 3700 29,8 2
42 Natal 8 ADO 06 May 03 13:14 13:17 5258 5302 30,1 3
1519
ADO 06 May 03 13:17 13:21 5454 5500 30 4
Caltex SUPER 97 06 May 03 13:11 13:14 5937 6008 29,4 3
43 Transport 5 SUPER 97 06 May 03 1317 13:20 5833 6006 297 3
250
ULP 95 06 May 03 13:21 13:23 4171 4199 25,5 2
SUPER 97 06 May 03 13:50 13:53 5238 5299 29,2 3
DYNAMIC ULP 06 May 03 13:50 13:54 6069 6099 24,2 4
Engen SUPER 97 06 May 03 | 13:54 | 13:58 5820 5899 30,7 4
44 Transport 6
92062 DYNAMIC ULP 06 May 03 13:55 14:00 5971 6000 24 5
SUPER 97 06 May 03 13:59 14:03 5819 5899 30,8 B
DYNAMIC ULP 06 May 03 14:00 14:03 5870 5899 241 3
ADO 07 May 03 | 08:22 08:25 5914 5953 28 3
SUPER 97 07 May 03 08:26 08:30 5980 6018 253 4
Engen DYNAMIC ULP 07 May 03 08:27 08:31 6104 6099 19,2 4
45 Transport 6
200163 SUPER 97 07 May 03 | 08:30 08:34 5661 5699 25,4 4
DYNAMIC ULP 07 May 03 08:31 08:34 5903 5898 19,4 3
SUPER 97 07 May 03 08:34 08:38 6030 6072 256 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).
sﬂi:s 1;?:;? E;::y Product loaded Date :::: ‘:.’:sz quha:n:ity qﬁ%?ity ngw)p 2;:1?5
ADO 07 May 03 08:31 08:33 2979 3001 28,7 2
Engen ADO 07 May 03 08:33 08:36 3973 4001 28,5 3
46 Transport 7
200014 ADO 07 May 03 08:36 08:39 2982 3001 27,7 3
ADO 07 May 03 08:39 08:42 3977 4001 27,4 3
ADO 07 May 03 | 08:44 | 08:44 0 0 0 1
ULP 85 07 May 03 08:44 08:47 5970 6000 242 3
SUPER 97 07 May 03 08:44 08:44 0 0 0 1
e T;i‘;:zn . SUPER 97 07May03 | 08:44 | 08:48 5559 5599 25,7 4
297 ADO 07 May 03 08:45 08:48 5162 5199 28,7 3
ADO 07 May 03 08:49 08:52 5165 5203 28,7 3
SUPER 97 07 May 03 08:49 08:53 5558 5599 259 4
SUPER 97 07 May 03 08:54 08:57 5854 5900 26,1 3
ADO Q07 May 03 09:07 09:10 3878 3901 27,2 3
Engen ADO 07 May 03 09:10 09:13 4074 4102 28,2 3
48 Transport T SUPER 97 07 May 03 09:14 09:16 3965 4000 27 2
92033 ULP 95 07 May 03 09:17 09:17 0 0 0 1
ULP 95 07 May 03 09:18 09:21 2686 2695 23 3
ADO 07 May 03 09:10 09:12 2985 3005 281 2
P Tgﬁ%:’;n 5 ADO 07 May 03 09:12 09:15 4964 5000 28,9 3
96022 ADO 07 May 03 09:15 09:17 1986 2001 29 2
ADO 07 May 03 09:17 03:19 3969 4000 29,2 2
ADO 07 May 03 09:24 09:26 3970 4000 291 2
50 Trirr‘g::g * 5 ADO 07 May 03 09:26 09:28 3972 4003 294 2
93095 ADO 07 May 03 09:29 09:31 3968 3999 295 2
ADO 07 May 03 09:31 09:33 3968 4000 29,6 2
SUPER 97 07 May 03 09:29 09:33 5854 5899 26,2 4
ULP 95 07 May03 | 09:30 | 09:32 4972 5000 24,5 2
ADO 07 May 03 09:33 09:36 4959 5000 29,8 3
SUPER 97 07 May 03 09:34 09:38 6004 6054 26,6 4
SUPER 97 07 May 03 09:38 09:42 5803 5852 26,6 4
SUPER 97 07 May 03 09:42 09:44 2082 2099 26,7 2
Engen ADO 07 May 03 09:57 09:57 0 0 0 1
51 Transport 6 SUPER 97 07 May 03 09:57 09:58 14 14 26,5 1
2002 SUPER 97 Q7 May 03 10:00 10:04 5241 5285 26,7 4
ADO 07 May 03 10:01 10:01 0 (¢} 0 1
ADO 07 May 03 10:02 10:05 5847 6001 31,1 3
SUPER 97 07 May 03 10:05 10:08 5253 5299 26,9 3
SUPER 97 07 May 03 10:08 10:09 0 0 0 1
SUPER 97 07 May 03 10:10 10:13 4955 4999 27 3
SUPER 97 07 May 03 10:39 10:43 5946 5999 2rA 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).
Series [ Tanker [ Bay | product loaded Date ik 8 [ qul;:gr:ity q?%:)n?:y T(‘fg‘)" 2;:::3
SUPER 97 07 May 03 09:40 09:44 5961 5997 24,8 4
SUPER 97 07 May 03 09:44 09:47 4957 4997 26,3 <)
SUPER 97 07 May 03 09:47 09:50 5453 5497 26,4 3
Univans SUPER 97 07 May 03 09:51 09:54 5552 5597 26,5 3
52 Natal 4 SUPER 97 07 May 03 09:55 09:58 5452 5497 26,5 3
o SUPER 97 07 May 03 09:58 10:01 5551 5597 26,5 3
SUPER 97 07 May 03 10:02 10:05 5055 5097 26,6 3
SUPER 97 07 May 03 10:08 10:10 4758 4797 26,6 2
SUPER 97 07 May 03 10:10 10:13 5847 5897 26,7 3
ULP 85 07 May 03 09:42 09:47 5869 5895 23,7 5
SUPER 97 07 May 03 09:42 09:45 5946 6002 27,4 3
SUPER 97 07 May 03 09:45 09:48 5747 5803 27,6 3
5 TE’:‘QS:':M . DYNAMIC ULP 07 May 03 09:47 09:49 3331 3344 231 2
86051 ADO 07 May 03 09:48 09:51 5959 6002 28,7 3
DYNAMIC ULP 07 May 03 09:50 09:51 963 967 228 1
DYNAMIC ULP 07 May 03 09:51 09:53 1454 1457 212 2
DYNAMIC ULP 07 May 03 09:53 09:53 236 236 211 1
ADO 07 May 03 09:49 09:52 5466 5509 294 3
ADO 07 May 03 09:52 09:55 5465 5509 29,6 3
ADO 07 May 03 09:55 09:57 5460 5504 29,7 2
Engen ADO 07 May 03 09:57 10:00 5270 5312 29,7 3
54 Transport 8 ADO 07 May 03 10:04 10:06 5357 5401 29,8 2
s ADO 07 May 03 10:07 10:09 4468 4505 29,9 2
ADO 07 May 03 10:09 10:10 1496 1508 29,9 1
ADO 07 May 03 10:10 10:13 4468 4505 30 3
ADO 07 May 03 10:13 10:16 4361 4398 30 3
ADO 07 May 03 08:57 09:57 0 0 0 1
SUPER 97 07 May 03 09:57 09:58 14 14 26,5 1
SUPER 97 07 May 03 10:00 10:04 5241 5285 26,7 4
Engen ADO 07 May 03 10:01 10:01 0 0 0 1
55 Transport 6 ADO 07 May 03 10:02 10:05 5947 6001 31,1 3
i SUPER 97 07 May 03 10:05 10:08 5253 5299 26,9 3
SUPER 97 07 May 03 10:09 10:09 0 0 0 1
SUPER 97 07 May 03 10:10 10:13 4955 4999 27 3
SUPER 97 07 May 03 10:39 10:43 5946 5999 2rA 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).

Setes | Tanker | B2y | piouciioaded | pae | St | Stop qu%?ity qﬁ?:)n?:y o |
SUPER 97 07May03 | 10:13 | 10115 4455 4499 27,7 2
SUPER 97 07 May03 | 10:15 | 10:18 4198 4241 28 3
SUPER 97 07 May03 | 10:18 | 10:21 4454 4499 28 3
Caltex SUPER 97 07 May 03 | 10:21 10:23 4255 4299 28,1 2
56 Transport 7
550 SUPER 97 07May03 | 1029 | 10:32 6088 6150 28,1 3
SUPER 97 07 May03 | 10:32 | 10:35 6236 6300 28,2 3
ULP 95 07May03 | 10:36 | 10:41 6162 6196 245 5
ADO 07May03 | 10:42 | 10:45 5160 5201 29,6 3
DPK 07May03 | 10:19 | 10:24 4788 4807 245 5
DPK 07 May03 | 1024 | 10:28 4789 4808 24,4 4
- T;?:;::m . DPK 07May03 | 10:28 | 10:34 5087 5109 25 6
293 DPK 07May03 | 10:35 | 10:40 5083 5108 25,5 5
DPK 07May03 | 10:40 | 10:45 5081 5107 25,8 5
DPK 07 May03 | 10:45 | 10:50 5080 5108 26,2 5
ADO 07May03 | 10:38 | 10:38 76 77 29,8 1
ADO 07 May03 | 10:40 | 10:41 42 42 299 1
ADO 07 May 03 | 10:41 10:42 2 2 30 1
- T.g:g:n 5 ADO 07 May 03 | 10:42 10:44 3300 3329 30,6 2
442 ADO 07 May03 | 10:45 | 10:46 31 32 31,1 1
ADO 07 May 03 | 10:47 | 10:49 3435 3467 31,1 2
ADO 07May03 | 10:50 | 10:52 3765 3801 31,3 2
ADO 07 May03 | 1052 | 10:54 3765 3800 31,3 2
SUPER 97 07May03 | 10:45 | 10:48 3771 3799 259 3
ULP 95 07May03 | 10:46 | 10:48 4627 4647 236 2
. Tgf:‘f;;in 5 SUPER 97 07May03 | 10:49 | 10:52 3963 3999 27,2 3
245 SUPER 97 07May03 | 1052 | 10:55 3914 3949 27,1 3
SUPER 97 07May03 | 1055 | 10:58 5252 5299 27,2 3
SUPER 97 07May03 | 10:58 | 11:00 2378 2400 27,2 2
DYNAMIC ULP | 07May03 | 10:51 10:56 5971 5998 23,7 5
ADO 07May03 | 1052 | 10:55 4872 4915 30,5 3
SUPER 97 07 May03 | 10:55 | 10:58 5244 5299 28,2 3
- T,'i’;iﬁ,’;,t 5 DYNAMICULP | 07May03 | 10:56 | 11:00 5789 5803 221 4
95061 SUPER 97 07May03 | 10:58 | 11:01 5280 5337 | 284 | 3
DYNAMICULP | 07May03 | 11:00 | 11:01 14 14 22,1 1
DYNAMIC ULP | 07May03 | 11:01 11:05 5240 5255 23 4
DYNAMIC ULP 07 May03 | 11:05 | 11:08 4388 4903 22,4 3
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y (continued).

e | T |5 | prctisser | ose | S| S | oty |y | Tome | s
SUPER 97 07 May03 | 10:48 | 10:52 5969 6025 274 | 4
SUPER 97 07May03 | 1052 | 10:56 5982 6038 27,5 4
ERgen SUPER 97 07May03 | 10:56 | 10:58 1976 1995 274 | 2
61 Transport 6 SUPER 97 07 May 03 11:00 11:03 3801 3837 27,5 3
R0 SUPER 97 07 May03 | 11:03 | 11:06 5180 5230 27,5 3
SUPER 97 07 May 03 | 11:07 | 11:10 5593 5647 27,6 3
SUPER 97 07May03 | 11:11 | 11:14 5760 5816 27,7 3
PREMIUM 93 07May03 | 10:45 | 10:45 0 0 0 1
PREMIUM 93 07May03 | 10:45 | 10:50 4969 5002 252 5
PREMIUM 93 07May03 | 10:51 | 10:56 4962 5009 27,2 5
PREMIUM 93 07May03 | 10:56 | 11:01 4969 5005 257 5
PREMIUM 93 07May03 | 11:01 | 11:06 4973 5011 26,1 5
62 Bg‘gﬂ's 8 PREMIUMS3 | 07Mayo03 | 11:08 | 11:13 4966 s012 | 272 | s
PREMIUM 93 07 May 03 | 11:14 | 11:19 4960 5011 27,8 5
PREMIUM 93 07 May03 | 11:19 | 11:20 309 312 27,9 1
PREMIUM 93 07May03 | 11:20 | 11:25 4645 46595 28,2 5
PREMIUM 93 07May03 | 11:26 | 11:31 4943 5000 28,9 5
PREMIUM 93 07May03 | 11:31 | 11:36 4954 5010 287 | 5
SUPER 97 07May03 | 11:13 | 11:16 5938 6001 28,5 3
SUPER 97 07May03 | 11:16 | 11:18 3118 3152 285 2
- Tgﬁ';;zn ; SUPER 97 07 May03 | 11:18 | 11:21 6281 6350 28,7 3
222 SUPER 97 07May03 | 1121 | 11:24 6084 6151 287 | 3
SUPER 97 07May03 | 11:25 | 11:28 6132 6199 287 | 3
ULP 95 07May03 | 11:28 | 11:33 6113 6145 24,3 5
ADO 07May03 | 11:31 | 11:33 3368 3399 314 | 2
ADO 07May03 | 11:33 | 11:35 4356 4399 31,8 2
ADO 07 May03 | 11:36 | 11:38 3367 3400 31,9 2
—— ADO 07May03 | 11:38 | 11:40 3762 3799 31,9 2
64 Natal 5 SUPER 97 07May 03 | 11:44 | 11:47 5956 6006 26,7 3
42201 SUPER 97 07 May03 | 11:47 | 11:50 5951 6007 27iar || 3
SUPER 97 07May03 | 11:50 | 11:53 5952 6007 274 | 3
DYNAMIC ULP | 07May03 | 11:55 | 11:59 4976 5002 24,2 4
DYNAMICULP | 07May03 | 1200 | 1204 4980 5003 23,7 4
SUPER 97 07 May03 | 11:39 | 11:42 6032 6099 28,8 3
Engen SUPER 97 07 May03 | 11:43 | 11:46 6031 5099 28,9 3
65 Transport 7 SUPER 97 07 May 03 11:46 11:48 5833 5899 28,9 3
e SUPER 97 07May03 | 11:51 | 11:54 5833 5899 28,9 3
SUPER 97 07May03 | 11555 | 11:58 5833 5899 29 3
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o | T || preonee | ome | 5| S |ty | oy | T |
SUPER 97 07 May 03 11:34 11:38 6040 6099 27,7 4
Engen SUPER 97 07 May 03 11:39 11:43 5940 6000 279 -
66 Transport 6 ULP 95 07 May 03 11:41 11:43 4373 4401 25,2 2
86052 SUPER 97 07 May 03 11:43 11:47 5841 5899 27,9 4
SUPER 97 07 May 03 11:47 11:51 5840 5999 279 4
SUPER 97 07 May 03 11:54 11:57 5741 5799 28 3
Engen DYNAMIC ULP 07 May 03 11:55 11:59 5871 6001 24,2 4
67 Transport 6 SUPER 97 07 May 03 11:58 12:01 5543 5599 28 3
] DYNAMIC ULP 07 May 03 11:59 12:04 5978 6003 235 5
ADO 07 May 03 12:02 12:05 4947 5000 331 3
ADO 07 May 03 12:06 12:09 3768 3801 30,4 3
- Tgf:gign ; ADO 07 May 03 | 12:10 12:13 3765 3801 31,6 3
92033 ADO 07 May 03 1213 12:15 2181 2202 31,6 2
ADO 07 May 03 | 12:15 12:18 3765 3801 31,6 3
SUPER 97 07 May 03 12:09 12:13 5938 5999 28,2 4
SUPER 97 07 May 03 12:13 12:17 6085 6149 28,3 4
5 Tg:f;;zn " SUPER 97 07May03 | 12:18 12:21 5937 5999 28,3 3
221 SUPER 97 07 May 03 12:22 12:26 5936 5999 28,3 4
ULP 85 07 May 03 12:28 12:30 3128 3150 25,8 2
ULP 95 07 May 03 12:30 12:33 6301 6350 26,4 3
ADO 07 May 03 12:09 12:13 5943 6001 31,6 4
ADO 07 May 03 12:13 12:16 4950 5000 32,1 3
ADO 07 May 03 12:16 12:19 5939 5899 32,2 3
- U:’gt'aafrs . ADO 07May03 | 12:119 12:22 5939 6000 32,3 3
683 ADO 07 May 03 12:22 12:24 4457 4502 32,3 2
ADO 07 May 03 12:25 12:27 2972 3002 32,2 2
ADO 07 May 03 12:30 12:33 5844 6004 32,2 3
ADO 07 May 03 12:33 12:37 5945 6005 32,3 4
ADO 07 May 03 12:23 12:27 5548 5601 31,6 4
ADO 07 May 03 12:27 12:31 5547 5601 31,8 4
ADO 07 May 03 12:31 12:34 2971 3000 31,8 3
Engen ADO 07 May 03 12:34 12:38 5251 5302 31,8 4
74 Transport T ADO 07 May 03 12:41 12:45 5349 5401 31,8 <
. ADO 07 May 03 12:45 12:48 5001 5050 31,9 4
ADO 07 May 03 12:49 12:51 2477 2501 31,9 2
ADO 07 May 03 12:52 12:55 4459 4503 31,9 3
ADO 07 May 03 12:55 12:59 5003 5052 31,9 4
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/ (continued).

: Net
o | T | | rowsiones | ome | G| S |y | iy |Te0 | T
ADO 07 May 03 | 12:33 12:37 3694 3727 30,8 4
Engen ADO 07 May 03 | 12:37 12:41 4305 4348 31,5 4
72 Transport 3
96022 SUPER 97 07 May 03 12:38 12:38 45 46 26,4 1
SUPER 97 07 May 03 | 12:41 12:44 4906 4953 27,7 3
ADO 07 May03 | 12:39 12:41 2968 3000 32,9 2
= Tr'irr"%:f;rt g ADO 07 May 03 | 12:42 12:45 4947 5003 337 3
200014 ADO 07 May 03 | 12:45 12:48 2970 3003 337 3
ADO 07 May 03 | 12:48 12:50 3955 4001 338 2
SUPER 97 07 May 03 | 12:42 12:43 1495 1508 27 1
ADO 07 May 03 | 12:51 12:54 3965 4005 32 3
ADO 07 May 03 | 12:54 12:57 4359 4404 32,4 3
Berg ADO 07 May 03 | 12:58 13:01 4552 4599 32,4 3
74 Gasoline S ADO 07 May 03 13:04 13:08 5744 5803 325 <
> ADO 07 May 03 | 13:08 13:12 5744 5804 325 4
ADO 07 May 03 | 13:12 13:15 3761 3800 325 3
ADO 07 May 03 | 13:15 13:19 5740 5800 325 4
ADO 07 May 03 | 13:19 13:23 5740 5800 32,6 4
ULP 95 07 May 03 | 15:02 15:06 4968 4996 24,8 4
Engen SUPER 97 07 May 03 | 15:07 15:07 0 0 29,4 1
75 Transport | 7 SUPER 97 07 May 03 | 15:08 15:10 3161 3199 29,5 2
S SUPER 97 07 May 03 | 15:10 15:12 4347 4401 208 2
SUPER 97 07 May 03 | 15:12 15:15 4347 4401 207 3
SUPER 97 07 May 03 | 15:00 15:03 4351 4398 28,4 3
SUPER 97 07May 03 | 1504 | 15:07 4350 4398 28,6 3
SUPER 97 07 May 03 | 15:07 15:10 4351 4398 28,6 3
SUPER 97 07 May 03 | 15:10 15:13 4351 4398 28,5 3
76 U'j;gs”i 4 SUPER 97 07May03 | 15116 | 15:21 6329 6397 | 285 | 5
SUPER 97 07 May 03 | 15:21 15:26 6330 6397 28,4 5
SUPER 97 07 May 03 | 15:26 15:31 6329 6397 28,4 5
SUPER 97 07 May 03 | 15:31 15:35 6329 6396 28,4 4
SUPER 97 07 May 03 | 15:35 15:40 5834 5896 28,5 5
SUPER 97 07 May 03 | 15:13 15:17 5034 5099 287 4
- Tgi';gzn E SUPER 97 07 May 03 | 15:17 15:21 5933 5999 28,8 4
221 SUPER 97 07 May 03 | 15:21 15:25 5933 5999 28,8 4
SUPER 97 07 May 03 | 15:25 15:29 5033 5999 28,7 4
Engen ADO 07 May03 | 15:35 15:38 3869 3907 316 3
78 | Transport | 8 ADO 07 May 03 | 15:38 15:39 3176 3208 32,1 1
W20 ADO 07 May 03 | 15:40 15:42 3862 3901 32,1 2
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Table E.1 Loading data from Engen-Wentworth facility (continued).
o | T |G| prowsosses | ome | S| 202 | iy | cimy | Tame | T
SUPER 97 07 May 03 | 15:36 15:39 3906 3949 28,6 3
Caltex SUPER 97 07 May 03 | 15:39 15:42 4005 4049 28,7 3
79 Transport 6
442 SUPER 97 07 May 03 | 15:42 15:46 4351 4399 28,7 4
SUPER 97 07 May 03 | 15:48 15:49 4351 4399 28,7 3
SUPER 97 08May03 | 09:44 | 09:48 5948 5999 26,8 4
SUPER 97 08May03 | 09:48 | 0951 3123 3149 26,7 3
. Tgii:ﬁn 6 SUPER 97 08 May 03 | 09:51 09:55 6295 6350 26,8 4
222 SUPER 97 08 May 03 | 09:55 10:00 6097 6149 26,8 5
SUPER 97 08 May 03 | 10:00 10:04 6145 6199 27 4
ULP 95 08 May 03 | 10:05 10:08 6107 6150 25,8 3
DYNAMICULP | 08 May03 | 09:40 | 09:43 5271 5277 20,8 3
ADO 08 May 03 | 09:41 09:43 3528 3556 29,8 1
ADO 08May03 | 09:45 | 09:47 1433 1445 30 1
DYNAMICULP | 08May03 | 0945 | 09:45 10 10 20,5 1
Engen DYNAMICULP | 08May03 | 09:50 | 09:53 4697 4702 20,9 3
81 Transport | 7 SUPER 97 08 May03 | 0952 | 09:55 5301 5343 26,2 3
95061 DYNAMICULP | 08 May03 | 09:54 | 09:55 317 317 20,7 1
DYNAMIC ULP | 08 May03 | 09:56 | 09:59 4671 4676 20,8 3
SUPER 97 08 May03 | 10:00 | 10:03 5811 5868 27,7 3
SUPER 97 08May03 | 10:05 | 10:08 5718 5776 28 3
SUPER 97 08 May03 | 10:11 10:11 0 0 28 1
ADO 08May03 | 09:52 | 09:56 5461 5504 29,7 4
- TrEa':l%:f; | 3 ADO 08May03 | 0957 | 09:59 3518 3545 29,9 2
0213 SUPER 97 08 May 03 | 10:01 10:04 3719 3749 26,5 3
SUPER 97 08 May03 | 10:04 | 10:07 4214 4250 26,7 3
SUPER 97 08 May 03 | 10:07 10:08 0 0 0 1
— SUPER 97 08 May 03 | 10:09 10:11 3975 4005 26 2
83 Transport 5 SUPER 97 08 May 03 10:11 10:14 4470 4508 26,6 3
2 SUPER 97 08 May 03 | 10:14 10:16 4470 4508 26,7 2
SUPER 97 08 May 03 | 10:16 10:19 3973 4006 26,7 3
SUPER 97 08 May 03 | 10:25 10:28 4360 4399 27,1 3
84 Tg:ig’;n . SUPER 97 08 May 03 | 10:29 10:32 4358 4399 27,5 3
518 SUPER 97 08May 03 | 10:33 | 10:37 4606 4649 27,5 4
ULP 95 08May03 | 10:38 | 10:41 4381 4413 26,1 3
SUPER 97 08May 03 | 10:45 10:48 5938 6000 28,2 3
SUPER 97 08 May 03 | 10:48 10:50 3115 3149 28,7 D
o5 ng‘;:’én ; SUPER 97 08 May 03 | 10:50 10:53 6279 6349 28,7 3
221 SUPER 97 08 May 03 | 10:53 10:56 6083 6150 28,7 3
SUPER 97 08 May 03 | 10:57 11:00 6131 6199 28,7 3
ULP 95 08 May 03 | 11:00 11:05 6112 6146 24,6 5
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Table E.1 Loading data from Engen-Wentworth facility (continued).
Net Gross :
Series Tanker Bay Start Stop y Temp | Time
No name no Product loaded PaE time time qu?gtity qu?gtrty (°C) | (min)
Engen ADO 08 May 03 | 10:49 | 10:51 1985 02 30,2 2
86 Transport 6
200014 ADO 08 May 03 10:51 10:54 3963 4002 31,9 3
SUPER 97 08 May 03 10:59 11:00 52 53 273 1
ADO 08 May 03 11:00 11:03 5943 6002 32 3
SUPER 97 08 May 03 11:00 11:04 5889 5946 27,7 4
Engen SUPER 97 08 May 03 | 11:04 11:07 4686 4734 28 3
87 Transport 6
86051 DYNAMIC ULP 08 May 03 11:04 11:07 4905 4933 247 3
SUPER 97 08 May 03 11:07 11:08 1055 1065 28 2
DYNAMIC ULP 08 May 03 11:07 11:09 1042 1045 223 2
SUPER 97 08 May 03 11:09 11:13 5840 5899 28 4
ADO 08 May 03 11:05 11:06 9 10 29,3 1
ADO 08 May 03 11:.06 11:07 0 0 0 1
ADO 08 May 03 i B e 74 11:19 3418 3447 30 2
ADO 08 May 03 11:20 11:22 3420 3450 30,5 2
ADO 08 May 03 11:22 11:25 3519 3550 30,5 3
Uniswazi
88 4507 8 ADO 08 May 03 11:25 11:28 3519 3551 30,5 3
ADO 08 May 03 11:56 12:00 5906 5958 30,6 4
ADO 08 May 03 12:01 12:04 5906 5960 30,9 3
ADO 08 May 03 12:05 12:08 5850 5904 31 3
ADO 08 May 03 12:09 12:12 5707 5760 314 3
ADO 08 May 03 12:02 12:16 5205 5253 31,1 4
SUPER 97 08 May 03 11:22 11:26 4950 4999 27,9 4
DYNAMIC ULP 08 May 03 11;23 11:27 6078 6099 22,8 4
Engen SUPER 97 08May03 | 11:27 | 11:20 2902 2032 | 282 | 2
89 Transport 6
200163 DYNAMIC ULP 08 May 03 11:28 11531 5885 5900 221 3
SUPER 97 08 May 03 11:30 11:33 4866 4916 28,2 3
SUPER 97 08 May 03 11:33 11:36 4869 4919 28,2 3
ADO 08 May 03 11:16 11:19 4565 4601 29,4 3
ADO 08 May 03 11:19 11:22 4562 4602 30,5 3
Engen ADO 08May03 | 11:23 | 11:26 4266 4303 30,6 3
90 Transport 7
99062 ADO 08 May 03 11:27 11:30 5453 5501 30,7 3
ADO 08 May 03 11:31 11:32 565 570 30,7 1
ADO 08 May 03 11:33 11:36 4888 4931 30,7 3
SUPER 97 08 May 03 11:40 11:44 5839 5899 28,1 4
ADO 08 May 03 11:41 11:44 4957 5007 32,2 3
Engen DYNAMIC ULP | 08May03 | 11:44 | 11:47 6077 6100 23,1 3
91 Transport | 6
92061 SUPER 97 08 May 03 11:45 11:48 5176 5230 28,2 3
DYNAMIC ULP 08 May 03 11:48 11:51 5880 5899 22,6 3
SUPER 97 08 May 03 11:49 11:52 5768 5827 28,2 3
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y (continued).

Net Gross
i e B2Y | Product loaded Date o Stop | quantiy | quentty T(E{:")P (T!:::s
®) ©
PREMIUM93 | 08May03 | 1221 | 1226 | 4950 5003 | 282 | 5
PREMIUM93 | 08May03 | 1226 | 12:31 | 4935 5004 | 307 | 5
PREMIUMS3 | 08May03 | 1231 | 1235 | 5446 5503 | 28 | a4
PREMIUMS3 | 08May03 | 1236 | 12:41 | s927 6000 | 294 | 5
g | BNDme | PREMIUMS3 | 08May03 | 1243 | 1247 | 4935 5002 | 304 | 4
PREMIUMS3 | 0BMay03 | 12:47 | 1252 | 4930 5004 | 30 | 5
PREMIUMS3 | 08May03 | 1252 | 1257 | 5431 5506 | 306 | 5
PREMIUM93 | 08May03 | 1257 | 1302 | 4930 5001 | 311 | 5
PREMIUM93 | 08May03 | 1302 | 1307 | 5430 5502 | 302 | 5
ADO 08May03 | 1230 | 1232 | 4562 4610 | 326 | 2
ADO 08May03 | 1233 | 1236 | 4550 4609 | 333 | 3
ADO 08May 03 | 12:36 | 1239 | 4550 4609 | 333 | 3
& Tgﬂg:gn . ADO 08May03 | 1238 | 1240 0 0 0 1
95061 ADO 08May03 | 1240 | 1242 | 4559 4610 | 333 | 2
ADO 08May 03 | 1243 | 1246 | 4559 4600 | 333 | 3
ADO 08May03 | 1248 | 1251 | 4945 4999 | 334 | 3
ADO 08May03 | 1252 | 1255 | 5143 520 | 334 | 3
ADO 08May 03 | 1243 | 12:45 | 3968 4002 | 302 | 2
o ng::’; el o SUPER 97 08May03 | 1250 | 1253 | 4354 4400 | 284 | 3
518 SUPER 97 08May03 | 1253 | 1256 | 4344 4400 | 302 | 3
ULP g5 08May03 | 1258 | 1302 | 4614 4645 | 256 | 4
ULP 95 08May03 | 1256 | 1250 | 5983 5099 | 263 | 3
SUPER 97 08May03 | 1256 | 1258 | 5556 5607 | 27.3 | 2
o Tgig;’;n ] ADO 08May03 | 1250 | 1302 | 5148 5199 32 3
297 SUPER 97 08May03 | 1258 | 13.02 | 5555 5610 | 278 | 3
SUPER 97 08May03 | 13:03 | 1305 | s5852 so10 | 277 | 2
SUPER 97 08May03 | 1307 | 1310 | 5952 6010 | 27.7 | 3
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Table E.1 Loading data from Engen-Wentworth facility (continued).
Net Gross
o Tanker | Ba¥ | proguct loaded Date SRR B Siy Sl Ay ) enthy T(fcn;)p -(lr-m
® @

ADO 08May03 | 1319 | 1322 4460 4501 31 3
PREMIUM 93 08 May03 | 1319 | 1319 3 3 293 1
PREMIUM 83 08May03 | 1320 | 13:20 0 0 0 1
PREMIUM 93 08 May03 | 1320 | 13:21 0 0 0 1
PREMIUM 93 08May 03 | 13:21 13:21 0 0 0 1
PREMIUM 93 08 May 03 | 13:21 13:22 0 0 0 1
ADO 08May03 | 1322 | 1324 4961 5009 31,6 2
PREMIUM 93 08May03 | 1323 | 13:23 0 0 0 1
Bulktrans PREMIUM 83 08May03 | 13:24 | 13:24 0 0 0 1

96 24601 8 = :
ADO 08 May03 | 13:25 | 13:28 4962 5011 31,6 3
PREMIUM 93 08May03 | 1327 | 1327 0 0 0 1
ADO 08 May03 | 1329 | 1332 4958 5006 316 3
ADO 08May03 | 1332 | 13:34 3969 4008 31,7 2
PREMIUM 93 08May03 | 1335 | 1335 0 0 0 1
PREMIUM 93 08May03 | 13:36 | 13:41 5929 6002 20,4 5
PREMIUM 93 08 May 03 | 13:41 13:45 3960 4005 28,8 4
PREMIUM 93 08May03 | 1345 | 13:50 5942 6005 28,3 5
PREMIUM 93 08 May 03 | 13:51 13:56 5938 6003 28,5 5
ADO 08May03 | 1319 | 1322 4919 4964 31 3
SUPER 97 08 May03 | 1320 | 13:23 5955 6025 29,2 3
- Tr'i’r“?s;’;n : ULP 95 08May03 | 13:23 | 1327 | 4sse 4923 | 256 | 4
200163 SUPER 97 08 May03 | 13:24 | 13:27 6127 6200 29,3 3
SUPER 97 08 May03 | 13:29 | 13:32 5963 6033 29,2 3
SUPER 97 08May03 | 13:32 | 1335 5559 5623 292 3
SUPER 97 08 May 03 | 13:41 13:44 4960 5007 27,5 3
SUPER 97 08May03 | 13:44 | 13:47 4958 5007 27,8 3
sl SUPER 97 08May03 | 1347 | 13:50 4959 5008 27,7 3
98 24311 5 SUPER 97 08May03 | 13:50 | 13:52 4959 5007 27,7 2
SUPER 97 08May03 | 1358 | 14:01 4957 5006 277 3
SUPER 97 08 May03 | 14:02 | 14:05 4958 5007 27,8 3
SUPER 97 08May03 | 14:05 | 14:06 1987 2006 27,7 1
SUPER 87 08May03 | 1346 | 1347 0 0 0 1
ULP 85 08 May03 | 13:47 | 13:50 5849 5900 27,2 3
Caltex SUPER 97 08May03 | 1347 | 13:51 5493 5549 28,1 4
99 Tfﬂ;ggoﬂ 6 SUPER 97 08 May 03 | 13:51 13:55 5492 5549 28,2 4
ADO 08May03 | 13:52 | 13:55 5043 5099 33,4 3
SUPER 97 08 May03 | 1355 | 13:59 5838 5899 28,3 4
SUPER 97 08 May03 | 13:59 | 14:03 5838 5899 283 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).
Net

Gross
Series | Tanker | Bay Start Stop | quantty | quantity | Temp | Time
No name no Product loaded Bee time time (°C) | (min)
® ()
SUPER 97 08 May 03 | 1359 | 14:02 4898 4954 29,1 3
SUPER 97 08 May 03 | 1402 | 1405 4911 4969 203 3
Engen ULP 95 08 May 03 | 14:04 14:07 4883 4918 25,9 3
100 Transport 7
92061 SUPER 97 08 May 03 | 14:05 | 14:08 4877 4934 29,2 3
SUPER 97 08 May 03 | 14:08 | 14:11 4870 4927 29,2 3
SUPER 97 08 May 03 | 14:11 14:14 4866 4923 29,2 3
ADO 09May 03 | 08:26 | 08:28 3970 3999 28,8 2
Engen ULP 95 09 May 03 | 08:28 | 08:31 3985 4000 23,2 3
101 Transport 5
0213 SUPER 97 09 May 03 | 08:32 | 08:34 3490 3505 23,4 2
SUPER 97 09May03 | 08:34 | 08:37 4485 4507 238 3
ADO 09 May 03 | 08:39 | 08:42 4965 5000 28,5 3
Engen ADO 09May03 | 0842 | 08:45 4170 4199 28,6 3
102 Transport 5
96091 ADO 09 May 03 | 08:45 | 08:47 4963 4999 28,7 2
ADO 09May03 | 08:48 | 08:50 4964 5000 28,8 2
ULP 95 09 May 03 | 08:26 | 08:30 4600 4624 24,3 4
SUPER 97 09 May 03 | 08:31 08:31 105 105 24,2 1
Caltex SUPER 97 09 May 03 | 0832 | 08:35 5856 5895 25,3 3
103 Transport 7
221 SUPER 97 09May 03 | 08:35 | 08:36 1490 1500 25,3 1
SUPER 97 09 May 03 | 08:36 | 08:39 5959 6000 25,4 3
SUPER 97 09May 03 | 08:38 | 08:42 5061 6002 25,4 3
DYNAMIC ULP | 09 May 03 | 08:47 | 08:50 6092 6099 20,9 3
ADO 09May03 | 08:48 | 08:51 4958 4999 30 3
SUPER 97 09May 03 | 08:48 | 08:48 13 13 22,9 1
SUPER 97 09May03 | 08:49 | 08:50 7 7 229 1
SUPER 97 09 May 03 | 0850 | 08:50 4 4 22,9 1
Engen SUPER 97 09 May 03 | 0850 | 08:51 0 0 0 1
104 Transport 6
92061 SUPER 97 09 May 03 | 08:51 08:52 2 2 22,9 1
SUPER 97 09May 03 | 0852 | 08:53 0 0 0 1
DYNAMICULP | 09 May03 | 08:52 | 08:55 5899 5899 19,9 3
SUPER 97 09May 03 | 08:53 | 08:57 5843 5873 24,1 4
SUPER 97 09 May 03 | 08:58 | 09:01 5269 5299 24,6 3
SUPER 97 09 May 03 | 09:02 | 09:06 5865 5899 24,6 4
ADO 09May 03 | 08:46 | 08:45 0 0 0 1
ADO 09 May03 | 08:47 | 0850 4576 4601 26,7 3
Engen ADO 09 May 03 | 08:50 | 08:53 4569 4601 28,5 3
105 Transport 7
99062 ADO 09May03 | 08:54 | 0857 3773 3800 28,7 3
ADO 09May 03 | 0857 | 09:01 5460 5500 28,9 4
ADO 09 May 03 | 09:01 09:05 5460 5500 29,1 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).
Series | Tanker | Bay Start Stop qu::ity qﬁ?n?i?y Temp | Time
No name no Eyoduct foaded Baje time time ® ® (°C) | (min)

PREMIUMS3 | 09May03 | 0845 | 08:55 6484 6498 27 | 10

PREMIUM93 | 09May03 | 08:55 | 09:01 6091 6104 21,6 6

PREMIUM93 | 09May03 | 09:01 | 09:07 6087 6103 22 6

Unitrans PREMIUM93 | 09May03 | 09:07 | 09:13 5989 6001 21,6 6

106 L‘ggiho 8 PREMIUM 93 09May03 | 09:13 | 09:19 6089 6102 21,6 6
PREMIUM 93 09May03 | 09:119 | 09:25 5480 5500 22,8 6

PREMIUM 93 09May03 | 09:28 | 09:30 834 838 236 2

PREMIUM 93 09May03 | 09:30 | 09:36 5235 5264 243 6

PREMIUM 93 09May03 | 09:36 | 09:42 6467 6504 24,4 6

ADO 09May03 | 09:03 | 09:04 0 0 0 1

SUPER 97 09 May 03 | 09:03 | 09:04 0 0 0 1

. TE';%:’QH . ADO 09May03 | 09:34 | 0936 | 3475 3500 | 288 | 2
200014 SUPER 97 09May03 | 09:34 | 09:36 4985 5008 237 2

ADO 09May03 | 09:36 | 09:38 3470 3499 30,1 2

ADO 09 May03 | 09:38 | 09:41 4362 4399 30,3 3

ULP 95 09May03 | 09:10 | 09:14 5782 5813 245 4

Engen SUPER 97 09 May 03 | 09:10 | 09:13 5790 5831 256 3

108 TrBasnosggff 7 SUPER 97 09May03 | 09:13 | 09:17 5886 5927 25,6 4
ADO 09May 03 | 09:17 | o09:21 5877 5920 28,9 4

SUPER 97 09May03 | 09:17 | 09:20 5462 5499 255 3

ADO 09 May03 | 09:19 | 09:24 5856 5898 28,7 5

ADO 09May03 | 09:24 | 09:28 5455 5498 29,5 4

ADO 09May03 | 09:28 | 09:32 5456 5500 29,6 4

100 S , ADO 09May03 | 09:33 | 09:37 | 5461 5504 | 206 | 4
122 ADO 09 May 03 | 09:40 09:44 3573 3601 29,6 4

ADO 09May 03 | 09:44 | 09:48 5657 5702 29,7 4

ADO 09May03 | 09:48 | 09:52 5856 5904 29,9 4

ADO 09 May03 | 09:52 | 09:56 5558 5603 29,9 4

SUPER 97 09May 03 | 1024 | 10:27 3972 4000 257 3

ULP 95 09May03 | 10:25 | 10:29 3772 3796 25,1 4

o Tfiﬁif;’én : SUPER 97 09May03 | 1027 | 10:30 | 4961 5000 | 262 | 3
245 ULP 95 09May03 | 1029 | 10:33 3973 3995 24,8 4

SUPER 97 09May03 | 10:30 | 10:32 4964 5000 258 2

SUPER 97 09May03 | 10:33 | 10:35 3972 4001 2538 2
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Table E.1 Loading data from Engen-Wentworth facility (continued).

Net Gross
= shies e 'i:)’ Product loaded Date g‘:g Stop qua(;ﬁtv quz;tity T{f(";)P 2:1':‘5
ULP 95 09May03 | 1024 | 1028 | 5966 6002 | 249 | 4
ULP 95 09 May 03 | 10:28 | 10:31 6117 6150 | 245 | 3
F ng‘;:’; A SUPER 97 09May03 | 1032 | 10:34 | 3141 3157 | 242 | 2
221 SUPER 97 09May03 | 10:34 | 1037 | 632 6356 | 243 | 3
SUPER 97 09May 03 | 10:37 | 10:41 6124 6158 | 243 | 4
SUPER 97 09May03 | 10:41 | 10:44 | 6176 6210 | 243 | 3
SUPER 97 09May03 | 10:41 | 10:43 | 4269 4301 | 258 | 2
DYNAMIC ULP | 08May03 | 10:42 | 10:46 | 5975 6003 | 238 | 4
- Tg’:}?;’gﬁ i SUPER 97 09May03 | 10:44 | 1047 | 5420 5450 | 257 | 3
86051 SUPER 97 09May03 | 11:00 | 11:01 339 341 26 1
SUPER 97 09May03 | 11:03 | 11:07 | 5856 5900 26 4
SUPER 97 09May03 | 11:13 | 11:17 | 5889 5033 | 259 | 4
SUPER 97 09May03 | 1049 | 10552 | 4372 4397 | 245 | 3
SUPER 97 09May03 | 1053 | 10:56 | 4372 4397 | 247 | 3
SUPER 97 09May03 | 1056 | 1059 | 4371 4397 | 247 | 3
o SUPER 97 09May03 | 1058 | 11:03 | 4370 4306 | 247 | 4
s | e | 4 SUPER 97 09May03 | 11:07 | 11:11 | 6362 6308 | 245 | 4
SUPER 97 09May03 | 11:12 | 11:16 | 6359 6397 | 246 | 4
SUPER 97 09May 03 | 11:16 | 11:21 6360 6397 | 246 | 5
SUPER 97 09May03 | 11:21 | 11:26 | 6359 6397 | 247 | 5
SUPER 97 09May03 | 11:26 | 11:30 | 5862 5897 | 247 | 4
ADO 09May03 | 1049 | 1052 | 3760 3799 | 326 | 3
4 Tgf";:’ért : ADO 09May03 | 1052 | 1054 | 3760 3800 | 329 | 2
518 ADO 09May03 | 1055 | 1057 | 3958 4000 | 329 | 2
ADO 09May03 | 1057 | 11:00 | 3957 3999 2 | s
SUPER 97 09May03 | 1059 | 11:02 | 5973 6007 | 245 | 3
SUPER 97 09May03 | 11:02 | 11:03 | 1995 2007 | 245 | 1
SUPER 97 09May03 | 11:03 | 11:07 | 5972 6006 | 245 | 4
SUPER 97 09May 03 | 11:07 | 11:11 5974 6006 | 243 | 4
15 | Bukrens | SUPER 97 09May03 | 11:14 | 11:14 0 0 0 1
SUPER 97 09May03 | 11:15 | 11:18 | 5578 5607 | 244 | 3
SUPER 97 09May 03 | 11:18 | 11:21 5575 5605 | 244 | 3
SUPER 97 09May03 | 11:21 | 1124 | 5574 5606 | 245 | 3
SUPER 97 09May03 | 11:24 | 1127 | 5572 5604 | 246 | 3
SUPER 97 09May03 | 11:27 | 11:30 | 5576 5607 | 245 | 3
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Table E.1 Loading data from Engen-Wentworth facility (continued).
Series | Tanker | Bay Start Stop qu':ﬁity qﬁgon?i?y Temp | Time
No name no Product loaded Bate time time ® ® (°C) | (min)
ADO 09May03 | 11:06 | 11:09 5936 6000 32,9 3
Engen SUPER 97 09May03 | 11:06 | 11:10 5410 5444 249 4
116 ngggggﬁ 6 ULP 95 09May 03 | 11:10 | 11:13 5856 5901 26,3 3
SUPER 97 09May03 | 11:10 | 11:14 5890 5926 24,9 4
SUPER 97 09May03 | 11:14 | 11:18 5814 5850 25 4
ULP 95 09May03 | 11:23 | 11:24 22 2 25,4 1
SUPER 97 09May03 | 11:23 | 11:24 0 0 0 1
DYNAMICULP | 09May03 | 11:23 | 11:28 6089 6106 22,4 5
ULP 95 09May03 | 11:24 | 11:25 3 4 25,4 1
SUPER 97 09May03 | 11:24 | 11:26 4175 4207 26 2
ULP 95 09May03 | 11:25 | 11:26 4 4 25,4 1
SUPER 97 09May03 | 11:26 | 11:27 0 0 0 1
SUPER 97 09May03 | 11:27 | 11:29 1680 1693 26,1 2
ULP 95 09 May03 | 11:28 | 11:28 6 6 25,6 1
DYNAMIC ULP | 09May03 | 11:29 | 11:29 22 2 20,8 1
SUPER 97 09May03 | 11:30 | 11:31 8 8 26,1 1
DYNAMIC ULP | 09May03 | 11:30 | 11:32 2127 2130 21,1 2
- Tr'i':g:’;n , ULP 95 09May03 | 11:31 | 11:35 | 5819 5859 | 258 | 4
92061 SUPER 97 09 May 03 | 11:31 11:32 0 0 1
SUPER 97 09May03 | 11:32 | 11:33 0 0 1
DYNAMICULP | 09May03 | 11:33 | 11:33 0 0 0 1
DYNAMIC ULP | 09May03 | 11:33 | 11:36 3749 3754 21,3 3
SUPER 97 09May03 | 11:34 | 11:34 0 0 0 1
SUPER 97 09May03 | 11:34 | 11:35 0 0 0 1
SUPER 97 09May03 | 11:35 | 11:36 0 0 0 1
SUPER 97 09May03 | 11:36 | 11:37 0 0 0 1
SUPER 97 09May03 | 11:38 | 11:40 2535 2555 26,2 2
SUPER 97 09 May 03 | 11:41 11:42 717 723 26,2 1
SUPER 97 09May03 | 11:44 | 11:45 899 906 26,2 1
SUPER 97 09May03 | 11:46 | 11:49 5249 5291 26,3 3
SUPER 97 09May03 | 11:49 [ 11:51 1702 1716 26,5 2
DYNAMICULP | 09Mayo03 | 11:23 | 11:28 6085 6100 22,1 5
Engen SUPER 97 09May 03 | 11:27 | 11:30 4669 4699 25,1 3
118 ngggﬂ 6 DYNAMICULP | 09May03 | 11:290 | 11:32 5995 6002 20,9 3
SUPER 97 09May03 | 11:34 | 11:38 5959 5999 25,4 4
DYNAMIC ULP | 09 May03 | 11:34 | 11:38 4893 4899 21,2 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).

Net Gross
" | T | 5| promerisss | ome | St | Son | comy | iy | Teme | s
® ®
Sanei DPK 09May03 | 11:37 | 11:41 3879 3897 25,4 4
1o Trantspor X DPK 08 May 03 11:41 11:44 3980 3999 252 3
43 DPK 09May03 | 11:44 | 11:47 | 4181 4200 25,1 3
DPK 09May03 | 11:48 | 11:51 4186 4206 25,1 3
SUPER 97 09May03 | 1227 | 12:31 5262 5299 25,6 4
Engen ADO 09 May03 | 12:28 | 12:30 1979 2000 32,4 2
120 T'arlsw 6 SUPER 97 09May03 | 1231 | 1235 | 5250 5299 26,2 4
99062 SUPER 97 09May03 | 1236 | 1240 | 5757 5799 25,8 4
SUPER 97 09May03 | 12:40 | 12:44 | 5956 5999 25,7 4
ADO 09May03 | 1235 | 1238 | 3371 3402 30,8 3
ADO 09May03 | 12:38 | 12:41 4364 4407 37 3
ADO 09May03 | 1241 | 12:44 | 3368 3401 31,7 3
lirdrans ADO 09May03 | 1244 | 1246 | 3862 3900 31,6 2
121 4'\;32?'2 8 ADO 09May03 | 1250 | 12:53 5747 5803 315 3
ADO 09May03 | 1253 | 1256 | 5749 5805 31,6 3
ADO 09May03 | 12:56 | 1258 | 5745 5801 31,5 2
ADO 09May03 | 12:59 | 13:01 5746 5802 31,4 2
ADO 09May03 | 13:01 | 1303 | 4e58 4703 31,4 2
SUPER 97 09May03 | 12:48 | 1251 5795 5844 26,7 3
DYNAMIC ULP | 09May03 | 1249 | 1251 3981 4006 25,1 2
SUPER 97 09May03 | 1251 | 1253 1521 1534 26,6 2
T'g:gspnor DYNAMIC ULP | 09May03 | 1252 | 1252 9 9 25,5 1
122 t 7 DYNAMICULP | 09May03 | 1253 | 1254 | 1740 1751 253 1
85053 SUPER 97 09May03 | 1255 | 1258 | 6179 6232 26,7 3
DYNAMICULP | ooMay03 | 1255 | 1258 | 4216 4242 25,2 3
SUPER 97 09May03 | 1258 | 13:01 4229 4265 26,8 3
DYNAMICULP | 09May03 | 1302 | 1304 | 1428 1437 25,2 2
ADO 09May03 | 1303 | 1305 | 2778 2801 30,9 2
Tgiti); i ADO 09May03 | 1306 | 13:07 988 998 31,8 1
123 t 5 ADO 09May03 | 1307 | 1309 | 3762 3799 32 2
o= ADO 09May03 | 13:00 | 13:11 3960 4000 32 2
ADO 09May03 | 1312 | 1314 | 3465 3500 32 2
Efigen ADO 09May03 | 1323 | 13:23 198 200 30,5 1
124 T'%g%%%” 4 ADO 09May03 | 1324 | 13:24 104 105 31,2 1
DPK 09May03 | 13:26 | 1329 | 2812 2826 257 3
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Table E.1 Loading data from Engen-Wentworth facility (continued).

| T || pronetionses | ome | S| 502 | oty | mmy | e | T
SUPER 97 09May03 | 13:53 | 13:56 4970 s005 | 256 | 3
SUPER 97 09 May 03 | 13:56 13:58 3978 4006 25,5 2
SUPER 97 09May03 | 1358 | 14:00 3978 4006 | 255 | 2
SUPER 97 09May 03 | 1400 | 14:03 4973 5008 | 255 | 3
SUPER 97 09May 03 | 14:03 | 14:06 4573 4604 | 255 | 3
SUPER 97 09May 03 | 14:06 | 14:09 5270 5306 | 255 | 3
SUPER 97 09May03 | 14:00 | 14:11 3981 4009 | 255 | 2
SUPER 97 09May03 | 14:15 | 14:18 4774 4808 | 256 | 3
e Ug’gtaarl‘s 5 | SUPERS7 09May03 | 1418 | 1420 | 4872 4907 | 256 | 2
674 SUPER 97 09May03 | 1420 | 14:30 928 934 256 | 1
SUPER 97 09May03 | 14:34 | 1435 999 1006 | 255 | 1
SUPER 97 09May03 | 14:35 | 14:36 1001 1008 | 255 | 1
SUPER 97 09May03 | 14:35 | 14:38 1495 1506 | 255 | 2
SUPER 97 09May03 | 14:38 | 14:39 1484 1494 | 255 | 1
SUPER 97 09 May03 | 14:40 | 14:41 115 116 255 | 1
SUPER 97 09May03 | 14:42 | 14:44 900 907 256 | 2
SUPER 97 09May 03 | 14:44 | 14:45 304 306 256 | 1
SUPER 97 09May03 | 14:45 | 14:46 1099 1106 | 256 | 1
DYNAMIC ULP 09May03 | 1358 | 14:02 5948 5000 | 27.1 4
Ergen SUPER 97 09May03 | 13:59 | 14:03 5854 5809 | 26,1 4
126 Tf;é'osggff & | DYNAMIC ULP 09May 03 | 14:02 | 1406 5953 5098 | 26,3 4
SUPER 97 09May03 | 1403 | 14:07 5955 6000 26 4
SUPER 97 09May 03 | 14:07 | 14:11 4366 4399 26 4
SUPER 97 09 May 03 | 14:17 | 14:21 5854 5899 | 26,1 4
DYNAMIC ULP 09May 03 | 14:17 | 14:21 6050 6102 27 4
e Tg’;%;’;n ¢ | SUPERg7 09May03 | 1422 | 1426 5259 5299 26 4
92061 DYNAMIC ULP 09May03 | 1422 | 1425 3866 3899 27 3
SUPER 97 09May03 | 1426 | 1430 5855 5899 26 4
SUPER 97 09May 03 | 14:31 | 1435 5855 5899 26 4
ADO 09May 03 | 14:00 | 14:04 5449 5500 | 312 | 4
ADO 09May 03 | 1404 | 14:08 3715 3750 | 314 | 4
ADO 09May03 | 1408 | 1412 5448 5409 | 313 | 4
Berg ADO 09May03 | 1412 | 14:16 3716 3751 313 | 4
128 Gasg'ine 3 | ADO 09May03 | 1418 | 1422 4954 5000 31,4 4
ADO 09May 03 | 1422 | 1426 4953 5000 | 315 | 4
ADO 09May03 | 1426 | 14:30 4956 5003 | 314 | 4
ADO 09May03 | 1430 | 14:34 4955 5002 | 314 | 4
ADO 09May03 | 14:34 | 1438 4954 5001 314 | 4
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Table E.1 Loading data from Engen-Wentworth facility (continued).

: Net Gross
o | T |5 | praiiossed | Do | S| Sor | cuamay | qunmy | ToOP | EOS
® ®
SUPER 97 09May03 | 1420 | 14:23 6049 6103 27,1 3
DYNAMICULP | 09May03 | 1420 | 14:23 4964 5007 27,1 3
Engen SUPER 97 09May03 | 1423 | 1426 5649 5699 27 3
129 Transport T
200163 SUPER 97 09May 03 | 1427 | 1429 5571 5620 27 2
SUPER 97 09May03 | 1430 | 1433 6047 6100 27 3
SUPER 97 09May 03 | 14:33 | 1436 6028 6081 27 3
ADO 09May 03 | 1437 | 1439 3566 3600 31,4 2
. Trirr'jgs;’;ﬂ J ADO 09May03 | 14:39 | 14:41 3973 012 |35 2
200014 ADO 09 May 03 | 14:41 14:43 2977 3006 31,4 2
ADO 09May 03 | 14143 | 1445 3864 3901 315 2
SUPER 97 09May03 | 1440 | 144 475 479 26 1
SUPER 97 09May 03 | 14:44 | 14:46 3293 3318 26 2
ULP 95 09May 03 | 1446 | 14:46 44 44 26,8 1
- Tgﬁz:’;ﬂ " ULP 95 09May 03 | 14:47 | 14:50 5108 5153 27,2 3
245 SUPER 97 09May 03 | 1447 | 1449 3067 3997 26,1 2
SUPER 97 09May 03 | 1449 | 1452 3068 3997 259 3
SUPER 97 09May 03 | 1452 | 1455 5259 5297 25,8 3
SUPER 97 09 May 03 14:55 14:58 5656 5697 25,8 3
ADO 09 May 03 | 15114 | 1517 4755 4799 31,1 3
ADO 09May 03 | 15:17 | 15:20 4201 4243 32,2 3
Caltex ADO 09May03 | 1520 | 15:21 551 556 323 1
132 Tfa;;goﬁ 5 ADO 09 May 03 | 15:21 15:24 5049 5100 323 3
ADO 09May03 | 1524 | 1527 5048 5100 32,4 3
ADO 09May03 | 1527 | 15:30 5048 5100 32,4 3
ADO 09May 03 | 1530 | 15:33 5047 5099 32,4 3
SUPER 97 09May 03 | 1502 | 1506 5733 5784 27,1 4
DYNAMICULP | 09May03 | 1502 | 1505 1578 1591 26,7 3
SUPER 97 09May03 | 1506 | 1509 5203 5250 27,1 3
DYNAMICULP | 09 May03 | 15:06 | 1507 1307 1318 27,2 1
a3 Ti’r‘gi’;d , ADO 09May03 | 1508 | 1509 | 244 206 | 208 [ 1
95061 ADO 09 May 03 | 15:09 15:12 4710 4754 31,3 3
SUPER 97 09May03 | 1509 | 15:12 5253 5300 27 3
SUPER 97 09May03 | 1512 | 1515 5253 5300 27 3
DYNAMICULP | 09May03 | 15113 | 15:14 2074 2093 27,5 1
SUPER 97 09May03 | 15:16 | 15:18 5075 5120 27,1 2
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Table E.1 Loading data from Engen-Wentworth facility (continued).

Series | roner Bay Start Stop qugre::w qu Temp | Time
No name no Product loaded LI time time (°C) | (min)
[{4] ®

ADO 09 May 03 15:00 15:01 636 641 30,6 1

ADO 09 May 03 15:02 15:04 5308 5359 3.4 2

ADO 09 May 03 15:05 15:.07 4952 5001 31,6 2

ADO 09 May 03 15:08 15:10 5951 6010 31,8 2

Bulktrans

134 | 24331 8 ADO 09May03 | 1512 | 1515 | 4051 s000 | 318 | 3

ADO 09 May 03 15:15 15:18 4958 5007 N7 3

ADO 09 May 03 15:18 15:20 4962 5011 31,7 2

ADO 09 May 03 15:21 15:23 4957 5006 37 2

ADO 09 May 03 15:24 15:26 4958 5007 31,8 2

Average product temperature 26,2
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APPENDIX F

Table F.1 Extract of experimental vapour data (for 6 May 2003).

Velocity Vol flow | Ave flow Velocity Vol flow | Ave flow
Time i e Time S S
mis m™/min m-/min m/s m/min m-/min
08:08:05 0,00 0,00 08:35:05 0,00 0,00
08:08:15 0,00 0,00 08:35:15 0,00 0,00
08:08:25 0,00 0,00 0.00 08:35:25 0,00 0,00 013
08:08:35 0,00 0,00 ' 08:35:35 0,00 0,00 '
08:08:45 0,00 0,00 08:35:45 0,00 0,00
08:08:55 0,00 0,00 08:35:55 0,25 0,76
08:09:05 0,00 0,00 08:36:05 0,26 0,79
08:09:15 0,00 0,00 08:36:15 0,25 0,76
08:09:25 0,00 0,00 0,00 08:36:25 0,24 0,73 0,66
08:09:35 0,00 0,00 08:36:35 0,16 0,49
08:09:45 0,00 0,00 08:36:45 0,2 0,61
08:09:55 0,00 0,00 08:36:55 0,18 0,58
08:10:05 0,00 0,00 08:37:05 0,13 0,40
08:10:15 0,00 0,00 08:37:15 0,12 0,37
08:10:25 0,00 0,00 08:37:25 0,11 0,34
0,00 0,34
08:10:35 0,00 0,00 08:37:35 0,11 0,34
08:10:45 0,00 0,00 08:37:45 0,1 0,31
08:10:55 0,00 0,00 08:37:55 0,09 0,27
08:11:05 0,00 0,00 08:38:05 0,09 0,27
08:11:15 0,00 0,00 08:38:15 0,08 0,24
08:11:25 0,00 0,00 0,00 08:38:25 0,08 0,24 0.20
08:11:35 0,00 0,00 08:38:35 0,08 0,24
08:11:45 0,00 0,00 08:38:45 0,07 0,21
08:11:55 0,00 0,00 08:38:55 0,00 0,00
08:12:05 0,00 0,00 08:39:05 0,00 0,00
08:12:15 0,00 0,00 08:39:15 0,00 0,00
08:12:25 0,00 0,00 08:39:25 0,00 0,00
0,00 0,00
08:12:35 0,00 0,00 08:39:35 0,00 0,00
08:12:45 0,00 0,00 08:39:45 0,00 0,00
08:12:55 0,00 0,00 08:39:55 0,00 0,00
08:13:05 0,00 0,00 08:40:05 0,00 0,00
08:13:15 0,00 0,00 08:40:15 0,00 0,00
08:13:25 0,00 0,00 0,00 08:40:25 0,00 0,00 0,00
08:13:35 0,00 0,00 08:40:35 0,00 0,00
08:13:45 0,00 0,00 08:40:45 0,00 0,00
08:13:55 0,00 0,00 08:40:55 0,00 0,00
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Table F.1 Experimental vapour data (continued).

Velocity Vol flow | Ave flow Velocity Vol flow | Ave flow
Time s g Time : 3 S
- mfs m°/min m-/min - mfs m”/min m*/min
08:14:05 0,00 0,00 08:41:05 0,00 0,00
08:14:15 0,00 0,00 08:41:15 0,00 0,00
08:14:25 0,00 0,00 0,00 08:41:25 0,10 0,31 0.22
08:14:35 0,00 0,00 08:41:35 0,11 0,34
08:14:45 0,00 0,00 08:41:45 0,11 0,34
08:14:55 0,00 0,00 08:41:55 0,12 0,37
08:15:05 0,00 0,00 08:42:05 0,12 0,37
08:15:15 0,00 0,00 08:42:15 0,12 0,37
08:15:25 0,00 0,00 0,00 08:42:25 0,11 0,34 0.35
08:15:35 0,00 0,00 08:42:35 0,11 0,34
08:15:45 0,00 0,00 08:42:45 0,11 0,34
08:15:55 0,00 0,00 08:42:55 0,11 0,34
08:16:05 0,00 0,00 08:43:05 0,11 0,34
08:16:15 0,00 0,00 08:43:15 0;11 0,34
08:16:25 0,00 0,00 08:43:25 0,11 0,34
0,00 0,21
08:16:35 0,00 0,00 08:43:35 0,08 0,24
08:16:45 0,00 0,00 08:43:45 0,00 0,00
08:16:55 0,00 0,00 08:43:55 0,00 0,00
08:17:05 0,00 0,00 08:44:05 0,00 0,00
08:17:15 0,00 0,00 08:44:15 0,00 0,00
08:17:25 0,00 0,00 0,00 08:44:25 0,00 0,00 0,00
08:17:35 0,00 0,00 08:44:35 0,00 0,00
08:17:45 0,00 0,00 08:44:45 0,00 0,00
08:17:55 0,00 0,00 08:44:55 0,00 0,00
08:18:05 0,00 0,00 08:45:05 0,00 0,00
08:18:15 0,06 0,18 08:45:15 0,00 0,00
08:18:25 0,05 0,15 6.1 08:45:25 0,00 0,00 0.00
08:18:35 0,04 0,12 ' 08:45:35 0,00 0,00 :
08:18:45 0,04 0,12 08:45:45 0,00 0,00
08:18:55 0,05 0,15 08:45:55 0,00 0,00
08:19:05 0,05 0,15 08:46:05 0,00 0,00
08:19:15 0,05 0,15 08:46:15 0,00 0,00
08:19:25 0,05 0,15 0.24 08:46:25 0,00 0,00 0,00
08:19:35 0,06 0,18 08:46:35 0,00 0,00
08:19:45 0,12 0,37 08:48:45 0,00 0,00
08:19:55 0,14 0,43 08:46:55 0,00 0,00
08:20:05 0,13 0,40 08:47:05 0,00 0,00
08:20:15 0,13 0,40 08:47:15 0,00 0,00
08:20:25 0,13 0,40 08:47:25 0,00 0,00
0,40 0,00
08:20:35 0,15 0,46 08:47:35 0,00 0,00
08:20:45 0,10 0,31 08:47:45 0,00 0,00
08:20:55 0,15 0,46 08:47:55 0,00 0,00
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Table F.1 Experimental vapour data (continued).

' Velocity Vol flow | Ave flow Velocity Vol flow Ave flow
Time A e o Time o A
m/s m/min m*/min m/s m’/min m’/min
08:21:05 0,44 1,34 08:48:05 0,00 0,00
08:21:15 0,45 1.37 08:48:15 0,00 0,00
08:21:25 0,43 1,31 118 08:48:25 0,00 0,00 0.00
08:21:35 0,39 1,19 ' 08:48:35 0,00 0,00 y
08:21:45 0,30 0,92 08:48:45 0,00 0,00
08:21:55 0,30 0,92 08:48:55 0,00 0,00
08:22:05 0,23 0,70 08:49:05 0,00 0,00
08:22:15 0,20 0,61 08:49:15 0,00 0,00
08:22:25 0,19 0,58 0,53 08:49:25 0,00 0,00 0,00
08:22:35 0,18 0,55 08:49:35 0,00 0,00
08:22:45 0,13 0,40 08:48:45 0,00 0,00
08:22:55 0,11 0,34 08:49:55 0,00 0,00
08:23:05 0,00 0,00 08:50:05 0,00 0,00
08:23:15 0,00 0,00 08:50:15 0,00 0,00
08:23:25 0,00 0,00 08:50:25 0,00 0,00
0,00 0,04
08:23:35 0,00 0,00 08:50:35 0,00 0,00
08:23:45 0,00 0,00 08:50:45 0,00 0,00
08:23:55 0,00 0,00 08:50:55 0,07 0,21
08:24.05 0,00 0,00 08:51:05 0,16 0,49
08:24:15 0,00 0,00 08:51:15 0,22 0,67
08:24:25 0,00 0,00 0,00 08:51:25 0,21 0,64 057
08:24:35 0,00 0,00 08:51:35 0,11 0,34
08:24:45 0,00 0,00 08:51:45 0,2 0,61
08:24:55 0,00 0,00 08:51:55 0,23 0,70
08:25:05 0,00 0,00 08:52:05 0,54 1,65
08:25:15 0,00 0,00 08:52:15 0,59 1,80
08:25:25 0,03 0,09 0.:02 08:52:25 0,44 1,34 151
08:25:35 0,00 0,00 ' 08:52:35 0,45 1,37 '
08:25:45 0,00 0,00 08:52:45 0,45 137
08:25:55 0,00 0,00 08:52:55 0,49 1,50
08:26:05 0,00 0,00 08:53:05 0,54 1,65
08:26:15 0,00 0,00 08:53:15 0,56 1,71
08:26:25 0,00 0,00 0.00 08:53:25 0,5 1,53 1,56
08:26:35 0,00 0,00 08:53:35 0,49 1,50
08:26:45 0,00 0,00 08:53:45 0,49 1,50
08:26:55 0,00 0,00 08:53:55 0,49 1,50
08:27:05 0,00 0,00 08:54:05 0,49 1,50
08:27:15 0,00 0,00 08:54:15 0,29 0,89
08:27:25 0,00 0,00 0,00 08:54:25 0,14 0,43 0,71
08:27:35 0,00 0,00 08:54:35 0,16 0,49
08:27:45 0,00 0,00 08:54:45 0,16 0,49
08:27:55 0,00 0,00 08:54:55 0,16 0,49
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Table F.1 Experimental vapour data (continued).

_ Velocity Vol flow | Ave flow Velocity Vol flow | Ave flow
Time Sl L Time S S
m/s m*/min m”/min mfs m°/min m*/min
08:28:05 0,00 0,00 08:55:05 0,16 0,49
08:28:15 0,00 0,00 08:55:15 0,16 0,49
08:28:25 0,00 0,00 08:55:25 0,16 0,49
0,00 0,48
08:28:35 0,00 0,00 08:55:35 0,16 0,49
08:28:45 0,00 0,00 08:55:45 0,16 0,49
08:28:55 0,00 0,00 08:55:55 0,15 0,46
08:29:05 0,00 0,00 08:56:05 0,14 0,43
08:29:15 0,00 0,00 08:56:15 0,00 0,00
08:29:25 0,00 0,00 0,09 08:56:25 0,00 0,00 0,07
08:29:35 0,00 0,00 08:56:35 0,00 0,00
08:29:45 0,00 0,00 08:56:45 0,00 0,00
08:29:55 0,17 0,52 08:56:55 0,00 0,00
08:30:05 0,18 0,55 08:57:05 0,00 0,00
08:30:15 0,23 0,70 08:57:15 0,00 0,00
08:30:25 0,23 0,70 08:57:25 0,00 0,00
0,65 0,00
08:30:35 0,23 0,70 08:57:35 0,00 0,00
08:30:45 0,22 0,67 08:57:45 0,00 0,00
08:30:55 0,19 0,58 08:57:55 0,00 0,00
08:31:05 0,30 0,92 08:58:05 0,00 0,00
08:31:15 0,31 0,95 08:58:15 0,00 0,00
08:31:25 0,33 1,01 1,05 08:58:25 0,00 0,00 0,00
08:31:35 0,49 1,50 08:58:35 0,00 0,00
08:31:45 0,46 1,40 08:58:45 0,00 0,00
08:31:55 0,18 0,55 08:58:55 0,00 0,00
08:32:05 0,17 0,52 08:59:05 0,00 0,00
08:32:15 0,17 0,52 08:59:15 0,00 0,00
08:32:25 0,17 0,52 08:59:25 0,00 0,00
0,84 0,02
08:32:35 0,4 1.22 08:59:35 0,00 0,00
08:32:45 0,38 1,16 08:59:45 0,00 0,00
08:32:55 0,36 1,10 08:59:55 0,03 0,09
08:33:05 0,32 0,98 09:00:05 0,03 0,09
08:33:15 0,32 0,98 08:00:15 0,00 0,00
08:33:25 0,34 1,04 113 09:00:25 0,00 0,00 0.02
08:33:35 0,42 1,28 ' 09:00:35 0,00 0,00 '
08:33:45 0,41 1,25 09:00:45 0,00 0,00
08:33:55 0,42 1,28 09:00:55 0,00 0,00
08:34.05 0,40 1,22 09:01:05 0,00 0,00
08:34:15 0,32 0,98 09:01:15 0,00 0,00
08:34:25 0,35 1,07 09:01:25 0,00 0,00
0,54 0,00
08:34:35 0,00 0,00 09:01:35 0,00 0,00
08:34:45 0,00 0,00 09:01:45 0,00 0,00
08:34:55 0,00 0,00 09:01:55 0,00 0,00
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APPENDIX G
Table G.1 One minute averaged vapour flow values.
Average flow, m*/min

Time :

03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
07:32 NA NA 0,09 NA NA NA NA
07:33 NA NA 1,47 NA NA NA NA
07:34 NA NA 1,07 NA NA NA NA
07:35 NA NA 076 NA NA NA NA
07:36 NA NA 1,68 NA NA NA NA
0737 NA NA 0,00 NA NA NA NA
07:38 NA NA 1,01 NA NA NA NA
07:39 NA NA 0,21 NA NA NA NA
07:40 NA NA 0,00 NA NA NA NA
07:41 NA NA 0,00 NA NA NA NA
07:42 NA NA 1,34 NA NA NA NA
07-43 NA NA 0,00 NA NA NA NA
07-44 NA NA 1,10 NA NA NA NA
07-45 NA NA 1,22 NA NA NA NA
07:46 NA NA 4,40 NA NA NA NA
07:47 NA NA 201 NA NA NA NA
07:48 NA NA 0,00 NA NA NA NA
07-49 NA NA 217 NA NA NA NA
07:50 NA NA 2,20 NA NA NA NA
07:51 NA NA 0,00 NA NA NA NA
07:52 NA NA 0,00 NA NA NA NA
07:53 NA NA 0,00 NA NA NA NA
07:54 NA NA 0,00 NA NA NA NA
0755 NA NA 0,00 NA NA NA NA
07-56 NA NA 0,00 NA NA NA NA
0757 NA NA 0,00 NA NA NA NA
07:58 NA NA 0,00 NA NA NA NA
07:59 NA NA 0,00 NA NA NA NA
08:00 NA NA 0,00 NA NA NA NA
08:01 NA NA 0,00 NA NA NA NA
08:02 NA NA 0,00 NA NA NA NA
08:03 NA NA 0,00 NA NA NA NA
08:04 NA NA 0,00 NA NA NA NA
08:05 NA NA 0,00 NA NA NA NA
08:06 NA NA 0,00 NA NA NA NA
08:07 NA NA 0,00 0,00 NA NA NA

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

Average flow, m*/min

iy 03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May
2002 2002 2002 2003 2003 2003 2003
08:08 NA NA NA 0,00* NA NA NA
08:09 NA NA NA 0,00* NA NA NA
08:10 NA NA NA 0,00* NA NA NA
08:11 NA NA NA 0,00* NA NA NA
08:12 NA NA NA 0,00* NA NA NA
08:13 NA NA NA 0,00* NA NA NA
08:14 NA NA NA 0,00" NA NA NA
08:15 NA NA NA 0,00* NA NA NA
08:16 NA NA NA 0,00* NA NA NA
08:17 NA NA NA 0,00* NA NA NA
08:18 NA NA NA 012" NA NA NA
08:19 NA NA NA 0,24* NA NA NA
08:20 NA NA NA 0,40* NA NA NA
08:21 NA NA NA 1,18 NA NA NA
08:22 NA NA NA 0,53* NA NA NA
08:23 NA NA NA 0,00* NA NA NA
08:24 NA NA NA 0,00* NA NA NA
08:25 NA NA NA 0,02* NA NA NA
08:26 NA NA NA 0,00* NA NA 0,75
08:27 NA NA NA 0,00* 0,03 NA 0,16
08:28 NA NA NA 0,00* 0,10 NA 0,12
08:29 NA NA NA 0,09* 0,12 NA 1,03
08:30 NA NA NA 0,65* 0,56 NA 0,72
08:31 NA NA NA 1,06* 3,06 NA 0,46
08:32 NA NA NA 0,84* 1,00 NA 0,55
08:33 NA NA NA 1,14* 0,62 NA 0,17
08:34 NA NA NA 9,557 1,41 NA 0,21
08:35 NA NA NA 0:13* 0,41 NA 0,08
08:36 NA NA NA 0,66* 0,69 NA 0,49
08:37 NA NA NA 0,34* 1,08 NA 1.7
08:38 NA NA NA 0,20 0,00 NA 0,47
08:39 NA NA NA 0,00* 0,00 NA 0,4
08:40 NA NA NA 0,00* 0,15 NA 0,75
08:41 NA NA NA 0,22* 1,01 NA 0,19
08:42 NA NA NA 0,35* 2,18 NA 0,67
08:43 NA NA NA 0,21* 1,32 NA 0,67
08:44 NA NA NA 0,00* 0,00 NA 0,85
08:45 NA NA NA 0,00* 0,00 NA 1,83

NA: Data in Appendix E not available for this time period.

* One minute averaged flow values calculated for the data presented in Appendix F.
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Table G.1 One minute averaged vapour flow values (continued).

Average flow, m*/min

Time :

03 Oct 04 Oct 0S Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
08:46 NA NA NA 0,00* 0,42 NA 1,05
08:47 NA NA NA 0,00* 1147 NA 0,04
08:48 NA NA NA 0,00* 0,65 NA 0,45
08:49 NA NA NA 0,00* 0,00 NA 0,8
08:50 NA NA NA 0,04* 0,14 NA 0,67
08:51 NA NA NA 0,58 0,48 NA 1,13
08:52 NA NA NA 151" 0,49 NA 1,23
08:53 NA NA NA 1,56* 0,08 NA 0,44
08:54 NA NA NA 0,71* 0,00 NA 0,7
08:55 NA NA NA 0,48* 0,00 NA 1,47
08:56 NA NA NA 0,07* 0,00 NA 1,23
08:57 NA NA NA 0,00* 0,07 NA 0,21
08:58 NA NA NA 0,00* 0,12 NA 0,32
08:59 NA NA NA 0,02* 0,12 NA 1,29
09:00 NA NA NA 0,02* 0,14 NA 117
09:01 NA NA NA 0,00* 017 NA 0,8
09:02 NA NA NA 0,02 0,16 NA 0,35
09:03 NA NA NA 0,00 0,22 NA 0,11
09:04 NA NA NA 0,00 269 NA 0
09:05 NA NA NA 0,00 2,70 NA 0,28
09:06 NA NA NA 0,00 0,09 NA 0,38
09:07 NA NA NA 0,00 0,65 NA 0,89
09:08 NA NA NA 0,00 1,13 NA 117
09:09 NA NA NA 0,00 0,61 NA 0,49
09:10 NA NA NA 0,00 0,08 NA 0,28
09:11 NA NA NA 0,00 2,12 NA 0,77
09:12 NA NA NA 0,00 1,96 NA 0,76
09:13 NA NA NA 0,00 0,66 NA 0,23
09:14 NA NA NA 0,00 1,31 NA 0,9
09:15 NA NA NA 0,00 1,22 NA 1,18
09:16 NA NA NA 0,00 0,95 NA 0,68
09:17 NA NA NA 0,00 1,00 NA 0,56
09:18 NA NA NA 0,00 0,10 NA 0,79
09:19 NA NA NA 0,00 0,21 NA 0,56
09:20 NA NA NA 0,00 0,57 NA 0,47
09:21 NA NA NA 0,00 1,35 NA 0,06
09:22 NA NA NA 0,00 0,22 NA 0,81
09:23 NA NA NA 0,00 0,83 NA 0,67

NA: Data in Appendix E not available for this time period.

* One minute averaged flow values calculated for the data presented in Appendix F.
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Average flow, m*/min

e 03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May
2002 2002 2002 2003 2003 2003 2003
09:24 NA NA NA 0,00 0,56 NA 0,00
09:25 NA NA NA 0,00 0,56 NA 0,13
09:26 NA NA NA 0,00 1,50 NA 0,41
09:27 NA NA NA 0,00 0,98 NA 0,67
09:28 NA NA NA 0,00 1,80 NA 0,64
09:29 NA NA NA 0,00 0,60 NA 0,30
09:30 NA NA NA 0,00 0,00 NA 074
09:31 NA NA NA 0,00 0,22 NA 267
09:32 NA NA NA 0,00 0,00 NA 1,48
09:33 NA NA NA 0,00 0,00 NA 0,88
09:34 NA NA NA 0,00 0,04 NA 0,55
09:35 NA NA NA 0,00 0,26 NA 0,55
09:36 NA NA NA 0,00 0,07 NA 112
09:37 NA NA NA 0,00 1,50 NA 0,18
09:38 NA NA NA 0,00 1,20 NA 0,44
09:39 NA NA NA 0,00 212 NA 0,29
09:40 NA NA NA 0,00 452 0,38 0,00
09:41 NA NA NA 0,00 3,11 0,00 0,44
09:42 NA NA NA 0,00 2,63 0,56 0,71
09:43 NA NA 0,31 0,00 1,67 0,35 0,50
09:44 NA NA 1,71 0,00 4,36 0,00 0,03
09:45 NA NA 1,77 0,00 282 0,00 0,22
09:46 NA NA 1,56 0,00 3,22 0,38 0,59
09:47 NA NA 0,00 0,00 3,79 0,33 0,61
09:48 NA NA 0,00 0,00 2,69 0,98 0,15
09:49 NA NA 1,53 0,00 292 2,09 0,00
09:50 NA NA 0,00 0,00 1,87 2,31 0,59
09:51 NA NA 0,00 0,00 2,26 1,00 0,63
09:52 NA NA 1,37 0,30 3,89 0,35 017
09:53 NA NA 1,65 0,58 1,82 0,76 0,00
09:54 NA NA 0,00 1,06 3,03 2,09 0,00
09:55 0,09 NA 0,00 1,35 3,35 1,95 0,00
09:56 1,47 NA 0,00 0,85 1,59 0,00 0,00
09:57 1,07 NA 0,00 1,03 0,70 0,85 0,00
09:58 0,76 NA 0,00 1,13 1,27 2,42 0,00
09:59 1,68 NA 0,00 0,97 1,77 3,20 0,00
10:00 0,00 NA 0,00 0,98 1,01 0,00 0,00
10:01 1,01 NA 0,00 0,28 0,00 2,37 0,00

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

~ Average flow, m*/min
Time
03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
10:02 0,21 NA 0,00 0,00 0,14 3,56 0,00
10:03 0,00 NA 0,00 0,00 0,07 1,55 0,00
10:04 0,00 NA 0,00 0,23 0,06 0,23 0,00
10:05 1,34 NA 0,00 0,80 0,36 0,76 0,00
10:06 0,00 NA 0,00 1,16 0,68 1,80 0,00
10:07 1,10 NA 0,00 0,18 1,49 0,43 0,00
10:08 122 NA 0,00 0,65 1,36 1,89 0,00
10:09 440 NA 0,00 0,64 1,34 1,91 0,00
10:10 2,01 NA NA 0,22 2,29 0,85 0,00
10:11 0,00 NA NA 0,58 1,39 255 0,00
10:12 247 NA NA 1,26 1,02 0,62 0,00
10:13 220 NA NA 1,03 0,92 1,29 0,00
10:14 0,00 NA NA 1,54 0,06 237 0,00
10:15 0,00 NA NA 0,11 147 0,00 0,00
10:16 0,00 NA NA 1,04 1,68 0,00 0,00
10:17 0,00 NA NA 2,40 1,03 0,09 0,00
10:18 0,00 NA NA 1,08 2,02 0,13 0,00
10:19 0,00 NA NA 0,38 1,05 0,11 0,00
10:20 0,00 NA NA 0,69 0,67 0,03 0,00
10:21 0,00 NA NA 0,57 0,86 0,00 0,33
10:22 0,00 NA NA 02 0,54 0,22 0,78
10:23 0,00 NA NA 2,06 0,45 0,54 0,79
10:24 0,00 NA NA 2,44 0,37 0,00 1,14
10:25 0,00 NA NA 0,14 1,02 0,00 1,03
10:26 0,00 NA NA 0,00 324 0,00 0,66
10:27 0,00 NA NA 0,00 278 0,00 0,93
10:28 0,00 NA NA 0,00 1,03 0,02 137
10:29 0,00 NA NA 0,00 3,42 0,03 0,73
10:30 0,00 NA NA 0,00 2,18 0,11 0,63
10:31 0,00 NA NA 0,08 1,38 0,70 0,51
10:32 0,31 NA NA 0,03 0,64 0,29 0,17
10:33 17 NA NA 0,26 155 0,00 0,08
10:34 177 NA NA 0,12 4,06 0,13 0,12
10:35 1,56 NA NA 0,22 271 0,00 0,21
10:36 0,00 NA NA 233 0,94 0,00 0,14
10:37 0,00 NA NA 2,24 1,14 0,00 0,04
10:38 1,53 NA NA 281 1,68 0,00 0,2
10:38 0,00 NA NA 1,86 418 0,00 0,19

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).
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UNIVERSITEIT VAN
UNIVERSITY OF P

RET
Q= YUNIBESITHI YA PRET

Average flow, m*/min

e 03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May
2002 2002 2002 2003 2003 2003 2003
10:40 0,00 NA NA 0,66 327 0,00 0,03
10:41 1,37 NA NA 425 0,25 0,23 0,15
10:42 1,65 NA NA 7,99 0,67 0,59 0,39
10:43 0,00 NA NA 2,81 0,78 0,49 0,09
10:44 0,00 NA NA 225 2,56 0,00 0,0
10:45 0,00 NA NA 3,03 234 0,47 0,00
10:46 0,00 NA NA 467 3,20 0,00 0,81
10:47 0,00 NA NA 5,85 1,83 043 0,69
10:48 0,00 NA NA 2,89 0,80 0,44 0,31
10:49 0,00 NA NA 3.1 4,24 0,56 0,21
10:50 0,00 NA NA 2,77 3,05 0,31 0,43
10:51 0,00 NA NA 4,66 1,22 0,47 0,47
10:52 0,00 NA NA 2,82 1,43 0,16 0,52
10:53 0,00 NA NA 0,61 1,89 0,00 0,89
10:54 0,00 NA NA 1,78 0,93 0,38 0,33
10:55 0,00 NA NA 1,07 1,86 0,40 0,23
10:56 0,00 NA NA 1,30 0,70 0,00 0,36
10:57 0,00 NA NA 1,72 0,14 0,16 0,49
10:58 0,00 NA NA 0,00 0,37 0,67 0,4
10:59 0,00 NA NA 0,00 Q77 0,41 0,07
11:00 0,00 0,31 NA 0,00 0,72 0,00 017
11:01 0,00 0,27 NA 0,02 0,21 0,00 0,15
11:02 0,00 0,27 NA 0,00 0,77 0,03 0,16
11:03 0,00 0,18 NA 0,00 0,70 0,00 0,31
11:04 0,00 0,00 NA 0,00 0,02 0,26 0,53
11:05 0,00 0,24 NA 0,00 0,50 0,00 0,25
11:06 0,00 0,18 NA 0,00 0,29 0,00 0,18
11:07 0,00 0,00 NA 0,00 0,15 0,13 0,19
11:08 0,00 0,00 0,45 0,00 0,35 0,02 0,39
11:09 0,00 0,00 0,00 0,00 0,48 0,00 0,82
11:10 0,00 0,00 0,00 0,00 0,54 0,09 0,63
1111 0,00 0,18 0,00 0,00 0,52 0,02 0,68
1132 0,00 0,15 0,00 0,00 0,07 0,06 0,61
11:13 0,00 0,00 0,00 0,00 0,64 1.21 0,23
11:14 0,00 0,00 1,88 0,00 0,18 2,47 0,21
11:15 0,00 0,34 0,00 0,00 0,70 0,74 0,18
11:16 0,00 0,00 0,00 0,00 0,69 1,08 017
% T 0,00 0,12 0,41 0,00 0,12 1,43 0,05

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

Average flow, m*/min ;
Time :
03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
11:18 0,00 0,00 0,71 0,00 1,04 1,10 0,16
11:18 0,00 0,00 0,53 0,00 125 0,90 0,16
11:20 0,00 0,00 0,00 0,00 0,91 1,97 0,45
1121 0,00 0,64 0,00 0,00 0,43 1,13 0,93
11:22 0,00 0,70 0,48 0,00 0,62 0,99 0,58
11:23 0,00 0,00 0,00 0,00 0,74 0,44 0,74
11:24 0,00 0,00 0,00 0,00 0,04 121 132
11:25 0,00 0,00 0,00 0,00 0,30 0,81 0,65
11:26 0,00 0,00 NA 0,00 0,87 0,13 0,24
11:27 0,00 0,00 NA 0,00 1,09 0,00 0,53
11:28 0,00 0,00 NA 0,00 1,80 0,00 0,97
11:29 0,00 0,00 NA 0,00 0,59 0,00 0,58
11:30 0,00 0,00 NA 0,00 1,87 0,39 0,58
11:31 0,00 0,40 NA 0,00 1,24 0,47 0,74
11:32 0,00 0,00 NA 0,00 1,02 0,09 1,04
11:33 0,00 0,00 NA 0,00 113 0,00 0,39
11:34 0,00 0,00 NA 0,00 0,77 0,00 0,30
11:35 0,00 0,00 NA 0,00 1,64 0,00 1,08
11:36 0,00 0,00 NA 0,00 1,18 0,00 0,27
137 0,00 0,37 NA 0,00 1,08 0,00 0,12
11:38 0,00 0,55 NA 0,00 0,62 0,00 0,23
11:39 0,00 0,49 NA 0,00 0,44 0,00 0,20
11:40 0,00 0,00 NA 0,00 1,38 0,00 0,03
11:41 0,00 0,00 NA 0,00 2,40 0,00 0,21
11:42 0,00 0,00 NA 0,00 2,15 0,00 0,16
11:43 0,00 0,00 NA 0,00 1,55 0,00 0,85
11:44 0,00 0,43 NA 0,00 3,30 0,00 141
11:45 0,00 2,38 NA 0,00 2,40 0,02 0,60
11:46 0,00 3,72 NA 0,00 0,87 0,02 0,84
11:47 0,00 3,72 NA 0,00 2,07 0,00 0,20
11:48 0,00 1,28 NA 0,00 2,80 0,25 0,00
11:49 0,00 0,34 NA 0,00 2,45 0,66 0,00
11:50 0,00 220 NA 0,00 113 0,74 0,00
11:51 0,00 1,86 NA 0,00 0,77 0,74 0,00
11:52 0,00 217 NA 0,00 2,38 1,51 0,00
11:53 0,00 137 NA 0,00 2,14 1,85 0,00
11:54 0,00 0,00 NA 0,00 1,14 1,59 0,00
11:55 0,00 0,00 NA 0,00 0,85 2,22 0,00

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

UNIVERSITEIT VAN PR
UNIVERSITY OF P
[
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Qe YUNIBESITHI YA

Average flow, m*/min

= 03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May
2002 2002 2002 2003 2003 2003 2003
11:56 0,00 0,00 NA 0,00 0,71 1,81 0,00
11:57 0,00 0,00 NA 0,00 1,28 0,90 0,00
11:58 0,00 0,00 NA 0,00 1,38 2,26 0,14
11:59 0,00 3,91 NA 0,00 1,54 1,94 0,75
12:00 0,00 0,00 NA 0,00 0,08 0,61 0,59
12:01 0,00 0,00 NA 0,00 0,00 0,29 0,04
12:02 0,00 275 NA 0,00 0,00 0,78 0,84
12:03 0,00 247 NA 0,00 0,78 075 0,49
12:04 0,00 0,00 NA 0,96 3,07 0,43 0,37
12:05 0,00 418 NA 1,59 0,94 0,40 0,13
12:06 0,00 2,81 NA 1,46 1,13 0,89 0,83
12:07 0,00 0,00 NA 2,59 1,69 0,84 0,50
12:08 0,00 0,61 0,09 285 1,68 0,34 0,37
12:09 0,00 25 1,47 237 0,65 0,43 0,43
12:10 0,00 2,59 1,07 215 4,21 0,71 0,88
12:11 0,00 0,00 0,76 0,99 2,03 0,78 057
12:12 0,00 0,52 1,68 1,18 1,45 0,00 0,23
12:13 0,00 2,56 0,00 1,76 3,50 0,00 0,78
12:14 0,00 262 1,01 0,70 2,45 0,00 0,54
12:15 0,00 0,00 0,21 1,39 0,61 0,00 0,00
12:16 0,00 0,00 0,00 1,07 1,93 0,00 0,00
1217 0,00 0,12 0,00 0,00 1,88 0,00 0,00
12:18 0,00 0,00 1,34 0,00 0,55 0,07 0,00
12:19 0,00 0,12 0,00 0,15 2,09 0,92 0,00
12:20 0,00 0,00 1,10 0,27 231 0,91 0,00
12221 0,00 0,00 1,22 0,31 2,16 0,69 0,00
12:22 0,00 0,00 4,40 0,00 1,96 0,00 0,00
12:23 0,00 0,00 2,01 0,00 0,29 0,48 0,00
12:24 0,00 0,00 0,00 0,00 1,06 1,33 0,16
12:25 0,00 0,24 217 0,00 1,80 1,01 0,59
12:26 0,00 0,15 NA 0,00 1,86 0,39 0,24
1227 0,00 0,00 NA 0,00 1,40 0,00 0,00
12:28 0,00 0,00 NA 0,00 2,16 0,25 0,21
12:29 0,00 0,00 NA 0,00 1,34 0,74 0,35
12:30 0,00 0,00 NA 0,00 1,34 0,72 0,19
12:31 0,00 0,46 NA 0,00 1,34 0,33 0,00
12:32 0,00 0,27 NA 0,11 1,52 0,27 0,34
1233 2,98 0,00 NA 2,69 1,47 0,38 0,64

NA: Data in Appendix E not available for this time period.

G.8




Table G.1 One minute averaged vapour flow values (continued).

&

EIT VA
TY OF P
Qe YUNIBESITHI YA P

UNIVERSITEIT VAN
UNIVERSITY 0

Average flow, m*/min

ey 03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May
2002 2002 2002 2003 2003 2003 2003
12:34 2,98 0,27 NA 2,69 073 0,71 0,39
12:35 0,00 1,59 NA 0,93 1,58 0,72 0,84
12:36 1,98 1,68 NA 1,41 0,91 0,63 0,62
12:37 1,98 0,00 NA 3,05 0,08 0,06 0,29
12:38 1,98 1,92 NA 35 1,22 0,06 0,67
12:39 0,00 1,34 NA 0,56 1,54 0,11 0,85
12:40 2,23 0,82 NA 0,00 1,11 0,90 0,00
12:41 2,23 232 NA 0,89 0,00 0,75 0,72
12:42 0,00 5,43 NA 0,00 0,00 0,36 0,93
12:43 0,00 1,22 NA 0,00 0,00 0,05 0,00
12:44 2,73 0,46 NA 2,22 0,00 0,00 0,00
12:45 2,73 412 NA 2,10 017 0,38 0,45
12:46 0,00 2,75 NA 0,55 0,72 0,48 0,59
12-47 1,98 1,47 NA 2,74 1,06 0,98 0,83
12:48 1,98 0,00 NA 1,50 1,16 2,11 0,96
12-49 1,98 1,28 NA 0,98 2,04 0,24 0,30
12:50 0,00 1,43 NA 05 1,62 0.4 0,95
1251 0,00 0,00 NA 0,66 1,23 0,28 0,80
12:52 0,00 0,00 NA 1,22 1,46 1,08 0,96
1253 0,00 0,00 NA 0,73 1,68 3,83 2,04
1254 0,00 244 NA 0,28 1,65 2,66 1,32
12:55 0,00 1,16 NA 1,29 0,98 1,24 0,42
1256 0,00 0,00 NA 0,81 0,88 358 1,02
12:57 0,00 1,77 NA 0,00 0,07 3,64 0,59
12:58 0,00 1,22 NA 1,46 0,00 1,02 03
12:59 0,00 1,65 NA 1,20 0,00 1,33 0,45
13:00 0,00 0,00 NA 0,00 0,91 2,97 0,13
13:01 0,00 0,00 NA 0,00 1,06 1,60 0,09
13:02 0,00 0,00 NA 0,00 1,07 0,38 0,02
13:03 0,04 0,00 NA 0,03 0,89 0,43 0,02
13:04 0,00 0,00 NA 0,12 0,81 1,97 0,00
13:05 0,14 0,00 NA 0,22 1,77 1,50 0,00
13:06 0,00 0,00 NA 0,18 1,19 0,42 0,2
13:07 0,00 0,00 NA 1,00 1,00 0,00 0,24
13:08 0,00 0,00 NA 418 0,14 0,00 0,02
13:09 2,90 0,00 NA 229 1,27 0,00 0,02
13:10 2,90 0,00 NA 2,00 1,25 0,00 0,00

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

 Average flow, mglnain

Time

03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
13:11 2,90 0,31 NA Ly 7 0,23 0,00 0,00
13112 2,90 0,27 NA 2,68 0,88 0,00 0,00
13:13 2,90 0,27 NA 1,47 1,08 0,00 0,00
13:14 1,35 0,18 0,31 412 1,10 0,00 0,00
13:15 1,37 0,00 1,71 3,37 0,24 0,00 0,00
13:16 1,37 0,24 1,77 0,86 1,15 0,25 0,00
13:17 1,30 0,18 1,56 0,24 1,28 1,41 0,00
13:18 0,00 0,00 0,00 1,42 1,32 1,37 0,00
13:19 1,52 0,00 0,00 0,14 0,55 1,12 0,00
13:20 1,52 0,00 153 0,15 0,54 1,00 0,00
13:21 1,52 0,00 0,00 0,19 2,15 1,02 0,00
13:22 1,52 0,18 0,00 0,00 1,02 1,65 0,00
13:23 M 0,15 137 0,00 0,39 0,38 0,28
13:24 2,11 0,00 1,65 0,00 229 0,05 0,31
13:25 2,11 0,00 0,00 0,00 087 0,13 0,10
13:26 211 0,34 0,00 0,00 0,00 0,81 0,00
13:27 2,11 0,00 0,00 0,00 0,00 1,21 0,00
13:28 2,11 0,12 0,00 0,00 0,00 0,31 0,00
13:29 211 0,00 0,00 0,00 0,00 1,51 0,00
13:30 2,11 0,00 0,00 0,00 0,00 1,21 0,00
13:31 0,00 0,00 0,00 0,00 0,00 0,00 0,00
13:32 0,00 0,64 0,00 0,00 0,00 0,00 0,00
13:33 0,00 0,70 0,00 0,00 0,00 0,00 0,00
13:34 0,00 0,00 0,00 0,00 0,00 0,03 0,00
13:35 0,00 0,00 0,00 0,00 0,00 0,00 0,00
13:36 0,00 0,00 0,00 0,00 0,00 0,00 0,00
13:37 0,00 0,00 0,00 0,00 0,00 0,00 0,00
13:38 0,00 0,00 0,00 0,00 0,00 0,52 0,00
13:39 0,00 0,00 0,00 0,00 0,00 0,42 0,00
13:40 0,00 0,00 NA 0,00 0,00 0,11 0,00
13:41 0,00 0,00 NA 0,00 0,00 0,26 0,00
13:42 0,00 0,4 NA 0,00 0,00 0,83 0,00
13:43 0,00 0,00 NA 0,00 0,00 0,06 0,00
13:44 0,00 0,00 NA 0,00 0,00 0,89 0,00
13:45 0,00 0,00 NA 0,00 0,00 0,84 0,00
13:46 0,00 0,00 NA 0,00 0,00 0,69 0,00
13:47 0,00 0,00 NA 0,00 0,00 0,85 0,00
13:48 0,00 0,37 NA 0,00 0,00 0,82 0,00

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

 Average flow, mmin
Time i 25 i - : : ;
03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May
2002 2002 2002 2003 2003 2003 2003

13:49 NA 0,55 NA 0,00 0,00 0,64 0,00
13:50 NA 0,49 NA 0,64 0,00 0,68 0,73
13:51 NA 0,00 NA 0,70 0,00 0,05 0,73
13:52 NA 0,00 NA 0,77 0,00 0,31 0,33
13:53 NA 0,00 NA 0,58 0,00 0,28 0,51
13:54 NA 0,00 NA 0,34 0,00 0,1 0,62
13:55 NA 0,43 NA 0,49 0,00 1,87 2,96
13:56 NA 2,38 NA 0,49 0,00 1,62 1,73
13:57 NA NA NA 0,49 0,00 1,03 1,25
13:58 NA NA NA 0,49 0,00 0,15 1,43
13:59 NA NA NA 0,49 0,00 1,80 0,80
14:00 NA NA NA 0,49 0,00 1,32 1,90
14:01 NA NA NA 0,48 0,00 0,94 1,90
14:02 NA NA NA 0,49 0,00 2,14 0,62
14:03 NA NA NA 0,49 0,00 0,93 0,95
14:04 NA NA NA NA 0,00 0,00 0,97
14:05 NA NA NA NA 0,00 0,39 0,47
14:06 NA NA NA NA 0,00 0,41 1,13
14.07 NA NA NA NA 0,00 0,00 0,70
14:08 NA NA NA NA 0,00 0,42 0,19
14:.09 NA NA NA NA 0,00 0,48 0,02
14:10 NA NA NA NA 0,00 0,16 0,00
14:11 NA NA NA NA 0,00 0,26 0,00
14:12 NA NA NA NA 0,00 0,41 0,39
14:13 NA NA NA NA 0,00 0,76 0,81
14:14 NA NA NA NA 0,00 04 0,40
14:15 NA NA NA NA 0,00 0,62 1,15
14:16 NA NA NA NA 0,00 0,89 0,87
1417 NA 0,00 NA NA 0,00 0,00 0,13
14:18 NA 0,00 NA NA 0,00 0,00 0,00
14:19 NA 0,00 NA NA 0,00 0,00 0,00
14:20 NA 391 NA NA 0,00 0,00 0,27
14:21 NA 0,00 NA NA 0,00 0,00 0,30
14:22 NA 0,00 NA NA 0,00 0,00 0,07
14:23 NA 275 NA NA 0,00 0,00 0,00
14:24 NA 2,47 NA NA 0,00 0,00 0,72
14:25 NA 0,00 NA NA 0,00 0,00 0,62
14:26 NA 418 NA NA 0,00 0,00 0,41

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

Average flow, m*/min
Time : e
03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
14:27 NA 2,81 0,00 NA 0,00 NA 0,39
14:28 NA 0,00 0,00 NA 0,00 NA 0,40
14:28 NA 0,61 0,00 NA 0,00 NA 0,39
14:30 NA 25 0,00 NA 0,00 NA 0,49
14:31 NA 2,59 0,00 NA 0,00 NA 0,48
14:32 NA 0,00 0,00 NA 0,00 NA 0,54
14:33 NA 0,52 0,00 NA 0,00 NA 0,33
14:34 NA 2,56 0,00 NA 0,00 NA 0,46
14:35 NA 262 0,00 NA 0,00 NA 0,20
14:36 NA 0,00 0,00 NA 0,00 NA 0,91
14:37 NA 0,00 0,00 NA 0,00 NA 0,78
14:38 NA NA 0,00 NA 0,00 NA 0,16
14:39 NA NA 0,00 NA 0,00 NA 0,30
14:40 NA NA 0,00 NA 0,00 NA 0,93
14:41 NA NA 0,00 NA 0,00 NA 0,87
14:42 NA NA 0,12 NA 0,00 NA 1,04
14:43 NA NA 0,00 NA 0,00 NA 0,24
14:44 NA NA 0,12 NA 0,00 NA 1,00
14:45 NA NA 0,00 NA 0,00 NA 1,04
14:46 NA NA 0,00 NA 0,00 NA 0,55
14:47 NA NA 0,00 NA 0,00 NA 0,47
14:48 NA NA 0,00 NA 0,00 NA 0,15
14:49 NA NA 0,00 NA 0,00 NA 0,46
14:50 NA NA 0,24 NA 0,00 NA 0,62
14:51 NA NA 0,15 NA 0,00 NA 0,21
14:52 NA NA 0,00 NA 0,00 NA 0,19
14:53 NA NA 0,00 NA 0,00 NA 0,58
14:54 NA NA 0,00 NA 0,00 NA 0,48
14:55 NA NA 0,00 NA 0,00 NA 0,00
14:56 NA NA 0,46 NA 0,00 NA 0,00
14.57 NA NA 0,27 NA 0,00 NA 0,00
14:58 NA NA 0,00 NA 0,00 NA 0,00
14:59 NA NA 0,27 NA 0,00 NA 0,00
15:00 NA 2,02 1,59 NA 0,00 NA 0,00
15:01 NA 2,02 1,68 NA 0,00 NA 0,00
15:02 NA 2,02 0,00 NA 0,00 NA 0,00
15:03 NA 2,02 1,92 NA 0,63 NA 0,00
15:04 NA 0,12 1,34 NA 2,25 NA 0,00

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

Average flow, m*/min
Time
03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 09 May

2002 2002 2002 2003 2003 2003 2003
15:05 NA 0,00 0,82 NA 2863 NA 0,00
15:06 NA 0,00 232 NA 1,29 NA 0,00
15:07 NA 0,00 5,43 NA 297 NA 0,00
15:08 NA 1,95 1,22 NA 1,64 NA 0,00
15:09 NA 3,94 0,46 NA 0,91 NA 0,00
15:10 NA 3,94 412 NA 0,57 NA 0,00
15:11 NA 3,94 275 NA 0,23 NA 0,26
15:12 NA 3,74 1,47 NA 0,10 NA 0,44
15:13 NA 1,75 0,00 NA 0,57 NA 0,43
15:14 NA 1,75 1,28 NA 1,07 NA 0,98
15:15 NA 1,75 1,43 NA 1,23 NA 0,73
15:16 NA 3,72 0,00 NA 1,84 NA 0,42
15:17 NA 3,72 0,00 NA 1,91 NA 0,19
15:18 NA 1,28 0,00 NA 1,68 NA 0,79
15:19 NA 0,34 244 NA 1,66 NA 0,85
15:20 NA 2,20 1,16 NA 268 NA 03
15:21 NA 1,86 0,00 NA 1,74 NA 0,53
15:22 NA 217 1,77 NA 0,5 NA 0,79
15:23 NA 137 1,22 NA 245 NA 0,27
15:24 NA 0,52 1,65 NA 277 NA 0,00
15:25 NA 2,56 0,00 NA 1,32 NA NA
15:26 NA 262 0,00 NA 0,83 NA NA
15:27 NA 0,00 0,00 NA 1,83 NA NA
15:28 NA 0,00 0,00 NA 1,65 NA NA
15:29 NA 3,91 0,00 NA 0,73 NA NA
15:30 NA 0,00 0,00 NA 0,68 NA NA
15:31 NA 0,00 0,00 NA 0,22 NA NA
15:32 NA 2,75 0,00 NA 2,39 NA NA
15:33 NA 247 0,00 NA 212 NA NA
15:34 NA 0,00 0,00 NA 1,85 NA NA
15:35 NA 418 0,00 NA 1,18 NA NA
15:36 NA 2,81 0,31 NA 0,39 NA NA
15:37 NA 0,00 0,27 NA 1,86 NA NA
15:38 NA 0,61 027 NA 0,48 NA NA
15:39 NA 2,50 0,18 NA 0,00 NA NA
15:40 NA 2,59 0,00 NA NA NA NA
15:41 NA 0,00 0,24 NA NA NA NA
15:42 NA 0,00 0,18 NA NA NA NA

NA: Data in Appendix E not available for this time period.
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Table G.1 One minute averaged vapour flow values (continued).

Average flow, m*/min
Time
03 Oct 04 Oct 05 Oct 06 May 07 May 08 May 039 May
2002 2002 2002 2003 2003 2003 2003

15:43 NA NA 0,00 NA NA NA NA
15:44 NA NA 0,18 NA NA NA NA
15:45 NA NA 0,15 NA NA NA NA
15:46 NA NA 0,00 NA NA NA NA
15:47 NA NA 0,00 NA NA NA NA
15:48 NA NA 0,34 NA NA NA NA
15:49 NA NA 0,00 NA NA NA NA
15:50 NA NA 0,12 NA NA NA NA
15:51 NA NA NA NA NA NA NA
15:52 NA NA NA NA NA NA NA
15:53 NA NA NA NA NA NA NA

NA: Data in Appendix E not available for this time period.
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APPENDIX H

Table H.1 Concentration of the individual thermal tube samples (1 to 4)*.

sampleno | mom' | o forasipm | VOI%
1 7135 2140,55 0,21
2 530 159,11 0,16
3 17249 5174,66 0,52
4 21658 6497,32 0,65

*as supplied by Langet Laboratories (2003)

Table H.2 Average results based on the analysis from the four thermal tube samples™.

Cc1-C2 12,0466 0,21 0,21 30 0,06
Propane 187,4232 2,63 2,38 44 1,16
Butane 1037,7458 14,54 17,38 58 8,44
Pentane 1101,3727 15,44 32,81 72 11,11
Hexane 618,8492 55,73 88,55 86 47,93
Heptane 18,1921 5,52 94,07 100 5.52
Octane 0,0000 3,18 97,25 114 3,36
Nonane 43,8101 1,95 99,2 128 2,49
Decane 11,6211 0,38 99,58 142 0,54
Undecane 0,2101 0,15 99,72 156 0,23
Dodecane 1,0306 0,06 99,79 170 -
Tretradecane 0,1969 0,05 99,83 198 -
Pentadecane 0,2075 0,02 99,85 212 -
Hexadecane 0,2374 0,01 99,86 226 -
Heptadecane 0,3735 0,02 99,88 240 -
Octadecane 0,1877 0,01 99,89 254 -
Eisosane 0,5647 0,05 99,94 282 -
Tetracosane 0,1994 0,04 99,98 338 -
Avsarage molecular ) ) ) ) 81 1
weight (only VOCs) !
TOTAL - - 100 - -

*as supplied by Langet Laboratories (2003)
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Table H.3 Results of analysis from the four gas samples®.

e e R R e T TN St TURETE
'be'mjp; i W‘-g"hj!f Volume% Mo!ecular Volumeds Mo!ecular_ \aliimeds Mo!ecular \olimes Mo!ecular
ALt V) weight % ) weight % ) weight % ) weight %
LA (mv) (mv) (mv) (mv)
Methane 0,06 0,91 0,07 1,04 0,04 0,58 0,01 0,14
Ethane and ethylene 30 0,12 3,57 0,15 4,60 0,05 1,58 0,01 0,34
Propane and propylene 44 1,46 64,46 1,58 69,44 0,63 27,86 0,18 7,88
Iso-butane 58 2,31 133,84 2,25 130,39 0,98 57,10 0,32 18,33
1-butene 56 0,60 33,64 0,55 30,74 0,21 11,82 0,08 4,38
n-butane 58 2,26 131,14 2,06 119,39 0,79 45,79 0,30 17,38
t-butene-2 56 0,41 22,68 0,35 19,50 0,11 6,13 0,05 2,70
c-butene-2 56 0,32 18,17 0,28 15,73 0,09 5,09 0,04 2,22
Iso-pentane 72 0,01 0,39 0,00 0,30 0,00 0,07 0,00 0,05
n-pentane 72 2,41 173,43 2,10 151,04 0,72 52,20 0,32 22,80
1-pentene 70 0,07 5,14 0,06 4,15 0,01 1,03 0,01 0,60
Pentane 72 0,81 58,19 0,66 47,76 0,15 11,08 0,09 6,53
Iso-hexane 86 0,07 6,40 0,05 4,60 0,01 0,45 0,01 0,56
n-hexane 86 0,05 4,68 0,04 3,30 0,00 0,33 0,01 0,47
Iso-heptane 100 0,09 8,83 0,06 5,86 0,01 0,56 0,01 0,74
n-heptane 100 0,00 0,45 0,00 0,31 0,00 0,00 0,00 0,04
Iso-octane 114 0,01 1,54 0,01 0,98 0,00 0,00 0,00 0,16
n-octane 114 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Iso-nonane 128 0,00 0,22 0,00 0,08 0,00 0,00 0,00 0,00
n-nonane 128 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Iso-decane 142 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
n-decane 142 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Total VOCs (vol %) - 11,07 - 10,27 - 3,82 - 1,42 -
Air 28,8 88,93 2561,11 89,73 2584,26 96,18 2770,07 98,58 2839,15
fg’nﬁ;""sgg‘;'ecu'arwe'gth 60,30 50,33 58,08 60,15
TOTAL - 100,00 - 100,00 - 100,00 . 100,00 -

*as supplied by SCI Laboratories (2003)
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Figure 1.1 Comparison between fuel loading data and vapour flow for the period 08:22 to 13:22 on

7 May 2003.
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B Fuel loaded OVapour
| |

Volumetric flow (m*/min)

09:40 10:10 10:40 11:10 11:40 12:10 12:40 13:10 13:40 14:10
Time

Figure 1.2 Comparison between fuel loading data and vapour flow for the period 09:40 to 14:20 on
8 May 2003.

‘ B Fuel loaded OVapour

Volumetric flow (m*min)
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Time

Figure 1.3 Comparison between fuel loading data and vapour flow for the period 08:26 to 15:30 on
9 May 2003.
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